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A‘hlghly qonvergent approach toward the total

L « A

y_‘he51s of the llmon01d mex1canollde (I) has been,

"exp10red gentral to thls strategy Was the expectatlon

a"r : “ )

'“1ﬁxthat a double Mlchael addltron of dlketo abld II to dlene__:

L
-t
4 5 -

lactone III would prov1de mex1canollde v1a they ff B

. Y
Ly o b
) -

”vlntermedlacy oﬁ seco ac1d IV. Compound II was readlly

‘,"/‘ ) [ < q&.
prepared in’ optlcally agtlve form uslng d—camphorsulfonlc

i

ac1d V as the startlng materlal ' Treatment of \' w1th
N g,;‘ al K
fused pota551um hydrox1de gavé (+)- campholenlc ac1d VIV‘

L . *

_whlch was converted to the correspondlng methyl ester VII ;

u51ng dlmethyl sulfate 1n reflux1ng acetone containlng

MR . "

pota351um carbonate Sequentlal treatmentxof VII w1th .ﬂ}

-x .“

llthlum dllsOpropylamlde and methyl 1od1de furnlshed a

.. ",

"51ngle monomethylated product VIII in excellent overall

‘

‘ methanol %pllowed by reductlve workup w1th - v Y}

yleld. Ozonoly51s of VIII 1n methylene chlorlde and

A
o N

LA

. \trlphenylphosphlne gave a keto aldehyde whlch was

1mmed1ately oxldlzed w1th Jones reagent to afford keto'
acid IX. Subsequent treatment of X with llthlum 1= ‘; RS
butox1de 1n refluxxng dlmethoxyethane gave dlketo acid II

E .‘,‘.

. as a 51ngle epimer.‘

e
<



=
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_55' ' Tﬁévsynthe51s of the CD fragmemt 111 proved to be a

s
Siak 3

- .w%\}_,.w '

d rd

AN =
dlfficult task The preparatlon of- III (R = Bn) was

4 t

achleved as folLows. dlketone X was Chemoselectlvely

,ketallzed u31ng 3~ bromo l 2-propanedlol 1n the presence of

o : i 4

‘:p;toluenesulfonlc acld to glve bromoketal XI as a mlxture

&
of eplmers,ﬁ.Reductlon of XI thh sodlum boohydrlde in

@

methanol ang subsequent protectlon of the ; resultlng
g0 *
vallyllc alcohol w1th b&hzyl bromlde afforded ketal XII.
0

Wlthout purlflcatlon, compound XII was hydrolyzed to

A

ketone XIII under carefully controlled’condltlons. The

_’
¢

formatlon of the blcyclo[4 4. 0]decanollde portlon of III.

£y P R

from ketone XIII was accompllshed ln the followlng

v

_manngrg. Thlocarbomethoxylatlon of ‘the ketone

R <

'-functionallty us1ng S s’ dlmethyl dlthlocarbonate and

-’)— 45,

pota551um hydrlde in- hexamethylphosphoramlde -afforded the

4

ﬁ—keto*thloester XIV.whlch was ﬁurther ox1d1zed with

%.9, ‘s

75benzoyl perox1de 1n the presence of pota551um hydrlde to

compound XV Thloesterrxv whlch“was produeed as a single

asomer, underwent smooth reductlon w1th sodlum

borohydrlde, and subsequent exposure to llthlum hydrox1de

.1n aqueous methanol gave trlol XVI in. good yleld The

»

conversxon of trlol XVI to lactol XVII proceeded smoothly
upon expoSUre to perlodlc ac1d in aqueous acetone. The

v

1ncorporatlon of the furan ring into the latent aldehyde

vi
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of XVII was found to take place under carefully defined
‘conditions. The use of B—iithiofuran at, ‘'room temperature

was found to prov1de the best yleld of lactone XVIII,‘

'whlch was produced as a 51ngle dlastereomer.' Epoxidation

L
~of XVIII w1th m—chloroperbenzolc ac1d afforded a 51ngle

epoxide XIX whlch underwent rapld g- ellmlnatlon on

-

treatment with pota551um t butox1de to prov1de compound XX
in respectable overall yleld Subsequent treatment. of xx
w1th thlonyl chloride in pyrldlne finally gave—the CcD

fragment LII along w1th a small amount of its double bond.

-

‘_1somer‘XXIf ‘The coupllng of diketo acid I&'and'lactone

[y

CIXII was attempted in a number of ways, and the results are

-

discussed -‘in detail.- o B "

Two‘additional routes toward the synthesis of

mexicanolide were also examined. 1In'the first, a Diels-

~

Alder approach was explored as a means of achieving the
stereoselective formation of the C4—C9‘bond of . -:>

mexicanolide. In the second approach *the. coupllng of a

.')

masked A rlng w1tﬁ a C rlng synthon was env151oned to

prov1de a rapid access to the ABC portion of A
mexicanolide. The results of these studies are also

presented in detail.
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INTRODUCTION

’ Mex1cano$&de (1), a modlfledotrlterpen01d of the | -

11m0n01d famlly, was flrst 1solated by bevan and coworkers

'.1n 1963l from the spec1es Cedreld odorata. It has~51nce

been’ found to occur 1n varylng dmounts in plants'%f the

L 4
:‘genera Khaxa and.Xylocarpus.% o

R

)
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Due to mexicanolide's ready accessibility (up to
0.06% of dry plant)l, strucfural studies began as early as
1965. The COmpleFé structure was elucidated by. a

.combinatioh'of.cheﬁical transformations and spectroscopic
‘analysis,4'5‘andeas unequ;vocally~c03firmed by X-ray

of derivative 2,° prepared from

-'7

diffraction studies
. mexicanolide in four steps. "Thus, treatheht.of 1 with
methanélic sulfuric acid afforded methyl ether 3 which
'upon reducfion with sodium borohydride géve oné majof
alcohol, assigned stfucture 4.7 Esterifica£i$n of 4 with-
chloroacetyl;¢h10ride‘and subsequent Finkelsféin
displééement“df ﬁhe chloride with iodide ion then
furniéﬁ§d ¢omp§und'2. . | .

In contrast to many bthéf‘memﬂéféAof the limonoid
family, the A and B rings of mexicanolide coﬁpfiééaa
5iCyclo[3;3.l]ﬁdnaﬁéi$§stém for which it has been
subclassified as a bicyclononanolide. bver'twenty
bicyclohonanolides have been isolated from natural

~

- tsahrces. Some members of this group of compounds include
o X g - T 10 '
swietenin (5), xylocarpin (6)° and utilin (7).

Due in part to its complicated architectural
“asSembly,'few studies have been undertaken toward the
synthesis of mexicanolide. In this context, Connolly et
a1.11 were able to manipulate 7-oxo-7-deacetoxy khivorin
(8), an abundant maturally occurring limonoid, to

¥
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mexicanolide via the'biomimetic'sequencegpf‘reactions.

B

1llnstrated 1n Scheme 1.%_d
‘Thelr approach capltallzes on the transp051tlon of'
‘the blcyclo[4 4. 0]decane system formlng the A and B rlngs -
of 8 1nto the blcyclo[3 3. l]nonane portlon of l
'fConver51on of . 8 1nto dllactone 9 was effected by a Baeyer—.
Vllllgel rearrangement of the neopentyl ketone u51ng
peracetlc ac1d ‘The seven—membered lgitone r1ng of 9
”underwent select}ve hydrolys1s in’ the presence of mlld
base"ll to dellver ac1d 10, which was esterlfxed ‘with
diazomethane.‘ The resultlng alcohol was smoothly
dadehydrated to glve olefln 11 upon. treatment w1th thlonyl
vchloride. Saponlflcatlon of the two acetate groups of
,compound ll'follo@ediby Jones oxidation of the.resulting,v‘
diol prcvided B—diketone:iz. Reductive remoQaL_of the
.epoxide r1ng using chromous chloride and subsequent base
catalyzed intramolécular Mlchael addltlon of the 1, 3— .
dlletone m01ety to the §- carbon of the doubly unsaturated
‘lactone system thus_prcduced gave mex1canollde.
TAttracted by the diQerse array of functional groups

embodied in mexicanolide and by its‘chaLlenging molecular

~architecture, the bic clo[3.3.1]nonane system in

particular, we initiated a research program aimed at



MexicanoLiDe (1) =

s - a  b. .. c d e f - g
Conditions: AcO,H ; mild base ; CH;N,; SOCI,; NaOH i Jones: CrCly;
8q. NaHCO; /CHCl,.
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.During,the'initial.structural§studies, mex1canollde

was recognlzed as a con51derably base—senSLtlve molecule,

giving seco ac1d 13 as a result of a l 4—e11m1nat10n

5
© -

reaction with concurrent scission'of the bridgeheadvbond,c
upon brief treatment with dilute sodium hydroxide. This

led us to consider the possibility of elaborating 1 via

‘seco acid'l3'by'a 1,6—Michéel addition, whichwyoﬁld have

the added advantagefof taking place ihtramolecularly. In

i - ¢

-dnalogy with Connolly s observatlons, kinetic protonation

of the resultlng dlenolate ion was expected to dellver the .

necessary tetraSubstltuted double bond;of mex1canollde.

Approprlate conditions that would not e11c1t the reverse

process will. nevertheless have -to be dellneated. Furtherf

synthetic regression on compound 13 suggested that diketo

acid 14 and diene lactone 15 could ke regarded as
potential synthons for the. present purposes, since an

intermolecular 1,6-conjugate addition of the ‘p—diketone

3

system'of 14 to 15 with concomitant'extrusion .0of the

.

leav1ng group would dellver seco ac;d 13 in a completely
regioselective manner. Evidently, unless optlcally pure

| ’ S
intermediates are utilized, two‘diastereomerio‘adducts; .

namely 13 and 16, may result from such a process, |

hereafter referred to as the A-CD approach::

-
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Two additional convefg@nt strategies ﬁo-the_Synﬁhésis

. of 1 based on diketo acid 14 werejalso'examined.' In¢the‘

first route, denominated the ACB appfoach, a'Diels4Aldéf‘

)

protocol was explored as a means to control the .

stereoéheﬂist:y at C-4. and C-9 in'l and  to ingorporate'thé

peéessary'eleménts for further elaboration of the B and D
_rings.‘-ln thé second scheme, ﬁhé Michael éddition'ofja
masked A fing'synthon to a C ring precursor was envisaged
és a plausible~soiuti¢n,to the fbrmatibn of the critical
bond linking‘C—4 and C-9 (meiicénélide'numbefiﬁg). ‘In
7anélogy with the ACB approach, this'strat:;; also provides
tﬁg-abpropriate funcﬁibhal groubs'to construct tﬁe B ring
. from @n AC synthdén. This route will hereafter 'be \

deSignated as the CAB approach. The results of our

investigatioﬁs.in.this area as well as the details of the

stereoselective synthesis of éompound§_14 and ‘15 shall be..

: 2
described in the next section.

10



RESULTS AND DISCUSSION

1. The A Ring Synthesis

Two synthetig schemes were envisioned to provide

diketo acid 14 in a simple fashion. Both utilize .
\10—camphorsdlfonic acid 17 as starting material. Several

features make this compound an attractive precursor of

-

L4

14. Firstly, it is readily available invvery high optical

_'purity, thus permitting the preparation of 14 in optically

active form, and secondly; it possesses all but:one of the

carbon atoms required for the synthesis of 14. 1In the

-

present context, gjcamphorsulfonic acid 17 was reacted

n .,
Y

with fused potassium hydroxide at 53;_400°é to provide
(+)fcampﬁolenic acid 18,12 [a]D ='+8.l° (CHC13), in 51%
yield. Compound‘iéhdisplayed a mqiecﬁlar idn peak at
168.1153 in the mass spectrum, consistent’ with the
molecular formula CjgH;g05. Its infraréd-spectrum.shoﬁed
the presence of the carboxylié acid grodp at 3500-2300 and
1715 cm'l, and in its 1H nmr spectrum, three different
methyl groups were observed a£ 61.61 (vinylic), 1.02 and
6;81.' These assigﬁments were.copfirmed ih the 3¢ nmr

)

spectrum, which in addition displayed the carbonyl carbon

11
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! a

at 6180 51 as a 51nglet. Also, a single set of peaks was
observed 1n the hlgh field 1H nmr -spectrum taken in |
conjunctlon w1th 1ncreas£ng amounts of europlum trls (é—
trifluoroacetylﬁgfcemphorate), which suggested a very hlghl
optical purity.. c |

The conversicn‘of acid 18 into the.methyl ester\19,
[a]D = +11.5° (CHCl ), was. effected in quantltatlve yield
upon treatnent with either methyl 1oclde or dlmethyl
sulfate';n refluxing acetone containing suspended
potassium carbonate. Compound 19 Showed.the ester
carbonyl at 1740 cm -1 in. the infrared spectrum and at

6173.86 ln the 13¢ nmr spectrum In addition, the methoxy

group was observed at 53.68.as a=sin§let in the 18 nmr

.spectrun.

CO,CH,

17 T e
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To confirm the,optical,purity of 18, ester 19 wasp'

. ' o ' - K K
reduced. to the cotresponding alcohol 20, Lalp = +4.3°

A o

(CH2C12), in-90% yield using lithium aluminum hydride in -

-ether. Alcohol 20 was then esterified in quantitative

yield with (S)—a—methoxy—aL(trifluoromethyl)pheéylacetyl
‘chloridei(2lf (pyridine, cat.'dimeﬁhylaminopyridine,13 3
_room temperature), prepared from the correspondlng
carboxyllc ac1d ((—T Mosher,s ac1d)14 in 100% yleld'by'
treatment w1th oxalyl chloride in benzene contalnlng a

'catalytlc amount of dlmethylformamlde at’ room

'temperature‘ The resulting ester 22 was subsequently

3

o examlneq by 376 MHz 19F nmr spectroscopy A single peak

. was observed at 542.3788 (relative to C6F6).* From ‘this
result ‘it can be concluded that the enantiomeric-excess:of
18 is >99%.. The same conclu€ion was arrived at by

B nmr spectrum of 22; which

examination of the 400 MHz
displayed a single set of peaks. Along this line, it -is
interesting to note that the methoxy group appeared.as a

doublet (J = 2Hz) due to long range proton-fluorine

coupling.

*A sample of the epimer of'22, pfspared from 21 and the
enantiomer.gf 20, displayed.an F signal at §42.3578.
The signals of'the two diastereomeric esters were

sufficiently well separated at this spectrometer frequency

to permit individual ass1gnments.

AN
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22

0

In an analogous manner, racemic. 19 was prepared from®

fyl}éamphorsulfonic acid. This materfal”waé used in the

initial stages of the inVestigation tQWard.the'A'ring

-

synthesis.

14
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In the flrst approach to ﬁ—dlketone 14, rscemic l9f T
p,was subjected to ozonoly31s ‘in methylene chloride ‘and -

-‘methanol -AThe resultlng ozonlde was reduced w1th

‘A

trlphenylphosphlne (- 78° 'C + room temperature) to give the
v unstable keto, aldehyde 23w3 Compound 23 was not purlfled

7:but cycllzed dlrectly to enone 24 in 61% yleld from419 v1a

- -Q

W the agency oﬁ_p;toluenesulfonlc ‘acid in reflux1ng benzene.

|

M . . . i

CO,CH,

ez e 24

Corey's method.for rearranging a, Brunsaturated

' § .. .
ketones to - nltro enones15 was conceived as a plausible

means to nanlpulate compound 24 to diketo acid~14. This
method 1nvolves the ox1datlon of epoxy oximes 25 to nltrow
oalcohols 25a by means of trlfluoroperacetlc ac1d followed F

by oxldatlon of the allyllc alcohol m01ety to the ketone

\.‘ 25b. It was: expected that the hypothetlcal enone 25c



”c0uld be utlllzed to 1ncorporate the requlred methyl

,3group, and that ;he nltro olefln could dellver the - 5—

r

-dlketqneisystem upon reduction andnhydrolys1s, .

" NOH

25 _ : 28a

25b B . 25¢

s .

Toward: this end, enone 24 wasltreated with 30%
‘hydrogen peroxide'in the presenéé of a catélytic amount of
llthlum hydrox1de to'glve epoxy ketone 26 in 92% yleld asw
a 51ng;é dlastereomer, as ev1denced by the. 1H and 13C nmr
spectra, each of whlch'dlsplayed a 51ng1e set of peaks.

Its ‘mass spectrum,shOWed a molecular 1on peak at 212. 1042

consonant w1th the molecular formula C11H1604. In the 13C“

o
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bhmtvspectrum,gghg ketone carbonyl was observed at’§206.45
and the ester carbonyl at $172.85. In addition, the alpha
and beta carbon atde'supportihg the epoxide ring weré_f

observed at §53.38 and 545.52,fre$pectively. The relative

L.
Q.

étéreochemistryvbetween the epoxide ringland:the a¢etic'
ester side Chain,:whidh can be‘seen;more'éléérly iﬁ w‘
structure 26a, was derived from proﬁon homonuclear
decoupling experiments at 400 MHz, from which it:was
readiiy.éstablished that J; 3 =1 Hz, J; 4 = 4 Hz; J3 5 =
12 Hz and Jg,5 = 4 Hz. Thus Hj must be_gggl_ﬁith respect -

'_Fo both‘Hl and Hg. y , . L /
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‘Condensation of 26 with hydroxylamine hydrochloride
in methancl furnished the expected epoxy oxime 27 in 84% -
yield aftéf'recryStallization. The presence of the

oximinO‘fuhctiovality was evident in the infrared

spectrum, which showed a broad»band at 3320
shafp signal at 3600.bm-1, assigned to the h
and the‘frée hydroxyl group, respectively. In addition, a
.molecular ion peak was‘obseived at 227.1156 :in the hiéh
reSolution mass spectfumr which confofms to the molecular
fo?mula CilHi7NO;' In cgnﬁrast to thé iiteratu_-re‘~

claims,15

exposure of compound 27 to‘trifluoroperaéetic
acid, prepared-in acetonitrile solutién.frqm \
trifluoréacetic anhydride and 98% hydrogen peroxide, ied
to the recovery of the starting material. Very.minor
aﬁoupts of a number of by-producté were also detected. on
TLC, butbﬁohejdisplayéd the structural features of the

1

expected allylic alcohol 27a according to "H nmr analysis.

' CH;ch'v—,// g 2 R 'CHSOZC\//// \\\\w
 NO,

2T 7 27
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It should be noted that in order to prepare diketo
acid 14 with the cqfrect absolute stereoéhemistry at the
carbop}atom beéfing the acetic acid side chain, it would
be,neceésary to utilize i;camphorsu;fonic acid; the least
abundént an£ipode, as the starting material. Aé a result
of this anq of our inability to mahipulate‘compound 27 to
14, the présent scheme Qgs slightly modified.

| In the secoﬁd route to 14, optically pure 19 was
treatéd Qitﬁ lithium diisopropylamide'(LDA) in

tetrahydrofuran (THF) at -76°C. When the'resulting

(CH,Cl,), was isolated in 86% yield as a single isomer

13

nolate was exposed to methyl iodide, the
onding monomethylated product 28, L&]D = -34.8°
displaying a sincgle set of‘twelve lines in the C_nmf
,spect£um;, Alsb, its ﬁaSS»spectrum showed a molecular ion
peak at 196.1465 (Cy,Hy00,). 1In the 14 nmr spectrum, a
new methyl doublet (J =‘7 Hz) appeared at §1.16. PHysicaL
Vmgthbds proved‘inefficacious at establishing the
steréochemistry of the newly created.QSymmetric center.
The dssignment was nade on the basis of subsequent
chenical transformaﬁions. Compoﬁnd 28 was found to be
exceptionally resistant td>diéik§lation, even in the
: 4

presence of excess base. When the purified ester 28 was

resubjected to the treatment with LDA and methyl iodide,

»



no further Fikylatiop occurred and 28 was reéovered
qqantitativély. Adéition of deuterium cﬁ}oride in D,0 to
ﬁhé ;eaction mixture returﬁed 28 in excellent yield.
‘LiTgué}:enolization of.28 is not taking place under this set
E df'éOnditiéﬁs. ~Es£er“28 was treated with ozone in
“met£ylene cﬁloride and methanoi and the resulting ozonide
was reduced'with triphehylphosphine;. Without'
purification, the keto aldeﬁyde so produced was-oxidized
with Jones reagent to provide keto.acid 29 iﬁlgg;‘78%
Hoverall yield from 28; The compound fhué obﬁaihed was .
foﬁnd to be contaminated by éppfoximately‘B% of.
'triphenylphosphine oxide.‘ This was, howeyer; of no
consequence as this impurity could be efficienﬁly removed

in the next step.




-

Exposure of keto- acid 29 to an exéeéé'of,lithiunlgf
.buﬁbiiéé initéfluking 1, 2-dimethoxyethane (DME) -led.
cleanly to the'formatibﬁbqf compound 14, [alp = +57.8°
(MeOH), with an efficiency’of 56%) Racemic 14 could'
similarly be prepared from racemic 19 in coﬁparable
yields. Other bases such as sodium hydride in THF dgave

13¢

only partial‘conversions, at best. Examination of the
nmr “spectrum revealed that 14 was formed as a sipgle

diastérgomer.@ DecQupling,the methyl group Sf 14 at 8l.61 -
in thé 1H‘nmr'spectrum cadéed the édjacent methine,proton;

to collapse to a clean doublet. The coupling constant of

12 Hz 'provides irrefutable evidence that the relative

’steréochemistry between the secondary methyl group and the

16 Since ester 28 could .

acetic acid Side chain is trans.
not be forcea to undergo enolization with a strong base
such as LDA, it is highly unlikely that a complete
epimerizatibn of the carbon atom supporting the ester
mOiety,gas taken place during the Claisen condensation,
which involvesléyweaker base. Thus, the configura;ion of
that particular carbon mustvbe the sahe.in 28 and in 14.
It is-wdrth mentioning that, at least iﬁ solution, the_
1,3-diketone portion 6f 14 exists entirely in the enol

1

form.” This was most .evident in its ~H nmr spectrum

(C5D5N) which displayed a singlet .at 55f77 corresponding

N

21



. -
R S

Were corroborated by splﬂ-echo J modulated nmr

S [ S
, R g

. R R ) R e A

R

"t:"w ﬁe v1nylrb proton .of ithe. enol 'Also, a. doublet at

X3 oo

5102 24 was. detected ‘in the 13C nmr spectrum,-analogously

dscribed to the v1nyllc methine carbon of the enol form

“The direction of enolizaplon was found to be solvent

ki

depe§HEnti\lln‘methanol_or‘pyridinejSOlutfon,,a unique set

- -

L of . 51gnals ‘was’ revealed in the 1H nmr spectrum, whereas in

acetone~two‘sets were dlscernlble, apparently due to the

=

presence of the two enol forms 14b and 1l4c. In the 13C

nmr spectrum recorded ‘in pyridine—db sblutmon).the

' quaternary carbon bearlng the’ gem-dimethyl group resonated

at 542 56 whlle the methlne Carbon adjacent to one of the

ketone groups ‘Was observed at 546 06 These a551gnments

17 -

spectroscopy ﬁs can’ be seen in structure l4a, exéept

for the lack of a methyl group, the molecule dlsplays C2

1)

symmetry along the axis shown. Thus, carbons 4 and 6 are =

,expected to experlence srmllar shleldlng tensors due to

~ o an v sy, o
Oy

'sterrc effects so that thE1r 1nd1v1dual chemlcal shlfts N

eyt

”reflect the degree and type -of - substltutlon..,Shoulduthe“

molecule exist in either the g-diketone form or 1in the
enol form 14b, C-6 would, on the basis of the well ..
documented effects of substitution on 13C chemical

18

shifts, appear at lower fields than C-4. 'This is,

however, not the case. It -is well established that a

O




Ketone substltuent 1nduces larger downfleld shlfts.ln 13¢
,nmr spectra than olefinic substltuents.18 Therefore, tﬁe
only way to accommodate the'obeerved’chemical shifts for
.C—4jehd'C—6'is by placing the ketone group of the\enol
form directly attached to C-4, as dep;;ted iﬁ Structure=~

l4c. The reasons for this particular preference are

nevertheless not clearly understood.

HOL <,

I40 - 14b

l4c

'2;;5Tﬁe'ACBEApproech ‘ o _ - <«

With ample quantities of compound 14 available, its

further transformation to the ACB portion of mexicanolide

0

was examined. It was envisioned at this stage that a

Diels-Alder-reabtion might provide the necessary elements

3

for stereochemical control as well :as the appropriate

functional groups for an efficient AC-B ring closure.

A}
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The“eXpectations were’ that if it were.éossiﬁle to
prepaxe diene 30 from 14, then a Diels-Alder reaction
usiﬁgr2—carbomethoxy—2—cyclohexenqne (31) as the
‘dienophite, which is known to prévide_éggé;adducts
preponderantly with respect to the ester‘functionality,‘19
woul&'give bicyelic adduct 32 as the major product.

Subsequent cleavage as shown by tHeAarféws would deliver
the AC portion 33 where the relative ste:eochemistry at
'all ‘the @symmetrlc centers relevant ‘to the natural product

has been adequately .controlled. The g-keto ester

functionality- of ring C (mexicanolide designation) in turn .

.could be modified.to enone 34 via a Maﬁnicﬁ reaCtion;
‘Closu;é,of‘the B ring'wdule then be effected by ﬁicﬁeel"
A ada£tion ofethe s;aiketone mbiety.te the exocyclic
_methyleneeeérbon'of the ehene’eysteﬂ“giving compdund'35;
vThe etereeeﬁemistry-of the secondaryzbridgehead;earg&nl\;f:
wodld'be'dictated by that of the Quatefhéry bridgehead

.\'

R “‘Earbon, and tﬁe resultlng ketone ‘on the C rlng could 1n'
pr1nc1ple be utllt;ed later on to 1ncorporate the |
'remalnlng methyl gr@ué-an@_the‘pvring.“.It‘shpuld,be.noted
that the R and R' groups inedfene 30 must .be different in
order to allow a regioselective cleavage of adduct 32.
Moreover, R' should be sqfficiently‘stable to .survive the
Mannich reaction to be performed on the g-keto ester A

>

moiety of 33. - . .. _ . )
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Bearing this idea in mihd; racemic i4 Qas treaﬁed
briefly with trimethyl orthoformate ifn methanol using
sulfuric acidfas.catalyst,and gave vinylogous ester 36 in
quahtitaﬁive'yield. ‘A single regioisomer Qas obtained,
itsebf'as'a_mixrure,ofprOlstereoisomers in ca. eéual
amounts. The regiochemistry of compound 36 was
unamb;guously determined by reduotion wifhilitﬁiuﬁ"

alumlnum hydrlde followed by ac1d hydroly51s. ‘Enone. 37

o

-was thas obtalned as, a. 51ngle eplmer A~number’of’minbr"""\

o

_secondary products were also observed on. TLC,~which'couid"' B

ii not.be purlfled readlly Thus, “thé - formathn of the other"

‘rormation
L

dlastereomer ‘of - 37 cannot be“excluded . In the 200 MHz nmr
spectrum of 37 the alpha and beta: protons of the  enone
System displayed long range and vicinal coupiings of 3 Hz
1aﬁd12 ﬁzf‘resﬁective}y,suith‘rhe;aqjacehtcmetﬁine=”
proton. Such splitting would not  Have beeh'dﬁsérééé"iﬁ
_the case of the reglolsonerlc enone 38. ~ The relative

stereochemlstry of 37 could not be ascertained from

the 'H nmr spectrum. o . ) . s

- -



’ﬁchaln and the methyl group

HO HO

OMe ’ . o)

~36 .37 o 38

Interestingly, when racemic 14 wasAtreated with

- sulfuric acia in methanol in the absence of trimethyl

~

orthoformate, two regioisomeric esters 36 and 39 were .

- obtained in a 1:2 ratio, each also as a mixture of

S~ 0T T et T
P e W *w .

~diastereomers in approximately eqgual amounts. - The

. regiochemistry of these compounds was individually

established again by reduction with lithium aluminum

°

hydride followed by acid hydrolysis. In this fashicn, 39

delivered enone 38 as the major product of which the alpha

and beta,VLnyllc protons appeared in the nmr spectrum as

__sharp doublets at 55 83 and 6 59.” The. methlne protonf

oo T e . -

“adjacent -to the ketone group was observed as a gyzfiet of -

quartets with coupllng constants of 13 and 7 Hz,

ﬁlndlcatlng a trans relatxonshlp between the ester - s1de

27
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Upon exposure of a solution of ester 36. in
triethylamine to an excess of trimethylsilyl
trifluoromethahésulfonate,'prepared from trimethylsilyl
cgloride and ﬁrfflﬁorémethaqesulfonic acid,20 the
corresponding diene 40 Qas produced in 100% yiela.’ This
result unequivocally conﬁirméd that 36 is a mixture of
stereoisomefé and not regioisomers..‘Evidence for the

structure 40 was derived from the lH nmr spectrum, which

x

showgd;ghsjgg}etmatubQ%l5 integrating¥for’niﬂe Hydrégens‘

due to the trimethylsilyl group. 1In addition, a vinylic ';v

methyl gréub was\ob5¢rveq at §1.59 as a shaiﬁ éinglet,_;

. the infrared spectrum, two vinyl ether bands were observed.

‘at 1660 and 1609 cm~i.

o

28
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M del Diels-Alder reactions using 1l,4-benzoquinone or

%

haleic anhydriae and diene 40_were very disap?oinﬁing.
'Thermai féactionp.conducted gt»temperaturesiof up to 287°C
in solvents éucﬁ aé E;cymenévand_EEhexadecaﬁe met.with
absoiuteiy nolsubcess, 'Extensive'decdmpbsitionﬂwas
néticed in:ali cases. tAttempted caﬁalysis_jig_Lewis.acids
such as BF3-OEté and SnCl4€afford§d only ester 36 as a ‘
resq;%>of hydrolysis,_and.pdlymérizétion‘products,
‘respectiQely. Thereforé, it may be concludga that étericj
éongestion around thé periphefy of the six—ﬁeﬂbéréd ring
‘of 40 effectively inﬁibiés the approach df"thé
§ifqﬁﬁﬁi?e. Eleétrdﬁic'effects cannot be reéponsible-for
Fhé'1a¢% of :reactivity sincé“Daniéhefsky has shown?! that

simidar acyclic.&ienes

r

2037



part1c1pate efficiently-in [4+2] cycloadditions w1th a

n e
< ez L e

P SN @ e e e e L .
number of less activated dienophiles. L

o
»

‘*Berng 1ncapabLe of%eliciting the de51red

P
i ? w0 o

St

cycloaddition reaction,,attention was then turned to

v

dlrect alkylation of the enolate ion derived from ketone

¥

- 86" to” create the quaternary asymmetric center and to'f
o ’

append 51multaneously the C ring of mex1canolidev~'Stericw

22

¢ \4 _—

and electronic effects were expected to control the

'approach of the electrophlle in such a way'’ that alkylation.ﬂ

e

would proceed 1naan anti fashion with reSpect to the.

acetic ester side chain of the enolate. . ' [
Pursuing this idea in the erpectaticn of obtaining

"ketOne 41, a pctential intermediate'fdr the present

purpOses, silyl enol'ether 40 was reacted with 2=

cyclohexenone in the presence of titanium tetraallorlde -as

23 '

described by Mukaiyama. "Here too,*only ester 36 was

obtained quantitatively. The use of trimethylsilyl

trifluoromethanesulfonaté'as‘catalyst20T23-was also of no

avail. Even the reactive acrolein diethyl acetal, prepared

from acrolein and triethyl orthoformate uslng ammonium

e

nitrate as ac1d catalyst 24 failed to alkylate 40 in the

présence of titanlum tetrachlorlde

PR N

30
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Direct access to the ketone enclate of 36 was "

o

3

th
-diiSopfopylamidé, sodium hyaridekqffpotassium‘hydride in
the presence of 18-crown-6 to elicit the desired

v

”deprotonation;:‘Moreover, reaction of 36 with potassium

‘hydride and 18-créwn-6 followed by the addition of .
deuterium chloride in D,0-1led to no deuterium
incorporation as evidehced by lH nmr spectroscopy.

Alternatively, diene 40 was.treated with methyllithium25

and the resulting enolate was exposed to a variety of

warted by ﬂﬁé"fnapiligyaof'strong bases such as lithium:-

31
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oo v .

reactlve electrophlles, 1nclud1ng'allyl bromlde and nltro

- olefln 42 26 In these _cases also,

'formatlon ensued : L

42

as

e a~

I ?) o N = - e

ol N e .

R B

no,garbqn—ce:bqn»bonﬁ'_

In view of our inability to effectively alkylate C-4

lo{;diketénaCid‘14n6rvderivétivés thereof, this line of-

investigation was not pursued further.

"3. The CAB Approach

Ay

-

Attention was then focussed on the possibility of

installing the C ring;dnd the required methYl group onto

:

- ester 19 before unmasklng the 1, 3= cyclohexanedlone m01ety

'1n order to avoid the 1ack of react1v1ty encountered

previously in the alkylagiqn of 36.

In this'éontext{

the

Y]



il neind

’%i;hipm gnq;age_@ﬁ)raéemic_ester 19 was prepared iﬁ the
" usual mahﬁér wiﬁﬁﬁLbA.- Adai£ibn 6f 2—c§éloheken0ﬁe'at

~78°C and warm;ng to room temperature resulted in the
-férmation of Mighael ad§u9tI4§”§§ an inseparable mixture

IR

of isomers in .79% -yield. .According to the 18 nmr spectrum

v o =5

(100 MHz), four isomers.weré formed, one in considerable
preponderance over the others. AThis reaction was equélly

successful with 6-methyl-2-cyclohexenone, synthesized from
, v o . p

_grmethylanisoleaby;BirCh-reduétion and. acid hydrolyéié, o

‘which already incorporates thevC—lZ“methyl‘group»of‘
mexicanolide, to give adduct 44 in comparable yields

(79%), also as an iﬁsépd&able mixture of epimers.
v : poy

-

T CH;EC

o - ’ 43 (_R;ﬁ)
| 44 (R=CH3) |

33
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In order to alkylatéwthe ester group’of”44( itxbecame
necessary to protect the ketone . funct1onallty To do
thls, benzoyl chlorlde was added after the Michael | v )
addition in order to trap the resultlng ketone enolate as
the enol benzoate. The reaction was not clean, but a
crystalline.solid.could,be separated by fractional\
crystallization in 28% yield. 1Its mass spectrum depicted

a molecular ion peak at 396.2296 corresponding to the

|7 expertss rormuld Cygiz0,.  fowever, thrde cartonyl

" absorptiocn bands at 1738, 1708 and 1679 cm;l_Were cbserved

ag

in the ir spectrum. Also, . the 13¢ nmr spectrum showed

=~

three 'singlets at §208.91, 197.70 and 174.42. These

spectral data clearly indicate.that C-acylation.rather

e e

than O-agylation BadltaKep plage tS FutrBish.compound -45.. .. -"wi. - T

'By first order analysis of the !H nmr spectrum, the

coupling constant between Hf»and Hziwas found to be 13 Hz

- which agrees. w1th a trans relatlonshlp between them.'

