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Studhl dinctad at the mtai aynthesln of ratlgarmlc "
; acid (1) have revealed that compounds of type fla and 87 < - - 3,

b K . eyelize inh lntrnmolaculu‘ fashion” !o giva the conjoint ring
: systems 91 and 30 rather than the- fuséd sievelo [3.3.0]
3 . octanes 48 and 88. TIncreasing the -cmny of the” ¥ -protor
d4id not result in alkylative cyclization. )
R The Wittig reagents 12f, 125, and 126 have been £
aynthesized and shown to react in normél fashion with '
i : aldehydes to. give encl-ether-dienes such as 128 ‘and a,p-
’ unsaturated ketones 129 affer hydrolysis. A route toa

suitable triene 111-for the construction of the hydrind:me
PR portion of retigeranic acid has been davﬂ.oped. -but_unfnr-
© g

tunately’ conditions were not found that allowed thé.intra-

molecular Dielseilder reaction to procesd. - : -
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Introduction:, .

. The unique sesterterpene retigeranic acid (1) was first

isolated in 1965 By Seshadri et al from llchens of the

Lobarih retigera group collected' in thé western Himalayas.

“In 1972 Schibata and cc-‘workers’? revised the molecular for-

mula to CpgH4g0) based ‘on high resolution mass spectrometry T

and 'deterninied the skelet: tructure by means of-x-ray anal

ysis.  They also propésed that the biogenetic pathway to' this
pentacyciic sesterterpene involved the oyelization of, geranyl
farnesylpyrnphnsphate (2) a8 outlined in Schene 12, since
Shen;: work By Bané and 3151500 e otermingd by neans of

enzymatic cyclizaticn, that the hiosynthesis of the struc-

turally related triguinane skeleton conpound, penetelene’

/.

), involﬁQ a similar sequence of steps starting from
famesyl pyrophosphate (4) (Scheme 2). o, 3.
'Although retigeranic acid (1) does not resemble an§ b
previously known sesterterpene, its triquinane ring portxo'n 3 .ra
is round in many related natux‘al products including pentalenic °
actd (5)", isocomene (6)5°6, silpninene (2)™%, and laurapene, .’
(8)%. Structral features such as eight asymmétric carbons,
threé quaternary centers, a tetrasubstituted olefin and four
hng Junctives sake rebigeranie ssid (1)@ synthetically’
challenging l;xolecule, as evident by the fact that it has ¥et
to be totally syntheslzed. #0000
Before the Early sixties thera were relanvely few exam-—
Ples of natural cyclopentansids other ‘than the iridoids m\d .

cedrnnee and the D ring of !terloda- Rarer still were
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' poifcoridenped* nawrel pmd cts. During the mid=1970'g
1nteres1: in synt.hesxzmg fused cyclapentane ring systems grew
rapjdly as these new natural products contaimng a1 aa . ;
triquinane skeletons were 1solated. s&n‘e\then the aount of
research deallng w1th such pclyqumane systems has increased, -
. dranatically, xes\unng in a number of new methods that havé

g

met,the challenge of producing .five membered ring systems.

In. partmular, functmnuued bicyclo[3.3.0Kkoctane synthons

have rece.wed slyuf:want attention.

Flve membered ring forming reactans mclude the cluss«
‘ical Dieckman cyclizaﬂon, Friedel Crafts acylatxon a.nd aldol
condensation. Although they may be used for a vargaty of

: ring sizes, 'pmmems' arise due 0 the strain of five membe’red

. work for sik membered rin

rings:; For example, (Scheme 319 tne analogous aldol cohden- -
‘sation © the well knowmn W:Leland Mieschner ketone % gave only
30-40% yueld sz the diguirene. I‘ntramclecular alkylations . °
show & stereoselective preference for O-alkylation over . . .+

~G-alkylation, whith is opposite to the six membered ‘ring case,

‘(Scheme )12, 1 fact.f;_rapalating eyelizatio methb45~that
&

s to five membered rings can be

“painfully u’scep%ive--l"."Represemat;ve preparative methods

for conderiséd £ive-menbered rmgﬁ ére outlined below (for -
recent revn,ws see Paguettel?, 125410, and Demith and

Schafmer®t), - " £e E g .

Saveral types of annulation reacucha have given fused’ P

cyclwpentanuld producta. cyclodehydration procetiures







“outlined in Scheme 6 o produce cyclopentenone annulation?