Furthermore,,decoupllng the methyl group adjacent to H3 i,
caused this proton to collapse to a_doublet of doublets

(Jl = 15 and J2 = 6 Hz) due to coupling: w1th ‘the adjacent
dlastereotoplc methylene protons. The large,value'of‘Jl
indicates that Hy is disposed in an axial orientation and,

by infefrence,;the methyl group is.equatorial._ The -

relative stereochemistry of the two remaining chiral
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Vf,centers could not be establlshed w1th certalnty

1nseparable eplmer of 45 comprlslng ca 13% df the total SRR

An

mlxture, was ' also dlscernlble in the 1H and 13C nmr

3 .
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| . Compound 45, stlll hav1n9 a free ketone group,

- 2 o » -

Bty

not serv1ceab1e for the present purposes, 850 adduct

.ketallzed using ethylene glycol and canphorsulfonlc

‘in benzene to prov1de ketal 46 1n.lQO% yreld;

ST 114

R

was

e
44 was

‘acid -

Attemgtedl*‘f

"walkylatlon ‘of 46 under a varlety of ba51c condltlons,

mcludmg LDA/CH31, LDA/CH3OSOzF or LDA/CH3OSOZF/tetra-

methylethylenedlamlne (TMEDA) 'led to the compLete recovery

R Nt . - R . - . L



s T T
; of4the startlng mater:.al.: Suepectrng that the met‘hlne
SR proton alpha to E}_re ester” had amrelatlvely low ac1dlty,"""~‘
,;;‘ij;“the ester group ofwAG wa;:rransformed into: alde%yde 48 1nA_
» o 98% ved\;'e;all erlB Yia a two—etael.: ;e:-;a{ence )1nvolv1'x'1g T
wre‘duc.:tlo“h w1th lltha.um ralumlnum ‘hydrlde followed by
’ pyrldlnlum chlorochromateaox1da"tuovn27 of the res-ulfjlnlg. '
'alc’o‘nol YRS I;_the 1H nmr spectrum compgugé}g dlsplayed R
four partlally overlapp"lng aldehyde ~51ng.1:e‘.t';s centered at‘h':.:;f:'u
59 84...',_ Its mass spectrum revealed a parent ion. peak at
306,.21"851,- cons:.stent w1th the formula C19h3003
8 . (R=cHo. ) |
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In analogy to eSter 46 compound 48 reslsted

. - . e

alkylatlon w1th methyl 1od1de 1n the presence of strong
. ‘

"bases such as LDA sodlum hydrlde and llthlum

'dimethylamide. With pota551um hydrlde in’ ST S Y

>,Wd1methylformam;de LDMF) .on, the other hand a

Lf{monomethylated product was formed iR 89% yleld

pCharacterLstlc SLgnals for v1nyllc protons at 55 92 and ;;;{:jﬁ }"'b

“5.79}yere.0bserved 1n,the“iﬂ nmr - spectrum along w1th a_h
stroné.vinYI ether-absorptlon at 1655 "em™! "in the 'ir -
spectrum conflrmed the speculaklons that compound 49 was
the product of the reaction. This substance was still
useful, as a selective‘qimmons—Smith reactio‘nz‘8 wou;d'give
cyclopropyl methyl ether 50, which Qould conceivabfy
deliver g-methyl aldehyde. 51 uponutreatment with acid.

v

”UnfortunatelyL all attempts to bring about the desxred

cyclopr0panatlon reactlon u51ng ‘the- Slmmons Smlth reagent )
met with failure. No reaction was observed in all

;cases# uAlsoano cycloprecpane ring formation ensued when a .
-mirture of compound“49/andgdiazomethahe.was;irradiated

with a.hidh pressure mercury lamp29 or when the mixture

was heated in the presenée of CuI-P(OEt)3.~29 In both

cases, ‘the starting material was recovered unchanged.
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ethanol é£'80°C, failed to give C—alkylatiOn produets when
treated sequentially w1th pota551um hydrlde in DMF or
'methylllthlum in THF/hexamethylphosphoramlde (HMPA) at -

_room temperature and-methyl diodidé. The product of all

these’ reactlons was aldehyde 48 formed by hydrolys1s of 52 B

o

durlng 1solat10n There was no reactlon even w1th

\

PP R -

$methy111th1um in’ reflux1ng THF/HMPA.;‘ N

The dialkylation sequence was also- examined in the
reverse.order: “Since ester 28 hed éfeviodsly been found
to be resistant to deprotonation, it was first converted
into the corresponding.aldehYde 54 in 85% overall yield by
reduction with lithium aluminum hydride followed 5?

- oxidation of the resulting alcohol 53 with pyridinium

chlorochromate.27 That the stereochemical integrity was
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maintained during the transformations was apparent from

the lﬁ‘nmr spect$um of‘54‘Which displayed only‘oee eet of
” signele,ulncludlng a doublet at §9.60 (J = 4'Hz)‘ascribedl
" to’ the aldehydlc proten Also, the presenCe‘bf~£ﬁe, o
'aldehyde group was most eviéeﬂﬁifh,the ir specérum which
showed'a small'abserptioh'at‘2699'em'lvand'aAp;Qmihent:«"
band .at- 1720 ¢m l}, Ethyl imine 55 was also prepared in

' quantltatlve yleld 5y reactlng aldehyde 54 w1th ethylamlee
“and a catalytlc amount of acetlc ac1d at reflux for 1

‘hr. Thlszeempound dlsplayed in the lH nir spectrum the_
iﬁlno proton at §7.51 as a doublet, J'= 7 Hz, as well as a

quartet at §3.41, J = 7 Hz, assigned to the methylene
; .

-

group difectly attached to the nitrogen atom. In anélogy
with compounde 48 and 52, aldehyde 54 and ite derivative
55 were ;ecovered_as'a mixture of epimers when treaﬁed in
succeSsioﬁ with potassiuﬁ hydfide in DMF and(f—methyl—2—

cyclohexenone.3o~

Therefore, it appeared that by using the-
:”present_metﬁedelogy it was feasible to incorporate the C-4
:methyl group or the C ring onto a masked A ring, but not

both.
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53 | . 54 . . '55

The observation that aldehyde 48 underwenﬁ clean O-
methylatyén to give 49 led us to speculate‘that Eompound
54 might behave analogously. .MoreOQef, if the alkylating

h%gent were dhénged to an.allylic ﬁalide, it should be
possible to prepare 1,5—pen;adiene 54a. This compound in
turn could provide aldehyae 54b, which possesses a
dﬁ%terﬂéry ga;bon‘alpha to the carbonyl, via a Claisen

rearrangement.31

41
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54q - , : . 54b

With the intention of installing ‘the C ring of

mexicanolide using this strategy, compound 54 was treated

,yith 3-b}omocyclohekene in'thé presence of potassium

hydride in DMF solution. . Twé aikylation products were
isolated in 80% yield and in eéual ratios and were
identifiéd as enol ether 56 and‘aldehyde 57. éompouqu 56
and 57 displayed ngarly identiqél moieqular ion peaks at
246.1983 and 246.1980, respectively, in agreement with the
molecular forhula Cy7H2¢0. The distinctidn was readily -

1

made by H nmr spectroscopy, which showed two aldehydic

singlets at 59.98 and 9.86 in the case of 57, and four

4 7 '

vinylic protons in the case of 56. Cohpound.SG was
readily transformed into 57 in BO0% Yield by heating at

178°C in p-cymene solutidn.via a Claisen rearrangement.3l

-
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To .continue the synthe31s with 57 two manipuiations

-

need to be performed before unmasklng the A ring.

L 4

X o, .
- Firstly, the aldehyde must be converted to an ester and

o

secondly;—ﬁhe olefin on. the six-membered ring has to be

&

transformed to a ketone. Toward the first goal attempted

,_ox1datlon of 57 w1th a varlety of reagents 1nclud1ng Jones

reagent, Tollen's. reagent and argentlc odee32 affo:ded

,fthe«startlng materlal quantltatlvely ‘The conversion of

P

j57 to 58 was accompllshed by treatment with'trimethylsilyl

33

.cyanlde in the presence of magne51um iodide in 91%

yield. ,However, its further conver51on to the carboxylic -

43
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c1d 60 could not be effected usnng Jones reagent.

ool ...),

"compleX\mlxture of pgpducts was 1nVar1ably obtalned.::'

-Slmllarly, é&cohol ‘59, ag%ajﬂed from 58 in looivyield by

treatment w1th fluobonlc ac1d also falled to g%ye ac1d 60

e ‘d' s -

fwhen exposed to Jones ro@gentr

:'v _ N -' .; |
.
: 58 (F—T;S) v e
59 (R=H.) ,
." AL

-

.
)

Towafd the second goal,nselective hydrobOration of
_the dlsubstltuted carpon-carbon double bond of 57 was

env151oned as a means to 1d5roduce the ketone . group

v, . .

-necessary to functlonallze the .C ring. Not surptlslngiy.

44
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" reactiori of 57 with borane-methyl sulfide led to reduction

of botﬁ double bonds. Partial reduction of the aldehydé
also occurred under  these conditions. The use of o
dicyclohexylboréne as the'methylwsulfide éompleg élso gave
overreduction products. 9—BBN on the other hand, was -
found to Dbe totally unreactive, even 1in ;efiuxing THF .

In order to avoidvthe difficu}ties encountered during

the oiidation of 57 to 60, a slightly modified- approach

was undertaken. The idea was to attempt a Claisen . ‘

34

rearrangement on ester 61 using Ireland's modification,
which involves the in situ generation and rearrangement of

silicon ketene ketals.

[

6!

o

Toward this end, racemic ester 28 was saponified with
lithium hydroxide in aqueous methanol. The resulting acid
62, obtained in 98% yieid, was esterified with 2-

cyclohexéhe—leol prepared in quantitative yield by

~
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reductlon of 2~ cyclohexenone with sodlum borohydrlde in

35

the presence of cerlum trlchlorlde. The best coupllng

reagent was found to be phenyl dlchlorophosphate in’ DMf,35~
glv1ng 61 in 84%'y1eld : Nevertheless, esterlflcatlon_xig
the correspondlng acid chlorlde also‘proceeded |
satlsfactorlly (78%). In each case, a small amount (ca.
5- 10%) of the correspondlng anhydrlde of 62 was also’
formed. Compound 61 dlsplayed in the-lﬁ nmr spectrum an
AB system at 66.00.and'5.76 characteristic of the'ﬁggjf
’ldisubstituted olefin. The‘allyiic:proton on the carbon
rﬁsupborting.the ester oxygen was shifted sufficiently
downfie}d“to overlap with the other vinylic proton‘at'
65.32. In addition;~its'mass spect.rum showed a nolecular'
ion at 262.1931 consonant with the formula C17Hé602
Very dlsapp01nt1ngly, compound 61 Qas recovered
quantitative when treated in succession with LDA and
chlorotrime@Zilsilane as described py irelan’d.34
Attempted deprotonation with Eggfbutyllithium4and‘TMEDA
followed by quenching with’ N—-trimethylsilyl imidazole also
failed to provide any of.the expected rearranged acid
60. 1In all cases the starting material was recovered
quantitatively Furthermore, reaction of 61 with LDA and
trapping w1tp/deuter1um chloride in DZO led to no

~

deuterium%incorporation, which indicates that the enolate

3
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ion did not form at all. Also, no reaction ensued when

_pbtassium hydride was used asvbase in the présence;offlsﬂt.
crown-6. Iﬁ the latter caéé, ﬁowevérL enolaté.fofhation
did'occdr as evidenced by the eVolhtiohlbf.hYdroéen Q?ted
‘during the reaction. Moreover, the reéngred aéid,62

formea by hydrolysis of 61 was found';o be a mixture of

epimeré by 1y nmr- spectroscopy. . - Y

62

At this stage, careful consideration of the results

presented above forced us to seek alternative synthetic

approaches toward mexicanolide.

4. The A-CD Approach
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So far, all the schemes examlned have relled on’ the‘
prior formation of the quaternary brldgehead bond of the B
ring of mex1canollde as the key step. A hlghly convergent
strategy, based on the Michael coupllng of. dlketo ac1d 14
'and diene lactone 15, has now emerged as a v1able route to
seco acid 13; Unllke the previous approaches, the<prior
~coupling of the A ring with the CD fragment will allow the
formatlon of the required bond llnklng C-4 and C-9 to take

place 1ntramolecularly

a. Attempted construction of the CD‘fragment via bicyclic

. ]
enone 65
A llterature search revealed that lactone 63, an

E

art1f1c1al product 1solated from the pyrolysis of certain
[

fllmonOlds, had been prepared in 1973 by Tckoroyama and

coworkers.37

Their approach~gentered on the
deriyatizatien of 2,6—dimethylcyclohexanone,64 to the
hexahydroindenone derivative GS_Xia_alkylatien with_2;3a
dichloropropene in the presence of eddium hydride,
hydrolysis of the resulting vinyl chloride with 90§\‘
sulfuric acid and condensatlon with methanollc pota351um
hydroxide. Enone 65 was ;n turn ox1d1zed w:;h lead
_tetraacetate in refluxing benzene to give qg'-acetoxy enone.

66 which without further purification was hydrolyzed‘to\'

the corresponding ketol 67 upon treatment with ipotassium
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“carbonate in aqueous methanol 1n 74% yleld. Expoéure of
compouhd 67 to.lead tetraacetaté in aqueous acetic acid
resulted in the formation of lactol 68 in 94% yleld as an
_ep;merlc mxxtufe. Installat}on of the se?ond double bond
Qaé aécomplished by treatéent of 68 with N-
bronosuccinimide in-CHCl3—CCl4 (L:1). The f&sulting diene_
 6§ was kheh expased to Bdlithidfuran to furniéh conpound

63 and its epimer 70 in a 7:3 ratio.

o.
&

our “initial efforts concentrated on reproducing the
 above conditions in order to gain rapid access to 63, a
plau81ble lntermedlate in the synthesxs of 15. 1In our

hands, the alkylation of 2,6-dimethylcyclohexanone with



2,3- dlchloropropene 'did not proceed w1th sodium hydrlde 1n
DME. - The use of the correspondlng allyllc iodide. (n p.

45-60°C/20 torr), prepared in 42% yield by Flnkelsteﬁn

),/

substltutlon of the chloride u31ng potaSSLum iodide in
'reflurlng acetone for 3Aﬁ;, afforded con51derable amounts
of the dialkylated producr 71 as a mixture of epimers.
This shortcomlcg was alleV1ated by performlng the
alkylation reaction on keto ester 72 (b.p. 94°C/4 toér
prepared from 2-methylcyclohexanone in 8l% overall yield
by a two-step protocol involving carbomethoxylation with
dimethyl carbonate in the presence of sodium hydride in
DME and in situ'alkylation of the reSulting sodium enoclate
with methyl iodide. Treatment of 72 witﬁ 3—iodo—2—
chloropropene in the presence of potassium hydride in DMF
gave vinyl chloride 73 in quantitati;e yield as a
diastereomeric mixture. Hydrolysis and decarboxylacion
proceeded uneventfully with agueous barium hydroxide in
methanol or preferably with lithium hydroxide to furnish .
compound 74 in 43% yield, identical ‘with the material
reported by Tokoroyama: " No improvement dnhrhe efficiency
of this laet transformation was procured When"sodium

chloride or sodium iodide in wet DMS038 was utilized.

50
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CO,CH,

Ti T2

CO,CH,

13 | 74 ;

Further manipulation of 74 to 65 elicited no
drawbacks and the~subsequent steps were then examined. A
variety of COnd;tions were explored to foster the- desired
a'—aCetoxylatiohg;eaction of enone 65. The reported use3’
of lead tetraacetate in refluxing benzene yieldea
inva;iably complex mixtures ©f products. Kihe£ic'enolate
formatién with LDA and concurrent trapping with benzoyl
pero:ﬁide39 failed;to pfocure tangible amounts of the

_corresponding «'-benzoyloxy encne 75. Frustrated by the

lack of success in this area, we deemed it necegsary to
- 19

devise alternative solutions to the synthesis
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b. Attegpted construction of the CD fragment through a

L4

Dlels—iﬁder reactlon

Inspired by Danishefsky's obsefyations on the
(intermolécular Diels—-Alder reaction of silyloxy dienes and
~conjugated éldehjﬁéé;zl a synth;tic scheme was developed
wich utiliz e [4+2] tycloaddition of ‘diene 78% and
méthacrolein asythe’key-step in the construction of the

51x~membered carboCycllc rlng of 63 In this partiEular

N\ -

2

*Prepared in 66% yield (b.p. 65 Cf%‘OG torr) By treaﬁ%enmx '
of 4-methoxy-3-methyl-3-butene-2-one (76) with LDA dan8 "B}
subsequently with chlorotrimethylsilane. Compound 76 ’
(b.p. 59°C/4.5 torr) was synthesized from methyl ethyl
ketone by reaction with ethyl formate ang.metallic sodium
in ether. followed by O-alkylation with d;nethyl sulfate in
water.40 Contrary to the literature claims, the other
regioisomer 77 (b.p. 50°C/2.6 torr) was also obtained in
comparéble amounts and only a painstaking spinning band '
distillation succeeded in separating them.

OMe 0

OMe
76 ‘ ' S 77



regardiiwhén afbenZene solution pfA78 and freshly
distilled methacrolein was heated‘at 120°C in a se;led
tube ‘for 20 hr and the resultlng product stlrred with
agueous fluoborlc acid, the formyl ketone 79 was isolated
'in 49% yield after column chrométpgraphy. Compound 79
.displayed the formyl proton as a shérp singlet éﬁ 59.56
and the vinylic g-proton as a‘broaddsinglet at §6.50 in
thé 200 MHz lH nmr spectrum. Its infrared spectrum showed
the presence of a saturated aldehyae at 2718 cm~! and 1720
-1

cm as well as an enone carbonyl at 1675 cm~!. Further

conflrmatlon of the structure was derived from the

-
4ultra:101et spectrum in which two absorption maxima were
observed at 257 nm (g = 5384) and 306 nm (g = 2370),
ascribed to the gn+x* transition of the double bond and the
n+n* transition of the enoﬂe carbonyl, respectively. The
reaction undoubtedly involves adduct 80 aé an intermediate
which collapses to 79 by‘elimination of the eleméngs of
methaﬁol and fluorotrimethylsilane upon exéosure to
. fluoboric acid. . Always accompanying 79 in,. variable
amounts was the methacrolein dimer 81 which could be
reédlly separated by column chromatography.
Interestlngly, both 79 and 81 dlsplﬁyed unexpectedly
slmilar 14 nmr and ir spectra éﬁ that structural

~

-assignments based on that type of information were not

53
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feasible. However, oﬁly 79 showed a moiecﬁlar ion ét

' 152.0836 in the maés sée;truﬁ; Cénsistent'with the formula
CgHy202: Moreover, 7§ displayed'in the lgC nmr spectrum a
‘doublét at 6200.54 and a.éinglet ét 6§197.91, assigned to
the”alaeﬂyae and ketone carbbnyls.' Compound 81, én the

other hand,'sﬁowed only a doublet at §204.71.

"~ OMe
CHO

™Mso” X ©

78. 79

CHO'

TMSO OMe

80 . 8l
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protbns. Also in its infrared

'Addition of B—lithiofuran* to 79 at -78°C resulted in
S . K
the formation of a complex mixture of products. Fﬁe 1y

nmr spectrum of the mixture revealed the absenae of
. ¢
vinylic protons ;n the 5-7 ppm region and of aldehydic

spectrum no carbonyl

: [N T~ .
absorption was observed below 1700 cm™ L. These‘data
suggest that addition of the organometalliqagﬁéﬁéht_£0‘£he

aldehyde and 1,4 to the enotie system was occurring under
these conditions. This behaviour was found to persist .
irrespective of the conditions employed. This was

somewhat disconcerting since g¢,B-unsaturated ketones show

a marked propensity to undergo 1,2 addition with

‘organolithium compounds. It thus agggars reasonable to

postulate‘that the conjugate addition is the result of the
close -proximity of a g-furyl anion to the p-carbon of the

en.ne system, -due to.coordination with the lithium

alkoxide engendered from the reaction of the aldehyde with_

s

*Prepared by transmetallation of pg-bromofuran with t-
~butyllithium in ether at -78°C. The use of THF in place
of Et,0 gave rise to the competitive, and somiiimes
exclusive, g-deprotonation of the furan ring.®> The use
of n-butyllithium also gave mixtures of g-lithiofuran and

- 3-bromo-2-lithiofuran. g-Bromofuran was synthesized in
two steps from the maleic anhydride-furan Diels-Alder
adduct, namely bromination with bromine in chloroform
followed by g-elimination and [4+2] cycloreversion in
quinoline at 200°C. '
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the organometallic.reagent. This postulate is pictorially

illuétraﬁed in structure 82. . - ;

82.

Iﬁ order tg avoid~£he above difficulties, attention
was turned to installing the acetic acid portion of.the
he£efo§yélic ring of 63 prior to the reaction with g-
lithiofuran. To accompl&sh”this, compound . 79 was reduced
with diisobutylaluminum hydridé in benzene to give two

epimeric diols 83 and B4 in a combined yiéld of 72% and in,

a ratic of 2:1.

-




.In the 1H nmr specrrun of oompound 83, the allylic
methine proton'appeaned ath53.90, whereas“the same proton
in the trans diol 84 was observed at 53.98. Innaddition,
the methyle;e group of the prlmary alcohol was observed as
a broad AB system (J-= 11 HZ) at‘53.34-and 53«25 in'. the
‘trans isomer and at. §3.41 and 6§3.31 1n”the Cis 1somer

Both compounds displayed very similar 1nfrared.spectra and

molecular ions at 156.1150 and 156.1148 were observed in

the mass spectra of the trans and cis ispmers, SN
respectively.  The relative configurations of 83 and 84

i

were tentatively assigned by comparison'of their 13¢ nmr
spectra. in the spectrum of the cis isomer 83, the
methjlene carpon.of.tne primary alcohol eppeared at
dé§a74, ebogp‘l'ppm further'upfield_tnén that ih the‘orans
isoner 84 (568.75)WA As canlpe seen in structuré 85; thé-

18

aforementioned carbon experiences a y-effect with

.respect to one of the ring methylene carbons, due to which
“ A

it 1s shlfted upfield. * Such. sterlc 1nteractlon is ‘absent

in the trans isomer 84, as deplcted in structure 86.

=z
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Ireland's modification3? of the Claisen rearrangement
was viewed as a logical alternative to introduce the

acetlc acid portion- of 63. For that-purpbse,‘it became

necessary to prepare the dlacetate of either 83 or 84. It

should be noted that only the allylic'acetate,would be
capable of undergoing the rearrangement, se that selective
protection procedures are unnecessary. Toward this end,
the trans diol 84 was treated with acetic anh?dride in
pyridine contalnlng a catalyt}c amount of | ,
dlmethylamanpyrldlne to glve the diacetate 87 in 81%.
yield. Better results were obtained when N-
acety;imidazole in refluxing pyridine was used asrthe
acetylatlng reagent, whlch gave 87 in quantltatlve

yield. Attempted Claisen rearrangement of .87 however,

afforded none of the expected ;;ansposed carboxyllc.aCLd

58



88, the diacetate being recovered unchanged. Thus, the
neopentyl nature of the migfating;terminus-appears to be

the culprit for the lack of reactivity.

OAc

Aco™

87 88

e
e

59

Analogous. results were regliied when 83'was refluxedvf

in triethyl .orthoacetate containing a catalytic ‘amount of
propibnic acid,44 althovgh in this case variable amounts -

* of the corresponding -a 1yliCepropioﬁate were isolated by

vchromatography. The fise of 2,4-dinitrophenol‘or Amberlite

- I1R-120 (H%) as acid c talygis proved équaliy unsuccessful.
A plausible sol tion to the propér construction of

the bicyclic po;tibn.of 63 derives from the hypothesis

that a suitably functi0qa1§§ed acetate'dérivatiVeMBB'poﬁld'

be guided to undergo an Sy2 rearrangement Via‘fhe_encigtes

ion of the ester group. Ideally, the R group alphazﬁb'the

, } \ L ‘ :
primary ester would facilitate the ring closure by

Ed



The use of benzeﬂes@lfonic anhyaride; prepared by
dehydration of.phe cor;esponding_écid with phosphorous -
pentékide,47 1éd to the.compiete'recdvery of 9?, The
-reaction'of 92 with methaﬁesuifonyi chloride in pyridine
Acontainiﬁg a crystal of dimeﬁh;laminopyridine afforded the
allylic\chléride 93 as an équimolafAmixture of epimers in
somewhat vafiable:and modest yie}dsQ Very iikely, ﬁhe
allylic mesylaté, once'f9rmed, undergoes disp;acement by
chloride ion. Compound 93 could be prepared with
considefably higher efficiency (79%) by the reactidn'of'QZ
with oxalyl chloride in DMF. A singlé triﬁlet for the two
epimers was observed at §4.35 in the 200 MHz 1y hmr
Séectrum of 93 and was assigned to the allylic.méthine
proton OA'the carbon éupportihg the chlorine atom. Apart
from‘that, two sets of.sighals,were clearly di#tinguisﬁed
in the spectrum. Therpreéencé of the chlorine atbm was
firmly supported by mass'spectral déta, which fevealed‘a
cluster of'molecuiar ions‘due to the presencggof_the»Six

isotopes of selenium and the two of chlorine. . The most

" -abundant peak (89se, 35C1) was observed at 372.0387, which.

7 §

corresponds toO the molecular formula C17H21Clozse.

chasionally the formate ester 94 was also isolated in low

yields..
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Very disappointingly, no cyclization ensued when
chloride 93_wasrexpésed to,baseé such as LDA in THF,
 sodium hydride.in-THF or '1,5-diazabicyclo[5.4.0]Jundec-5-
ene in refluxing beﬁzene. withéut excéption, a myriad of
uncharéé;eriz;ble products was forméd. Consequently, thisv

route to synthesizing diene lactone 63 via 79 was

"abandoned.

- ' -~

c. Steregselective-9ynthesié of diene lactones 15 and 63

7

‘A more expedieﬁt approach tb compounds, 15 and 63 was
' envisionéa which'adQécates éhe B ring fragmentation of
some defivati?émé% wielénd—Mischner Ketone analog 95 to
assemble the bicyclo[4.4.0]decanclide ring system.in a

simple fashion. Fot“this”purpose, 2-methylcyclopentane-

. 1,3-dione (96)48_was reacted with ethyl vinyl ketone in
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glyme solution using 1,4-diazabicyéio[2.2.2]octane.as the
basic catalyst to give‘the Michael adduct 97 in 100%'
‘isolated yield.. Compound 97 disélajed two carbonyl bands‘
in the infrared spectrum at 1770 cem~ ) and at 1715 em~1,
>assigned to the ring and side chain ketones, .
respectively. Expésure ofv97 to p-toluenesulfonic acid or
camphorsulfonic aeid in refluxing toluene afforded ketone
95 in 98% 5verall‘yield. This represented a significant
impfovemént over the pfeviouély reported syntheses of 95,
which Elaim overall efficiencies of 66%49‘an5 51%.°9
Compound 95 displayed two bands in the infrared spectrum
at 1738 cm™l and 1650‘cm;l, characteristic of the five-
mempbered ketone and ﬁhe énone carbonyl, fespe%}ively. In
addition, the vinylic and angular methyl groups were

observed at §1.83 and 1.36 in the 1y nmr spectrum.

- -

o - | 0

o i
0
95 ' 96

97
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In. order to be ‘able to manipulate diketone 9% to 15
or 63, the,ox1dation level at C-3, C-7 and C-8 must be
adjusted accordinély. To this end, chemoselective
protectien of the saturated ketone as the ethylene ketal
proceeded. smoothly in the presence of erhylehe glycoi
containing a catalytic amount of E;toluenesulfpnic acid in

!
refluxing benzene to furnish enone 98 in 91% yield after
distillatioe. The regiochemicai integrity of compeund 9
"wes easily ascertained by.infrared spectroscopy, which‘
showed a single carbonyl absorption band at 1650 cm™1 due
to the a,g—uneaturated ketone. Also, 1its rass spectrum
revealed a molecular ion at 222.1258, consistent with the
formula C13H1863. Reducr}en of the enone system with
sodium berohydride in methanol (0° s room temperature)
afforded in 74% yield, a single alcohol which was assigned
structure 99. Alternatively, the entire sequence can be
performed in 79% overall yield from 96, when the
inpermediate purifications are omitted. Compound 99 was
considerably acid sensitive so that chromatography had to
be:performed on triethylamine-buffered silice gel. In its
mass spectrum, alcohol 99 showed a molecular weight of .
224.1414 consistent with the formula C1;H2OO3 \\g_

AY

Furthermore, the presence of the secondary allylic aléohol
v
moiety was easily established by the presence of a broad
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‘triplet, J = 7 Hz, at 64».1;1. in the H nmr spéctrum;
ascribed to the allylit metﬁine proton, and by the
appearance of a doublet at §71:43 in'ﬁhe 13¢ nmr
speotrum. Prellmlnary difference NOE experlments

performed on compound 99 did not provide unambiguous
. |

stereochemical information. In this regard, irradiation

“

of the angular methyl group caused no enhancement in the
intensity of the proton on C-3. This result does not
necessarlly 1nd1cate that the hydroxyl and methyl groups

are cis with respect to each other, as the proton on C-3

@

may be too far away from the angular methyl gfoup to
.undergo a NOE enhancement due to T, relaxation of the

latter. Nevertheless the stereochemistry depicted in

structure 99 rests on spectroscopic analysis pefformed on
: L]

a subsequent analog of this alcohol. ©

98 ' 99 ,
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For fq%ther synthetic transformations, it was
considereé'appropriate to protect the secondary alcohol
functi@n with a group capabLevonSurviving mildly acidic
and very basic {(but not véry nuclaopﬁilic) conditions théf
are necessary to,adequaiely functionalize the five-
membered ring.J A pivalate ester was selecéed in this
rééard, as the carbon adjacent to th; carbonyl is devoid'
of protopé and thus .is incapable of undergoing //-
enolization. Also, the carbonyl group is of neopentyl
type, thus reducing its propensity to undergo nucleophilic
addition. The reaction of 99 with piva}oyl chloride in
-triethy;amine in the presence of dimethylaminopyridine
afforded none ofvthe expected estér 100, even at reflux
temperature. In pyridine, howevgr, the reaction proceeded
exothermically to give 100 in 81% yield. Comp?und 100
showed the expected .ester carbonyl bond at 1719 em™ L in
the infrared spectrum as well as the_Efbutyl.group ai 1390
cm_i. As anticipated, the allylic methine proton and

carbon underwent a downfield shift upon esterification to

1 13

§5.31 and §73.72 in the "H and C nmr spétha,
réspectively.

The hydrolysis of the ketal function of compound 100
.unde} acidic conditions pro%ed to be a very delicate

. Ve
reaction. Ketal 100 displayed an unexpected proclivity to



survive deketalization with either trifluorocacetic acid in

aqueodus acetone or with pyridinium p-toluenesulfonate in

acetone.s_l The use of p-toluenesulfonic acid - in acetone

at 0°C did afford ketone 101, although these maneuvers

. .
Qere not effectively reproducible. If this latter
reaction is performed at room temperatﬁre, diene lOé can
be isolatea in 66% yiéld. The regiochemical outcome of
~the elimination reaction was readiiy’prOQen by
spectroscopic means. Thus in‘the lH nmr spectrum,
compound 102 displéyed the méthylene protons adjacent to
the carbonyl-as an AB system, J =.24 Hz, at §3.24 and
2.88. Also, two broad singlets in'thé vinylic region were
observed ét §5.78 and 5.58, corresponding to the-two
olefinic proﬁons. The use of conceﬁﬁratgd hydrochloric
acid in agueous acetone (-12° 5 20°C, .45 min) pfoved.to be
a vastly superior method to deblock the ketal function of
100, giviﬁg 101 reproducibly in 79% yield. Purification
by HPLC gave very pure material, although |

recrystallization from agueocus methanol was experimerntally

—_—

much more convenient. Alternatively, the esterification
: 4

and hydrolysis reactions could be performed with an
overall efficiéncy of 78% when the intermediate

purification was omitted. Compound 101 displayed a strong

'carbonyl absorption band in the infrared spectrum at 1740 .
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cm~1 assigned to the five-membered ketone. -In addition\
exact mass measuréments‘reVealed a molecular weight of
264.1726,4in agreement with the formula C,gH,403. Due té
the simplicity of its 400 MHz 1y nmr spectrum, ketone 101
was deemed an appropriate ﬁrobe to carry out NOE studies
aimed at determining the relative stereochemistry of the
molecule. Toward this end, irradiation of either the
methine proton on C-3 o} the angular methyl group led to
no enhancement in the intensity of any pfotbn ih tﬂe
molecule. Suspecting that the NOE effects could be yéry'
smail, the experiment was carfied out in two dimensions
using the NOESY pulse sequence (9O°~tl—90°—tm—90°7 “
EID)16X,52 where t  refers to the mixing leflay time in
which NOE.exchange occurs. 'for this purpose, the spin
lattice relaxation times Qere estimated from an inversion-
recovery plot at 200 MHz .- The tm time was varied between
+50% of the T, of the ahéular methyl group'(9.7 sec) and-
’of the allylic methine proton (égsec) in a set of. ten

experiments. In addition, .t_, was varied systematically

m

over 10-15% to suppress scalar correlation via J-
coupling. Unfortunately, no lon§ range NOE's could bhe

detected in these experiments.
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102 !

It should be recognized. that confpound lb2»already
encompasses thé.diéne‘pbrﬁiod of 63 in the correct
positionj Tf it QerenpbssibiéAto incorporate<the'ﬁ~furan
ring and to cleave the five-membered ring at this stagé, a
short synthesis of 63 woulavbe at hand. This aspect was
briefly examined. Exposure of ketone.lozité B-lithiofuran
in ether afforded adduct 103 in_gg; 30% yiéld at 80%
con%eréion. The use of a large excess of the |

¢ v .
organometallic reagent improved neither the yield nor the

70



' .percent conversion. The rechery of some starting

'Aaﬂérlal makes 1t clear that competltlve enollzation of

\

}102415'tak1ng place under_thls set of condgtlons. The

'-stereochemical assignment“of 103 rests. on well precedented

'.anﬁdogous reactions in the steroid fleld 1n which the

’newly created hydroxyl group ls c1s—or1ented w1th respect

r}to the angular methyl group. 53_ Being - unable to 1mprove
’ 2
‘the eff1c1ency of thls process, it was not pursued

further.A

5 | 03 o,

v . ST

‘70,Befcre.proceeding with the cleavage 6f the five-'
: ' !
\membered rlng of 101, the C—7 methylene carbon has  to be

'}-OX1dlzed to a ketone ‘or equlvalent functlonal group. Thls

' ‘was~attempted in the fbllowingnmanner. Reactlon of 101
. S ’

w1th ethyl formate in the- presence of sodlum hydrlde gave

71



‘the crystalllne hydroxymethylene ketone 104 in 80%
»yleld. Accordlng\to 1y nmr spectrOscopy*xthe enol to keto

aldehyde ratlo of 104 was ca.'5:1. AttemptedAermatlon of

- the d1th105p1ro[5.4]decane system 105 via reéetioh of 104

.  with S,Sfebisfg:teluenesplfonylrl,3?propahédithi0154 usiné
' sodium aeetate as the basic catalyst fesulted in the
complete récoveff df the sfarﬁing‘matériel 104;. The. use
~of other bases such as 11th1um t-butox1de or llthlum
'carbonate at temperatures of up to 100° had no effect.
Slmllarly, po reectlon was Qbserved when the,d;rect
oxidation ofethe lithium enolate of 101 with
Moosopy-HMPAss af b;nzoyl peroxide39 was attempted, ner
was it p0551b1e to trap such an enolate w1th :

~

chlorotrlmethylsllane. The expected 81ly1 enol ether 106

14

would have been a potential 1ntermed1ate for the present

~ purposes..

.

104
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los 108

On treapmeﬁﬁ»with’benzaldehyde and sodium'hydride iﬁ
refluxing tpluéhe,>101 gave enoné“107 in 93% yieid,
Compqpnd.107‘displayed a molecular ion peak at 352.2028 in
its mass spectrum, cOnéistept with the expected fofmula

C23H2803. In the YH nmr spect;um, it shong the bis-

..allylic methylene proions'as an AB system (J = 17 Hz) at.

53.66 and 3.54 as well as six protons in thef?.l to 7.7
_.ppm region, ascribgﬁ“tq the five aromatic protons and the

enone a—pfoton. Moreover, the ketone carbonyl underwent
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én upfield shift to 6208.13'in the %3¢ nmr spectrum
lrelatlve to 101 due to conjugatlon, Compound - 107 was then
‘reduced with sodlum borohydrlde in the preSence of cerluml
tr1chlor1de35 to glve regioselectively alcohol 108 in 100%
fieldf Thié compound was formed as a single isomer as
showh:by 13¢ nmr spectroscopy; which~displayed a single
‘set of peaks; including_a_signal at §73.64 assigned to the
allylic methine Carbon supporting the hydroxyl groué.
Also, its mass spectrum.shéwed a ﬁoiégular ioﬁ.peék at
354.2188, correspondlng to -the molecular formula

- Cp3H3003- The conflguratlon of the new allylic carbon was
established on the basis of the 0. 2 ppm upfleld Shlft
experlenced by the angular methyl group when the solvent

was changed from CDClg to C6D6.16

. or 108
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I£ should be noticed that compound 108 depiets the
correit oxidation level at C -7 and Cc-8 necessary for its
conversion to 63. Thls was attempted -as K follows.
Selective epoxidation of the conjugated double bond of 108
'with_E;butyl hydrdperoxide in the presence of vanadyl
acetoacetonate aceogding to Sharpless56 did afford epoxide
109, but the reaction was caprieious‘and could not be
.carried to coﬁpietion. Also, wﬁeh enone'107'was treated
with_E;butyi hydroperoxide in the éresence of eiﬁher
Triton B or lithiuQ\hyafoxide, very complex %1xtures of

. _ T~
products were always obtained,‘with perhaps only traces of
the required epoxy ketone 110 being formed Suspecting
‘that the cohjugated‘doeble bond of 108 was /devoid ef £hé
hecessary electreh dehsity.ﬁo undergo selelctive
epoxidatibny”tﬁe phenyl‘group was replaeed by a methoxyl“
group. .To this end, compound 104 was treated with
dimethyl sulfate\in‘the ?resence of triethylamine or
sodium hydride to gi?e‘compound 111 in ca. 20% yield. A
‘dramatic increase ingyieid ensued when the reaction Qas
performed uﬁder acidic~coﬁditions; ThuEQithe treatment of

104 with p-toluenesulfonic acid invdry'methanol containing

3 A moiecular sieves led tonehe-formation of 111 in

quantitative yield}f CO»

111 shcwed a 51nglet at
P - i S 2
63.89 in the lH nmr sp‘,trum correspéndlng to the methoxyl
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group of the vinflogpus ester. This was corroborated in
the 13C-nmr\spectrum in which a sigmral at §61.72 was

. : .
‘observed. Reduction-of 111 with sodium borohydride and
.cerium trichloride3® fgrnished a 'single alcohol 112 in 88%
yield as a very unetaple 0il. Attempted purificatibn of
112_led‘to eonsiderable decomposition. It was very
disappoihting to.find that li2 underwent exten;iQe
decomposition when eqused to-OsO4/H5106, =
Bu02H/VO(acac)2, MCPBA/CH2C12 or OsO4/NaIO4, conditions .
that were expected to cleave ‘the flve membered ring to
produCe lactol.ll3 or to provide intermediates for such
cleavage. ”Conseqdently, the manipuiatien of 101 to 63 had
to rely,on.less—direct routes.

In this~context, compound 101 was treated with an
‘excess of dlmethyl‘tarbonate in the presence of sodium-’
hydrlde in elther THF or DME to provide p- -keto ester 114
. in 75—100%'y1eld-as an 1nseparable }uxture of isomers.

'Reactiop'of’the sodium enolate of 114, generated in THF or
‘ DMfTwitﬁ éedium hydride, with an excess of benzoyl
| 39 '

'peroxide at -25°C gave»triester 115 as a single epimer

in 75% yield. Slgnlflcantly lower eff1c1enc1es were
realized when t&e conver51on of 101 to - 1f% was attempted

in one flask. The stereochemlcal homogenelty of . 115 .was

ev1dent from the 1H (200 MHz) and 13C (100 6 MHz) nmr
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spectra, in which a unique set of signals was observed.
Four singlets were obse:veé in‘the 13¢ nmr spectrum of 115
at §208.67, 176.72, 168.02.§nd 165.01, assigned to the
:ketone,,pivalate, carbomethoxy and bénzoate'carbonyls,
respectively. Furtﬁermore, high recolucion mass
ispectrometry establlshed the molecular formula as C25H3007
‘on the bas1s of the observed molecular Welght of

442.,1987. It was not p0581b1e to use spectroscopic
methods pfofitébly for ;tereocﬁemical,onalysic of 115.
The.configufation shown was retrieved from_sgbcequept

chemical trans-format'i’ons N

CO,CH,

Hq s

TQe‘ketone group  of 115 was chemoselectively reduced

to the alcohol Lével with sodium borohydride in. methanol

e

<. . : - , ‘



in -1100% yield. The homogeneity of coﬁpound 116 so
produced was easily verified by ly ana 13c nmr
spectroscopy.: In‘this particular case, only thgee
carbonyls were obserVéd in the 13C nmr spectrum.a£°5178.43.
(pivalate), 170.46 (barbomethoxy)iand 166.53 (benzoate).
In addition, a doublet at“573.28 was indicétive of the
presence of the secondary alcohol mbiety. The
stereochemistry at C-8 was tentatively assigned on the
basis that irradiation of the methine proton at C-8 led to
a +14% enhancement in the intensity of the hydroxyl
.proton, but to no enhancement of the angular methyl‘
group. The benzoate group of 116 was chemoselecgively.
cleaved with one equivalent of sodium methoxidé in dry
methanol to furnish diol 117 in 65% yield. That the
hydrolyiis had occurred in the anticipated sense was
verified by the isolation of methyl benzoate ffom the
reac£ion'mixture, Fnd by the présence of only twé carbonyl
signals in the 13¢ 'nmr spectrﬁm of 117 at §178.48
(pivalate) and 174.83 (carbomethoxy). Prolonged exposure
of 117 to sodium periodate led to the COmplete.recovery of
the starting material. This observation suggests tﬁat the
two hydrokyl gr?ups on C-7 and C-8 are' trans with respect

to each. other.

\
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Subsequent reaction of 117 with one equivalent of
lithium-hydroxide.in aqueous methanol at 60°C afforded the
expected diol carkRoxylic acid 118 in 55% yield by direct
crystallization. Th regidchemical outcome of the 
reaction was unambiguously ascertained by the 13¢ nmr
spectrum, which was devoid of any absorption'due-to a
‘méthéxyl group. This was confirmed by lﬁ nmr
spectroscopy. In addition, the t-butyl group of the

. . )

pivalate ester was clearly observed at 1394 cm™* in the

FTIR spectrum.
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Having succeedéd in,adjﬁsting the oxidation level at
C-7 and C-8 to be the same as in 63, the fragmentation of
the five-membered ring was examined'next{ Exposure of 118
to an excess of periodic aid in agueous acetone gave a
single product according ﬁo TLC analysis. The molecular
F¥ormula of C19H240¢ calculated on ﬁhe basis of high
resolution mass spedtrometry, indicated that this product
still had the séme number of carboﬁ atoms ‘as the étarting
“material, suggesting that oxidation of tﬁe_carboxYl group
to CO,y had not‘taken place as éexpected. Of particular
structural_diégnosis was the ir absqrption at 1800 cm™1,
charactefiS£ié‘of;é carbonyl group directly attached to an

A

electron withdrawing substituent. In the 13¢ nmr spectrum
&



B2

ahsinglét and a doubieg’weré observed at p98.09 and 72.79,
respectively. . On the basis of the above dafa, structure

119 was proposed for this compound. It is worth

mentioning that the angular methyl group underwent a ca.

O:4 ppm upfield shift when the solvent was éhanged from
CDCl3 to CgDg. This ob#ervation suggested that ;he bridge
lactone was cis with respéct to the angular methyl

group. Further.chemical proof for the structure Qas

derived fr§m the reduction of 119 with sodium bbrohydride
énd,subsequent treatm@nt.with E;toluenesulfonic acid in
methylene Chqufde1 This protoéol.afforded a single a-
hydroxyl aétdne 120, ‘whose stereochemistry waé not |

: elucidated.: Thus; exclusive séission of the C7 - C8 bond /
was occurring during the oxidation process. - ,-j
Mechanistically, the formbtion of 119 can be visualized as
Aproceeding'by fragmentation of the initiélly formed |
complex 121 or 122 followed—by intramolecular acetal
formétion} as illustrated in Scheme 2.

The use of tetramethylammonium or sodium periodate
had no effect‘on the fcmation of 119. Lead tetraacetate
wa§ examined extepsively as an alternative tb periodic
acid. In‘a variety of solvents, including acetic'acid;
pyridihe, agqueous acetic acid or aqueous pyridine,

intractable mixtures of products were invariably'formed;
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121

Scheme 2

122
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-in 62% yield. That‘fragmentation‘had indeed occurred was

|\

.Similar behaviour was noticed with sodium bismuthate in

acetic acid, which afforded_none of the desired lactol

. ]
113.

Since tricyclic lactone 119 was not serviceable fér
the synthesis of 63, compound 118 was reducgd‘with'borané—
methyl sulfide complex to ﬁhe corresponding triol 123.

The efficiency of the reaction was only 21§;iwith'the
reméining 79% being %ost apparently by concurrent
hydroboration of the tétraéubgtifuted double bond. Triélv
123 showéd three hydroxyl pfétoﬁs‘in the 200 MHz H nmr
spectrum {(DMSO-d6) ét 54.92 kdoublet, J = 6 Hz), 4.42 T
(singlet) and 4.36 (tripleﬁ, J = é ﬁz) assigned to the
secondary, tertiary and primary alcohol, réséecﬁiyely}

Compound 123 underwent rapid oxidation when treated with

‘periodic acid in aqueous methanol to providé aldehyde 124

'
»

appareﬁt from the 1H nmr spectrum which showed the
aldehyde proton at 69.44 as a.singlet.and the methyiene
protohs adjacent to the methyl ester as an AB.system, 'J = .
17 Hz, at &63.14 and 3.00. The peak of h;ghest mass'in fhe'
mass speétrum of 124 appeared‘at 282.1818 (C16H26O4) thch |
corresponds to the loss of carbon monoxide frém'thei /
moléculeV(CLgﬂzeos). Very likelx, compounqli?4 arises by

fragmentation of 124a initiated by nucleophilic attack of



meEhanol to the ketone carbonyl.. Contrary to
\ . - o
expectatlons, compound 124 furnlshed a; complex mlxture of

EEEEN

R T

o pro%pcts Qhen treated w1th 5 llthlofuran.' Chromatographlc

"ana1y51s falled\to reveal the presence of’ even ﬂraces of .

the desired condensatlon product 125 » One is - then led t0v

' belleve that rio dlscrlmlnatron between all the p0551b1e

-

electrophlllc ‘centers in 124 is belng made by the.

' s

organometalllc reagentt_

N - : i e

!'240 ,._ . .‘ .. ) .,‘" | " | . | . : '25
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7 The flrst solutlon that comes 1mmed1ate1y to mlnd in

~~

order to suppress unde51rab1e 51de reactlons is to reduce

the number-of such ePectrophlllc centers. Qn the basis of

thls premlse, the heteroannular dlene portlon of 63 was
introduced by exposure of d101 117 to_p;toluenesulfonlc

¢

ac1d in reflux1ng acetone for 3 hr.’ The sole: product of .
this reactlon, formed in 69% yleld, was:determlned to
possess structure 126 by 4 nmr spectroscopy -
Accordlngly, two. v1éy11c protons were- observed at 55.66 °
(broad) and 5.29 (srhglet). To our dlsmay, dlene 126
yielded ‘a plethora of unldentlfled products w@en treated
w1th llthlum hydrox1de in aqueous methanol, presumably as

A Y

-a result of a competltlve retroaldol process whlch would
[4

"furnlsh a very délocallzed enolate ion. Moreover,

treatment of 126 with an excess of llthlum alumlnum

hydrlde in the expectatlon of obtalnlng trlol 127, an’
R

y//émmeq;ate precursor-of 63, also gave a myrlad\of
. unrecbgniza¥le products... o

sy
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The most notorlous drawbackmof the prev1ous scheme is' .
the lack of eff1c1ency in. varlous steps,.espec;ally_on
. large scaie experlments. In particular, a number of

’ selectlve hydrolyses need to be performed in order to

adequately functlonallze the flve-membered ring, a

~
Y

protocol that inevitabiy aUgments the number of-synth tic
operations. Therefore, 1mprovements in the seqience were
’deemed hlghly deslrable. Réasonlng that one of the
dec151ve factors causing the low overall ylelds was the
presence of the plvalate group, our next task was to ‘
subst;tute 1t by a protectlng group more re31stant to
alhaline‘conditions._ Of the several alternatlves
.avallable, a benzyloxy group seemed thg most attractlve

51nce 1t can be 1ntroduced in ba51c medla and may be

removed 1f necessary, under neutral condltlons. ~



gt

The reactlon of 99 w1th benzyl bromlde 1n the :

presence of sodlum hydrlde and sodlum 1od1de in DME' gave

K

the expected benzyl ether 128 in 48% yleld ; Con51derably
S
' -better eff1c1ency was achleved (61%) when the solvent wasf

:,6'

}‘replaéed by HMPA. Further 1mprovement was reallzed when
potasslum hydrlde in DME was used ‘Thls comblnatlon
afforded 128 1n‘82% yleld Compound 128 showed the

AN <
aramatlc protons at §7.32 'as a multlplet and the benzyllc

]

protons as an AB»system, J = 12 Hz, at 5§4.62 and 4. 46 in.,
the 1y nmr spectrum. Not totally unexpectedly, serlous
obstacles were’ encountered durlng the deketallzatlon

4

128.‘ Silica gel 1n,wet CH2Cl2/Me2C057‘and boric acid”

aqueous acetone®’ left 128 intact. - Periodic acid in.
>7 gave in turn a complex mixture of

| , : S |
products. = The conditions (aqueous hydrochloric acid, -12°

agueous acetone
- 20°C, 45 mln) used to deblock successfully. ompound foo,
_-gave ketone 129 -in onIy 48% yleld (optlmlzedl)‘éwlth a
number of by products accountlngifor the rest of the mass
balance.f Aqueous fluoborlc ac1d behaved analogously to
':fhydroch oric acid.
e actd

..
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. .- i : F
An appeallng alternatlve to surmount the above 2

dlfflcultles would be to- replace the ke;al protectlng ‘\§?$¢7

»'group by another functlonallty~that could perhaps be ';"'

| , B . %
removed' under neutna} cdndrbaons.‘ In thls regard Corey

has. reported58 on the advantages of usxng bromomethyl

ethylene ketals to protect ac1d sen51t1ve aldehyﬁes and
\)v' :

-~ketones, s%pce 1t can~be removedvunder mlld Cnndltionq'

usmng 21nc in. methanol. In our present case; the réactlon¥

of dlketone 95 w1th 3- bromo l 2—propaned10159 1ﬁ the

presence of_pftoluenesulfonlc ac1d 1n reflux1ng benzene
afforded aty equ1molar mlxture of ketals 130 ‘Jd 131¢ as .

/"1

mlxtures of . eplmers. Thls was of no consequénce, as upon»ﬁ

treatment\pf the crude mlxture wlth.pjtoluenesulfonlc ac1d

n‘

-in acetone at room%temperature, selectlve,cleavage1ofgthe



The reductlon of 130‘ to the allyllc alco‘nol 133 LoE e

proceeded uneventfully in 83% yleld us:Lng Bodxum Uf SRR =
. 3 - .\ . o )




\

f;;was obtalned., Alternatidely,

dlketone 95 could be ,:15

tltconverted to 133 1n1§4%¢overall yleld when the

1ntermed1ate purlflcatlons were omitted.. W1111amson'
\.-.

. L
jg,reaction of 133 w1th benzyl bromlde gave 134 as descrlbed
for 99.

»;,chromatographlc purlflcatlon, the crhde product was used

' In v1ew'of the chemlcal 1nstab111ty of 134 toward

L ;
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Qulte unexpectedly, reductlve deketallzatlon of 134

usung zxnc 1n methan0158 afforded ketone 129 an 39% yxelﬁ

. R .
‘at best. The use of acetmc a, ‘as: the solvent ipstead of
“ . . I . M .
| N sl
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Lf effect;. However,sac1d hydroly51s of 134 us1ng oo
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hydfochlorlc aczd 1n aquecus acetone ( 70° » 0°C, 3 hr) B

vu: 1 -

'-afforded cleanly ketone 129 If the W1111amson reactlon

end*the‘hydroly51s of the ketalsare effected w1th no

a‘i

. 1ntermed1ate purlflcatlons, qpmpound 129 can be routlnely
L produced in 72§'oierall yleldtfrom 133 . ﬂ' :_f
| Furtherkconver51on o§‘129 to dlester 136 and alcohol‘ -
i 137 was effected'as descrrbed for 101. ﬁ‘ro this end »;’ i‘*g
-‘.»reactlonﬁof 129 w1th dlmethyi‘carbonate apd sodlum hydrlde-
in THF ‘or . DME gave g—keto esger 135 1n 65% yleld as a’ -

r

colorlessfoll (ms 318 1373 Q2OH24O4) ﬁ Ox1dat10n of the

'sodlum eqolate of 135 1n THF -ox DME with benzoyl perox1de

LN [ - - ’

”7”_( 20° "room temperathre) furnlshed dlester 136 in 768

)
”

u;'_yleld as ‘a sxngle 1somer. As antlcrpated, compound 136

£, 4

'”dlsplayed the carbomethoxy carbonyl at §168.02, the

23 \.», >

afbenﬁoate CarbOnyl at 5164 97 and the ketone carbonyl at

5209 18 1n the'l3C nmr sPectrum.. Its mass spectrum showed
‘ [

'the mslecular ion peak at 448 1879, entlrely consrstent

' w1th the formula C27H2806‘ The reductlon of 136 to

' alcohol 137 proceeded uneventfully in’ 100% yleld using
I -

sodlum borohydn;de in., methanol Inwanalogy'W1th compound‘

)

\

116 a 51ngle eplmer was also obtalned This was verified

‘J.

again by 13C and .l nmr" spectroscopy, whlch dlsplayed a-



. B . : : - . -/ / S
g un1que set of 51gnals. In the piftlcular case of the

/

former‘/the tWO expected carbonyl 519 als at 5170 55

(COZCH3) and 6166 56 (benzoate) were\observed. " In -

e

addition; its 1r spectrum showed two carbonyl bands at

~ |- .
. 1745 and 1719 cm~ L. a551gned 11kewase tO'the_carbomethoxy
and benzoate groups, respectively.

135 . , ' 136 -

137

93
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Attempted redUction‘of either 136ior'137 with lithium

' ‘alumlnum hydrlde ylelded none of the expected trlol 138.

~ -

Only a multltude of unldentlfled products were obtalned.
‘Dllsobutylalumlnum hydrlde gave ldentlcel results, whereas

lithiuﬁ borchydride-reduced'136€to 137 only. . §iﬁilara
"observatlons pertarn to ﬁhe reduction of the 1nseparable
J .

. 3.5:1 mlxture of dlenes 139 and 140 prepared by

ellmlnatlon of- benzyl alcdhol from 136 w1th_pf

\

toluenesulfonlc acid 1n reflux1ng acetone




In splte of all these drawbacks, compound 137 engaged
..rln rapld reactlon with an excess of sodlum methox1de 1n

. e, !

methanol to afford diol ac1d 141 in 64% yleld, Whlch in
_terms of eff1c1ency represented a con51derable 1mprovement \
over the prev1ous scheme. ~Diol acld 141 represents an
unparalleled probe to establlsh the relatlve

stereochemlstry between C-B and C 9 andlC—7 and c-8 by

- nmyr technlques due to the chemlcal shlft'd}spersxonQof
S 'l 13 e AR B
“its *H (400 MHz) and C. (100 6 MHz ) nmr spectra. In the

b proton spectrum.one observes the allyllc;methlne proton as

';a doublet of doublets (J1.= 7 5 Hz:"Jz ;TZ/E/EELL\due to -
coupllng w1th the adjacent dlastereotoplc ‘methylene ;
protons. Accordlng to molecular quels, ‘the allyllcl”
hydrogen Hl in the preferred conformatlon 142 of the cis
isomer, where cis refers to the nelatlve.orlentatlonkof ;‘ ‘ P

yloxy group and the angular methyl'group;,displays SR

N

_¢Jnal angle of ca..l20° with respect to Hy and of
approx1mately 20° wlth respeot to H3 \g1n~the trans-xsomer

143,.the,torslonal angle_between_Hl-an 'H3 is close to 90°

Commercial sodium methoxide was-used. The serendipitous
presence of sodlum hydroxxde in thls mater1a1 undoubtedly
.causEd the hydrolysls ‘of the methyl ester. Interestingly,
no benzoic acid could be detected in the crude mixture. ,
Only methyl benzoate was produced. 7



-whereas that betweep H; and ‘Hy . is abo t 15° ' On this

premlse, one would expect a very di 'erent coupllng

pattern for Hl in 143. It should be poxnted out that the

presence of the double bond in the slx—membered rlng

\

llmlts the flex1b111ty of the molecule Yo) that the angles

-lndlcated above are not expected to fluctuate to a large.

’ extent.

141

‘42

.,96 |
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‘TQ support-these-assumptions,.aiccmputer simulation'
“of thellﬁunmr spectrum of 141 was undertaken and the

L 2

results are shown in Flgure 1. and Flgure 2. A long. range -

ccupllng of-g,B Hz between Hy and-H4 (or Hs)vwas'resolvedé

in the Gaussian transfcrmed spectrum and this value was

1ncluded 1n the computatlons, as wellvas long'range’="',,

97 -

coupllngs between Hl and H5v H6,,H7 and H8 The linewidth -

v LA

‘assumed was 2 45 Hz. As can be seen 1n Flgure 1 a yery. -

good correlatrcn exists between,the'experlmental and: .
-calculatedvspectra:fcr-théhcis'isomer."The;small_
. dlfferences are‘due to the~ dlfflculty of determlnlng
pre01sely the values. of all long:* range cohpllngs.' F}gure»
2 compares the experlmental spectrum of 141 and the |
calculated spectrum ﬁor the trans 1somer 143. . Nearlf all
the parameters have been kept constant, except that Jl 3
.and Jl 2 were assumed to be O Hz and 8.3 Hz, respectlvely,
to take 1nto con51deratlon the different tor51onal
angles. In addition, J116_was incremented from'l:l\Hz to
2.6 Hi tc:take lntc account the W-arrangemehnt between
these twonprctons.. Needless to say,;thé agreement is:very
poor. In addition to this, Corey h;s ver§'recentlyw”
presented conclusibe chemical evidence'toiualidatebthe)

_above nmr arguments.60 The unamblguous a551gnment of the

c-7 and c-8 stereochemlstry relled more heavxly on 13¢ nmr

."
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data. From the standpornt of stereochemlcal effects,

spln-spln 1nteractlons between 13C and 1H nucle1 separated

' by three bonds show much»dt the'character of IH—lH"

coupllng Howeven» a numbe>~of factors other than

- dihedral angle can contrlbute to the absolute value of

"'.1

3JC Hﬂ These 1nclude varlables as the orlentatlon of

electronegatlve atoms appended to the 1nteract10n

pathway. -Hence, an ant;perlplanar oxygen as in a is
13C 1H coupllng of <l Hz, whereas

61

associated with a'gauche

in b the coupllng 1s 2- 3 Hz.

£
Moreover; from the carbohydrate fleld it has been

known for some’” t1me that an oxygen atom antlperlplanar to

\
a‘l3C-nucleus in a gauche l3C-1H 1nteract10n decreases the

. -

‘absolute value of 3JC_H‘(<1 Hz) whereas a sYnclinal ongén
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w1th respect to a)13C nucleus in a gaudhe 13C 1H coupllng

connect1v1ty leads to somewhat 1ncreased values of 3Jc H

\\ .
(3=3 Hz).6!

ff~Cloee,eiaﬁinaticn of theffive-meﬁbered'rlh'~of 144
'shous that'the arrangement;displaYed'between thzﬂcarbonyl
carbon, Oz.and H3 13 similar to the Newman progectlon‘a,
'whereas the coupllng connect1v1t1es CO—Oz-Hz and co 02-H1
resemble the progectlon b. Thus the mult1p11c1ty of the .
carbonyl carbon. was expected -to dlsplay two large 3JC4H
.coupllngs and. one small (perhaps zero) coupling to Hj.

Also, the coupllng llne CO -0;-H, is analogous to the
Newman prOJectlon c but not,d. Thls would simply tend to

,_1ncrease the absolute value of 3JC—H1 Follow1ng.51m11ar

ﬁllnes, one- would expect for the hypothetlcal 1somer 145



e

Q

\J pn1§ one large 3J¢_ﬁ$.énd two Sma;l‘(po§Sibly_zero) ?jC_Hl
 énd‘3JC—H2 couplihgs; ' In the experimental 13¢ nmr
spectfum of . 141 recofdéd at 190.6 MHz under éroton gatéd : : ‘?1
decoupling condiéions, the carbfﬁyl carbon aPPéarea as a | .'
_doublet of doublets, J; = 4.03 Hz and J, = 4.03 Hz. | .
Exponehtiai weighing failed to reveal the presgnge of any
Q@hér,couplings.- Thus, on the basis of the ab§§éV
-Targﬁmentki the correct‘cohfigurétions of -C-7 and C-8 are
as shown' in i4l and not as in 143. °Moreover, this‘fully‘
‘agrees with tﬁe\pbservatiph made previously that attémpted
”6xidation of 117 with sodium periodaté resbited in the o o

compieﬁe recovery of. the starting material.

144 | 145

* What was needed at this point was only to break the'y

five—membered ring or to_convért 141 to triol 138 before



& .

 cleavage , In order to 01rcumvent tﬁe low yields reallz a
during the. reductlon of the carboxyllc ac1d group of 118
with borane—methyl sulflde, compound 141 was exposed to en
excess of Althlum alumlnum hydride in ether at- O C. 'The
de51red tr101 138 _was 1ndeed 1solated; although in
dlsappOLntlngly low ylelds.v Attempted in E&Eg_ox1datlon
,of the resultlng triol w1th perlodlc ac1d 1n aqueous
methanol failed to yield perceptible amounts of aldehyde

146.

-
CE—

Attention was thn'turned to direct oxidation of

,¥§;.'“As anticipated, treatmen
in acetone gave Qefy cleanly (99%) the tricycle 147. 1In

analogy with 11§, ooﬁpound 14
' -1

absorption band at 1802 cm ascribed to the acetal

of 141 with periedic acid ’

also displayed an infrared
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A \-

”lactone m01exy ' It may be easlly recognlzed that 147

g

possesses a masked a—keto acxa moiety and should ~at ledSt

.dx

in prlnc1ple, ‘be susceptlble to further oxldatlon to

lactol 148. In practlce howeveﬁy'147-was recovered
. {

Unchaized or completely destroyed after prolonged

treatment w1th hydrogen perox1§e 1n methanol or with
~ v

perlodlc acid in refluxing butanone,\respectlvely

Y ) . ‘?

o

147 o 148 o

o » 3 3 ‘- . b\, l.
It was precisely at this time that a related sqheme,
although more efficient in terms of overall operatlogp,1 

was-devlsed. The most salient feature of this ' e
: 4

d

5modifi¢ation'perta1ned to the substitution of the methyl
ester of 136 by a thioester;'a reasonably stable

~ functional group showing a remarkable proclivity to
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undergo reduction by sodium borohydrlde.s2 -InAother
words, the expectatlons were that the 51nple replacement
of the CO Me. group by a COSMe m01ety would permlt the
81multaneou5areductlon of the ketone and the thloester o
portions of 136 to glve dlrectly a primary and a secondary
dlol. Along thlS line of. - reasonlng, ketone 129 was
treated with §,S' —dlmethyl dlthlocarbonate.q2 U51ng the
| reported conditions (sodlum hydrlde in DME), the
conversion of 129 to the expected g-keto thioester- 149
7proceeded’1n very low yleld,_w1th'a large number of by-
products,being detected‘on TLC. The use of
: dimethylformamfde’as solvent led to:a.modest improVémeng
in yield (40%). | Con51derably better ylelds were realized
by the use of pota551um hydrlde in HMPA. Under these
condltlons, the thioacylation reaction proceeded rapidly
(and'sometimes violently) at ambient'temperature;-.
Nevertheless, compound 149 was found by 4 nmr
spectroscopy to contain variable {20-40%) amounts of an
unidentified impurity which COdld'not'be separated
chromatographiCally.
By conaiderable experimentation, it wae discovered

'~ that the best conditions for the oxidation of 149 to 150n
with benzoyl peroxlde neces51tated the utlllzatlon of

- potassium hydride as-the base. In this regard sodium

W
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\% . . =
h&dridé proved to be,épite inefficient. Moreover, if the
joxida£ion step’is carfiéd out'withfthé unpurified p-keto
' thioesterﬁgfeproddciﬁig yielés 6fv51% from 129-&091d be
"?reéliééd.“*Var'\ble“émounts (ca. 20-40%) of thé starting
kétone,IZ?-Qere.found to contaminaﬁé the oxidation produc;:
150,. The separation of“129 from 150 could notxbe effected
by chromaﬁographic means. Thus,.it appears thaﬁ O-
acylatién of the poiassium enolate of 129 to~give 150
- : N )
effég£ively competes with the formation of 149.
Concl;sive evidence of the presence of iSO is howéverh not
Yet av§i;able. As it appearé; the new functional group
had no effeét.dn tﬂe stereochemicai.outComelof the
oxidation with benzoyl peroxide, as a single diastereomer -

was also obtained in this case. This aspect was

corroborated by subsequent transformations.

1

.

0

e

COSMe

149 e . 180 %

15
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With compound 150 'in hand, its reduction with sodium
borohydride was explored. Treatment of an ethanol

solution of 150 at 0°C with a large excess of sodium

-

L
borohydride led to the rapid consumption of the starting’

xqgterial. However, 6 four major differerit products were
discernible on TLC. The least polar was identified as
" alcohol 152 by'specﬁrosCopic means. . The methine proton of -

the secqndary'aicohol appeared as a doublet of dohblets,
'J; =10 Hz and J, = 8 Hz at §3.59 in.the 4 nmr

spectrum. In addition, the‘presence of the hydroxyl group
wa§ Lavidé.rltj..in. t';he infraréd‘ spectrum \:which showed é; ’broad
band at 3400,@&'1. Further stfuctural confirmation
‘derived from the conversion of 152 to 129 in 30% yield by
. oxidatiop with pyridiniuﬁ'chlo:ochfomate-in méthyiene

27

. chloride. Alcohol 152 was formed by simple reduction of

129 present along with 150 in the reaction mixture. The

. ’ 1
‘other three components could not be cleanly separated

thomatographically, but were readily characterized by 400
MHz lH nmr specgifscopy as a mixture of three possible

diol benzoates 153,. 153, and 155, produced by migration of

the benzoyl group of 153 over the ﬁwo.free hydroxyl

4

groups. The combined yield of 153, 154 and 155 was 53% on .

the basis of the amount of 150 present at the onset.

Further confirmation of the isomeric nature of.153, 154}

-

>



-and 155 was obtained from theirj conversion to a single
,triol 138:_identical by nmr anar§§is with the material
-.prepared by reductlon of 141, by treatment with lithium

_pydrox1de in aqueous methanol Crystalllne 138, obtained

’

in 93% yleld, dlsplayed three 13C ’signals at §81. 26

(singlet), 79..77 -(doublet) and 71.27u(tr1plet) in the 13c

o

nmr spectrum, and were assigned ﬁo the tertiary, secondary
o8 _ _

and primary alcohols, respectively. -

v

155

154

108



109

'Having achieved~the_propér'functionalization of the
five—membered ring. in avreasonably short'manner, itubecame‘_
neceesary'to convert it to the hexanollde portion of 63.