“thie synthesis of the elusive bicyclic enone 105, while a-

modified sequence employing a vinyl silane gave 1136. The

use of Wadsworth:Emmons reagents such as 12, gave desirable
results’? as did aldol condensation of 13'%.  Intramolecular
Michael additions as in the sequence 14-15'9 were highly

efficient, while the intramolecular Claisen.condensation was

‘used to produce highly functionalized bicyclo[3.3.0) octanes

such as 162°. Similarly, the intramolecular Wittig cycliza-

tion developed.by Trost and Curran®’ for the synthesis of 17
provided entry to a highly.functionalized system. Some of
the new techniques have involved the use of silicon containing
intemedlates as in the adaptations of the Nazarov cyclization
22

Ring contraction and expans,wn are both avallable to the
synthetic chénisp interested in these fused cyclopentane
systems. The Favorskijrearrangement is an example of ring
contraction that'has been used as part of a sequence towards
diquinanes ag illustrated by -the conversion of 18-192% (Schene
7). Two typ’es ‘6f ring expnns):on_ reactions have proved useful.
One involved.treating.the dichlorocyclobutanone 20, resulting
from dichloroketene addition to ‘an olefin, with diazomethane
tovgive 2125, while in‘the other case a trimethylthio inter- _
mediate was reacted with tetrakis (acetenxtnle) copper. (I)
perchlorate, 22-23%6.

The N-bromosuccinimide i“nduced closure to bromohygrinw.

thiolation in the presence of Lewis acids®® and the MEALCL

. catalyzed ene reaction with formaldehyde?? of 1,5-tyclo-
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- 10
octadiene (24) are new adaptations of the well known trams-
] annular bond formations of eight membered rings, which gave
Eh 25, 26, and 27 respectively (Scheme 8). .An analogy, to a
[ + 2] cycloaddition that would xesult in-a cyclopentane
_ring arnulation 28 ‘has been developed by Hudlicky and models
. of these reactions of carbenes with conjugated dieries have
been stuaie_d3°‘32. Pyrolysié of the vinyleyclopropane.inter-
mediates resulted in the formation of the desired fused ring
1 compounds (Scheme 9) . .
| H -Anutﬁér the;mnlytic vinyleyclopropane rearrangement
) . scheme employed the condensation of cyclopéntanone with.a
- " : silylcyclopropyl anion 'followed by deqydratxon and pyralysxs
s in the case of 29- -307313%. york:by Conta et a175'3 has
pomted out the- Byrithefic’ value .of the intramolecular ene
| react:mn, 31, and a. slight variation involving the|pyrolysis

of ‘adlens ester has provided promising results). 3277 .

Dl % * Many of these. techniques for producing fused pentacyklic
N vetens nave been applied to the synthesis of both the linear

i - and angular triquinane skeletons found.in natural products?

. As an oxample, isdoomene (6) has been synthesized via,several A

| 1 routes.- It was flrst synthesized in 1979 by three different

! o gx‘oups concurrently. The key step in the approachjof * /

-b

. Oppolozer and eo-vm-kex-xa6 was an intramolecu;az ene reac-

tion followsd by ring contraction,to give the [6.3.0.0%8]
: ; & ’
[ triquinane skeleton as outlined in Scheme 10. .

6c.§

Paquette's successful approach to isocuwene (6) was

by a stannic chloride induced cyclization and-the lithium
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dlmlthylcuprlta 14-addition of the ﬁnal methyl group in the
penJlnmats step (Scheme 11). It-also irfvolved a cuprots
- de-dimethyl sulfide complex catalyzed 1,4-conjugate
Eddiﬁ.{on of a ketal grignard reagent, which he Has since

used“in several other synthetic schemes to related
moleculesja‘ E ‘ ’

The third sppraach of the original ‘troika, o
Pix‘rungﬁe' ,-is the shnrtest route and- reatured [2 + 2]
photocycloaddition and a Wagnet-Meerwein rearrangement stepj
(Scheme 12). Subsequent,synthesis of isocomene (6) have ’
been achieved by two other regearch groupsS&:h, Metaphotu-v
wcloaﬂditinn of an olefinic ‘substituent aromatic.ring
followed :by thermolysis and cuntrolled hydrogenat)on was®
used by Wender and Dryer 6h (Scheme 13) in their novel syn-
‘thesis. A synthetic scheme published by chatterjee’® has

been rebuked several times m the 11t2rature and is generallyr
/

considered mythical.
Although retigeranic acid has'yet to be -totally syn-
thesized, a few approaches to portions of it have appeired
An the literature. Paqu.et.te and co-workers °®® gre working
on a synthetic scheme based on two bond disconnections in
the B ring (Scheme 14) which gave a functionalized angular
triquinane segment 33 arlxd'l, highly functionalized 1,1,2,3-
tetrasubtituted cyclopentane 34 as synthons. They have
described their' attempts to synthesize 34 in proper |
sna}xt;omeflé form in an interim report on‘l,2,3,-trisub-

stituted cyclopentanes as being “more vexacious than

i
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_teréd’ during the rearrangement, this aterao'cerlxtex is ftd. -