To this end 'eXposure of 138 to lead tetraacetate in
aqueous acetic acid afforded the expected lactol 148
Nevertheless, the yiélds were'foundﬂto vary dramatlcally_
with the amount of triol employed %hen'138 Qae_treated,
w1th sodlum perlodate in aqueous acetone, one major
product, characterlzed as ketol 156\by.spectroscopic
methods, was lisolated in 67% y1eld. Compound.156bwas
“quite reluctant to undergo further oxidation of the
acyloln moxetyl and the use of~more for01ng conditions

" such as 1ncrea51ng the temperature, led to coneiderable
vdestructlon of the molecule vIt.was very pleéasant to find
that the use of perlodlctaold, a‘stronger oxidant thanlf
sodium.periodate,'afforded‘i48'ae a 5:1 mixture. of epimers
inJa satisfactor&téoinyield.ﬁ The presence of
approximately 50% of the oorr95ponding.0pen monocyclic
aldo acid waa also established by 1H nmr spectroscopy.
Compound 148 showed a molecular ion at 302.1526 in the
high'resolution mass speotrum, which was‘consistent.with
the moleoularbformula~C18u2éO;. Also, its .ir spectrum

portrayed the lactol moiety at 3360 em™! (oH) and 1729

cm"l (carbonyl). - It may now be readily seen that.what is



‘needed to complete the syntheSLS of 63 is. the

1ncorporatlon of the 3 -furan ring into 148. and the

110

. :

ellmlnatlon of benzyl alcohol to 1nsta11 the second double

bond.

fSeveral difficulties were encountered when attempting

to engage the latent aldehyde’group of 148 inro reaction .
with B—litﬁioruraq. The ihifial experimenﬁs were Qery
dieeppointing. EQentually it was discovered that an
excess (ca. 10 equlvalents) of the organometalllc reagent
at. room temperature gave the best results providing |
compound 157 in 43% yield. Unexpectedly,_only ‘one isomer
it o .

was produced according to 13¢ nmr”analysish(lOO.G»MHZ),
which showed a single set of”sigoals, including two a-

furanrparﬁons at §142+27 and 141.05 as well as a p-furan
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carbon at 5109 91 TIn its‘206 MHz lH nmr‘spectrum;;the'§4
_furan proton was observed at - 56. 41 as a doublet of
pdoublets, Jy = 2 Hz and Jy =1 Hz, whereas the-two¢a;turanfﬂ:
protons appeared at 67. 45 (dd) and 7.42 (dd). The ’
.presence of the furan ring was also unequlvocally

conflrmed in: the FTIR spectrum whlch dlsplayed a small'
'»band at 3135 cm~1, The stereochemlstry shOWn in. 157 rests
'on two pleces of ev1dence. Flrstly, by saturatlon of the 'Q
‘ angular methyl group, a +5 7% enhancement in the 1ntegral
_of the furan g- proton and a +O 7% in the 1nten51ty of the
proton adjacent to the furan rlng were obserVed in the'_
dlfference Overhauser experlment And secondly,icompound

157 could be transformed into 63 by ellmlnatlon of the.

elements of,ben;yllalcohol.

Y

87



‘,Lcompounds

. Mechanlstlcally, the\reactlon follows strlctly the

~ .

Anh model of nucleophlllc addltlons to, carbonyl

63 Thls p01nt is better 1llUStrated by making

reference to ‘the- Newman progectlons below. _1f one assumes‘ =

a

that of all the three substltuents ‘on - the carbon
supportlng the aldehyde grohp, the methyl 1s the $@allest,*
»the methylene the medlum and the. v1ny11c carbon the |
~largest, then it is, anveasy matter to reallze'that the g-.
furyl anlon'(or radlcal) wlll approadh'the carbonyl Carbon
between the smallest and medlum substltuents with an angle
of 1nc1dence of 100- 107° due to pyramldallzatlon of the

carbonyl LUMO in the tran51t10n ,state, and antlperlplanar

with respect to the - largest group Thls leads precisely

,to the observed relative stereochemlstry (9R* 10R*) .

W

S

oy
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Exposure of 157 to a number of bases such as 1, 5-
dlazablcyclo[S 4. 0]undec -5-ene in benzene, llthlum'“

'dllsopropylamlde in THF or pota551um hydrlde in DME led to-

)

destructlon of the'startlng material. Howevern brief
exposure to a £reshl§\§féggrbd solution of potassium j;/

butoxiae in DME led to an immediate'elimination of benzyl
aleohol and to the fbrmatien‘of”;actone 63;in}82%:yield
,after flash chromatography. CompoundA63 prepareéf?n this
‘way displayed a 14 nmr spectrum (400 MHz) in agreement
with‘the;reported.datar) o

For further synthetic manipulations“directed toward
the elaborationvof 15, it appeared moSt,appealing to
vutiiize cbmpound L?T-since it already possesses a
‘7potential leaving greup at C—%. With this iaea in miné,
-cdmpound 157 was treated at room teﬁperature with m-
chloroperbenzoie acid in chloroform to form the
.tetrasubstituted~epoxide ring. According to kinetic ly
nmr analysis, competitive oxidation of the.unsubstituted'
double bond. of the furan ring:was‘taking place under these
--;conditiens. This side reaetion'could\be minimised by
st0pp1ng the’ reactlon after two hours and resubjectlng:the
‘recovered startlng materlal AWhlch is chromatographlcally

inseparable from the epoxide, to the treatment w1th
\ ’ . ' . . (. - . .



‘MéPBA.}:Tﬁe'yieiafof epoxide 158 could be improved to 50%’

after two repetitions of the seogence;“This~material
however, contained ca. lO—iS% of:157Aae ehowh_by.IH nmr ﬁ.
integration. This did not'impedepiSB'from»beiné
characterized by the common spectral means;::Iﬁ
%artlcular, high resolution mass spectrometry revealed a
molecular weight of 272.1393 (C17H2003) which corresponds
to the expected molecular formula (C,55Hoy04) less B—

furfural. It is worth mentlonlng that compound 158 was

stereochemlcally homogeneous. Its configuration at c-4

.and C- 5 could be readlly eluc1dated by the 1arge (O W Eﬁm)

downfield shift experienced by the proton adjacent to the
furan ring when compared to 157. .Therefore, the epoxide

oxygen must be on the same side as the proton on C-9.

Epoxide 158 underwent avﬁeryffacilefringvopening reaction

in the presence of pota351um tﬁbutox1de in DME at 0°C,

giving alcohol 159 in 65% yleld after chromatography. .A

" new vimylic:proton was observed at 66.49 as a sharp

. singlet in the epectrum'of 159, assigneddto the proton

adjaceﬁt to the lactone carbonyl. Finally;‘exposure‘of a

pyrldlne solution of 159 to thlonyl chloride at 0°C

_prov1ded two pr1nc1pa1 products, dentlfled as dlenes 160

and 161 in 30% and 1l6% yield (unoptlmlzed)

‘respectively. In an attempt to 1mprove the yield of this

;

114



115

last transformation, it was found'ﬁhat the use. of
~collidine instead of pyridine gave preponderantly the
undesiredviSbmerIIGI;
*
/9

:4’
=

158 : 159

160 ' : ‘ S el

W1th the syntheSLS of the CD synthon complete, it was
con51dered approprlate to 1nvestlgate its coupllng with"

14. 1In a serles of»model experiments, 14 proved to be an
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‘excellent nucleophile in Michael additions to bromo ester
162,64 reacting,exdthgrmically in the presence of 1,5-
diazabicycio[S.¢ﬁdjpndec—5—ene (DBU) to provide diketo
ester i63 in 56% yield. However, the attempted coupling \
of Aptically active'IA with racemicvlﬁo uging DBU as base
le tb the complete recovery of both.starting materials,
even under forciné conditions. Other basic catalysts such
as potassium t-butoxide in DME or cesium carbonaté in N- ’
,methyl pyrrolldone at 85°C proved equally 1neffect1ve.
Slmllar results were also obtained in the attempted

single

r-allyl palladium complex 164.%% 1n no

e we able to detect the formation of seco

acid X3 or its diastereomer 16.

, /\ CO,E¢ - HOC—/,
Br r,

y S 162
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:The;Michael addition of 14 to 160 under acidic’
conditions was also bfiefly examined. Treatment of
faéémié-i4 with a five-fold‘excess of trimethylsilyl
'trlfluoromethanesulfonate in trlethylamlne for 90 mln
afforded diene éster 16§eln 74% yleld In analogy with
the above results, no reactlon was observed when a
solution of 160 and an excess of 165 was exposed to
titanium tetrachlorlde under the condltlons developed by

Muka1yama.23 o ‘ ” , '

OTMS

Slnce in mexxcanollde the aceti’c acid chain appended

to the A r1ng occurs as the methyl ester, several attempts
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were médg to selectiVely esﬁérify l4'wi£hoﬁ£‘diéturbing'
tﬁé’QFaikétoﬁé‘system.< Very disappointxégly, no
discrimination was Q@séf?éd whén 14 was_expdséd inl
chcesSion to phenyldichlorophosphate and hethanbl,36 to
diazomethane,'to methanesulfoﬁyl chloride and methanol, or
td carbonyldiimidazole and meﬁhanol. ' However, és a test
for the coupling feaétion, the corresponding_gfbuﬁyl ester
166 was prepared in the folfowiﬁg manner. Exposu;é of
optically.activ%_keto“acid29 in successidn tq'oxaifl-
chloride in benzene cdntéining a trace of
dimethylformaﬁide and then to_E;bﬁtanoi in pyfidihé—
dimetﬁyl;mihopyridiné afforded diester 167,'[a]b = -5.6°
‘(C32C12), in 54% yield over the two steps. The pféseﬁée
of a singlet at §1.45 in£egrating for hine protons in the
4 nmr spectrum, as well as é singlet at 527.96'in the l3C,_
spectfum supports the structure. "When a solution of 167

in DME waS'ﬁreated with lithium i;butoxide at feflux, a -
single p-diketoné "166, (alp = -11.3° (CH,Cl,), was

produced in 87% yield. Interestingly, con@ound 166 exists
in solution (CDC13) almost exclusively in.the g-diketone
form. This was clearly appreciated in the 1 nmr

speétrum, wﬁich showed- the methyléne protons adjacent.to

. the twd;carbonyls as an AB sYstem, J = 17 Hz, at 63.53 and

3.47. Contrary to the expectations, the reaction of the
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;ﬂ pota551um enolate of 166 w1th 160 resulted in
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addition . of 18—crown 6 to the reaction mixture had mo o T

- . . ¥ S

g ‘“ii‘l i S T \ : SR

i it
B O N ~>.:yv., @ e . T

. .
N L

quantltatlve recovery of both startlng materlals;m;The;

R

”effect on the formatlon of seco a01ds 13 or 16.

T The notorlous proc11v1ty of dlketo ac1d 14 to react

© e e

'iwlth bromo ester 162 suggested that a p0551b1e means to

overcqme our 1ncapac1ty to unlte the A rlng with the CD

- P

/
fragment could be the: further: manipulatlon of 160 to the

allylic bromldes 168 or 169 It is expected that the )

' presence - of a-better leav1ng group 'in 168 or - 169 can

) Surmoqnt‘tﬁe‘energy~barrier”forﬁan‘eff1c1ent AfCD

: couplingsnghie ideeris.currently be:i.r'lg_,_i,nvef‘.-n_:iga_te'dv..t

BuoC—y,




were made to selectlvely esterlfy 14 without dlsturblng
.the g~ dlketone system. Very dlsapp01nt1ngly,

dlscrlmlnatlon ‘was observed when .14 was exposed in

succession to phenyldichlorophosphate and meth‘anol,36 to

. diazomethane, to methaneselfonyl chloride and methanol, or

to carbonyldiimidazole and“methanol..'However,vas a test
for the'coupling reaction, the correspondlng t- butyl ester’
166 was prepared in the followxng manner. .Exposure of
optically active keto acid 29 in succession to oxalyll

chloride in benzene containing a trace of

dimethylformamide and then to t-butanol in pyridine-

dimethylaminopyridine,afforded diester 167,-[q]D = =5.6°
'(CH2C12)} ih 54% yield over the two steps. The presence
of a singlet at'51.45 integrating for‘nine protons in'the
14 nmr spectrum, as well as a singlet_at 527.96 in the 13c

spectrum supports the structure. When a solution of 167

7

in DME was treated with lithium t- Butox1de at reflux, a

'_wsangle 5 dlketone 166 Ldlbr=}%ll.3 (CHZCl ), was'

':produced 1n 87% yleld . Interestlngly,-compognd 166 ex1sts'

N ‘., . s

in solutlon (CDC13) almost exclus1vely in the g- dlketone ’

1y nmr‘

;formdr This was clearly apprec1ated in the
spectrum, which showed the methylene protons adjacent to
the two -carbonyls as an AB system, J =-l7‘Hz,'at“53.53 and

3.47. Contrary te the expectations, the reaction of the

A



'pota551um enulate of 166 with 160 resulted ln the
.quantltatlve reCOVery of both(startlng materlals. The
addition'df 18-crOan6 to the reaction mixture had no
effect on the formatlon of seco. ac1ds 13 or 16. .
The notorious proc11v1ty of diketo acid 14 to react
w1th bromo ester 162 suggested that a possible means’ tov
overcome our incapacity to unite the A ring w1th the CD
fragment could be the further manipulation of 160 to the

_allyllc bromldes l6e8 or 169. It.is expéCted that the

ﬁpresence of -a better 1eav1ng group in 168 or 169 can. 

-

surmount the energy barrler for an eff1c1ent A CD

coupllng Thls idea is currently being investigated.

68 e - less
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~— o EXPERIMENTAL

l. General - . SN

Meiting points were recorded on a Kofler hot‘stage
apparatus ‘or a Gallenkamp meltlng p01nt apparatus and are.
ncorrected } Infrared spectra (1r) were determlned -using .

" the follow1ng‘spectrophotometers. Perkln Elmer model 457
model 297, Nlcolet 7199 FTIR and Nlcolet MX-1 FTIR. Mass -

spectra (ms) ‘were - obtalned u51ng an AEI MSSO hlgh

PRENEIN N v E

r;resoiutxOn mass spect:ometer and low resolutlon spectra.on
fan AEI MS12 spectrometerw~ Gas}phromatographic analyses

there“performed'on,a Hewlétt—Packard siéoiiaséfamént using
a:column;of 15% SE-30 on:Chromosorb W with helium'as.the

-

carrier gas. Elemental analyses were performed by the

mlcroanalytlcal laboratory of thls department Samples

- e - o 3
. were routrnély drled at 40 60 C/l torr prior to
analysls.i ngh pressure liqgquid chromatography (HPLC) was
”a arried out us1ng a Waters’ prep500~LC system w1th a
refractlve index detector. Proton nuclear magnetic
\réSOnanceTSpectraL(lH hm:) were obtained using the.
following:spectrometers: Varian EM-360 (60 MHz), Varian

A-56/60 (60 MHz), Bruker WP-80 (80 MHz), Varian HA-
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T

P

100/Digilab—12h(1oo Mﬂé; intérfaced tg”;fﬁové 1200
computer), Bruker WH-200 (200 MHz) and Bruker‘WH—eOO'(4QO ?
MHz).- Fluorine nuclear magnetic resonance spectra llgf |
nmr ) were recorded at 376 MHz on a Bruker WH- 400 |

spectrometer uslnglC6F6 as thevlnternal standard. Carbon-.

l3 nuclear magnetlc ‘resénance spectra (13C ) were.

-recorded on a Bruker WP- ~60/NIC- 80 (15 ruker WH-200 - - -

(50.3 MHz) and Bruker WH- 400 (100 6 Mpz) spectrometers.

Carbon 13 mult1p11c1t1es were derlved from off resonance*"

o

,for Carr Purcel-Melboom—Glllepln echo J—modulated '

ice relaxation times (Ty)

fexperlments 17 Proton spin-lat
'.}weréfmeasured atLZOQ:ﬁHefueing;tnéti%l86°i£%—9d°£:
acquiéitionA{ncérslon—recoyery.pulse train; ’A'memory'Size‘L
of 4K data points was invariably used'“ Nuclear Overhauser

Enhancement (NOE) experlments were determlned 1n the

C et
& o PR

Adlfferende mode in which a control*(undecoupled)‘epectrum,,
Was computerfghbtracted from the lrradiated;spectrum‘after
“Eourier;trgnsformation.l Alternativelx, all the data

points of the control sPectrum were made negative and
_computer-added to the FID of- the decoupled spectrum’before_

Fourier transformation. Positive enhancements are defined
EEN

as multlplets posse551ng an antlphase with respect to the

‘decoupled 51gnal Nmr spectral 51mulatlons were performed

on a- 24 bit word- length AsPect 2000 computer w1th 80K RAM
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ueing'the-stendard Bruker PANIC program. Samples for Ty

e

-and NOE measurements were deoxygenated with helium gas for

.

'10-15 min. prior to use. Two dimensional (2D) Nuclear B

Overhauser Enhancement nmr experiments (NOESY) were

per formed uéing’the Bruker software péCkage.Sl Normally
16 scans per FID were accumulated to fulfill the 16-

transient phase program, which provided~qpadrature

:detewtion iﬁxFl- Generally, 1K x 128 or 1K x 256 data

'p01nts were stored on dlsk and were zero- fllled to 256 aﬁﬂ

-

'i, 512 innts'in Elf respectiVely;_during Fourier

transformation. Sine bell digital filtering applied in

.both dimensione gave the best resolved spectra although a

‘3werefdé6anbﬁalfyfemployednrhA-BruKer=sateliite'Statioﬁ‘

eQuipped with a high speed color graphics televideo.

Gaussian transform in Fl.and a .Lorentz transform in Fy

\

¥

scanner was used for transforming and plotting 2D data

matrices. IH multiplicities were occasionally derived

<

from resolution-enhanced spectra. Separations by spinning

 band distillaﬁion were carried out in .Perkin-Elmer NFT-51

o -

‘annular still. 'A Perkin-Elmer 241 polarimeter 'was used

,'a Wefébach ozonator (80 V).

Hfbrfmea9uring”éll‘Opticalrrotatiéﬁs{"jCirthar¢Didhrdi§ﬁ Come

(cD) spectra were redorded on a Jasco ORD/UV-5-8S-20-20"

1nstrument._ Ultrav1olet (uv) spectra were recorded on an

‘Unlcam 1700 spectrophotometer.” Ozone weé”geﬁerEted using
- 2, :, . - . - s .



2. Materials

',1—_;
J

Flash chromatography "was performed accordlng to the

- procedure of Stlll66 u31ng silica gel of 230 400 mesh and

P

thln layer chromatography using Merck Kieselgel 60

GF254.' Solvents were purified as followss

tetrahydrofuran (THF) amd 1,2-dimethoxyethane (DME) by
”stiliation from a blue or purple,solﬁtion of sodium o

&

be zophenone ketyl under an argon atmosphere,

S
dlmethylsulfox1de (DMSO), dlmethylformamlde (DMF)

.-hexamethylphosphoramide (HMPA) and collidine by

distillation over calcium hydride at reduced pressure

: » L , .
triethylamine, tetramethylethylenediamine (TMEDA) and

rpyridine by distillatiom over celcium hydride; ethyl ether

by,distixlation'over lithium aluminum hydride; methanol by
distillation over magnesium methoxide and methylene
chloride over phosphorus pentoxide. All solvents were

stored over 3 A molecular sieves after distillation.

(+) Campholenic acid (18)

s

... -+ Potassiun hydroxide (120 g of 85% haterial’, 1.82 mol)

was melted in a porcelain casserole using  a Merck'

~ ES

. burner.. d—Camphorsulfonlc acid (17) (88. 16 g,_O 35 mol) "

- was added 1n portions over a 15 min perlod with contlnuous

stlrrlng. fter the addltron was complete. the dark

o . ’ ..

L1237



.‘the aqueous solutlon was -added- carefully aqueous HCl untll

'mmixture was heated‘for an additional‘IS‘min and tlien
cooled down to amblent temperature. The brownlsolid'was

u"dlssolved 1n 900 ml of water and flltered to remove some

Bt

**polymerlc materlal.“ The flltrate was . tﬁbn extracted two

”tlmes with ether The ether extracts were dlscarded I'To

124
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\

o
‘ pH_l. (Cautlon- 802 1S‘11berated in thls step.) ‘The-

hsolutlon was then extracted with methylene chlorlde " The

organlc extracts were dried (Nazso4) ‘filtered and

‘nconcentrated to leave a brown v1scous re51due whlch was

'*,:purlfled by short path dlstlllatlon to furnish (+)-

campholenlc ac1d 18 (32 4 g, 51%) as a colorless viscous

]011'. b.p. 95 97° C/O 6 torr [a] 23 = 48.1° {¢ ¥'_.1,,

‘ CHCl3) Ly nme (400 MHz, CDCl3) 5 5.23 (br.s, 1H, =CH-),

2+48 (aa, 18, J = 16, 3! = 4 Hz, —cnzcoz-), 2.43 “(m, 1H,

~CH,CH=), 2.28 (m; 2H), 1.93 (m, 1H, —GH2CHCH2—),.1 61 (m,

-~ 3R, =CCH3),A1 02 (s, 3H, ~CH3) aid 0.81 (s, 3H, -CHj).

13¢ nmr (100.6 MHz, cpcly) 6 180. 51, 147.67, 121.57,

46.75, 46.13, 35.54, 35.19, 25.45, 19.69 and 12.41. ir.
. * . . - -

‘(neat) éSOOfé300,(C02H)J,l715 (Cc=0) and 1370 cm—l (gem

cn3) ‘ms M' 168.1153 (caled. for CloH 602 168.1151).

-.Anal Galcd for C10H1602. c, 71.38; H, 9.59. Found: C,

ff71.35: H, 9.70. ' o (f

7

¥



wi(+)3Me£h¥lfcamphoienate"(fg)f"‘

e Dry pota551um carbonate (50 g, 0 436 moi) was -

}reduced pressure gave a pale Yellow liquid. Short path

T‘campholenate (19) (80 g, 100%) as accolorless liquid:

P e el e L L

. 125

a L
C _ ) T e v e
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~'a"" a -t - . =

Yo w L

" ‘suspended- in . acetone (175 ml) A solutlon“of (+)ﬁ‘ﬁm; U

’ campholen1c~ac1d'(18) (73 3 9 0. 436 mol) in acetone (200~ L

3 e e

. ml) was added from a dropplng funnel and the suspens;on R

s w

was. stlrred mechanlcally fOr 10 mln < Methyl lOdlde (54 3

e, - e e

. 0. 872 mol) was added and the reactlon mlxture was f”

heated at reflux overnlghtq; After qpollng to room
temperature, the suspens1on was flltered and the re51due
washed several tlmezwvlth acetoneh The. solvent was then’»k
evaporated 1n vacuo and the residue partltloned between

.aqueOus,sod}um chlorldezand ether. Tneaaqueous solutlon

was further extracted with ether. Drying of -the organig

,extracts (Na2804){ filtration and concentration under_ ‘$<.

~

dlstlllatlon under reduced pressure dellvered (+)—methyl

b.p. 78°C/3 torr. [alp?? = +11.5° (c = 1.0, cucly). la k

 nmr (400 MHz, CDCly) 6 5'221(br.s,'1H; —cH™), 3.68 (& 3H,

—OCH3), 2.43 (@, 1#; J =10 Hz, =CHyCO-), 2.37 (m, 1H,

~CH,CH= ), 2. 24 (m, 2H), 1. 89 (m, lH,'—CHZCHCHZ-), 1.70 (m,
© 3H, =CCH3), 1.00 (s, 3H,-—CH3) and 0*79 (s,” 3H, ~CH3) . y

13¢ nmr (100.6 MHz, cnc13) 5 173,86, 147 88, 121.85,

51.23,.46,37,-46,60,,35,79, 35. 23, 25 63, .19,82'and;

5
@



12.57. ir (neat) 3050 (C=CH) and 1740 c¢m~ !  (ester c-0).

athmmefmf 182,1309. (calcd, forfcllﬁlgozi<_1§g,1308);,;Anal{‘
Calcd for cilnlgo2 ' 72 475 B, 959€;d.f§up¢g,'¢?;-'i {;_17;3
TLV.._ . 72 36 H . lO O;: " ";‘" R e N N — .o c.- v | - e nN : -

_“{=)-Methyl '(2R,3R)-2,4,4;5-tetramethylcyclopent-5- o

. o eqylaceﬁateh(ZB) m'w ¢’“: . mﬁ; . B :' aE
‘ idﬁ;‘w Dlxsopr@pylamgne (O 26,ml 1 88 mmol) was. dlssolved o
’; ;n THE (2 ml) under an’ atmosphere of argbn Tat -76° C.t;ﬁﬁf “
o solutlon of methylllthlum in ether (l 6:M, 1. 02 ml 1. 65
e mmol) 'was addededropw1se(g;§_syrlnge and the solution was o
~¢etir£ed for édﬁmid'et that;teﬁperaﬁqfe.<jA'solution:qf ‘
® ”e'mméthytﬂ@ampholehaee‘(19) (200 mg, 1.1 mmoi)‘ih THF (2 ml) ‘
was also added siowly Aftermgg m%gﬁgtm;16°g{:Q:ee}gtien. f»
e ﬂlofémethyl 1od1de (O 206 ml, ‘3.3 mmol) in THF (2 ml) was o

injected. The cryogenlc%b;ﬁh was removed end-the;mixﬁpre
‘was’allowed to warh to embient.eeﬁgerEtﬁre”and'stirred s
thereafter ford} hr. 4N HC1 wes added and the producﬁ'wés
'e#tracted'with ether. The extracts were dried (Na25045,
filtered and concentrated ig_vecuO'ﬁo a yellow oil. Short’
p;th diétillation‘efforded compdﬁhd 28 (185 mg, B6%) as a
colorless liquid:f_b.p.'79°C[§~torr."[aJD23 - -34.8° (c =
1.005, CH,Cly). 'H nmr: (400 MHz, CDCl3) & 5.22 (br.s, 1H,

~cH=), 3.68 (s, 3H, -OCH3), 2.55 (dq, 1H, J = 10.5, J' = 7



> -.a.r.... ) ,‘. : . u~j’ y\ : et : [ 3 & o 9 :,. 5 .- . .
Hz, -CHCO-). 2. 29 . .—q_2CH ), 2.14 (db, 1H, J = 8,
-,J'-— 10 5 Hz,j~C§2CH—), 1. 89 (m,}lH ‘—CH2CHCH2—); L.58»(mr;

3H, =CCH3), 1.16 (4, 3H, - 7 Hz,FQ§3CH ), 0.92 (s, 3H,

*~CHz) "and 0.86 (s, 3H;hfca3); 13¢ nmr (1006 MHz, cmc13)
617656, i48,23L'12Qf35{;52:39,;50;51;»46.1aw 40.08, - . ... ..
'733.46," 25.11, 18.80, 16.73 .and 11.97. ir (neat) 3050- - - - -

M"IC=CH)~and 1744 cm™l (ester c=0). ms M* 196.1465 (calca.

L. Ea 2

. fOI' C12H2002 196-1463). _-'Anal. CélCd.v for C12H2002: -C,

”'f73 ‘41; H, 10.27. Found: - C, 73.18; #, -10.33. : - - ‘- .

o oa -

Methyl (2R 3R) 3~ carboxymethyl -5-0x0-2,4,4~ trlmethyl—

hexanocate (29)

P

AQSOlution of ester'28[(2 g, 10.2 mmol)ﬂin methylene
oh}oridq f%Ohgl) andumetheno;'(%o,ml) was chilled'to :
-78°C. . A stream'of.ozone was passed through until a pale

blue color peréisted. At this p01nt oxygen was bubbled

" through to drlve ‘of f excess-ozone. A solution of

tr;phenylphosphlne (4. 005 g, 15.3'mmol) in methylene

.chloride {20 ml) was then added slowly. ‘When -the addition

o

was complete, the ‘cryogenic bath was removed and the

;mixture permitted to come to room,tempereture and .was

'“”stlrred 8 hr thereafter The solvents were evaporated in

2

'vacuo and the Tesldual oil was dlssolved in acetone (100

[S

Y



vﬁ%)Vand concentrated (asplrator) The residue was

dlSSOlved in acetone (200 ml) and cooled to 0°C. A 0.35 M.

solutlon of Jones reagent (48 ml, 16.8 mmol) was added

rather rapldly_ mqbenuthg addition was complete, the

E
W o

-

vreactlpn,was.allowed to. preoeceed at room temperatufe for 1
hr. The.SOlvenr wae.eiaporated under vacuum and the
remaining.dark oii was partitioned between ethyl aceﬁate
and aqueous sodium chipride._ The»organic solution was
‘eXtréCtediwith aqueoue.sodium:bieerbonafe. ‘The a@débggw
ilayer was extracted oncefmore wigk ethyl acetate éna the
organic extracts were discarded. Acidification of the"

agueous solution with HC1 ﬁo“p&él was.followed by

extraction with ethyl acetate. Drying (Nazsbé),

e uwfiltration:andvconcentra8i0n~gavehketoadid,29}(l;946ﬁ§mﬂwg

78% overall) as a colorless o0il;, homogeneous on TLC: <{H

nmr (400 MHz, CDCl3) § 9.6-8.4 (br, 1H, —-CO,H), 3.66 (s,

I

" 3H, -OCH3), 3.01 (at, 1H, J = §,"J' = 4.5 Hz, -CH,CH-),
2:53 (dq, 1H, J = 4.5, J' = 7 H, -CHCO-), 2.43 (dd, 1H, J
='17, J' = 8 Hz, —cnzco-) 2.30 (da, 1H, J = 17, J' = 4.5

Hz, -cazco ), 2.24 (s, 3H, cn3co ), 1.15 (4, 3H, J_% 7 Hz,
CH5-), and 1.11 (s, 3H, -CHj). 13¢ nmr (100.6° MHz, CDCl,)
¥ 2;2.85, 17%'15' 176.30, 51W83, 51.69, 41.26, 39.41, -
:3i;éa{‘25.13, 22.33, 21.28 and}13}68. %r (neat) 3700-2200
(CO,H) and 1720 em™) (C=0). m$ m/e’ 227.1273 (M¥-17;

‘caled. for CjpHygO4: 227.1283).

by 8 & o D



7
(+)-Campholenol (20)

(+)—Methyl campholenste (19) (i.O'g, 5.5'mmol)swas
dissolved in ether (40 ml). Solid lithium aluminum
hydride (209 mg, 5.5 mmol) Qas added in poftions et room
tempereture‘under an argon atmosphere: .TQenty minutes‘

later, ethyl acetate was added cautiously to destroy

S eXcess. Leagent - When bubbllngshad -subsided, aqdeohsl

4

extracted with ether. Drying (Na2504), filtration and

concentratlon yielded a colorless lquld Bulb—to—bulb

- 129

" sodium. pota551um tartrate was added and the product was'm

distillation at reduced pressure gave (+) campholenol (20) T

(760 mq, 90%) ,as a colorless viscous, 011 . b P }15 C -

5y 'Jp-n "."‘.."*’ g e 2 & @Ao‘; E O I B'_"q\"- a .__'—,‘

' (oven temp.)/4.5 torr. [a]D23 = +4.3° (C = 0.987,

CH,Cl,). M nmr (400 MHz, cocly) 5 5.24 (br.s, 1H, -CH=),

3.70 (ddd, 1H, J = ;o,‘g‘ﬂ=,a 5, J" = 5 Hz, —CH2p ), 3.62

(daa, 1H, J = 10, ' = 8.5, J" = 6.5 Hz, -CH,0-), 2.70'(s,
1H, -OH), 2.28 (m, 1H, -QEQCH ), 1.84 (m, 2H), 1. 75 (m,
1H), 1.60 (m, 3H, —CCH3), 1.54 (m, 1H), 0.97 (s,}3H, ~CH3)

and 0.76 (s, 3H, —CHj). 3¢ nmr (100.6 Miz,- cnc13) 5.

A'148.44,,121 49, 62.20, 46.64, 35.38, 33.11, 25.58, 19 61

‘and 12.47¢ PTIR .(CHCly cast) 3330 o=l (oH). ms M*

154.1357 (caled. for CygHigO: 154.1358). Anal. Calcd.
for C].OHI.BO: C, 77.85; H, 11-77. Found: C, 77 .69;

11.76.
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) .xétéécia'bﬁ (1. §46'g, 1.98. mmol) was dlssolved'ln dry v e
_.,..*&:' a ., L y)m -‘;

DME (30 ml). Solid llthlum - butox1de (2 552 9 31 9»_¢. -

-'v'-',..n'.o.g—v"_.. q’.,; gt

fmmol) wasvadded and the suspen51on ‘was. heated at” reflux»JI»A”
under an argon atmosphere for 2.hr. After coollng“to f“
A“amblent temperature, aqueous sodlum carbonate'was added
,iand the solutlon was extracted twlce w1th chloroform ' The”
lorganlc ertracts were dlscarded | The aqueous solutlon was:

- then acldlfled to pH 1 w1th HCl and extracted with ethyl

acetate ' The extracts were drled (Na2804), flltered and

l:concentrated to, yleld a creamy colored solld

. ca e R N .
e o1 W a o ‘\i« ¢ o = . . e > . % -3 s - &
. Sow S . T

.‘ 'v:"‘“ N v e v o

Recrystalllzatlon from acetone—methanol gave s dlketone 14 .
(950 mg, 56%) as a microcrystalline white solid: . m.p.

f(racemicj,207°c;wm.p (optlcally pure) 171.5-172°C.

[d]D22 = +57.8° (c’; 1.0, MeOH) D (MeOH)‘Agzq7”7 +2 97, :

Aéals =}fr719 8 pinr (400 MHz, CSDSN) CEER 77‘(si 1H, ;'_“j” | T

=cH-Y, 2.90.7(da, ‘TH,3°2 17, 3% = 3.5 Hz, ~cH,CO-), 2.80 -
.(daa, 1H, J =$i£J j'b; 6;§,%Jf;f 3. 5 Hz,L-CHZCH-) '2.68]

(da, 1H, J = 12, 3' = 7 Hz, CH3CH-), 2.63 (dd 1w, d =;1j;?w'lfl“ 2

oJ = 675 Hz,‘—CHzco—),ﬂ:.6l (é,;%H, J = 7 Hz, CHyCH- ).

s b LA . _;_A‘ L

1.52 (s, 3H, -cu3) and 1.24 (s, 3H, -CH3). ~13c amr (100.6

MHz, C5D5N) 6‘175.92, 102 24 46 .06, 42.56, 40.31, 35.4Q,

s e . ) o - . )
o S . S, : o
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dlketone3 ”‘ms-Mm 212 1044 (calcd for C11H16O4. ijf‘"'

. L I
K . il 4 o e e R

'212 1048) “An&lT Calcd for: CI1H16O4 .c, 62 23 R

$uv N IR ._.f“

7. 60 . Found «:cggggﬁggiaﬁh_1;731_;_V’A -A-

e..,

2'—trlfluoromethylphegylacetate (22) ;.LH:.

PN A sl

1o a “solution of. (<) f2-+iﬁetl§o§ci¥2%-ft.f,ifftl,u'orome"-_ S

M‘thylphenYIacetic:acidr(46 mg , 0.195'mmol)-in benzene<(3,

were added sequentlally a small drop of DMF and oxalyl

chlorlde\(o 051 ml, 0 584 - mmol) and the solutlon was

,\\

v stlrredrat room temperaturelfor_45 mln. fThe solvent was -

R

dLstllled under - Vacuum, benzene (ca 5 ml) ‘was added to’
A - i T e e A e xe p @ e

the re51due ‘and distilled: at - reduced pressure.m The ,

residual acid chloride was theh Kept in an argon.

_\atmosphere. A solutlon of alcohol 20 (20 mg, 0.13 mmol)

in pyrldlne (0 5 ml) contalnlng a crystal of DMAP was

added to the neat’ ac1d chlorlde prepared above (exothermic

ke - -

" reaction).. Twenty, mlnutes later the suspen51on was

diluted with ether*andﬂtreated“with agqueous hydrochloric
dacid;"The,organic'layer'was washed'oncerWOre with acid,
gthen Wlth aqueous sodlum blcarbonate, dried-. (Nazso4),

,Nflltered and concentrated under vacuum. to a colorless

o




. Y

e e - o

- . R -
(""'-"\-t) PR »,rfsd,‘".‘

'Joii Chromaeographlc flItratlon oﬁ,thls 011 over 5111ca i-:~};L,fﬂ

:.,,,.

gel de11Vered éster 22 (48 mg, 100%) ‘as-a’ colorless 01l~

',1H nmr- (400 MHz,‘CDCl3) 5 7 57 (m,_zn), 7 43 (m, 3H),' 24

"t (br.s,” lH, ééH—)} EN LN (ddd '13; J -510 s, g =8, 3% =5

N Hz,’+CH2o—) 4.34 (dt 16, 3. =710, 5, 8-Hz, —cHzo;)“"Tsd“‘TT

Sy e

RECHEEAE S 2 Hz,f—OCH3) 227 (m, lH), 1.84 (m, 3H);, 1.62

R )

Sm, 1), 1.6 (%] IR Hz, CH3c ), o 98 (s,h *f'itH§)f“‘f“

~ /and 0.80 (sf'3H CH3) i 19F ‘nmr (376 MHz, CDCl3) 8-
. 42 3788 (sl‘_cFB) .'J'i.wh . . - . . .
"“f: L
tS;Carbomethoxymethyl-6,G;GimetﬁYi—j—byc1ohexehe€1¥ohe’(247""'°

Ester 19 (5 g, 27.0 rmmol) was dlssolved in methylene'
chloride (20 ml) and methanol (20 ml) The solution was
'chllled to -78°C and a stream of ozone was passed through

funtll a pale blue color persisted. After flushlng w1th

' oxygen for lO mln, a. solutlon of trlphenylphosphlne (7 86~"

g, 30 mmol) in methylene chloride (201m1)lwas~added. The
" tryogenic.bath was removeo and the-mixtufe allowed to come
to room temperaéufe‘and“stirred,10 hﬁwfhereafter1~ The

‘ solvent was taken off in vacuo and the residual oil
dlssolved in benzene (100 ml) 'E;foluenesdlfonic acid
hydrate (536 mg, 2.8 mmol) was added and tbe.mixture was
.brought tovreflux for 5 hr usipg a Dean-Stark water

separator. The solvent was evaporated under vacuum and
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the resldue‘was~treated w1th ether The prec1p1tated

'_trlphenylphosphlne ox1de°was flltered ahd washed w1th

- - - .o,

ether The re51due obtalned after solvent removal was -
dlstllledqat reduced_pressure to glve enone 24 (3 3 g,
1 61%) as an almost colorless llquld b.p.- - 100 C/2“" e o

<. torratRUnme ; £200- MRz, CDC13) 5.6.93 (dad, 1, J.= 3, 3°

-

=10.4, JWJ='5 HZ, -CH CHCO ) 5.96a(dtq“lH,CJ’=TlO}5}5JL?5;:.”“
o® LS Hz,.a.—CH‘"CI-jCO ), 3.70° (s, »_'-'Vf'-GCH3), 2,6452.1 (), .

SH), T, 19 (s, 35*«—ca3) and 1.02 (s, .3H, =CHj).’ 13c fARe
(15 MHz, CDCl3) 5 203. 16, 173.03, 146.93, 128.12, 51. 6% |
44 65, 40,47» 34.87, 29.21, 22.45 and 19.11. ir (neat)

| 1740 (ester C=0) dnd 1680 cm~! (enone C= O) - ms M+i
196.1097'(calcd. for C11H16O3:, 196.1099). Anal. Calcd.
for cllHl603£~'c,~67.313,H1'8;22; Found: .C,'67f34;~d;
g.28. | |

B

(2S*,3S*;SS*)45%Carboﬁethoxymethyl-6;6:dimeth9&?2ﬂ3—epoxyf"””

cyclohexanone (26)

\vEnoﬁe'ZAA(ZSQ mg, 1.??3 mmol)mwas dissolved in- -
methanol (2.5 ml) and the.solutioh.was cooled to O;C.
-Hydrogen peroxide (0.43 ml of a 30% solution, 3.82'mmol)
/was added followed Py a solution of lithium hydroiide

' hydrate (lO 7 mg,16,255 mmol) in water (1 ml). The

solution was stirred at 0°C for 30 min under an atmospherev
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of argon The solvent was eveporated under vacuum (225°C)v

and the re31due was partltloned between aqueous sodlum

_chloride and methylene chlorlde The organic extract was

- ~washed .once w1th aqueous sodlum chlorlde, drled (Na2804)

. flltered and concentrated to a colorless oil. - . PR

Dlstlllatlon of this oil at reduced pressure prov1ded

P — “

‘~»epox1de 26 (247 mg, 92%) as ‘a colorless 011 b-p Coe

Tl o

- - .. -

130°c/0.8 ‘torr. - ¥ mmr (490 Mz, CDCi3) 53.72 (s, 3,

fQCHé), 3.56 (td, 1H, J'=4, ' =1 Hz, -CHCHO-); -3.26

(@ 18, J = 4 Hz, -cnco—), 2.47 - (m, 24), 2.37 (dt, 1H, J =

16, J' =.4-Hz, =CH,CHO-), 2.12 (44, 1H, J =17, J' = 10
Hz[ ~CH,CO,-), 1.82 (adad, 1h,“3=='16[dj“'£'12;'J";= 1‘Hz,
~CH,CHO-), 1.17 (s, 3H, -CHy) and 0.93 (s, 3H, -CH3). '3
nmr (15 MHz, CDCly) & 208.45, 172.85, 53.38, 51.67, 45.52,
34.51, 32.67, 26.65; 22.62 and 19.18. ir (neat) 1738
(ester C=0) andll710 cm™ 1 (ketone C=0). ms Mt 212. 1042
A{calcd. for”leHléOZ: >2l2:1048).‘ Anel. Calcd for'

C11H16O4: C, 62.237 H, 7.60. F;und: C, 62-617 H, 7.68.

e

.....

{2s*, 38* 55%) - 5 Carbomethoxymethyl -6, 6— dlmethyl 2 3-epoxy-

l—oximinocyclohexane“(27)

Ketone 26 (400 mg, 1.89 mmol) was dissolved in
methanol (6 ml). Sodium acetate (493 mg, 6.01" mmol) and

hydroxylamlne hydrochloride (181.6 mg, 2.632 mmol) were:

v
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added'foliewed by Qater (4 ml)ianddrhe eeluﬁion—ﬁae
stirred at room temperature fora%Bwhr.qnder an aréon
aimoephere- water was added and the product was extracted
Aw1th methylene chlorlde Prying.. (Na2504), filtration and
-1solvent removal gave a‘yellow 011 whlch soon |
~crystallized. Recrystalllzatlon from benzene metnylene
-_chlorlde afforded oxime 27 (360 mg, - 84%) as‘a,whlte Ty

solid: m.p. 112-113.5°C. '1H“nmr (400 MHz, CDCl3) 6 920

(s, 1H, =NOH), .4.06. (d, 1H, J = 4 Hz, -CHC=), 3.70 (s, 3H,

f—ocn3),'3{@5 (dt, J = 4, J"' = 2.2‘Hzf:=CéH;;,f2.54 (aq,
1H, J.= 14, :J' = 3.5 Hz, -CH,CO-), 2.26 (ddd, 1H, 'J =14,
J' = 4.5, J" = 1.5 Hz, -CH,CHO-), 2.12 (m, 1n, |
‘QCqugpﬁz-), 2.06 (dd, 1H, J =10, J' = 14 Hz, -CH,CO-),
1.73 (dad, 1H, J = 14, J' = 10, J" = 2.5 Hz, QQE2CH0—).
1.19 (s, 3H, -CH3) and 1.00 (s, 3H, -CcH3). 13c.nmr (15

' MHz, CDCljy) 5 173.32, 159.88, 51.85, 51;61,~43.d7, 37.67,
34.82, 33.65, 27.50, 22.82 and 20.50. ir (CHClg) 3600
(sharp, OH), 3320 (broad~(OH) and 1730 cm™! (ester C=0).
ms Mt 227 1156 (calcd. for C11H17NO4 227.1157). Anal.
- Calcd. for C11H17NO4:l c, 58.12; H, 7.54;d$, 6.16.

Found: C, 58.07; H, 7.60; N, 5.68,



"2 cyclohexene l ~one (36) -

L , Sl sy

Ketoac1d 14 (100 mg, 0'472'mmol7'wa5rdissolved'in
methanol (l 5 ml) ‘ Trlmethyl orthoformate (1. 25 ml 11.44
1mmol) was, addedy followed by 15 drops ‘of conc. sulfuric
acidp(oeutlon), _The eolut&on was then immersed in an oil
ebath preheated‘to'70°d. After l5 mln'the mlxture was.

- cooled to ambient temperature and water (10 ml) was
added. The product. was ex%;acted with methylene
ohloride. The‘organic extracts were washed witn water,
dried (Na,SO,4), filtered and concentrateg to give a
colorless o0il. Chromategraphic filtration through 5111ca
gel (lOO% CHCl3) afforded v1nylogous ester 36 (108 mg,

96%) as. a colorless oil. Thls compound was found to be a

mixture of two epimers in a ca. 2:1 ratio and displayed'

the following spectral characteristics: 'lH.nmr (200 MHz,
LDC13) 5 5. 29 (s), 5.22 (s, 1H total, =CHCO- ), 3.68 (s),
3.665 (s),,3.66 (s), 3.64 (s, 3H botal fQC§3)5 2.6-2.2
(m,.4H), 1.18, 1.13, 1.1 12, l.lO, 1.09 and 1.08 (9H
total). ir (neat) 1743 (ester and ketone C=0), 1663 and
16].’3_cm"l (vinyl ether).. ms MY 240.1361 (calcd. for
Cy3Hp004: 240.1361). Anal. Calcd. for Cy3Hy(04: C,

64.96; H, 8.39. Found: C, 65.02; H, B.3l.

136



6 Carbomethoxymethyl ~4- methoxy -1,5,5- trlmethyl —2-"

trlmethy151lyloxxeyclohexa -1, 3 -diene (40)

- Vinyloéods ester 36 (60 mg; 0.25 mmol) was dissolved

:rén triethylamine (3 ml), under an argon atmosphere.

- ‘Trimethylsilyl trifluoromethanesulfonate (0.165 ml, 0.75

mmol) was added via syrihge‘and-the mixture was stirred

. for 0.5 hr. Pentane was added and the supernatant

‘decanted from the 011y Et3NH OTF. Thls oil was washed'

once more with pentane. The solvent was removed in

vacuo. Pentane was again added, decanted and distilled to

provide diene 40 (78 mg,:100%) homogeneous by'lH nmrl‘

‘This moisture sensitive product was not ‘purified

1

further: H nmr (400 MHz, CDCL3) 6 4.62 (s, 1lH, =CH-),

3.62 (s, 3H, -OCH3), 3.51 (s, 3H, -OCH3), 2.49 (dd, 1H, J

=16, J' = 10 Hz, -CH,CO¥), 2.17 (m, 2H), 1.59 (s, 3H,
CH3C=), 1.05 (s,'3H,.-CH3) O 95 (s, 3H, —CH3) and - 0. 15
(s, 9H, (CH3)jSi—). 1r {neat) 1735 (ester C= O), 1660 and

1609 cm™! (vinyl ether).

Methyl 2-(4-methyl-3-~ oxocyclohexyl) 2 (2,2, 3 -trimethyl-

czglopent -3~ enyl)acetate (44)

~

Diisopropylamine {0.96 ml, 6.87 mmol) was dissolved

137
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in THF- (15 m;)‘ati-70'c under an atmOSphere of argon;"A
'h_soiution of methyllithium in gther<(1.33 M, 4.25 mi, 5.66.
'mmol) was‘slowiy added_zig_syringe and the solution was
“‘stlrred for 15 min. Then a soiution ofﬂester 19 (1.0 g,
5 495 mmol) in THF - (ll ml) was. added dropw1se from a
pressure equallzlng dropplng funnel After 90 mln at
" =70°C, a solutlon of 6 methyl 2—cyclohexenone (786 mgL
7.143 mmol) in THF (10 ml) was .also added slowly. Flve}
”mlnutes later the cryogenlc bath was removed and. the F;yhﬁ;‘
‘mlxture was permltted to warm up to room temperature.'T%h
Q,Addltlon of aqueous ammonlum chlorlde was followed by
extractlon of the aqueous solutlon w1thlether Thev

f}

organlc extracts were washed once w1th water, drled

,(Na SO ), flltered and’concentrated to a yellow 011 which
. 2°0¥47 1.

L83

was phrlfled by column chromatography. Elutlon with lOs

pentane 1n chloroform removed some ester 19 (145:mg,

14;%%),' Further elutlon w1th,100%.CHCl3 removed the

. remaining enone."fhe-product was then eluteduwith 5%.f

>ether ln phloroform. In thls way compound 44 (1.033 g,
78 6% based on: consumed startlng materlal) was. lsolated ‘as

'-_a pale yellow oil: 1H nmr (}OO.MHzi CDCl3) 5 5.24 (bras,

K & - L . : : .--
: le, =CH—), 3.74 (s); 3.72 (s,  3H total, -OCH3), and 1.59
" (br.s, 3H, CHyC=). -ir (neat) 1722 e} (c=0). ms MY

292.2036 (calcd. for CjgHygO3: 292.2038).
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Lo

L 1

Methyl 2 ((lS* 2S* 4R*),2—benzoyl 4—methyl =3- OXOCyclo—

:hexyl) 2= (2 2, 3 trkmethylcyclopent 3—enyl)acetate (45)
R
Dllsopropylamlne (0 29 ml, 2 06 mmol} wa dlssolved
LN ¥ g L ?‘f';

1n THF (3 ml) under an argon atmosphere.ét —70 C.' A

‘solutlon»of methylllthlum Ain ether (f 6 M, 1.11 ml, 1.78
* f . ~ .
mmol) ‘was added Vla syrlnge : Thls was followed after 15
. L . . B
mlnutes by the addltlon of a sclutlon of ester 19 (300 mg,

<

1.648 ‘mmol) in THE (3.5_m1) from a pressure-equallz;ng

1dropping funnel After stlrrlng for 90 mln, a sbluticn of

w

S 6= methyl -2- cyclohexenone (200 mg, 1.813- mmol) in THF (3

-3

’ml) ‘was 1njected and the mlxture was stlrred fqr 0. 5 hr

] &

Then it was warmed up ‘to. 0° C recooled to —70 C and’

;quenched by the addltlon of\a solutlon of freshly >

[

distilled benzoyl chlorlﬁe 40;23 mI 1 98 mmol)  in THF (2

o
ml). After stlrrlng overnlght .at room temperature,
R . 3 '
-agueous ammonium chlorlde was added and the,product was -

~ N : . . . - "

. _ . - \
- extracted w1th ethyl acetate The organic extracts were

¥

washed once w1th water, drled (Na2804), flltered and

conCentrated in vacuo to glve a yellow oil.

Crystalllzatlon occurred .on 5tand1ng Washlng the SOlld

P -

w1th 1sopentane dellvered dlketone 45 (183 mg, 28%) as.

white crystals, homogeheous,bn TLC:' m.p. 180—180.5°C.' 1y

PO
R
-~

“‘~*-d*-r v “F&ﬁ,y : e
/
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nmr (400 MHz, CDCly) 6-7.82 (&, 28, J = 8 Hz), .7.55 (¢,

1H, J = 8 Hz), 7.46 (t, 2H, J = 8 Hz), 5.25 (br.s, 1H,

\

" _cH=), 4.16 (4, 1H, J = 13 Hz, -CHCcog), 3.43 (s, 3H,

-OCH3), 2.75 (_‘_ddd'd, 1H, J = 15,"J' = 15, J" =3, J" =3

Hz), 2.66 (dd4, 1H, J = 12, J' = 4 Hz), 2.54v(ddq,,1H, J =
13, 3" =6, J" = 7 Hz),_2i40-2.08-(m, 5H), 1.92_(ddd, 13;
J.= 25, J' = 12, J" = 3 Hz), 1.57 (brfs, 3H,. CH3C=), 1.39-

(aad, 1w, J = 28, J' = 12, J" = 6 Hz), 1.03 (&, 38, J =7
Hg,»CH3QEf);-0;9O,(s, 3H, CH3-) and 0.72 (s, 3H;

CH3-). l13t_nmr (100.6 MHz, CDClj) a'goa.éi, 197.70,
174.42, 148.69, 138.54;'132,78; 128.53, 127.92, 120.62,

4

61.80, '57.70, 48.85, 47.55, 47,08, 46.00, 42.62, 34.38,

33.58, 26.05, 24.95," 19.50, 14.26 and 12.51.  'FTIR (CHClj

‘cast) 1738 (ester C#O), 1708'(ketoné C=O); 1679 (érbmatic

~

Methyl 2-{3-ethylenedioxy-4-methylcyclohexyl)-2-(2,2,3~-

triﬁethylcyclopeht—3—enyi)adetaté (46)
~ - :

Al

benzene (8 ml) were added ethylene glycol (0.24 ml, 4.29
.mmol). and a few crystals of camphqrsulfdnic acid. The
. mixture was heated at reflux for 12 hr with éontinuous

separation of water. After codling to ambient temperaﬁﬁre

c=0), 760 and 690 cm~! (aromatic). ms M' 396.2296 (calcd.

To a solution of ketoester 44 (100 mg, 0.357 mmol) in

140



”ﬂwater ‘was. added and the prbduct was extracted w1th ethyl
acetate. The organLc extracts were washed w1th aquéous Vi

;sodlum blcarbonate, draed (Na2404), flltered andl

o
concentrated in vacuo to an amber 011 whlch was purified
'by column chromatography Elutlon w1th 5% ether in

chloroform afforded ketal 46 (122 mg, 105%) asta COlorleés
viscous oil: lH mor (100 Mz, cpclz) § 5. 25 (br.s{‘lH,
=CH-); 3. é?x(br s, 4H, -CH,0-), 3.69, 3.68 (s,_3H total,
—OCH3), 1.59 (br s,‘3H CH3C ). O. 89 (s, 3H, —CH3) and
0.82_(e, 3H, -CH3) Cir (neat) 1740 (ester C—O) and ' 1090
em™1 (ketai). ms MY 336.2301'(calcd]~£0{§C20H3204:
336.2301). . - . ] o Y

N

s

e

2f(34Ethylenedioxy—4>methylcyclohexyl)—27(2;2,3—trimethyl—

T

cyclopent—3—enyl)ethanol (47)

1} ”

!

solid llthlum alumlnum hydrlde (45 2 mg, I;lQ‘mmol)
was added in one portlon to a soluthn of ester 46 (100 ﬂ
mg, 0.3 mmol) in ether (7 m}).' The suspenslonvwasvheated
at. reflux for 2 hr under an atmosphere of argon. After
cooling to room temper%&ure, aqueous sodium potassium
tartrate was carefully,added and the solution was
extracted with ethyl acetate. The extracts were dried .
(Naéso4),>fiitered and.concentrated £E_vacuo to deliver

alcohol 47 (91 mg, 100%) as .a colorless oil, homogeneous
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on‘TLCf 4 nmr (80 MHz, CDc13)'6.5;2% (br.s, 1H, éCH—),-lh
13.95 (br.s,'4H,'—cnéo—), 3.76 (m, 2H,‘—qggoﬁ),j1.089(sj |
3H, -CH3) and 0.85 (s, 3H, -CHj3). irj(cci4»cas£)'3460

(oH) and 1092‘.cm_1 (kgtal); ms MY 308.2358 (calq&;'for'

C19H32Q3:. 308.2351).

2—(3-Ethylenedioxy;4—methyl)-2—(2,2,3Ftriméthylcyclopent—9_‘

3-enyl)acetaldehyde (48)

: _ , : , i
"Pyridinium chlorochromate (91 mg, 0.424 mmol) was

dissolved in methylene chloride (2 ml). Sodium acetate

2]
1)

{ca. 10 mgs and a solution of élcohol:47 (é? mg,.0.282'
mmol)vih;methylene Fhloride (2 ml) were added in

50ccession and'thévmixture was stirred at room temperatufg
for 45 min.: Ethér was added and the dark suspension
_filtered through a column of Florisil (érevibusly washed
with 4%v£:ié£hylahine in ether followed byIIOO% ethér).
 Elution with ether afforded aldehyde 48 (84 mg, 98%) as a
colorlegs.oii: 1H nmr (100 MHz, CDCl3) 619.88, 9.84, 9.79 
(s, 1H total, -CHO), 5.27 (br.s, 1H, =CH;)R 3.94 (br.s,

4H, -CH,0-), 0.94, 0.88, 0.82 and 0.78 (s, 6H totai,

-CH#). ir (neat) 2720, 1715 (~CHO) and i090 em™ 1

(ketal). ms M* 306.2185 (calcd. for CjgH3g03: 306.2195).
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2=-(3- Ethylenedloxy 4—methyl) 2 (2 2 3 trlmethquxclopent—

3-enyl)- l—methoxyethene (49)

-7

Potassium hydride (591 mé of a 24% diepersion ihioil,
h3.$5 mmoljwwas rinsed three‘times with pentane under an
ardoq;atm;;phere. A éolution of aldehyde 48 (lSS:mg,
‘0.507 mmol) in DMF.@l.S ml) was added.dropwiee. “The
mixture was stirred at rOom temperature for_ég;510 min . and
then methyl 1od1de (0.32 ml, 5'07 mmol) was added.in'one'
vportlon and the mixture was. stlrred orie hour thereafter.
'Water.was added and the<solut10ndwas extracted w1rh
- ether. 'Dryrng (Na2504), filtration and concentration
dellvered a vyellowish oil, whlch was -purified by column
.chromatography Elutlon with 1% trlethylamlne 1;
chloroform afforded compound 49 (144 mg, 89%) as a pale
yellow v1scous 011 For larger scale experlments, cooling
with ipevprior to the addition of methyl 1od1de is
necessary: 14 nmr (lOO MHz, CDC13)_5 5r92,»5.79 (br.s, 1B
to£a1,’-0CH=),.5.28 (br.s, 1H, =CH-), 3.93 (br.s, 4H,
-CH,0-), 3.55, 3.52, 3.%0 (s, 3H total, -OCH3), 0.99,
0.97, 0.90.and 0.82 (s, 6H total, -CHj). ir (neat)'léssl
cm~1 (vinyl§ether). ms MY 320.2343 (calcd. EZr' |
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144

: . [
-propyl —-2= (3 ethylenedloxy—4—methyl) -2-(2,2,3- trlmethyl—

_gyclopent -3- enyl)acetaldlmlne (52)

'

n- Propflamlne (2 ml) was added to a solutlon of
"aldehyde 48 (100 mg, 0.327 mmol) 'in 98% ethanol (6 ml).
.The squtiOn was then heated at reflufoOr 70 min. The

édlveﬁt‘was'removed in vacuo and the residie was *-
cﬁrométégraphed over silica ggr (column prewashed with 1%

triethylamine in ether). Elution with chloroform-ether-

triethylamine (98:1;1)‘afforded imine 52 (83_mg, 73%) as -a

bright yellow oil: IH nmr (100 MHz, cpcly) & 7.58 (m, 1H,

-N=CH-), 5.26 (br.s, .1H, =CH-), 3.94 (br.s, 4H, =CH,0-)

and 3.38 (br.t, 2H, 4CH2N=). ir (neat) 1662 (imine) and

1088 cm™l (ketal). ms M* 347.2821 (calcd. £k “ -

CypH37NOy: - 347.2824).

- )

(2R*,38%)-2- ~Methyl- 2 (2 2,3- trlmethylcyclopent -3-
Y

a&&iyl)ethanol 153)

Solid lithium aluminum'hydrideA(562 mg, 14.79 mmol)
was added in one portion»ﬁé a solﬁtion of ester 28 (1.45
g, 7.40 mmol) in TH?~(SO ml;. Thé suspénsion was heated
to.refluxlfor 2‘hr’under an argon atmoséhere. Aﬁfer"‘
cooling td‘rbGMNﬁg;éerature, aqueohs‘sodium potassium

tartrate was carefully added and the solution was



extracied-with ethjl acetate. The‘organic extracts were
dried (Na2SO4), flltered and concentrated to dellver
alcohol 53 (1. 242 g, 100%)-as a colorless pll, homogeneous

on TLC: W nmr (100 MHz, CDCls) & 5.26 (br.s, =CH-), 3.74

(dd, 14, 7 =11, J' = 4 Hz, -CH,0-), 3.46 (dd, 1H, J = 11,
. Jd' =7 Hz, —CH2O ), 1.60 (br s,’3H, CH3C=), 1.05 (s, 3H,
‘-CH3), 0.97 (d 3H, J = 6.5 Hz, q_3CH ) and 0.88 (s, 3H,
~CH3). ir (neat) 3320 cm™! (oH). -/

/U

(2R*,35*)-2,4,4,5-Tetramethylcyclopent—5-enylacetaldehyde
(54)

To = soluﬁion of alcohol 53 (1;242.9; 7.39 mmol) in
_méthylene chloride (50 ml) were added_gg#fl g of sodium
acetate and pyridinium chlorochromate (2.396 g, 11.093
'mmol) and the mixture was stlrred at ambient temperature.
~for.1 hr. Dllutlon with ether was followed by flltratlon
through a»column of Florisil. Eluthniw1th ether afforded
aldehyde 54 (1.074 g, 88%) as a’colorless.oil: lHAnmrl(Bd
MHz, CDc13) 5 9.60 (da 15, J =4 Hz, -CHO),-5. 26'(br;s,

1H, =CH-), 1.60 (br. s, 3H, CH3C>), 1.08 (a, 35, J = 6.3

‘Hz, q§3CH ), 0.98 (s, 3H, —cﬁ ) and 0. 85 (s, 3H, —CHs).

ir (neat) 2699 and 1720 cm~} (cao)

&P
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N-Ethyl=- (2R* 3S*) 2] 4 4, 5 tetramethylcyclopent 5 enyl—

acetaldlmlne (55)

| Aldehyde‘54 (200 mg, 1.205 mmol) was-dissolved.in
ethyl amine (5'mi). As small drop of glacial aceﬁid acid
‘Was added and the solution was stirred at room temoerature
for 1 hr. The solution was then diluted with carboh
tetrachloride and the solvents were evaporated undéﬁ
vacuum; The residual yellow1sh oil of imine 55 (232 mg,
100%) was homogeneous on TLC Due- to its 1nstab111ty this
substance was not purified further: 14 nmr (100 MHz,
cDCl3) & 7.51 (d, 1H, J = 7 Hz, -N=CH-), 5.25 (bri%, 1R,
~cH-), 3.41 (é,kgﬁ, 3 = 7 Hz, -CH,N=), 1.59 (br.s, 3H, 
CH3C=), 1.21 (t, 3H, J = 7 Hz, CH3CH,N=), 1.03 (d,_ 3H, J =
7 Hz, CH3CH-), 0.94 (s, 3H, -CH3) and 0.89 (s, 3H,
-CH3). ir (neat) 167O.cm_1 (imine).

“

1-(Cyclohex—-2-— enyloxy) 2 -methyl-2-(2,2, 3-tr1methylcyclo—

‘pent 3- enyl)ethene (56) and 2-(cyclohex-2-enyl)-2-methyl-

2—(2,2,3—tr1methylcyclopent—3—enyl)acetaldehYde (57)

‘Potassium hydride (9.36 g of a 24% dispersion in 0il,

56.39 mmol) was .rinsed -four times w1th pentane under an

‘argon atmospﬁe}e. 'DMF (8 ml) was added and thé uspension
was cooled to 0°C. - A“solotion of aldehyde 54 (3.12 g,

\
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18.80 mmol) in DMF (lS ml) w§siadded slowly. When the |

addition was complete, a solution of 3-bromocyclohexene

-

(8.965 g, 56.39 mmol) in DMF (5 ml) was added dropwise.

After 45 min pH 7 phosphate buffer was carefully added and .

the solution was extracted with chloroform. The organic

. . ' \ .
“extracts were washed two times with water, dried Na2804),

filtered and concentrated to a yellow oil, whlch was

TN
purified by column chromatogrQPhy Elutlon w1th 3% ‘v4/>

-Apentane,ln chloroform afforded aldehyde 57 (1.709 g): 1y .
nmr (100 MHz, CDClg) & 9.98, 9.86 (s, 1H total,” -CHO),

Se¢8 (br. s';&g‘E-CH_CH ) and 5.28 (br.s, lH, =CH-). ir

(neat) 2710 and 1717 cm"1 (CHO) ns M+ 246.1980 (calcd

for C17H26O:“ 24611984) and compound 56 (1 725 g, 80%

cpmbined): Lﬂl";

s

B MHz,,CDCl3) 5 6.00 (br.s, 1H, =CHO-

), 5.85 (br.s, 2H, =

- X

" 5.27 (br. s, 1 ‘—CH )

-

- v"i 5

(br, 1H, -CHO-), 1.00 (s, 3H —CH3§ and 0.78 (s,,3H,_f:

-CH3). 1ir (neat) 3030 (=CH) and 1655 cm™1 (Vinyl

ether). ms MY 246.1983 (calcd. for CjHpg0: 246.1964).

" . - 3;3;?

Preparation of 57 by Claisen rearrangemeht of 56 '

A solution of enol ether 56 (100 mg} 0.407 mmol) in
p—cymené (5 ml) was heated at reflux for°15 hr under an ';}
argon atmosphere. ' The solvent was reméyed in vacuo and

the residue was chromatographed over silica gel (10%



pentane in, chloroform) to deliver compound 57 (80 mg,

80%) 1dent1cal w1th an authentlc sample.

: \ o ) '
1-Cyano-2-(cyclohex-2-enyl)-2-(2,2,3-trimethylcyclopent=~3-

enyl)-l-trimethylsilyloxyethane (58)

' temperature, pentane was added, the yellow solution
A ' ' “ '

Cyanotrimethylsilane (0.14 ml, 1.057 mmol) and a -

crystal of magnesium iodide were added to a solution of

“aldehyde 57 (100 mg, 0.407 muol) in methylene chloride

(1.5 ml) and thquolution was -heated at reflux for 1.5 hr

under an argon atmosphere. After copling to room

& -

filteféd'and the solvent removed iﬂ_vacuo to give compound
58 (128 mg, 91.4%) as a yellow oil, homogeneous on

TLC: L

H nmr (60 MHz, CDCly) & 5.90 (br.s, 1lH), 5.79
(br.s, 2H), 5.33 (br.s, lH, =CH-), 4.62 (d, 1H, J = 4.5
Hz, -CHO-) and 0.25 (s, 9H, (CH3)3Si-). ir (neat) 1252

and 855'cm_l ((CH3)3Si).

?2 Cyclohexene)Z -{2,2,3- trlmethylcyclopent 3 enyl)—

proplonate (61)

To a solution of phenyl dlchlorophosphate (0.25 mi,

f@
1. 65 -mmol) in DME (3 ml) was added 'dropwise under an argon

atmosphere a solution Qf ac1d 62 (150 mg, Q.824 mmol) in

-

N ) ’ . [
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DME (3 ml). containing pyridine (0.5 ml). The addition .

took.ca. 30 min and thé suspension was stirred for an

additional 30 min. Then, a soluﬁioh of 2-cyclohexene-1-ol

(484 mg, 4.94 mmol) in DME (3 ml) was added in one portionv
and stirring was Contiﬁued for 24 hr at room

temperature. Aqueoqé hydrqchléric acig wés aaded and the
solution was extrécted with ether. The organic éxtrécts
were dried (Na2804), filtered and copqeptrated; Théb

residual oil was purified by'cﬁlumn\chromatography.

-Elution with '10% pentane in chloroform-delivered ester 61
(181 mg,‘84%) as a colorless o0il. This material was

" contaminated with ca. 5-10% of the corresponding anhydride

of 62, which was chrométographically inseparable: 14 nmr
(80 MHZ, CDCl3) & 6.00 (br.d, lH, J = 10 Hz, -CH=CH-),
5.7% (br.d4, 1H, J = 10 Hz, ~CH=C§;), 5.28 (brﬂs,‘2H, —-CHO-

and =CH-), 1.60 .(br.s, 3H, CH3C=), 1.15 (4, 3H, J = -5

Hz, CH3CH-); 0.98 (s, 3H, -CH3) and 0.88 (s, 3H, -CHj).

ir (neat) 3030 (=CH), 1720 (ester C=0), 1371 and 1360 cm™3
- . ' . ¢

(CH3). ms M* 262.1931 (calcd. for Cy;Hpg0p: 262.1933).

Y
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(ZR*,3S*)—2,4,4,5—Tetramethylcyclopent—5—enylacetic acid .