16
’ . e

orxg).nally expec:ed-“m’ % R

In Paquette's exhﬂustxve r!uew on "ﬁecent Synthe‘txc
Developments in Polyqu:lnnne cheniatry o b. he_ states that“
thetriquinanie portion of retigeranic acid has been prepared
by his research group iy both ré¥enic and opkically active
forms. Although not vet. published, the racemic synthetic °

route is eutlined in. Scheme 15. Preparation of the fused

. bicyclic enone 3_ was achieved by means of an aldcl type*

condensation. followed by cuprcus bromide-dimethylsulfide

promoted conjugate addition of the Grignard reagent derived

from 2-(2'bromoethyl)-1, 3 dioxane: .Acid hydrolysis yemitted )

the fcrmation of ﬁ With 37 in hand they thenyprepared twn
rrxcyclxc enones 3 and }j by alternate routes. Enonn 35
was ob ined by condensing 37 with methylpnmyltmochlum- &
formate {followed by pymlyms, Wolff;Kishner reductmn and*
sodiun, chromate oxidation. The route,to 33 was a little
more involved requiring the protection of the Aloohok fum:-

‘tion, Wolff-Kishner reduction of the ketone, depmtectlon.

- PCC oxidation of the alcohol and *nmy condensation with

phenylselenium chloride followed by oxida

ive elimination.

A brfef outline of’the route to thé optichlly activé - -
“analogues is illustrated in Scheme 16. The chiral starting

material, (+)pulegone (38).was converted to the dibromide

ahd then underwent Favorskii rearrangement. .Since the

_stereochemistry of the methyl substitutpd caibon was unal-

The three additional cﬁiral centers, were then a}talined via

. oo®




Schemets




——)
Js
|
‘u)cycbpropumlon
. Bl rearrangement

" Scheme 17
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the reac‘tions discussed in the,racemic $ynthetic route.

They )mpe that fugion of the f)nal two r:mgs will be possible N

now that these a,f-unsaturated ketcnes have been obtained.

. oo

v Hudl:u:ky and Short ™ have also successfully sy‘nthe51zed
the tr;guxnane portion Df>retige!‘anlc acid by means 0( their

.. general scheme, which they’ hope to use for several terpenic -

# . acids. This ‘scheme centers around a carbenoid cyclopro-

panation and subsequent rearrangement of the resulting vinyl
, acrylates’ (Scheme 17) . Their specific route to the triquane
portion began ‘exactly-like Paguétte's with a Favorskii .
" rearfangement of dibromo (+)pulegone folloed by ozonolysis
# , to the keto-ester 40, as shown in Scheme }8. Then under
' Refornatsky conditions the keto-ester 4L wes condensed with,
! . - ethyl brombcrotonate to give the lactone®z, The acid
produced by DBU elimination was convertéd via the acid.a
i ‘ chloride to the diazo ketone 43 which was in turn subjected
to carbefioid intemediate eyclopropanation to” produce 4,
‘Flash: pyrclyslsncver a lead carbonate treated column gave the
tricyclic ketone 4 in 50 yield. This was followed' by
remgval of ‘the ketone functionality by way of the alcobol-
»xanthate which was reduced. by reaction with fresly prepared
(nBu) S to B P 46.
‘our retrosynthetic scheme for rengeramc acid begins -
with two bond disconnections in the - -ring resulting in two
/ pretargets distinetly different_from the approathes of
Paquette and Kudlicky (Scheme 19). This sScheme is & major
underraklng in our laboratory and is part of a“general method

a
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we are developing for the construction of quaternary, spiro-
fused tricyclic skeletons of varying ring size which relies

of ‘a Diels-Alder: oxy-Cope rearrangément sequence.. This

.route is highly convergent and offers good stereochemical .

control. The two pretargets are a substituted [4.3.0] B
nonane or hydrindane (left-hend piece) 42; and 'a bicyclo
(3. 3 O]Qctane 48 vhich may be transformed to a tncyclu
[%.2.2.0% 8] dacene (rignt hand piece) k9. *
Coincident with research in our own group, in which
the hydrindanone 47, has been prepared by both an intramole-
cular Michael and complementary 1mramo1ecu).ar Diels-Alder
sequence’ (still under study, see below), Corey and r:ngler'*
reported a different synthesis of this left- -hand piece. They o
.make no mention of retlgeranic acid in their paper which :
deals with the stereospdoi £ic conversion of the hydrindenone
51 to either the trans or cis,fused hydrindanone (47 or 50
respectively) (Scheme 20).° ) : s E oF
Using the method of Snider’ and co-workeis') they ob-
#ained 50 in two steps from 2,6-dimethyl-5-heptenal, and after

‘LiAll, reduction isolated the allylic alcohol 52 in 99% yield

stereospecifically. Treatmen‘t of this alcoho]i’wltn thiol- = 5
acetic acid, triphenylphosphine anﬂ'diethylaindicarbnxylate
followed.w LiAlH“ reduction to the thiol and the subsequent

* oxidation with two equivalents of m-chloroperoxybenzoic acid

gave the ‘sulfinic acid §3: Thez‘mal decomposition to.the
colefin 54 oecurred during purification of the sulfinie acid.
Conversion of the olefin to the trans fused hydrindanone b2, .