(62)

Ester 28 (3 g, 15.3 mmol) was dissolved in methanol
. ¢
(15 ml). A solution of lithium hydroxide hydrate (1.93 g,

45.92 mmol) in water (25 ml) was added in one portlon ‘and
‘ o
the solution was heated at.reflgx for 4 hr. After cooling

e

to room temperature, the solution was extragted“dnce with

b

metﬁylene chloride and the eﬁtréct was discarded. 'The
aqueous'solution was-then acidifiéd with aqueous

hydrochloric acid and extracted with methylene cﬁloridé.
Drying'(Na2804), filﬁfation,and solvent removal afforded
acid 62 g2.72 g, 98%) as an almost colorless viscous oil,
homogeneous on TLC{ ln nmre Y40d MHz, CDClgl & 11.97 (s,-
1H, -CO,H), 5.25 (br.s, 1H, =CH-), 2.55 (dq, 1H, J= 10, J'

= 7 Hz, CH3C§;), 2.31 (m, 1H), 2.16 (dt, 1H, J = 7, Jf =

1¢ "'z), 1.92 (m, 1H), 1.60 (q, 3H, J = 2 Hz, CH5C=), 1.22

!

(d, 34, J = 7 Hz, CH3CH-), 1.00 (s, 3H ,.—cma) and O. 92 (s, ’

38, ~CH3). %3¢ nmr (100.6 MHz, cDCl;) & 184.38, 148. 94,

-1206.79, 52.69, 46.95,»40,@9, 33.90, 25.85, 19.47, 17.12

and 12.52. ir (neét) 3500-2000 (CozH) and 1700 em™ ! (acid
C=0). . Approx1mately 15% of the correspondlng epimer of 62

wis observed in the 1H nmr spectrum
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hd Q.

;Préggration of 2-cyclohexene-1-0l

Vo

; To a solution of 2—cyciohexene—l—one (5 g, 52.lummol)

i} -

in methanol (70 ml) was added cerium trichloride
heptahydrate (9.7 g, 26.05 mmol)  and the mixture was
stirred until a, homogeneous solution was observed. Then

o

solid sodium borohydide (3 g, 78.15 mmol)‘was>added in
portions. After thg‘aadition was;comple£e,f£he mixture -
waé?stirred for an‘additional.O.S hr. Then pH 6 phosphate
buffer Qag addéd and theréu;pensién wag.é§traéted with
chloroform. Dryihgv(Na2SQ4), filtfaﬁion and sSlVent'w
femoval delivered.an‘oraége.oilfr Distillation at
atmospheric pressure afforded 2—cycl§hexeﬁe—l—ol (5.4 g,
106%) as a colorless éil: b;ﬁl 166°C (lit 164-165°C). *1lH
nmr (80 MHz, CDCl3fi5_5.8 (br.s, 2Hﬂ~=CH—), 4.ZQ (br.s,

1H; -CHO—) and 2.6 (é,,lH, -OH). ir (neat)‘333o (OH)'and

.

3028 cm~! (=cH).

l—Méthq;y—2-methx}—3—trimethyléilyloxy—l,3—butédiene'(78)“%

1""‘
«

Diisopropylamine (11.43 ml, 81.65 mmol), was.

dissolved in THF (65 ml) under an afgoh atmosphere at

-78°C. A solution of methyllithium in ether (1.6 M, 37.5
) ' . - -

ml, 63.75 mmol) was injected slowly through a rubber

' septum. Half anQﬁouf later a solution of renone 76 (5 g,

B ‘_*-.. .
R
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43.75 rmol) in THF (30 hl)lwés a§;ed dfbpwise from a;
»tpregsure—equaiiZing droppiﬁg fuﬁnéi over l5 min_and the
bfight'yellow solution'was stirred:; hr ;t_—78°c;f
‘Chlorotriﬁethylsilane3(8.32um1;'65;93 mmol ) was phén,addeq
neai, drppwise;“X;Q_SYringés"Th; éryogenic bath waé

' removed and' the susbension was permitted to.feach ambient.
temperaturéi .TWenty-miAutés}later the solvent was
evaporated'under‘Qﬁcﬁum and»thejresidueiwas taken up'in“'
pétréléum éthq;_and filtefed'exhauétivéi&. 'Sdlvent'
‘femoval gave “a yeilow;liqdid. Bulb-to-bulb distilldtion
‘at reduced pressure:fqrhishéd‘diené 78>(5.4 g, 66%) as a
HcolOrléss liquid: b.éa 65’C1(oVeﬁ temﬁ.)/o.oe torr. 1H

nmr (60 MHz, CDCl).s 6.48 (br.s, 1H, -OCH=), 4.17 (4, 1H,

3 =1 Hz, HyC=), 4.08 (d, 1H, J =1 Hz, HyC=), 3.61 (s,
qﬁ;”;QCH3), 1.58 (é, 3, J = l”Hz, CH3Cé) anaio.bs'(s, 9H,
(CH3)38i-). 13C nme (50.3 Muz, CDC;s)”6”156.12,3147,08.
111.34y‘sé.94i 59,89,~9.94'and'40.01J’”ir»enégt) 3120
(vinyl ether),faloo, 3056 (c¥eH29/-16544 1590 (vinyl |
ether) and 855 el (si;cﬁ3)} s M4i186{1067 (calcd. gor o
CgHyg0Op8iz: . l§6J1676);‘ Ana;.}C§£cd.‘er CgH)g0,Si: * C, B

58.03; H, 9.75. Found: C, 57.73; H, 9.85,

s : : \
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mg, 72.3% cembined'yield) aiso as ; coloriees.oil: 18 nmr
(200 MHz, CDCljy) § 5.21 (br.s, 1H, -CH=), 3.90 (br.s, 1H,
=CCHO-), 3.41 (br.d,’lH, J =11 Hz, -CH,0-), 3.31 (br.d,
iH, J =‘il Hz, -CH20—); 2,- 79 (br s, lH,i;bH), 2.53 (br.s,
1H, -OH), @;81‘(d,.3H, J=1.5 Hz, CH3C=), 1. 22 (m, 2H)
and 0.89 (s, 3H, =CH3). 3¢ nmr (50.3 MHz, CDClj3) 6
133.66, 131.40, 71.24, 67.74, 37.62, 28.56, 26.04, 23.03
nd_21.16. ir (neat) 3350 qm‘l»(oa). 55‘M+ 156.1148

(caled) for CgHjgOp: 156.1150).

(lR* 48%)-2,4- Dlmethyl -1- hydroxy 44phenylselenoacetoxy—’

methyl 2 cyclohexene (92) &

L

Phen}ls lenocacetyl chloflde (91) (103 myg, 0.452 ﬁmol)
was dissolve"in;mefhy1ene_chloride (4’&1)_dnder an
‘atmdsphere o eréen”and_the'solutidh wasecﬁilled te
;20°C A solution of eis diol 83 (69 mg, 0.442 mmol) in
methylene chlorlde (4 ml) was added fdzlowed by collldlne
(460 pl). The mixture was stirred for 1.5 hr at —20°
Water and“poncd hydroehloric acid were added end the |
‘pronC£ was extracted with methylene:chloride. Dryidg
'(Na2804),'flltratlon and solvent removal ~gave an almost
colorle55501ly which was.purlfled by 5111ca gel

”~

chromatography. Elution w1th 10% ether 1n‘methylene

v

chloride effgrded ester 92 (83 mg,%53%) ‘as a color¥ess
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- . |
0il: u nmr (200 MHz, coc13) 5 7.59 (m, 2H, C6HS) 7.31
(m, 3H, CgHg), 5.18 (br s, 1H, =CH~), 3.94 (d, 1H, J = 10
Hz, —ehzo—);:3,9o (br.aq, lHL-=CCH0—); 3.80 (a, 1H, J =10
:Hz,l—CHéO—){ 3.56 (s, 25, ~SeCH,-), 1.9-1.5 (m, 4H), 1.76
(m, 3H, CHyC=), 1.26 (dddd, 1H, J = 12, J' = 6.5, J" = 4,
J'" - 1 Hz), 0.90 (s, 3H, QCH3). ir (neat)'34oo (OH),

+

1723 (c—o) 1578, 749 and 691 cm™! (aromatic. ms M

354.0734 (calcd. for C)4H,,0;Se: 354.0734).

Preparation of 2-chloro—3—iod5propene

" Potassium iodide (54319, 3.27 mol) was suspended in
acetone (550 ml). To this suepen51on was added 2, 3-
dlehlorOpropene (150 g, 1.35 mol) and the mixture was
heated at reflux for 3 hr. The reactlon mlxture was then
flltered and the precipitate washed exhaustlvely w1th

\

acetone. The solvent was dlstllled at atmospherlc

\‘_ .
pressure u51ng a 10 cm Vigreaux column and the re51dual
liquid was then dlstllled under the water aspirator. 1In

this way, 2-chloro-3-iodopropene (114 g, 42%) was obtained

as a.purple liquid: b.p. 45-60°C (ca. 20-30 torr).
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1-Chloro- 2, 4~ dlmethyl 4—phenylselenoacetoxymethyl -2~ cyclo—

‘.hexene (93)

4

ﬁATQ a‘sdlution of alcohol 92 (20.5 mg, 0.058 mmol) “in
DMF (0.3 ml) was added ocxalyl chloride (0;02_ml,;0.23
mmol) via syringe at room témperature. The addition must 
be;carried.out sloyly. After stirriﬁg‘fofll hr wa;érMQas
added and the solution was‘extracﬁed with etﬂerr 'The
organic extracts. were washed with water;léfied (Na2804),
filtered andvconcentrgtéd_to a colorleséhdil.
Purification'éf this’ Qii by column chromatography (25%

petroleum ether in methylene chloride) furnished chloride

93 (17 mg, 79%) as a Eolorless.oilé 14 nmr (200 MHz,v

CDCl3) 6 7.62 (m, 2H), 7.33 (m, 3H), 5.27, 5.23 (br.s, lH

R

©_ . totak; =CH-), 4.35 (t, 1H, J = 3 Hz, -CHCl), 3.89 (AB, 2H,

s N o
J =12 Hz, -CH,0-), 3.83 (AB, 2H, J = 12 Hz, -CH,0-),

3.58, 3.56 (s, 2H total, -CHySe-), 1.79 (€. 38,0 = 2 Hz,

\\\\caa\g), 0.98 (s, 3H, ~CH3) and 0. 92 (s, 3, ~CH3) - | ir

B e

(neat) 3070 \3955\L\pomatlc)ﬂ 1723 (e§ter Cc=0), 1577, 740

"and 692 em~1 (aromatlc) ‘ms MY 372.0387 (calcd. for

-

.~\§17H‘21C102563 372.0395). : B

AN
~
“~

o

2-Metﬁyl:2—(3—oxopen;11)gyclqpentane-l,3-dione (97)

~
““ ;
{

To.a suspension of 2-methylcyclopentane-17, 3-dione
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\

(96)‘(4 9,'34,48 mmoi) in DME (80 ml) under an argon

atmosphefe‘were aﬁded in succession freshly distiiled .

- ethyl vinyl ketone (5.3 ml, 51.72 mmol) and powdéred 1,4~
diazabicchQEZ.2.2]octané (DAﬁCO) (;:96 g, 17.24 mmol) .
The soiid diésolVed after a few-mihutes{ The .solution Qas

- stirred ak.room temperature for 19 hr. Aqueous:’
'hydrochlorié acid was added and the solution was extracted
with.chloroform. nying (N52864), filtration and solvent
removal afforaed a yellow Qii.' Chromatographic.filtration
over silica gel (100% CHClj3) delivered trike;oné 97 (6.8
g, 100%) as a colorless liquid; 1y nmr (60 MHz, CDCl3) &
2.85 (s, 4H, -CH,COC=), 2.50 (q, 2H, J = 7 Hz, =-CH,COEt),
2.30 (¢, 28, J = 7 Hz, -CCH,CH,-), 1.89 (£, 2H, J = 7 He,
qgécﬁz—)ifl.lgf(s, 3H," -CHj) and.1.0§ (t, M, J = 7 Hz,
CHjCEé—). ir (nea£).l770 (rinng=O) ané i7i5 cm™ L (chain
¢=0). . ‘ -

4,4—Dimethy1bicycloL4;3,O]non—4—en43,8-dione (95)

t

W'éo a solution of ttiketohe 97 (267 mg, 1{362Ammol) in
" toluene (7 ml) wasfgdded_E;toluenesulfqnic'acid hjdrate
(éé;_lS mg) . Tﬁé';ixture was refluxed for 20 hr with
continuous éeparation of water. After cooling to room
temperature, ether waé ad&éd'and the solution was wéshed

3

once with aqueous pbtassium'bicafbonate,'dried (NaZSO4)
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and conééntréted in vacuo to give a yellowlliduid;f
Chromatographic'filtration,over silica gel (100% CHC13)
furnished.enonev95 (238 mg, 98%) as a pale‘yellow
liquid: H nmr (60 MHz, CDCl;) 6 3.1-2.4 (m, 73), 2.62
(m, 1H), 1.83 (br.s, 3H, CH3C=) and 1.36 (s, 3H, -CH3) .
ir kneat) 1738 (keﬁone), 1650 (enone C=0), 1412, 1402

_//EH2C=C) and 1374 cm™1 (CH4).

4,5-Dimethyl-8-ethylenedioxybicyclo[4.3.0]lnon-4-en-3-one
(98) |

To. a solution of énone 95 (227 mg, 1.275 mmol)vin
benzene th ml) was added ethylene'glycol (0.36 ml, 6.38
mmo1l) and a few crystals of_E;thuenesulfonic aéid hydrate
and the mixture was heated at reflux with continuouso
separation of wéter for 6 hr. After cooling to ambient
temperature, agqueous pogassium bicarbonate was added and'
thé product was extracted with ether. Thexextracts were
dried (Na,804), filtered and concentrated to furnish a
yeilow oil. Bulb-to-bulb disti;latién at reduced pressure
delivered‘ketal 98 (258 mg, 91%) as a colorless oil: b.p.
i43fC (oven ‘temp.)/0.6 torr. 14 nmr (60 MHz, CDCljy) 6
3.99 (s, 4H, -CH,0-), 2.8-1.4 (m, 8H), 1.68 (br.s; 3H,
CH5C=) and 1.38 (égﬁgﬁ, -CH4) . 130 pmy (100.6 MHz, CDCljy)

6§ 198.13, 166.72, lé8.61, 117.77, 65.61, 64.74, 47.41,

B



32.95, 31.66, 26r5§, 25.70, 20.21 and 10.46. ‘i}‘(neat)"“
1650 (enone C=0) ;nd 1180-1000 cm™! (ketal). ms M*
1222.1258 (calcd. for C3H1g03: .222.1256)p Anal. Calcd.
for CyjHjgO3: C, 70.23; H, 8.17. Found: C, 70.39; H,.

8.35.

(3R*,9R*)—4,9—Dimethyl—3—hydroxy—B—ethylenedioxy—

bicyclol[4.3.01lnon-4-ene (99)

To a solution of ketal 98 (74 mg, 0.333 mmol) in
methanol (2 ﬁl) at 0°C was added solid sodium'borohydride
(25.5 mg, 0.666 mmél). ‘After 30 min aqueoué sodium
hYdrOxide Qas addéd and~the.mixture was.Extracted with
ether. Drying.(Na2504),'f;ltration and conceﬁtration

dglivered an almost colorless oil. 'Chromatography of this

‘material over silica gel, eluting with 40% petroleum ether:

in ether plus 2 ml of triethylamine per 100 ml of solvent,

gave alcohol 99 (55 mg, 74%) as a co;oriess 0il which
vcrystailized on standing:Q'm.p. 57.5-59°C. 1H nnfr (200
Mﬁz;:CDClj) § 4.14 (br.t, 1H, J = 7 Hz, -CHO-), 3.9 (m,
4H, —éHzo—), 2.32 (m, 2H), 2.10 {(m, 2H), l.92il.50 (m,
31), 1.66 (q, 3H, J = 1.7 Hz, CH3C=), 1.34 (ddd, 1H, J =
: )

12, J' = 3, J" = 3 Hz, —CCHy-) and 1.17 (s, 3H,

~cHj). 13¢ nmr (50.3 MHz, CDCls) & 141.14, 127.80,

>

118.36, 71.43, 65.49, 64.71, 46.54, 31.90, 29.88, 26.53,

160
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23.79, 22.35 and 14.34. ir (neat) 3400 (oé)'and 1070-985
em™l (xetal). ms M¥ 224.14?% (céléd. for.Cl3H2003:.
.224.1412). Anal. Caled. for Cy3H;303: C, 65.60; H}

8.99. -Found: C, 69.30; H, 8.97. |

¥

4,9—Dimethyl—8—(2-bromdmethylethylenedioxy)bi— '

cyclol4.3.0]lnon-4-en-3-one (130)

To a solution of bicyclic enéne 95 (79 mg; 0.444
mmol) in benzede»(éO ml) were added 3—bromo—l,2-propane—
diol. (344 mg, 2.22 mmol)‘and_E;toluenesulfonic acid
hydrate (ca. 10 mg). The mixture was refluxed for 16.5 hr
witﬁ continuous removal of water." After éooling to room
teﬁperaturevthe solvent was evapQrated in vacuo and the
‘residue dissolveé inﬂacetone (10 ml).'EEfTolueneshlfonic
acid hydrate (50 mg) dissolved—in.water_(G ml) was added.
and the mixture was stirred a; room temperaﬁure for l?
hr. Aqueous sodium bicarbonate was added ‘and the product
ektrgcted with ether. Drying (CaClz), filtration and
;olvent removal left a yeliow oil. Pﬁrification.of,this
material over nqutral,alﬁmina (15 EtOAc in petroleuﬁ
ether) afforded compound 130 (104 mg, 74%J as a péle
yeliow oil: B nmr (2QO!MHz, CD2Ci2) & 4.36 (m, 1H), 4.12°
f(m, 1), 3.88 (m, 1H), 3.40 (m, 2H), 2.60-1.95 (m, JH),>

1.66 (br.s, 3H, CH3C=), 1.59 (m, 1H), 1.265 (s), 1.260°



(s), 1.24 (s) and 1.22 (s, 3H total, -CH3). ir (neat)
1659, 1650 -(enone C=0) and 1180-1000 cm~! (ketal). ms M*

316.0501 (calcd..for C14Hy19BrOg: 316.0497).

. oy ’ \ . A
(3R?,9R*)—4,9—Dimethyl—3—hydroxy—8—(2—bromomethylethyl—_;

enedioxy)bicyclo[4.3.0]lnon-4-ene (133)

To a solution of enone 130 (54 mg, 0.171 mmol) in
:'methanol (2 ml) at 0°C was added éodium borohydride (13
'5mg, 0.342 mmol). The ice bath was reﬁoved and the mixture
‘éllerd to warm up to‘room'temperatﬁre. Fifteen minutes
later water was carefully addéd and the éroduct w%s
extrécted.with ether. Drying and solvént rémo&al géve a
coiorless'pil which was purified by flash chromatography
(25% EtOAc in petfoleum ethef) to furnish alcohol 133 (45
mg, 83%) as a colorless viscous ail: 4 nmr (400 MHz,
CDClj) & 4.36 (m, 1H), 4.12 (m, 1H), 3.90 (m, 0.7H), 3.81
(ad, 0.3H, J = 8, J' = 7 Hz), 3.39 (m, 0.7H), 3.32 {m,
1.31), 2.4-1.5 (m, 7H), 1.65 (s, 3H),  1.36 (m, 1H), 1Qi§
(s), 1;13 (s) and 1.12 (s, 3H total). ir (neat)‘3380 (oH)
~and 1138-1020 el (ketal). ms M* 318.0652‘(§élcd. for
C14H218r03: 318.0674). Anal. Calcd. fér C14H2iBrbs:. C,

52.99; H, 6.67. Found: C, 53.14; H, 6.63.

le2
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(3R*, 9R*)~4,9-Dimethyl-3-pivaloyloxy-8-ethylenedioxybi=~

cyclol4.3.0]Jnon-4-ene (100).

fo a solution of alcohol 99 (135 mg, 0.663‘hmol)-in

pyridine (2 ml) were added ih succession a”few efystals of
DMAP and pivaloyl chloride (0.0%6 ml, 0.783 mmol). The
mixture wasvstirred for 3 hr at room tempefature whereuponu
the solvent was distilled off_lg.vaeuehat 0-10°C and the
residue was partitioned between methylene chloride and
wgter. The aqueous“solution Qas extracted two more times
with methylene chloride. The exﬁrects were dried

(Na2804), filtered and conceetrated to deliver a colorlees
oil. Chromatography of this material over silica gel (20%
ether in petroleum ether) furnished pivalate 100 (150 mg,
81%) as a colorless oil: M nmr (200 MHz, CDClj3) 6 5.31
(br.t, 1H, J = 8 Hz, -CHO-), 3.93 (m, 4H, -CH,0-), 2.35
(m, 2H), 2.12 (m; 2H), 1.95-1.50 (m, 3H), 1.52 (br.s, 3H,
CHiCc=), 1.34 (ddd, 1H, J =13, 3' = 3.5, g° = 3.5 Hz),
1.22 (s, 9H, (CH;)5C-) and 1.19 (s, 3H, -CH3). 3¢ nmr
(50.3 MHz, CDCls) & 178.35, 143.03, 124.55, 118.23, 73.72,
65.50,.64.714 46.30, 38.84, 31.82,. 27.21, 26.27, 25.66,
23.92, 22.24, and 14.52. ir (neat) 1719 (ester C=0), 1390
(t-butyl) end 1070-1007 cm~ ! (ketal). nms Mt 308.1987
(caled. for Cy1gHog04¢ 368.1987). Anal. Caled. for

~

C18H2894: c, 70.08; H, 9.16. Found: C, 70.27; H, 9.13.
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(3R*,9R*)-4,9-Dimethyl-3-pivaloyloxybicyclo[4.3.0]non—4-

en-8-one. (101) i;. 3

’
J

Pivalate 100 (3.85 g, 12.5 mmol) was dissolved in
acetone.(l90 ml) andlwatér (40 ml). The solution was
déglléd to -12°C and conc. hydrochloric acid (13 ml) was
added dropwise from a dropping funhel. The cooling bath
was removed and the 'reaction mixture warmed up'to 20°C in
‘the coﬁrse of 40 ﬁin and maintained there for five more
minutes. Then thevcontéﬁts of ﬁhe flask were poured
slowly onto saturated.aqueous.sodiuﬁnbicarbonate and the
prdduct Qas extractéd with chloroform. nying (Na2894),
filtration and concentration left a pale yel%pw oil which
soon crystallized. Recrystalliiétién from aqueous
methanol delivered ketone 101 (2.6 g, 79%) as whité B
plates: m.p. 89-90°C. lﬁ nmr (400 MHz, C6D6) 5 5.31
(br.t, 1H, J = 8 Hz, —CHd-), 2.; (m, 2H), 1.95 (ddd, 1H, J
=17, 3' =7.5, J" = 3.3 Hz), 1.945 (m, 1H), 1.72 (dddq,

1H, J = 19, J' = 10.5, J" =;9.2 bz), 1.63 (ada, 1H, J =
14, 3' = 4.5, 3" = 4.5 Hz), 1.49 (m, 1H), .44 (br.s, 3H,
CHzc=), 1.33 (ddd, 1H, J = 14, J' ='14,°J" = 3.5 Hz), 1.15
(s, 9H, (CH3)3C~) and 0.84 (s, 3H, -CH3): 13C nmr (50.3
MHz, CDCl) & 219.25, 178.00, 140.00,'126.17, 72.93,

R
47.84, 38.56, 35.54, 27.85, 26.86, 25.05, 23.02, 22.11 and
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I4.26. FTIR (CHCly cast) 1740 (ketone C=0) and 1722 cm~l

(ester C=0). ms M+

264.1726 (calcd. for CjgHys03:
264.1725). Anal. Calcd. for CygHys03: C, 72.68; H, .

9.16. Found: -C, 72.50; H, 9.04.

4,9-Dimethylbicyclo[4.3.0]non-3,5-dien-8-one (102)

[

5

To a solution of ketal 100:(966 mg, 3.14 nmdl) in
acetone¢(70le) was added E;toleehesulfoﬁicoacid hydra£e ¢
(596 mg, -3.14 mmol) and the solution was heated at 40° C
for 1 hr. “The solvent was evaporated in vacuo and the
residue was partit%oned'between agueous potassium
bicarbonate and methylene chloride. The\aquedus:;olution
was extracted two more times wiﬁh methylene chloride.
Vnying (Na2864), filtration and solvent removal delivered
a pale yellow oil, thch was purified by column »
chfomatography. Eiation‘Wig% 100% methylene ehloride'
afforded diene 102,(237 mg;w66%) as a éale yellowfdil. 1y
nmr (200 MHz, CDCl3) & 5. 78 (br s, lH, =CH-), 5.58 (br s,

—)\\}\24 (br.da, 1H, J = 24 Hz, -CH,C0-), 2.88

(br.Q;, 1H, -J = 24 Hz, ~CH)CO-), 2.25 (m, 2H), 1.87 (q, 3H,
J =12 Hez, CH3C=), 1.84 (m, 1H), 1.43 (ddd,.lH; J = 13,
J' £ 12, J" = 6 Hz) and 1.12 (s, 3H, —Ch3{. ir {(neat)
3055 (=CH), 1745 (ketone C=0), 1601 (C=C), 1404 (caéc=o),

.980, 832 and 81%_cm_1 (c=C). ms M* 162.
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QBR* 9R*)-4,9- D1methyl 8 (3 furyl) 8—hydroxyb1cyclo—

[4 3 0]noﬁ}3 5-— dlene (l03)

Freshly distilled-B—hromofuran'(0.025 ml, 0.28 mmol )

.

i‘wasrdlssolved in dry ether (1 ml) and the 'solution. was

chllled tov—75 C under an argon atmosphere A solutlon-of '

”t-butylllthlum (l 37 M, O. 17 ml, 0. 23 mmol) was injected
_ and the. pale yellow ‘'sélution was, stlrred for 20 min. Then

-.a solutlon of ketone 102 (30 mg, 0.185 mmol) lnvether,(l.S‘

PO

ml) was added via syrlnge. After 15 mln the cryogenicv

+ bath was remove< and the solutlon allowed to reach ambient

N

_temperaturei Aqueous hydrochlorlc ac1d was added and the

mlxture was extracted w1th ether Drylng (NaZSO4),

flltratlon and concentratlon afforded a yellow oil Whlch

‘was purlfled by column chromatography. Elutlon with 100%

methylene chlorlde gave 6 mg (20%) of the startlng ketone

102L Further elutlon w1th 20% etber in methylene chlorlde

L)

.afforded alcohol 103 (10 mg, 29.4% ‘at 80% convers1on) as a

colorless oil: IH mmr (200° MHz, cpelsy) 8 7.33 (m, 2H,

~CHO-),. 6.30 '(ad, "1H, J‘#\3; g =1.5 Hz, ~CH=CHO-), 5.54
NS ‘

(or. s,_2HQ_=CH—), 2.90° (br.d, W, J =17 Hz, -CHCOH),

-‘2 73 (dd 1H, J.= 17, =4 Hz,-—q_2COH), 1. .81 (br. §, 3H,

-CH3C ) and 1.12 (s, 3H, —CH3) ir (neat) 3450 (OH), 3140

: (furan),/980 876 and 840 em~1l (c= c) A &
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(3R*V9R*)—3—Benzyloxy—4;9&dimetﬁylbicyc10[9;3u01non—44en-

. §-one (129)

v~
Pota551um hydrlde (ll 76 g of1a>24% diSpersion'in
oiA, 72 3 mmol) was rlnsed five timee with petroleum ether
under an argon atmosphere. DME_(?Q ml) was.added and'the
: to_suspeneiou wae c@oled in an ice bathi A solution of
alcohol 99 (11.47 g, 36 2 mmol) in DMEF(4O ml) was added'
1n,port10ns, Neat benzyl bromide (4.56 mi, 38.37 mmol)
was added in one portlon After'lB«hr the sOlvent Was‘.
removed lg_vacuo. Thenre51due was chllled to -70° C,‘ahd
gg;_io mi of 1N hydrochlorrc acid was added, followed in
succession by acetone (léovml), water (3bpml) and conc.
hydrochlorlc acid (20 ml; slowly) The suspension'was
"vlmmersed in an 1ce—water bath and malntalned there for 3

hr. Whlle cold the mlxture .was poured slowly onto

saturated sodlum blcarbonate The product was extracted

\
-4

f *w1th ether. Drying (Na2804), filtration and solvent
'f removal afforded a brownlsh oil. Purlflcatlon by column‘
chromatography CQO% ethyl acetate in petroleum ether) gave
ketone=129 (7.0 g, 72%) as a paleayellow_01l. lH nmr (400

,.” MHz, CDC13)/5 '7.31 (m, SH), 4 64 (4, 1H, J = 12 Hz,

T —cH,0-), 4.49 (&, 1H, J-% 2 Hz, -CH0-), 3.92 (br. t, 1H, 3

= 8 Hz, -CHO-), 2. 76—2 50 (m, 3H), 2.20 (ad, 1H, J = 18,



le8 .

| dfv=,§%hzj; 2.18.(m,11h);ml.81 (m, 2H)751.74 (hr.s, 3H, -
'cn3c=)i\1.45 (daa, 1H, J = 14, J° - 15, 3" = 4 Hz) and
1.17 (s, 3H, -CH3) 13¢ nmr (100.6 MHz, CDCl3) & 219.69,
';38i94, 138.72, 128.32, 128.11, 127.56, 127.29, 77.89,
f70,gz,~47:99, 35758,'-8412;A25f25, 23.06, 22.23 and.

14;82. ir (neat)1$090,'3070, 3038 (aromatic), 1736

(ketone c=0), 1605, 1505, 738 and 705 cm—ll(aromatic)., msw
M* 270.1618 (calcd. for CygHy,0,: 270.2620).  Anal. /

" .Calcd. forlclguzzozz C,.79.95; H, 8 20. Found: C,

#\

79.52; H, 8.19.

(3R*,9R*)—4;9—Dimethy1-7—hydroxymethylenef3—pivaloyloxy—

bicyclo[4.3.0]non—4fen—8—one (104)

Ketoester 101 (40 mg, 0.152 mmol) was dlssolved in
ADML (2 ml) and ethyl formate (0 4 ml)\at amblent -
temperature under an argon atmosphere ‘Sodlum hydride'(22'
mg of ‘a 50% dlsper51on in oil, 0.455 mmoie'was added-and
the suspens;on was heated at 55°C ﬁor lQSihri' After

cooling to 0°C, water and aquedus sodium. carbonate were

i

.. {
'added and the aqueous layer Was extracted three times with

'ether The extracts ‘were’ dlscarded The aqueous solutlon
-was then’ a01d1f1ed to pH 2 w1th aqueous hydrochlorlc ac1d

.‘and extracted w1th methylene Ch%pﬁtd&\y/prlng (Na2504),

_flItratlon and solvent rémoval gaye an orange SOlld.
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.Recrystallization from ether-hexanes afforded 8-

ketoaldehyde 104 (35 mg,'BO%) as'wﬁite plates;Q m.p. ’
127°c. lH nmr (100 Miz, CDc13) 5 9.82 (s, —CHO), 9.79 (s[
-CHO), 7 22 (t 1H total, J = 1.8 Hz, —CHQ ), 5. 27 (br,

1H, -CHO-), 3.19. (br.s, 2H, =CCHyC=), 2.22 (m, 1H), 1.72
(m, 3H), 1.61 (br s, 3H, CH3C), 1.27 (s, 3H CH3) and l 24
(s, 9H, (CH3)3C—) FTIR (CHC14 cast) 3160 (OH), 1724
‘(ester and ketone C=0) and 1390 ol (t- butyl) ms Mt
292ul676 (calcd. for C17H24O4: 292.1675).? Anal.’Celcd.
for C17H24O4 c, 69.82; H, 8.28. Found: C, 69.90; ﬁ,f

8. 33

(3R*,9R*)—4,9rDimethyl-8—methoxymethylidene—3~pivaloyloxy—

bicyclo[4.3.0]non-4-en-8-one (111)"

To a solution of ketoaldehyde 104 (258 mg, 0.88 mmol)
in dry methanol (5 ml) were added some 3 A’moleculer
sieves and_gjtolueneeulfonic acid hyarate‘(168 mg,10.88
mmoi). The mixture was stirred for 1 hr-etoroom'
temoerature_under an argon'atmosphere. Aoueous sodium
.bicarbonete was ‘added and the,suspension was filtefed.

The preoipitate was'finsed.wqth weter and dried in air.
In thls(way, v1nylogous ester 111 (271 mg, 1l00%) was

obtalned as a whlte solld, homogeneous on TLC-‘fm,p, 137- .

138.5°c. ln nmr (400 Mhz[ cDClz) § 7.26 (dd, 1H, J =3, |
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J' =2 Hz, CH3OCH=), 5.27 (br.t, 1H, J = 7 Hz, —-CHO-),
3.89 (s, 3H,-OCH3), 3.31 (44, 1H, J = 20, J' 2 Hz,
=CCH,C=), 3.09 (ddq,- 1H, J = 20, J* = 3.3, J" = 1.3 Hz,

'

=CCH,C=),.2.19 (m, 1H), 1.84 (ddd,  1H, J = 12.5, J' = 3.5,

J" = 3.5"Hz), 1.64 (m, 1H), 1.62 (t, 3H, J = 1 Hz, CH5C=),

1.6L:(ddd;'lH, J =13, J' = 13, J" = 3.5 Hz), 1.23 (s, 9H,
(CH3)3C-) and 1.20 (s, 38, -cH3). 13C mmr (100.6 Miz,
CDCly) & 208.27, 178.33, 154.64, 138.57, 126.06, 113.76,
73.39,.6£.72, 49.04, 38.85, 28.30, 27.16, 25.95, 25.40,

22.91 and 14.69. FTIR (CHCly .cast) 2810 (OCH3), 1720

(ester and ketone C=0), 1629 (vinyl ether) and 1390 cm~l
(t-butyl). Ms M* 306.1842 {calcd. forfC18H26 4°

306.1831).

(3R*,85*,9R*)—4,9-Dimethyl¥8—hydroxy—7;methokymethylene—3~

EivaioylokybicycleQ.3.0]non+4—ene~(112)

To a suspension of Vinylogéus ester lii (56 mg, 0.163
mmol) in methanol (2:ml)‘wés added cefium.trichloriaé.
“heptahydrate (61 mg, 0.163_mmol) and  the mixture‘wés"
‘édoled to 0°C. . Solid sodium borohydridef(25 mg;.0,653
-mmol) was added in 6pe portioh. "Thé_ice'bath was removed

and the reaction was allowed’to proqeed'for 10 min-at room

temperature. Aqueous st

e, o
irbopate was added and the
. mixture was extracted with.ethyl acetate.f»Dtying

170



171

f(Nast4’, filtration and‘sqlvent_removal afforded.a;
colorless oil‘ ‘Chromatographie filtration"throuéh”neutral
alumina (1008 §¢¢£83é) delivered alcohol 112 (44 mg, 88%)

as afcolorless; unsteble oil: !H. nmr (400 MHz, (CD3)2CO) e
5 6.07 (dd, 1H, J =8, J' = 3 Hz, -OCH=), 5.23 (br.t, 1H,
\J'= 8 Hz,*-CHo—)j 4.01 (br.s, 1H, —CHOH), 3.58 (s, 3H,
~ocH3), 2.94 (br.a, 45, J = 21 Hz, =CCH,C=), 2.78 (br.d, J
= 21 Hz, =CCH,C=), 2.14 (s, 1H, -OH), 2.05 (m, 1H), 1.77
(add, 1H, J = 14, J' = 3.5, J" = 3.5 Hz),'l.ﬁd;(m; 15)]
1.52 (br.t, 3H, J = 1.5;Hz,f¢H3c%), 1.47 (ddd;-lHl'J = 14

3' =14, 3" = 3'Hz), 1.19, 1.18, 1.17 (s, 9H total,
(cé$)3c—)-aﬁdvo.91'(s, 3H, —CHé). 'FTIR (CH,Cl, cast) 3460:_
" (oH), 1726 (ester C=0) and 1400 (t-butyl). ms M' 308.1988

’u(ealcd.'for_C18H2804: 3Q8.1988).

KBR* 9R*) 7 Benzylldene —4,9- dlmethyl 3-p;valoyloxyb1cyclo—

.

[4.3. 0]non 4-en- 8 one (107)

RN

A.sQlutibn of ketoester IOi\(BOOvmg, 1.13 mmol) in
toluene (30 ml) was treeted with benzaldehyde (0.29 ml, =
2.84 mﬁol) and:SOdium hydride (87 mg of’é/Sei/diepersion -"
in oil, 1.83 ﬁmol). 'Tﬁe suspensioh was heated at refiux
under an argon atmosphere'for 1.5 hr} After cooling to

10°C; lN hydrochlorlc ac1d was added and ‘the product was -

extracted w1th ether. Drying (Na2804),.f11trat10n and

<',
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solvent removal afforded a yellow oil. Addifion of
methanol caused prec1p1tatlon o; the product

: Recrystalllzatlon from methanol afforded enone 107 (371
mg, 93%) as a yhlte solid: m.p. 152.5-153°C. 1H nmr (400 -
MHz, CDCl3) & 7.62 (4, 2, J = 8 Hz), 7.50 (m, 4H), 5.31
(br.t, 1H, J = 8 Hz, -CHO-), 3.66- (d, 1H, J = 17 He,

| —ccH,C=), 3.54 (4, 1H, J = 17 Hz, =CCH2C=y,'2.24A(m,V15),
1.94 (at, 1H,J = 13, J' = 4 Hz), 1.75 (m, 2H), 1.66 (s,
3H, CHyc=), 1.27 (s, 3H, -CH3) and 1.25 (s, 9H, (CHz)3C-).
13¢c nmr (50.32 MHz, CDCly) & 208.13, 178.16, 137.77,
135.21, 133u71; 133.25, 130.48, 129;46,‘128.72, 126. 91
73.17, 47.99, 38.77, 31 14 28. 24, 27d09 25.25, 22.94 and
14.77; ir (CH2C12) 1730 (ester C—O), 1633 (ketone c=0),
746 and‘705 cm:lf(aromgtxc). ms MY 352.2028 (calcd. for
CpyqHpgO3: 352.2038). Anal. Caled. forczaﬁéeoéz'/é,.'ﬂf

'78.36; H, 8.01. Found: C, 78.24; H, 7.92.
. . ’ . \ ot . i . ]

(3R*,88*,9R*) - 7mBenz lidene-4, 9 dimethyl- 8-hydroxy-3-
y -

plvaloxyblcyclogx 3 0]non 4-ene (108)

To a suepension of enone 107 (351 mg, 0.997 mmol) in

‘methanol (35 ml) was added cerium trichloride,heptahydrate'

(370 ng, 0.992 mmol). The mixture was cooled to 10°C and

\

treated w1th SOlld sodlum borohydrlde (151 mg, 3.97 mmol)

-
added,ln portions. After 5 mlnh lNPhydrochlorlc ac;d was
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added and the‘prOGucﬁ-wasfextracted with'methyiene
chloride. Drying (Naéso4)y filtra§ion and ;olvent removal
‘provided a colorless oil;, which'wa; purified by column
Chfomatégraéhy over silica 'gel (5% ether iﬂ methylene
chloride). 1In this way compound‘108-(353_m§, lOd%) was
obtained as éccolorless 0il, ‘which érystallized on

standing: m.p. 93°C. H nmr (400 MHz, CDCl3) § 7.40 (m,
4H), 7.25 (ﬁ, 1H), 6.59 (4, 1H, J = 4 Hz, =CH-), 5.35

(br.t} 14, J = 8 Hz, ~CHO-), 4u14~(b}.;, 1H, -CHOH), 3.29
(d, 1H, J = 20 Hz, =CCH)C=), 3.23 (d, 1H, J = 20 Hg,
=cCHyc=), 2.20 (m, 2H), 1.88 (at, 1H, J = 12, J' = 4 Hz),
1.64 (m, 2H), 1.60 (br.s, 3i, CH;C=), 1.13 (s, 9H,
(CH3)4C-) and 0:93 (s, 3H, -CHj). 13_Cvnmr (lOO.Q MHz, -
cDCly) 5 178.53, 143.16, 13§.88, 137.35, 128.32, 126.43,
126.13, 151.58, 84.19, 73.64, 43.53, 38.84, 32.86/ 30.97,
27.13, 25.55, 16.97 and 14.74. ir (neat) 3646'(0H), 3080,
3047 (aromatic), 1725 (ester C=0), 748 and 707 cm 1
(aromatic). mqu+'§54.2188 (éalcd. for'623H3oO3:

'354.2195). o

BN
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(3R*,9R*)f7-Carbomethoxy—4,9—dimethyl—3fpivaloyloxy—

bicyclo[4.3.0]non-4-en-8-one (114) and (3R*,9R*)-3-

benzyloxy—?%carbomethOxy—4,9j§imethylbicyclo[4;3.0]ﬁon—4—

..

en-8-one (135)'

. . ’
A solution of ketoester 101 (1.0 g, 3.787 mmol) in

DME (30 ml) was added‘slowly to sodium hydride (291 mg of
a 50% dispersion in oil;‘6.06 mol, previously washed four
“times with petroleum ethe;) under an argon atmosphere.
Dimethyl carbonate (1.6 mi, 18.94 mmol) was then_injected
and the suspension was heated at 60°C for'4 hr. Tﬁe

. resulting mixture was cooled to 0°C and aéidifiéd with
ice~cold aquegus‘oxalic acid until thé'oranée-color faded
to yellow and then the aqueous solution was extracted with
methylene chloride. Drying'(NaZSO4), filtration and
concentr&tion déliQered a brown o0il which was purified by
flasﬁ'chrométégraphy (10% benzene in chloroform) to
furnish 5—ket6esteq 114 (éOS‘mg, 75%) .as. an orange oil,
which crystéllized on standing. ‘Recrystallization'frbm
petroleum éther gave a white powder: m.p; 78-79°C. .¥H ' .
amr (400 MHz, CDCljy) 5 5.28 (br.t, 0.85H, J = 8 Hz),'s;le
(br.t, 0.15H, J = 8 Hz, -CHO-), 3.81, 3.79, 3.78 (s, 3H
total, -OCHj3), 3:30 (t, lH,.J =8 Hzr~-COCHCO-),'3.02;(d,
2H, J = 8 _Hz, =CH,C=), 2.27 (m, 0.15H), 2.18 (m, 0.85H),

‘1.84 (m, 1H), 1.69 (m, 1H), 1.64 (s, 3H, CH3C=), 1.57
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(d&da, 1H, J = 14, J' = 14, 3" = 3 Hz), 1.25 (s, 9H,
(CH3)5C-) and 1.23 (s, 3H, —cu3§.' FTIR (CH,C1, cast)
4000-1800 (OH), 1750 (ketohe C=0) and 1732 cm™! (estef
C=0). ms M’ 332.1779 (calcd. for CigHg05: 332.1780)-
Ahal.,Calcd. for C18H2605 C, 57.04} H, 8.13. :Found: C,
66.96; H, 8.08. The same\procedure was followed to
prepare compound 135 (65%, o0il). lH nmr (400 MHz, CDC1;)
"5 7.30 (m, 5H), 4.62 (d, 1H, J =‘13 Hz, -CH,0-), 4.47 (g,
lH,YJ = 13 Hz, -CH,0-), 3.89 (br, 1H,. -CHO-), 3.76-3.70
(s, 3H total, -OCH;), 3.23 (t, 1H, J = 10 Hz, -COCHCO-),
‘2.97 (d, 2H, J = 8 Hz, -CH,C=), 2.19 (m, 1H), 1.82 (m,
2H), 1.77, 1.75 (s, 3H total, CH3C=), 1.47 (m, 1H), 1.22

and 1.21 (s, 3H total, -CH3). ir (neat) 3090, 3064, 3035

(aromatic), 1755 (Retone C=0), 1725 (ester C=0), 740 and

8

ms MY 328.1673 {calcd. for

4

705 cm~?! (aromatic);

(3R* 75*,9R*)-7-Benzoyloxy-7- carbomethoxy -4,9-~ dlmethyl 3-

Eﬁvaloyloxyblcyclq[4 3.0Jnon-4-en- 8 -one (115) and

(3R*,75*,9R*)-7- benzoyloxy -3- benzyloxy -¥- carbomethoxy -4,9-

dimethylbicyclo[4.3.0]non- 4- ~en-8-one (136)

A solution of g-ketoester 114 (908 mg, 2.82 mmol) in

DME (14 ml) was added to a suspension of sodium hydride

v

(203 mg of a 50% dispersion in oil, 4.23 mmol) in DME (3

L



ml) at -25°C undér an:atmosphere of argon. One houf
later, a solution of bénzoyl peroxyde (751 mg, 3.1 mmol)
in DME (3 ml) was injected rapidly. After 1 hr the |
suspension was carefully neutralized with aqueous
hydrochlorié acid and extracted with chloroform. The
bréanic extracts were dried (Na2504); filtered énd
concentrateé to give a yellow oil. flaéh ch;ohétography

of this o0il (1% ether in methylene chloride) del%%bred

triester 115 (935 mg, 75%) as an almost colorless 0il: 1y

nmr (200 MHz, CDCly) § 8.02 (dd, 2H, J = 8, J' = 2 Hz),

*
7.6l (dddd, 14, J = 8, J' =8, J" = 2, J'" £ 2 Hz), 7.46
(d@a, 28, J =8, J' =8, J" = 2 Hz), 5.33 (br.t, 1H, J = 8

Hz, -CHO-), 3.85 (s, 3H, -OCH3), 3.75 (br.d, 1H, J = 17
Hz, —CH,C=), 3.14 (4, 1H, J = 17 Hz, -CH,C=), 2.25 (m,
1H), 2.00-1.60 (m, 3H), 1.56 (br.s, 3H, CH3C=), 1.39 (s,

-

3H, -CH3) . and 1.24 (s, 9H, (CH3)3C-). 13C nmr (100.6 MHz,

CDC13) 5.208.67, 178.22, 168.02, 165.01, 136.34, 133.69,

130.05, 128.70, 128.44, 127.35, 84.31, 72.92, .53.42,

. -
49.21, 38.81, 36.31, 29.39, 27.12, 25.09, 22.66 and
14.69. FTIR (C5C13 cast) 1770 (ketone C=0), 1730 (esters

Cc=0), 1600, 1582 and 715 cm™! (arpomatic). ms M* 442.1987

(caled. for C,gH3p07: 442.1991). pg-Ketoester 135 yielded

compound 136 under essentially ideﬁtical conditions (-20°C

§ » room temperature) (76%, pale yellow oil): 1y nmr (200
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MHz, CDCl3) & 7.99 (dd, 2H, J = 8, J' = 2 Hz), 7.5 (dddd,

H, J =8, J' =8, J" =2, J" =2Hz), 7.34 (m, 7H), 4.64

(4, 1H, J = 12 Hz, —CH,0-), 4.48 (4, 1H, J = 12 Hz,
—CH20—), 3.99 (br.t, H, J =7 ﬁz, -CHO-), 3.82 (s, 3H,
~OCHj3), 3.69 (br.d, 1H, J = 18 Hz, -CH3C=), 3.12 (4, 1H, J
- 18 Hz, =-CH,C=), 2.24 (m, 1H), 1.88 (m, 3H), TI.68 (br.s,
3H, CH3C=) and 1.36 (s, 3H, -CH3). '3C nmr (100.6 MHz,
epcl;) & 209.18, 168.02, 164.97, 138.64, 135.01, 133.61,
130.03, 129.45, 128.81, 128.39, 128.31, 127.80, 127.54,
84.33, 77.68, 70.44, 53.39, 49.29, 36.27, 29.51, 25.15,

22.72 and 15.11. FTIR, (CH,Cl, cast) 3080, 3048, 3020

~

(aromatic), 1770 (ketone C=0), 1732 (esters C=0), 738 and

714 cm™! (aromatic). ms Mt 448.1879 (calcd. for

(3R*,7S*,88*,9R*)-7—BenijQOxy~74carbomethoxy—4,9—di?

methyl—8—hydroxy-3jpivaloyloxybicyclo[4.3}O]noh¥4—ene

(116) and (3R*,75*,85*,9R*)-7-benzoyloxy—-3-benzyloxy-7-

carbomethoxy~4,9—dimethyl—8—hydroxybicyclo[4.3.0]n6n—4—ene

(137)

To a solution of ketotriester 115 (70 mg, 0.158 mmol)
in methanol (1.5 ml) was added sodium borohydride (12 mg,
0.317 mmol) at. 0°C. After the addition, the mixture Was

.warmed up to ambient temperature and stirred 50 min

o’
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thereafter. pH 6 phosphate buffer wa§9gdded and £he~
product was extracted with methyieﬁe cﬁioride. Drying
(Nazso4),dfiltration aﬁq solvent remé@al furnished a
colorless oil. dhromatographic filtration through Siiica
gel (5% ether in méthylene chlbfide) delivered alcohol 116

(72 mg, 100%) as a colorless viscous oil: 1H nmr (200

MHz, CDCl3) & 8.07 (dd, 2H, J =8, J' = 2 Hz), 7.6l
(dddd, 1H, g =8, J' =8, J" = 2, Jg"' = 2 Hz), 7.47 (ddd,
2H, J =8, J' =8, J" = 2 Hz), 5.31 (br.t, 1H, J = 8 Hz,

~ -CHO-), 4.15 (4, lH,.J = 5 Hz, -CHOH), 3.80 (s, 3H, .
“OCH3), 3.65 (br.d, 1H, J = 18 Hz, -CH,C=), 3.00 (q, iH}\g
‘=_S'Hz, -CHOH), 2.77 (4, 1H, J = 18 Hz, -CHpC=), 2.14 (m, \
1H), 1.92 (m, 1H), 1.70 (m; 24), 1.53 (br.s, 3H, CH3C=)
and I.25 (s, 3H, —bﬁ3). 13¢ nmr (50.3 Muz, cocly) g
178.43, 170.46, 166.53, 138.95, 133.46, 129.83, 129.45,
128741, 126.47, 89.42, 88.40, 73.28, 52.71, 44.21, 38.877
37.90, 34.69, 27.1s, 25.43, 17.17 and 14.81. FTIR {CHCI,
cast) 3490 (OH), 3060, 3020 (aromatic), 1747, 1722 (esters
C=b), 755 and 715 cm~1 (aromatic). ms m/e 413.1987 (m* -
31; calgd. £or CyuHpgOg: 413.1964). Analogously, '
cémﬁounz 137 was prepared fréﬁ ketone 136 (100%, oil): lﬁ
hmr (400 MHz, CDCl3) & 8.03 (ad, 2H, J = 8, J' = 2 Hz),
7.45 {dd, 2H, J =8, J' =8 Hz), 7.35 (m, 4H), 7.28 (m, -

1H), 4.64 (d, 1H, J = 12 Hz, -CH,0-), 4.49 (d, 1H, J = 12
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Hz, =CH,0-), 4.08 (4, 1H, J = 4 Hz, -CHOH), 3.96 (br.t,
1H, J.= 8 Hz, -CHO-),.3.78 (s, 3H, -OCHy), 3.58 (br.d, 1H,

J = 17 Hz, -CH,C=), 3.02 (4, 1lH, J = 4 Hz, -CHOH), 2.78 .

(da, 1H, J = 17 Hz, -CH,C=), 2.16 (m, 1H), 1.94 (dad, 1H, J ,

=13, J' = 4, J" = 4 Hz), 1.84 (m, 1H), 1.66 (br.s, 3H,

CH5C=), 1.47 (ddd, 1H, J = 14, J' = 1% J" = 3 Hz) and

1.2z (s, 3H, -CH3). .13C nmr (100.6 cpCly) § 170.55,
166.56, 138.85, 137.79, 133.40, 129.82, 129.55, 128.59,
128.38, 128.28, 127.74, 127.44, 89.44, 88.72, 77.95,
70.12, 52.67, 44.28, 37;95; 34.84, 25.36, 17.18 and
15.21. FTIR (CH,Cl, ‘€ast) 3500 (OH), 3090, 3680, 3098,
3022 (arométic); l745f(C02Me); 1719 (benzoate C=O),.733}f
. 716 and 696 cem~ 1 (aromatic). ms MY 450.2040 (calcd. for

!

(3R*,78*,8S8*,9R*)-7-Carbomethoxy-7,8-dihydroxy-4,9-di—-
' y ydroxy

.methyl—3fgivaloyloxybicycloL4.3.0]non—4—eneh(117)

To a solution of alcohol 116 (29 ﬁg, 0.065 mmol) in
methanol (0.5 ml) was added sodium metho;ide (3.5 mg,

0.065 mmol) and the mixture was heated at reflux for 2.5

¢

hr under an argon atmosphere. Upon cooling to room
temperature, pH 6 phosphate buffer was added and the

product was extracted with methylene chloride. Drying,

_ ‘ \ , S
filtration and concentration delivered .a colorless oil.

\

.



I A
. cyclo[4 3 0]nonan 3,5-diene (126)

R . L : . i - | o . . NN
v . v .
- . - A - .
\ . . . . . B .

Flash chromatography of thls 011 (100% ether) afforded

\

.diol. 117 (14 5 mg, 65 3%) as a . colorless oil: 1H nmr (200

MHZ, CDC13) 5 5.30 (br.t, 18, 3= 8 Hz, —cno ), 3.86 (s,

l

“3m, -OCH3), 3\81 (d, 1H, J '8 Hz, —CHOH), 3. 6d (s, 1H,'

. =COH), 3.13 (br.q, 1Hf\g = 18 Hz,'—cuzc ), 2.61 (a; 1, g

= 8 Hz, ~CHOH),2.53 (d, 1H; J =18 Hz, -CH,Cj 2. 13 (m,
18); 1.74. (m, 3H), 1.57 (br.s, 3H, CH3C=), 1 25 (s, 9H,

(CH3)3C Sy and 1.18 (s, 3H,_—CH3) ' 13c nmr (50 3 MHz,

CDCl3) 5 178 48 174 83 139.58 126 27 92 81, 83.66,

3. 44 52 94 44 94 39. 69.38.87, 34 53, 27 15 25.52,
e
17. 23 and 14 91.~ FTIR (cac13 cast) 3600 3530 (on), 1720

(c=0) and 1399 em™ b (- butyl) ms M* 340.1886 (calcd. for

Ci8“2806‘ 330.1866};:&

, l . . . . \\\ .
(78*, 88*) 7 Carbonethoxy 7 8- dlhydroxy -4, 9 dlmethylbl-

/
' <~
N +

o Lt . ) ] » v . . 4..
To a solution*of~pivalate 117 (130 mg, 0.382 mmol) in

acetone (20 ml) was added_p;toluenesulfonlc ac1d hydrate

(73 mg, . 0 382\mmol) and the solutlon was heated at reflux

fOr 3 hr After coollng to amblent temperature, aqueous

sodlum blcarbonate was added and the solutlon was:

extracted w1th methylene chlorlde. The organic extracts -

were drled (Na2804), flltered and concentrated to give a@'

_,palewyellow oil. Chromatography of thls 011 over 5111ca5
: - : -~y
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‘gel (30% ether in chloroform) afForded dlene 126 (63 mg, ;ﬁ:
69%) as-a colorless oil: 1B nmr (200 MHz, CDCly) 6 5.66 -
‘gbr, 1H, cH3c=c§5), 5.29 (s, 1H;_~CH=), 4.06 (dn 1H, J = 8
Hz, -cng),‘3.8;-(s, 3H, ~OCH3), 3.54 (s, '1H, -OH), 2.67
(d, 18, J = 8 Hz, -CHOH), 2.24 (m, 2H), 1.86 (44, 1H, J =
16, J' = 4 Hz), 1.8l Eq,.3H *J = 2 Hz, CH3C=), 1.50 (m,
lH)-and~l 11 (s, 3H, -CH3) FTIR (CHCl; cast) 3440 (OH)
1733 (ester C=0), 1641 and 1614 enl (c=C). \ s mt

238.1208 (calcd. for.Cy3H;gOs: 238.1205).

(7S*,9R*)—7—Benzoyloxy—?—carbomethoxy—i,9-

: " . . N
dimethylbicyclo[4.3.0]nona-3,5-diene (139) -and (7S*,9R*)-

7;ben£oyloxy—?—carbomethoXy—4r9<

’

+

s

dimethylbicyclo[4.3.U]nona—2,4—diehé (140)

. 3
'
7/

ErToluenesulfonlc acid hydrate (786 mg, 4.136 mmol)
was added to a solutibn of ketone 132 (1.853 g, 4 136
mmol) in'acetone (130 ml) énd the solution was heated at -

reflux>for 3 hr. After cooling to room temperature,

»
-4

aqueous“sodium bicarbonate was added and the éolutién was
extracted with ﬁethylene chloride. Drying (Naéso452
filtration and concentration yiglded a yellow oil, which e

was purlfled by column chromatography over silica gel xy'

(100% CHZClz). In this fashlon, the mlxture of dienes 139,Q // """"" 7

| and 140 (1.056 g, 75%) was 1solated as a yellow oil which /

< . i
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crystallized on standingm ‘Recrystallization froh
petroleum ether ether afforded whlte crystals. m. p 117-
119° C. According to 14 nmr spectroscopy, the ratio of 139
to 140 was ca. 3. 5 to l The mlxture dlsplayed the
following spectral properties:‘ 14 nmr (406 MHz, CDQ13) 5
8.10 (da, J = 8, J' = 2sz), 8.08 (dd, 2Hntotal, J =28, J°
= 2 Hz_“)','7 62 (t, 1H4, J = 8 Hz), 7.48 (t, 2H: J = 8 Hz),
6.01 (s), 5. 86 (dd J =10, J' = 3 Hz), 5.85 (br.s), 5.73
(m, 2H total, =CH-),.3.89 (s), 3.88 (s, 3H total, -OCH3),
3.12 (4, 3 = 19 Hz), 2.58 (d, J = 19 Hz ), 2.37 (m), 1.92
(m, 4H total), 1.94 (br. s, 3H CH3C= ), 1.32 (s) and 1. 27'
"(s_, 3H total, ‘-CH3) . FTIR‘ (CHC13 cast) 1776 (ketone Cc= o),
1725 (esters c—o), 1630 1599, 75Q and ‘710 cm -1
(aromatlc) ‘ms M+ 340.1307 (calcd for C20H2005:
340.131l). ‘Anal. Calcd.'for_C2OH2005; C, 70.56; ﬁ,

5.93. TFound: C, 70.36; H, 6.02,
s ‘ .

(3R*, 75*,85*,9R*)-7-Carboxy-7,8-dihydroxy~-4, 9-dimethy1l=3—

pivaloyloxybiéytlob4.3.0]lnon-4-ene (118)

To a solution of diol 117 (2.1 g,'6.l76 fmol) in

;methanol (60 ml) were added lithium hydroxide hydrate (259

‘mg, 6.176 mmol) and water (5 ml). - The solution was heated
-at reflux for 13 min and then cooled to room temperature,

whereupon ether and'aqueous sodium carbonate were added.
. . . -
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‘The,aquedus layer was ext:aoted two more times with ¥
. ether. ‘The extracts Were discardeq: The aqueous solution
' A : a

was ac1d1f1ed with cont hydrochlorlc ac1d and extracted

w1th ethyl aceﬁate Drylng (Nazso4), flltratlon rand

".concentratlon ylelded a colorless 011 which Crystalllzed

92 standlng.' Trltpratlon with pétroleum-ether afforded
'+ acid 118 (1.1 g,‘ﬁp%);as a white amorphouéosoiid,

\ B ’ R , - '
homogeneous;on TLC. An”analytical»sample was prepared by

recrystalllzatlon from ether—petroleum ether: m.p. '130-
131°c. ' omp (200 Mz, (CD3)2COJ15.5.26 (br.t, 1H, J = 7

Hz, -CHO-), 4.75 (br, 1H, -OH), 3.78 (s, 1H, -CHO

)

(dm, 1H, J = 16 Hz, -GH,C=), 2.84 (br, 1H, -OH), 2y

: . i S
l1H, J = 16 Hz, —CH2C=), 2.04 (m, 1lH), 1.78 (d4dd4, 1H, J =

: : . ™~ ‘
12, J' = '3'.'5',' J" =3 Hz), 1.60 (m, 2H), ‘1.54 (br.s, 3H,
N S - " S
CH3C ) P l 2&[ 9H, (CH3 ) 3C") and l. 18 (S, 3H,

=CH3). *3C nmr (50.3 MHz, (CD3),CO) § 177.85, 175.30,

.141 36 125 31,.92.03, 83 45 73.74, 45.14 \@9 68 34 83,

’ﬂ27 '04,°25.93, 17.47 and 14.6%. FTIR (MeOh cast) 3800-1600

(OH), 1728 (ester C—O) and 1707 cm—l (a01d C=0). ms m/e

+ : .
_224\\945 (M w\$8; calcd. for C12H1604T 224.}049).
. _ . _ . .

“

(3R* 7S* 8s*, 9R*)-7,8- Dlhydroxy -4,9- dlmethyl 7—hydroxy-

‘methyl 3—p1valoyloxyblcyclo[4 3.0]Jnon-4-ene (123)

.v}é‘To'a solution of diol acid 118 (117 mg, 0.359 mmol)
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in THF (5 ml) under an’ argon atmosphere was added borane-"

methyl sulﬁ%?e complex (0 081 ml of neat llquld 0 8613

; \ o

mmol) at 0° C After 0. 5 hr tHe 1ce bath was removed

the solutlon was allowed to attaln amblent temperature

a

Nine. hours later 1N hydr0chlorlc ac1d ‘was added carefuliy,tf

then CH2C12 and the. two—phase system wa§ stlrred

-

v1gorously fbr 15 mln - The aqueous layer was extracted

once nore w1th methylene chlorlde and ponce w1th ethyl j
-,

acetate r§;ngj(Nast4)” flltratlon and‘solvent removal
gave a pale yellow SOlld Trltur tlon w1th hot ether ¥

afforded triol 123 (23 mg, 20 5%) as a whlte SOlld

-

homogeneous on TLC An analytlcal sample was preparedég*ﬁ

flash chromatography (100%'éther) m.p. 172 172 5 C 1H
; 4 o 5

nmr (200 MHz, DMSOedg)lé 5;18 (br.t, <1H, J 8 Hz, —CHO ),

1
3,

4.92 (4, 1H, J = 6 Hz, -OH), 4.42 (s, 1H, -OH), 4. 36 (t,

1H, J = 6 Hz, -OH), 3.48 (m, 3H), 2.56 Aoz, t,*1H, J = 16

“Hz, -CHpC3), 2.17 (d, 1H,”J = 186 Hz, -cnzc ), 1798 tmr~“;~

1H), 1. 66" (m, ‘1H), 1.52 (m,‘2H), 1.50 (br s,<3Hu CH3C )h
S 2

1.20 (s, 9H, «(CH3)3C- ) ‘and 0.96 (s, 34, —CH3) FTIR

184

.
'

(CHC13 cast) 3550 1500. (OH) and 1733 cm -1 (ester C= O) Hs_~

¥

H 294 1831)

m/e 294.f€27 (M, - l8; calcdv for C17H26O

0

6
R . ) - -..~' ey

K4

s e oy

o
%
;
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. St R
' \ --.f.-\.' - e oy . : ‘I%r 1’ . . R i _ ..
& ”&dR*' R*) 3 Carbomethoxymethyl =2, 4- dlmethyl 4 formyl l—
E;Valoyloxycyclohex ~2- ene (124) e )
MR . ! ‘P" , :

o

‘ethanol (O 5 ml) was added a solutlon of perlodlc ac1d -

K28 5 mgpgo 125 mmol) in water (0 3 ml). = The miXture was

-uﬁgg“stlrred at room temperature for 10, mln.- Water was added
'r'{V and the product was extracted w1th nethylene chlorlde. )
- RN s '

B ,The organlc extracts were washed Wlth water, drled

(Na2804), flltered and concentratédsto prov1de an almost

Jﬁ;Tq a solutlon of trlol 123 (13 mg,‘O 042 mmol) 1nklj“A

'colorlessxdll,thlch was purlfled by column chromatography

LIRS t .
, over,5111ca gel (10% ether in methylene Chlorlde) to
¢ J hdeliver‘aldehyde4124 (8 mg, 62%) as a colorless 01l- ;;H_“

“nmr (200 MH? CDC13) § 9.44 (s, 1H, -CHO), 5.26 (m, 1H,

~CHO- ), 3.68 (s, 3H,'¢OCH33, 3.14 (4, '1H“ J = 17:Hz,"|
- ~CH,C0-), 3foo (4, 1H, J = 17 Hz, -CH,CO- ), 1.87 (m, 2H),

L.71 (m, 2H). 1.7Q (br.s. 3H, CHyC=) and 1.24 (s, 12H“

=

—CH3) FTIR, (cnc13 cast)~;123 en™l’ (c=0).. ms m/erh,m
y ,‘1' .
'282 1818 (M* - 28; calcd. for C16H2604: 282.1831). |

R . . v N ) : . o

oy ‘ e o .



s ' s o ,,;'-_
(3R* 7s* 9s* lOR*)-4 10 Dlmethyl -8, 12- dlixa 7—hydroxy 3—_f I

p1valoy10xytr1oyc;o[7 2. 1. 05 10]dodec—4 -en-— 11 one (119)

and (3R* 75*, %ﬁ: lOR*) 3- benzyloxy 4 10 drmethyl -8, 12—

‘.'wheated at reflux for 15 mln.r After COOllng to 0 C;
‘t..and extracted W1th ethyl acetate.;vThe extracts ‘were 5.

“hAS% methanol in ohloroform) furn1shed;

dloxa 7-hydroxytr1cyclo[7 2. L 05 lO]dodec 4-en-11- one

- -

(147)

v R

thhlum hydrox1de hydrate (6 6 mg, 0. 157 mmol) and ‘“.Je‘

_water (0 4 ml) were added to a solutlon of lel 117 (53 4

0 157 mmol) in methanol (2 ml) ‘and the solutlon .was

? ' .!' coT il

~perlod1c ac1d (143 mg, 0. 628 mmol) waszadded 1n one

' ﬂfportlon After 15 m1n the mlxture was dlluted w1th water g

[ SR : ")"2

R T ‘(} . . C
: washed wlth water, drled (Na2804),'f11tered and;f'é‘
‘concenbrated to a pale yellow oil.r Flash chromatography ,-f}

N

'5fa86%) ‘asa colorless 0114 lH nmr (200 MHz‘ CDC13) & 5 31

4

?QCH3c ),_1 32 (s,_3H, —CH3) and 1.22 (s 9H, ;! " )

%lH,A-CH(O)z), 5 23 gbr t, 1H, J = s.ﬁz,w-CHo ), 2. 87

.(d lH, J = 14 Hz, —CHzp ), 2. 59 (br 4, lH J = 14 Hz,.

'-cﬁzc ),,2 14 (m, 1H), 1. 80-1.40 (m, 3H)‘ 1.57 (br s, §3H,

133.97, 129.37, 105.33, 98.095~72.79 39 05 38 89 33 18,

28.45, 27.14, 24.18, 21.08 and 14.28. ir (neat) 3400

- . 2 .
.ol

(OH), 1800 (lactone.C=O) and 1 . C -1 (ester“C O) ms: Mt
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;1324;1576£%ba1ca. for C17H2406 324.1573). 1In an I

anal@gous fasﬁlon, lel ac1d 141 gave 147 (99%) as a
o w0 . ,gj .
'colorless°unstable 011~ lH nmr (400 MHz, CDCl3) 5 7 33

. 2
(m, -5H), 5 30 (s, 1H, —CHOCO ), 4.64 (du 18, J =»l2in,

o L

uﬁ;;—CHZOf)(‘4§SQ.(d, M, § = 12 iz, —cnzo ), 3. 90 (br. . 1H,J':
f_Jlé{s Hg)';cngRﬁi 3.90 (br,_lﬁ --oa),wz.se (@, 41,73’ = 16 &
“He, —caécég,"z 57 (br.d, 1H, & = 16 Hz, =CH,C=); 2.19 (m,
1H),‘ﬂ“77 (m, ‘1K), 1.70 (s, 3H, cagce), 1.64 (dad, 1H, J = o
;15,tJ"=“13 Jg" =3 Hiﬁ 1.48 (add# 18,3 = 13, J' = 3.5,
gt =75 Hz ), and 1 .30 (s, 3H, -CHz). 13c'nmr’%5073 Miz,
cpCly) 6171, i// {38. 23, 136.27, 128.94, 127.94,. 127.74,

12];37, 105¢66, 97;5@, 77% 00 70. 82 38. 95, 32.84, 28. 56;
' * X R_ . ';‘. - . .
/24.00, .21.25 and 14.79. FTIR. (CHC13 cast) 3360 (oH), .

o g g .
3080, 3055, 3030R(arqmat;c), 1802 (lactone C=O), 732 and

'f696»cm 1 (aromatlc) mg M* 330,1475 (calcd. for

CioHpp0ss 330.3467). . T 2

"(3R*ﬁ7S;LBS*;9Rf)—3—Benzyldxy—7—c5rboxy-7,EFdinydrbxxf4,9—

dimethylbicyclo[4.3.0)non-4-ene (141)

Sodium methoxide (472 mg, 8.73 mmol) was added to a

soidtipn‘bfgalcohol:137 (131 mg, 0.291 mmol) -in methanol
. : . # ' :
(3 ml). The mixture was heated at' reflux for 5 min under
~an a:gon'atmosphere. Kfter cooling to room temperature

. ) ) i -
water was added and the solution was extracted two times
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-

Qiih ether. The.extraéts were discardé@. The aqhecus
soiﬂtién yaé—theh-acidified to pH' 1 with conc. |
hYdrochloricxacid at b°C and then was extraéted with eﬁhyl‘_
acetate. Dryingt filtration and'sbivgﬁt teﬁanl'dél@yeFed'
a'white soiid.ﬁ‘TrituratiOn with petroleum ether,yielded

. . ‘ .
acid 141 (60 mg, 64%) as a white microcrystalline solid,

homogeneous ohf LC._,RecryStalxiZatibn»from petroleum

.elher—acetone—e£h>r afforded an analytical sample: m.p.

138°C. lH nmr (400 MHz, (CD3),CO) § 7.38 (d, 2H, J = 8
Hz), 7.34 (t{léH, q = 8 Hz), 7.26 (t,‘lH, J =8 Hz),'4;§4
(d, 1H, J =12 Hz, -CHyO0-)§ 4.50 (4, 1H, J = 12 Hz, s
écﬁzo—); 3.98 (br.t, 1H, J = 7.5 Hz,.+CHO—), 3.76 (s, 1é,
~CHOH),3.21 (br.d, 1H, J = 16 Hz, -CHyC=), 2.84 (br, IH,

_OH), 2.45 (4, 1H, J = 16 Hz, —CH,C=), 2.14 (m, 1H), 1.77
(m, 2H), 1.64 (br.s, 3H, CHyC=), 1.42 (dd}‘lh, J =16, 3"
= 15 Hz) and 1.14 (s, 3H,1;CH3)- 13¢ nmr (100.6 MHz,

, 140.48, 139.98, 126.85, 128.26,

&
128.11, 127.86,‘92%54q 83.69, 78.94, 70.44, 45.48, 39.99,

(?D3)2CO) 8 175.56

35.39, 26.18, 17.84 and 15.36: FTIR (MeOH cast) 3600-2000 =
(oH), 1712 (acid C=Q),‘738 and 700 cm~! (aromatic). ms

~m/e 224.1052 (M* - 108: calcd. for cypH 6041 224.1049).
Anal. Calcd. for CygH5,40g5: C, 68.64; H, 7.28. Found: C,

68.72; H, 7.35.
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(BR*,78*,9R*)47—Benzoyloxy—3-benZylogy—4,9~dimethy147— ’

'suspénéionfwas cooled -in an 'ice bath. A solution of
ketone 129 (6.76 g, 25.037 mmol) in S,S'-dimethyl

.dithiocarbonate (7.64 g, 62.62 mmol) and HMPA (8 ml) was

thiomethoxycarbonjibigycI6L4.3.0]hon~4—en—8—one (150)

.0

-

N "r"‘
e

. Potassium hydride (8.14 g of a 24% dispersion ig oil,
, | ’ T
50..07 mmol) was rinsed four times with petroleum ether

‘under’ an argon atmosphere. HMPA (10 ml) was added and the

o '

injected slowly £hrough a rubber septum. The»mixture‘was
permitted to attain ambient temperature and was agitated 3
hr é%ereafter, whereubon_it.was painstakingly'neuﬁrélized

with agueous oxalic acid. The aqueous solution was
. _ ' >

extracted four times with ether. The ether extracts weres
back-washed four times with water. Drying (CaClz),
N N -

filtration and concentration furnished an orange oil.

Toluene (250 ml) was added and distilled in vacuo. This
o N
process was repeated one more time. Potassium hydride

(8.14 g of a 24% disperson in 0il, 5Q.07 mmol) was rinsed
¢ : ’
four times with petroleum ether under an argon

atmospheré{' DME (30 ml) was added and the susperrsion was

v

cooled to 0°C. . Benéoyl péroxide (9.09.g,t37.55 mmol) was,

added: A solution of the above orange oil in DME- (45 ml)
was added slowly. The flask was evacuated and refil}ed

with argon. This process was repeated once more. The ice

189



bath was removed and the reactioh allowed to proceed .at-

1

room temperature for 16 hr.: After cooling to 0°C,

solid

" sodium iodide was added in smail portions. Excess base

was neutrallzed w1th aqueous oxallc ac1d and the go

lution

‘'was extracted with ether. The ether extracts were washed

N

190

-'ogce'with_aqueous sodium thiosulfate “and once with a¥ueous

sodium bicarbonate. Drying (CaC12), filtration and

concentration gavé*a pale orange oil, which was pur

ified

. ‘ T _ a
by column chromatography over 5111ca gé;; Elution with

15% ethyl acetate in petroleum ‘ether afforded 6. 2 g
pale yellow 011 whlch accordlng to 1H nmr analy51s
: contalned 40% of ketone 129. The.yield of 150- was
vbased on the 60% of 6.2 g of product obtalned ~In

soccasion, when working on a very small scale, compi
‘consumptlon of the startkhg material was observed a

uct isolated dlsplayed the follow1ng spectral

14 nmr (400 -MHz, CD2C12) 5 8206 (aa, 20, J =
P 1z), 7.63 (ddd, 1H, J = 8, J' = 8,.J" = 2 Hz),
(t, 2H, J = 8 Hz), 7.31 (m, 5H), 4.65 (d, 1H, J =1

-CH,0-), 4.50 (&, 1H, J = 12 Hz, -CH,0-), 4.04 (br,

_cHO-), 3.58 (br.d, 1H, J = 16 Hz, -CH,C=), 2.96 (d,

= 16 Hz, -CH,C=), 2.38 (s, 3H, -SCH3), 2.28 (m, 1H),

(m, 3H), 1.65 (br s, 3H, CH3C y.and 1.31 (s, 3H,

of a
‘50% -
one
ete
nd the
8, J°'
7.49
é-Hz,
1H,
18,

1.88

=GH3). 13¢ nmr (100 6 Miz, CDCly) 6 209. 65, 198.58,

o
/

J

[
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164.10, 138.89,’ 136.02, 133.83, .37, 130,27, 128.56,

128.50, 128.44, 128.34, 128.26, 127.85, 127.76, 127.52,
£ 90.09, 78.00, 70.38,.50.06) 37361,'29.83,h£5,§q, 21. 86,
15.i7.and 12.02. FTiR7(CHc13vc$sf)'3083, 3060, 3033
(aroﬁet;c), l752‘(ketone c=0}, 1725‘(ester_C=O), 1675.
(thioeSter C=0), 736 and 710 cm™! (aromatic). ms M¥

1 464.1655 (cdlcd. for CpqH,gSO5: 464.1657). -

3(3R* 7R*,8S*, 9R*) -3~ Benzyloxy 7 8 dlhydroxy -4,9- dlmethyl—
/

7~ hydroxymethylb1cyclo[4 3 OJnon -4~ —ene monobenzoate (153),

(154) and (155) ; I L :
To a eolption of thioester 150 (3.367 g containing

"28% of ketone 129) in absolute ethanol (50 ml) was added

- solid sodium oorohydride'(S.Sl g,‘0}145 mol)’at 0°C. The

ice bath wae remoVed and the sospension allowed to reach’

rooni temperature dnd.wes agltated two hours~thereafter

. The contents of the flask were poured onto ice and ‘ "

ac1d1f1ed‘w1th conc. hydrochlorlc acmd untll bubbllng

foeased; The solution was extracted with ethfl acetate.

) Drying (Ne2504), filtratdon and concentration éave an

almost colorless oil; Column chrometography over silica

gel, eluting with 2% ether in methylene chloride afforded

" alcohol 152 (935 mg). Further elution with 20% ether im~

- methylene chloride furnished a mixture.of diocl benzoates



153, 154 and 155 (1.183 g,’ 53% based on the 72% of
thioester pfesent at:the'onset) asfa;éolorleSS‘oil:r 1y

nmr’ (200 MHz, cpcly) & B.07 and 7.45"(m, .10H). FTIR

(caycly dast) 3435 (OH), 1718, 1700 (ester C=0), 730, <710 .

and 695 cm-l (aromatic). ms M¥ 422.2087 (calcd: for

N
»

(3R* 7R*,88* ,9R*)-3— Benzyloxy -7, 8 dlhydroxy—4 9- dlmethyl—

'7—hydroxymethylb1cyclo[4 3. 0]non—4 —ene (138)

The mixture of dlol"benéoates 153, 154 and‘155 (40~
mg, O. 095 mmol) was dlssolved in, methanol (2 ml) in a 25
ml erlenmeyer flask. Water (l ml) and llthlum hydrox1de
hydrate (30 .mg, 0,71 mmol) were added. The m;}tqre was
heatedroh’a hgt p1ate to the 5oiliﬁg,po£Pt for.2 min.
Aftef codiing to room tembe:athre, watef'was'qdded anéd the.
solution wéé extracted with ethyl acetate. - Drying
(Na28¢4), filtration and solvent removal affqrdéd.a pale
yellow solid. Trituration with petroleum ether furnished
triol 138‘(28'mg) 93%) as é'white séiid, homogeneous on
TLC. An analytlcal sample was pneparqd by |
.recrystalllzatlén from ether-methylene chlorlde at- : N
~20° C: ‘m.p. 129.5° c. lu nmr (4OO‘MHz,.(CD3)2CO) 5735
(d, 28, 3 = 8'Hz),;7.34j(t,j2h,'J ='8 Hz), 7.27 (t, 1H, J

= 8 Hz), 4.63 (d, 1H, J = 12 Hz, -CH,0-), 4.49 (4, 1H, J =
, T . '



193, -

. .ol
o - ¥
.

12 Hz, -CH,0-), 3.96 (br.t, IH, J -8 Hz, . -CHO-), 3.75 .(m,
,13H),,3 59'(@, lH,'J'; 10 M2, 2. 83 (s, - 1H, —Oﬁ);AZ.BO (ad,
;;;_1H 3 17'J“”— 1-H¢, —OH),.2 48 (br. d lH,dJ = 17 Hz,

» -cazc ), 2. 29 (a, 18, 3.= 17 Hz, -CH,C=), 2.11 (m, 1H),

Z
&F

= 3.6 Hz),.l.?l (m,

3

, 1. 78 (aga, 1H, 3 13 J'-—43;6, I
‘lH), 1. 62 (br.s, 3H; CHyC=), 1.41 (ddd 1H, -J ='14 g =
»13- J" =.2.5 Hz) ‘and 1.04 (s, 3H, ~CH ) 13c nmr (100.6" »x\

MHz, CD3OD) 5 141.09,.'140.16, 129.27, 128. 95, 128.53,

N

128,02, . 92 03 81.26, 79 77,071 27 68,78,”45§9l,‘39.23;

a

35.76,'26.58L,18.54 and '15.54. FTIR-(MedH cast) 3360-

(OH), 3080, 3056, 3022, 733 and 697 cm™!. (aromatlc) ms

M* 318.1830 (caled. for c19H26o4.” 318. 1831) ' Anal.
. .calcd for C19H26O4' v 71 66 %} 8'%31 Focnd: c,

<

- 71.%0; H, 8.19.. . .

Q

(3R* 10R*) - 3 Benzyloxy—4 lO dlmethyl 9—hydroxy~8 —oxabi-

c1clo[4 4.,0]dec~4-en- 7= one (148)

N

Yo g . W N :
e -, AsBolution. of triol 138 (190 mg, 0.597 mmol) in °

% acetone (10 mI):Qas cooled to 0°C. 'Periodic acid.(681 mg,
{2 99 mmol) was dissolved in water (S ml).and -added rapldlyﬁ_
to-the trlol solutlon. Ten. minutes later the‘;ce bath wae

B removed and the solutlon permltted to reach ambient
”temperatire and.was agltated l hr thereafter. Water wae

addeﬁ and the product was extracted w1;h ethyl acetate , el

& . . . IR

” : .
£l e e

)



The organic egtrac%s’wgre yashed.Oncg with water, dried.
(Na2504)" filgeredvénd‘concehtrated tb an oil. Column

Chromatograpéy of'th#S'bii:over.éilica ged, elﬁtihg'with
.25% ether in ﬁgth&iehe chlor?dé gaVé 1aétol.148 (107‘mg;
60%) as an éimoét_colérléés oil: 1H nmr (400 MHé} CDClgy)

§ 942 (s, -CHO), 7.25 (m, SH), 5.16, 5.14 (s, 1H total,

- ~CHOH), 4aé7 (m,‘lH,,—CHéo-). 4.49 (m, 1H, -CH,0-), 4.02

AT

= 4 Hz, -CHO-), 3.37 (4, J = 22 Hz), 3.25 (d, J = 22 Hz),

3. 09 (a, J = 18 HZ), 3 04 (d 2H total J = 18 Hz,

—CHZC ), 1.77 (s),‘l 67 (s, 3H total CHzC= ) 1.24 (s)5 o

1.14 (s) and 0.96 (s, 3H total, -CH3). FTIR (CH2C12 cast)

3360 (OH), '3085, 3070, 3038 (aromatic), 1729 (C=0), 746
and 704 cm™}!’(aromatic). ms mt 302.1526 (calcd. for .

CigHpp04: 302.1518).

(3R* 9R*, 10RY*) - 3 Benzyloxy—4 10- dlmethyl -9-(3-furyl)-8-

oxab1cyclo[4 4.0]dec-4- en—? one (157)

‘g-Bromofuran (0;14 mlfl1.557 mmol) was dissolved in
ether (2.5 ml) at -78°C under an atmosphere of argon. A

vsolutloi of thbutylllthlum ln pentane (l 11 M, 1.1 ml,

'l.ZZSWQth) was added rapldly and the yellow solution“was
A ‘ | R R '
stirred for forty minutes.: - Dry HMPA (0:052 ml, 0.298

mmol) was also injécted and after tehfmin a solution of

(br.t, 8 Hz), 3.95 (br.t, J = 8 Hz), 3.797(t, 1H total, J

194



t
g b

i . : a . . " L
~ lactol 148 (29.8 mg, 0.099 mmol)'in ether (2 ml) was added
dropwise via syringe.  The yYellowish suspension was then

warmed up to room temperature’and was stirred five hr
: ‘\,‘. \ .

thereafter. The mixture was .neutralized with 1N

hydrochloriCIACLd‘qtv—78°t.’.Wéter'ﬁas’then added and ‘the

s e, P . L . ' ‘- ’
» solution was extracted two times with ether and two times .

.with methylene c¢chloride. Drying (Né;sb4), filtration and
solvent evaporation yielded an orange brown oil.‘ Flash
\chromatoéfaphy'of:this oil, eluting with lok,éthef in;
methylene chiofide}fbrbvided furyl lactone 157 (15 mg,

43%)‘as a yellow-orange o0il, homogeneous on TLC: ;H nmr

195

[C

(200 MHz, CDCl3) 5°7.45 (dd, 1H, J = 2, J' = 1 Hz, =CHO-), .
7.42 (dd, 1H, J = 2, J' = 2 Hz, =CHO=), 7.35 (m, 5H), 6.41
(dd; 1H, J = 2, J' = 1 Hz, -OCH=CH-), 4.99 (s, 1H,

-CHOCO-), 4.64 (d, 1H, J = 11.5 Hz, -CH,0-), 4.50 (d, 1H,

J = 11.5 Hz, -CH,0-), 3.91 (br.t, 1H, J = 8 Hz, -CHOCH, ),

3.43 (br.d, 1H, J = 20 Hz, -CH,C=), 3.36 (br.d, 1lH, J = 20

Hz, -CH,C=), 2.15 (m, 1K), 1.76 (m, 1H), 1.70 (d, 3H, J =
1.5 Hz, CHC=), 1.37 (m, 2H) and 1.10 (&, 3H, -cHg). . 13C
nmr (100.6 MHz, CDCly) § 170128, 142.97, 141.05, 138.53,
130.51, 130.24, 126.42, 127.83, 127.70, 120.25, 109.91,

81.57, 70.70, 38.41, 33.00, 30.65, 24.17, 17.06 and
14.66. FTIR (cacig'cast) 3135 (furan), 3080, 3054, 3022

(aromatic), 1741 (lactone C=0), 735 and 700 cm~ !

,

R
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'(éromat;c). ms M+‘352.¥678 (calcdf for C22H24O4:
352.1675). " - | ‘

'(QR*;ldR*)—4,lO—Dimethy1—9—(3-furyl)—8—oxabi%yclo—‘

'uE4.4f0]deca:3;S;diéﬁe—ﬁ—one (63)

Potassium hydride (123 mg of a 35% disperéion in oil,
:1.078 ﬁ;ol) was rin;ed,yith three'portiohs of‘petroléum :
. ether under an érgon atmosphere. . DME (1 ml) and t-butanol
(1 ml) were added at 0°C. After'lvmin, a solution of
lactone 157\(19“mg,‘9.054 mmol) in DME (1 ml) was added
rapidly. Half‘anbhoqr latér 1N h&droéhloric acid was-

o e, v \
added until the color faded to palée yellow. . The solution

BN

_was extracted with ether. Drying (Na,S0O4), ‘filtration and

{
{

concentration gave an orange oil. Flash chromatography of

this material eluting with 25% ethyl acetate in petroleum
. N/,

= : i

crystallized. Trituration with hot petroleum_etherigpher

ether.delivered a Pale yéllow 0il which s5on
(9:1) gave dieﬁe'iacténe 63‘(16.8;mg;j§2%) as white

' crystals: m.p. 139°C. lH ﬁmr (400 MHz, CDC13)i5;7.50
(dd, 1H, J =2, J' =1 Hz, =CHO-), 7.44 (a4, 1H, J = 1.7,
J' = 1.7 Hz, =CHO-), 6.48 (d4, 14, J = 1.9, J' = 0.9‘ﬁ£,
-GCH=CH-), 6.16 (br.t, 1H, J = 4 Hz, CH3G=CH-), 5.86 (s,
'iﬁ, =CHCO-) " 5.'14 (s, 1H, -CHO-), 2.29 v_(m,' 2H, -CH,CH=),
1.90 (q, 3H, J = i.?;Hz,;éH3C=), 1.48‘(m; JH, -CCHy-) and

’



1.04 (s, 3H, -CH3). 13¢ nmr (100.6 MHz, CDClj) & 159.86,
‘142.90, 141.16, 136.04, 135.94, 129.44, 110.29, 110.11,

80.82, 37.35, 30.13, 22.24, 18.99 and 16.05. FTIR (CH,Cl,

castﬂ 3145, 3120 (furan) and 1701 cm™ 1 . (lactone C=O).’\ms

M*¥ 244.1096 (calcd. for CygH)gO3: 244.1099).

(3R*,4S*,5R*,9R*, 10R*)~3~Benzyloxy-4,10-dimethyl-4,5-

epoxy-9-(3-furyl)-8-oxabicycld[4.4.0)decan-7-one (158)

To a sQlution'of,lactone 1575(74'm§,»0.21 mhol).in
chlorcform (15“p1) was addéd'soiid EEChléroperbenzoic acid
(364 mg of 80% acid, 1.68 mmoi) in one ?ortibh. ‘The . |
solution was stirééd‘at roém temperature for 75 min under
an argbn‘atmOSphére, The éﬁlpfoform‘solution was then
washed with agueous sodium bisuifite,'once with agueous
sodium carbonate, dried (Na,SO4) and concentrated to give
a yellow oil.v This-éil was redissolved in Chloroform 115
ml) and treated agaiﬁ Qith MCPBA (182 mg of BU% acia,'0.84
mmol) at room temperature for 2 hr'undér an argonk

. <
atmosphére. Isolaglon of the product as descrlibed above
géve a yellow oil. This materiél was subjected one more

. time to thé treatient with MCPBA (}§2 mg of 80% acid, 0.84
mmdL) for\2 hr. 1In this way‘é paie.yellow'oil was

\dbtained which was purified by flash chromatography.

Elution with 20% ether in methylene chloride‘fUrniShed

N



»

‘epoxide 158 (38.5 mg, 50%) as a very paie*yéllow oil.

Approx1mately 12% of startlng olefin was dlscernlble 1n

the 1H nmr spectrum: lH nmr (400 MHz,

1H, J = 2, J' = 1 Hz, =CHO-), 7.51 (dd,
1.8 Hz, =CHO-), 7.45 (m, 5H), 6.47-(dd,

0.9 Hz, -OCH=CH-), 5.42 (s, 1H, —-CHOCO-

CDC13) 5 7.53 (aa,

1H, J = 1;8, J' =
A \

), 4.72 (4, 1H, J

12 Hz, -CH,0-), 4.59 (4, 1lH, J =12 Hz, -CH0-), 3.67 (¢,

~

I, J = 8.7 Hz, -CHO- ). 3.20 (4, H, J

2.63 (4, 1H, J = 20 Hz,.—CHZCO -), 2:04

= 20 Hz, -CH,CO-),

(m, lH)l l 46 (sl

34, —CH3), 1.40 (m, 3H) and 1. 18 (s, 3H, -CH3).’ FTIR

‘(CH2C12 cast) 3140 (furan), 3085, 3065, 3035 (aromatic),

1742 (lactone c=0), 740 and 700 em™ 1 (aromatlc) " ms m/e

272.1393 (M+ - 96; calcd. for C17H2OO3:

,272.1412).

1H, J = 1.9, J' =

(3R*,4R*,9R*,le*)—3—Benzyloxy—4,lO—dimethyI—9—(3-furyl);

4—hydreXy¥8-oxabicyclo[4.4.O]dec—5—en—74one (159)

Potassium hydrlde (8 small drops of ‘a 35% dlsper51on

in 0il) was rinsed four tlmes with petroleum ether under

'
I
!

'-an argon atmosphere. DME (1

1) and - ~butanol (0.5 ml)

were added at 0°C: ~When dis olutlon was complete, a

.

ml) was added rapidly. After 15 minf

6 M hydrochloric

acid was added until the'cglor faded to pale yellow. The

- product was then extracted w1th ether.

Drying (Na2804),

solution of epoxylactone 158/ (40 mg, 0.109 mmol) in DME (2

’



flltrat on and solvent removal dellvered a yellow 011.

This m terlal was purlfled by flash- chromatography

Bl 4K N

vElutlon with 4% ether in methylene chlorlde afforded a
small amount of dlene lactone 63 (ca 1-2 my). Further
utlon w1th 25% ether in methylene chloride furnished

allylrc alcohol 159 (26 mg; 65%)'as an almost colorless
oil: 'H nmr (400 MHe, CDC13) &'%.54 (ad, W, J = 2, J'
1 Hz, =CHO-), 7.48 (dd, 1H, J = 1. 8 J' = 1.8 Hz, =CHO-)

7.40 (m, 5H), 6.49 (s, 1H, CH&ﬁp), 6. 46 (aa, 1H, J = 1.

3

J' = 0.9 Hez, ~OCH=CH-), 5.08 (s, lH,?—CHOCO—), 4.80 (4,

3
,‘ N

1H, J = 12 Hz, -CH,0-), 4.62 (a, 1n, - =12 He, ~CHZ0- ),

3.45 (dd, 1H, J = 12, J' = 4 Hz, -cao ), 2.42 (s, 1H,

-OH),-2.06 (m, 1H), 1.54 (m, 2H), 1.49‘(5, 3H, -CH3), 1.36

(ddd, 1H, J = 14, J' = 14, J" = 4 Hz) and:1.16 (s, 3H,

14

9,

~CH3). FTIR (CH,Cl, cast) 3440 (OH), 3140 (furan), 3085,

3065, 3035 (aromatic), 1720 (lactone C=0), 740 and 701
T 4 - “a

cn~l (aromatic). ms M* 368.1619 (calcd. for CyoHy 405z
368.1624). |

3

(3R*,9R*,10R*)~-3-Benzyloxy-4-exomethylene-9- (3-fugyl)-10-

'methyl—BeoxabiCYClo[4.4.0]dec-5ien-7—ohe (160) .

To a solution of alcohol 159 (26 mg, 0.071 mmol) in

199

pyridine (1.7 ml) at 0°C was added thionyl chloride (0.052c,>

- ml, 0.71 mmol) under an argon atmosphere. After l.hr‘the'



-
solvent was‘:emdved under high vacuum at ca. 5°C and the

semisolid residue was partitioned between agqueocus sodium

bicarbonate and methylene chloride. The ‘aqueous solution .

‘Qas further extracted ‘two more times'with methylenev
chloride. The organic extracté were washed once Qith
AQerus cupric suifate, dried (Na2504), filtered,ahd
cohcentratéd_to'giye a yellow oil, which wés purified by
flash chromatography.’ Elution wiéh 20% ethyl acétqte in
petroleum ether delivered the_959 isomer 160 (7.5 ﬁg, 30%)
as an.almost colorless oil. Furﬁher'elutiqn with 30%
ethyl écetate‘in petro}euﬁ'etber furnished the Sgég_igomer
,16lu(4 mg, 16%) as a colorless oil. fThé_ng_isOmé@@

displayed the following spectral properties: 1y nmr (200

200 -

MHz, CDClz) & 7.50 (dd, lH, J = 2, J' = 1 Hz, =CHO-), 7.44, .
(@4d, 1H, J = 1.6, J' = 1.6 Hz, =CHO-), 7.38 (m, SH), 6.45
(da, 1H, J = 2, J' = 1 Hz, -OCH=CH-), 6706 (s, 1H,

=CHCO-), 5.60 (t, 1H, J = 2 Hz,. H,C=), 5.47 (t, 1H, J =2

Hz, H,C=), 5.12 (s, 1H, -CHOCO-), 4.70 (s, 2H, =-CHy0-),

3.95 (m, lH,‘-CHO—)} 2.17 (m, 1H), 1.60 (m, 3H) and 1.05
(s, 3H, —¢H3). FTIR.(CH2C12 cast) 3130 (furan), 3085,
30%0, 3033 (aromatic), 1719 (lactone Cﬁb), 733 and 695
cem™1 (aromatic). ns m/e 320.1468 (Mt - 30; calcd. for
c21H2003Q 320.1412). For the gggg_isomeéz 14 nmr (200

. MHz, cDCl3) & 7.48 (br.s, 1H, =CHO-), 7.43 (t, 1H, J = 2

w g
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Hz, =CHO-), 7.36 (m, 5H), 6.45 (dd, 1H, J = 3, J' = 2 He,
- QOCH=CE‘—), 5.72 (s, .lH, %CHco'-)_,‘ 5.08 ‘(s," lH -CHOCO-),
5.06 (s, 24, ;CHZO—),sl.é7 (t, 3&, J =1.5 Hz, CH3C=)_and
©1.00 (s, 3H$fecﬁg). ” |

i

:Methyl (2R,3R)-3-t-butoxycarbonylmethyl-5-oxo-2,4,4-

trimethylhexanoate (167)

_.To a solutionlof acid 29 (255'mg, 1.045 mmol) in
benzene (15 ml) were added oxalyl chlgfide (2.5 m1) and
dimethylformamidé (3 droéS). The solution was immé;sed in .
a watér bath maintéined at_gg;_45°c;  Aftér 1.5 hr, the
solvent Wére rémov;d ig_vach.A Benzene was addéd to the
residue Jand distilled under the.water aspiratof. Thg ”T?
residue was diésgiygd in pyridine (1.5 ml) and iﬁpuﬁaﬁél

(0.7 ml). A few crystals of DMAP were added and the

solqﬁion was stirred at room temperature for 14 hr. The

solvents were distilled under vacuum and the residue was -

partipionéd between water and ether. Thezaqueousilayer_
was exﬁracted two more .times wiph'eﬁhef., fhe organic
extracts were washgd'two times with aqueous#éuﬁricn
sulfate, énce‘w;th agueous sodium‘bicarbonéte; dried

(Nazso4), filtered and cqncent:ated to a yellow oil.

5Flash chromatography (5% ether in methylene chloride)



.afforded compound 167 (168 mg, 54%) as a colorléss oil:
[alp?3 = 25.6° (c = 1.78, CH,Cl,). A nmr (200 Miz,
CDCl3) & 3.69 (s, 3H, -OCH3), 3.02 (at, 1H,J =8, J' = 5
Hz, -CH,CH-), 2.48 (dq, 1lH, J =“5, J' = 7'£31z7 CH3CH-),
S2.287(ad, 1H, J =16, J' = 8 Hz, -CH,CO-), 2.24 (s, 3H,
CH3CO-), 2.15 (dd, 1H, J = 16, J' =5 Hz, ~CH,CO-), 1.45
(s, oH, (CH3)3C-), 1.11 (d, 3H, J = 7 Hz, CH3CH¥) and 1.08

‘e

(s, 31, -CHz). '3c mmr (50.3 MHz, cDCly) § 212.84, -

'176.28, 171.99, 80.64, 51.77, 41.35, 39.51, 33.43, 28.32,

. . - e . B . 2]
‘27r96,'25.07, 22.19, 21:.21 and, 13.89. FTIR (CH2C12 cast)
1732 (esters C=0) and 1705 cm™! (ketone c=0). o Mt

30.1943 (calcd. for CpgH,gOs:i 300.1937).

J- ”

(4R,5R)—BﬁE;Butoxycarbonylmethyl—4,6,6—trimethylcyclo

hexane-1,3-dione (166)

’ |
Lithium t-butoxide (28 mg, 0.35 mmol) was added to a

solution of diester 167 (35 mg, 0.117 mmol) in DME,(Q

ml). Thé susgenslég\wgs heated at reflux fdr © hr undgf
an arébn atﬁgé;heré.L Tgén more lithiumlzjbutoxide.(IS g,
0.187 mmol) ‘was added and refluxing‘continued for another
1;5 hr. After cooling to room temperature, ice andllN

hydrochloric acid were added. The aqueous solution was

extracted two times with ether and once with methylene
‘ s
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v
chloride. Thé‘organic extractS'were.combined driea
(Na2804), flltered and concentrated to’a pale yellow
oil. Purlflcatlon of thls 011 by flash chromatography,
.using_3% methanol in methylene Chlif;de affor@ed 11 mg
(31%) of sﬁarping‘materiél. C&néinued élution with the

same solvent system delivered aiqféﬁIGG (18.7:ﬁg,‘87.4% at
69% convéréion) as a colorle%s oil which‘SOOn |
crystallized5 Tritﬁration with petroleﬁm ether gaQe an’
analytical sample: m.p. l40°¢w La]D23 = -11.5° (c ='
1.245, CH,Cl,). M nmr (200 MHz, CDCly) § 3.52 (d, iH, J
= 16 Hz, -COCH,CO-), 3.47 (4, 1H, J = 16 Hz, —COGH,CO-),
2.47 (m, 2H), 2.27 (44, 1H, J =6, J' =1.5 Hz, -CH,CO,-),

2.19 (44, 1H, J = 6, J' = 2.5 Hz»»—CHzco2 ), 1.46 (s, 9H,

Il

(CH5)3C-), 1.21'(6; 3H, J 7 Hz, - CH3CH- ),,1 19 (s, 3H,
—-CH3) ahd.l.ld (s, 3H, -CH3). FTIR (CHClj3 cast) 34QO—1800
(p-diketone)’, 1727 (ester C=0) aéd 1640;&500 em™ 1 (g-
diketone). ms M+W568;1668 (calcd. for C15H24O4i

268.1675).

.2,4—Bis—(trimethylsilyloxY)-l,5,5—trimethyl—6—tfimethyl—

Silyloxycarbonylmethylcyélohéxa—l,3—diene (165)

To a solution of acid 14 (100 mg, 0.472 mmol) in
triethylamine (2 ml) and s-dichloroethane (4 ml) was added

_trimethylsilyl trifluoromethanesulfonate (0.43 ml, 2.36
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g
< R

h&ol) Via syringe. The mixture was stirred at room )
£empefature'under an argon atmosphere for 90 min. The
soiyentslwerelremoved ln;vacuo, pentane was added to the
residné”and‘aéénnted.i-A total nf three extractions were
pefformed,' The residue after solvent renoval was
extréctea again QithAééntane to rgmove'tracéS'of the oily
triéthylammonium triflate. Concentration under vacuum
ga?é aiene 165 (150 mg, 7?%) aské\yeLlow oil: YH nmr (801
MHz, CDC13)‘5 4.78 (br.s, iH, =CH—), 1.63 (bf.s, 3H,
CH3C=), 1.05 (s, 3H, -CH3), 0.93 (s, 3H, -CH3) and 0.20
| (m, 9H, (CH3)3Si-). ir (néaﬁ) 1719 (ester‘C=O)}u&650,
1§10 (vinyl éther).and éSO'cm+1.(Si—CH3). , e

- ¢ .
~ R . . 3

(4R*,5R*) -2~ (2—Carbethoxygr0p 2 ~enyl)-5- carboxymethyl—.

4,6,6~- trlmethylcyclohexane 1 3-dione (163) A

Diketoa¢id,140(400 mg, 1.89 mmol) was dissolved in s-
dichlornethane-(ls ml) and l,8—diaiabicycloL5;4.0]unden—7—
éne'(DBU) (1.2 ml) under an argon atmosphere. A solution
of éthyl-2—bromomethylacrylate (488 mg, 2.54 mmol) in s-—
dichlor;ZEhane (? m;)wwas added in one noftion.i After 2
hr .at room temperature, adueous sodium car%onate was added
and the solntion wés extractéd two times with ether. The

extracts were discarded. The aqueous solution was -

acidified with eonc. hydrochloric acid and extracted with
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~
ethyl acetatef»jDrying‘(Na2804); filtrétion and
'concentration'ggyé7a colorless. oil, whi;h was purifiéd Ey'
coluﬁﬁ chroQatography. Eru£ion witﬁ 5% methanol i;
Chiorofofﬁ afforded diketoacid,lﬁj (360 mg, 59%) as a
colorless viscous oil: 4 nmr (80 MHz, CDClj3) & €.20 {d,
1H, J = 1.5 Hz, HyC=), 6.1 (br.s;iiH,'H2C=),n4;25 (q, 2H,
3 =7 Hz, -.cazb'—)e and 1.30 (t, 3H, J = 7 Hz, CH3CH,0-). |
i; (neat) 3700—2300,(aci§ and é-d;ketonés,'l§95 (broad)
and 1605 cm™1 l.(.b,r'oad, c=0). ms MY 324.1570 (calcd. for

C17H24O‘6: 324 . 1573) .

o
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