Srheme'Z_O ;
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involved eppxidation with m-chloroperoxybsnzoic acid,
rorma%ion of an epimeric mixture of alcohols and finally
sodiun dichromate oxidation of the mixed alcohols. .

- Prelininary routes to both halves [of retigeranic acid
have been studitd. In order fo preparg the requisite bicycls
[3-3.0]octane synthoh 48, a mew cyclopentanorie dntramolecular
alkylation .sequence wag investigated. ’

Previous studies“élvs

established that the kinétically controlled formation of the !

th @ B-unsaturated kétones have

@’enolate anion results'from treatment. with strong nom-nucleo--

philic bases under aprotic conditions. Intramolecular

alkylation then sffords the 'alkylation product provided

anion equil[bratiqn is rela‘tively slow. In contrast, equili-
. brating conditions (protic.solvent) favour thermodynamic
' control ‘so that alkylation' at the @-carbon generhly resultd
In addition to the effect of the base-solvent combination,
the balance between. competing pathways inintramolecular alkyl-
ation, is influenced by the natire of the electrophile and
the length of the sidechain. This is exemplified by thé
octalones 55 and 56 studied by pier et 'a1"s (sehene a): ‘
hey found that the pmduct distribution (@'=57,0 =58, y=59)"
could be partially controlled by the reaction cenditign's.’ w¥

fwhereas for

Thus, the a’a/nd a produtts. predominated for n=
n=1 only the ¥ and @ products were em:ountered. *Johnson ‘and
Vajs found that the related cyclohexenone 60 afforded only
g aliylation product 61 with potassiym tert-butoxide

(£-BubH) , ‘whereas conditions which facilitated proton transfer
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(KOH,H,0, dimethyl sulfoxide) gave the Y alkylation, product

g2 - ) .

In contrast to cycluhexennnes. edSlate an]op generation
and intramolecular alkylatmn of pyclopentenones have
received much less atténtion. However, Cargill and
Jac‘kscn‘q demonstrated. that treatment of 63 with potassium -
tert- ~butoxide (;-suom resulted'in selective fornation of
the a—product 6l

Clearly. substrate structure and e ‘ex;erimental
conditiona have a Ssignificant influence on the sife of
intramolecular alkylafion of -@;P -unsaturated .cycloenones.
As Scheme’ 22" 11lustrates, intramolecular cyelization af 65
could afford a complex productmixture. Excluding ¢’ end
o—alkylated products,- both of which ]are impmbéble"uue to
the anti-Bredt nletlns which would result the must likely -
bicyelic aystems are 71 to 74.',If the initial enolate is 66
or 67 it may.be regarded as a masked cyclopentadiene and
treatment with a second mole of strong base should generate
69 to give g differen\ product ratio. 7 R

%A variety of dianion systems have been gainfully:
employed 'ml synthesis® and cyclopentenones appear to

satisfy the| general cri%iria of dianion species. However)
49

with the exception of {Ahethoxyindanone example '’, a report

of some’ reactions of the dianions fmm‘ﬂ-isobutcxy—z—cyclo— .

pentenones®® and the in situ generatfon of the dianion of

3-methyl-2-cyclopentenone in an early hydroxyferrocene

preparationd!, their potential as versatile éyntha{ic inter-

) 5 :
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mediates remains unexplored. It was anticipated that for

retigeranic acid ate could be utilized to

generate the desired diquindne skeleton. -
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Ve ot - Discussion

As outlined above, our approach to the péptacyclic
¢

sesterterpene r@tigenmw\acxd was divided into two fmjor. S

* s.ﬁlthons based on breaking .tw carbon-carbon bonds in the
* C-ring of the molecule. These two pretargets are the .

bicyelo [3.3.0 octane 48 which can be canverted to the. . «

tricyclo [#.2.2. o +8] decene 49 (rignt hahd piece), and the
substituted bicyclo [4.3. o]nonane of hydrindane 47 (left hamd "
piece). Tt was anticipated that oncé these two pretargets,
had been achieved, that the synthesis. of re‘clgeranlc acid (1)
ce"m ve cumpleted by means of the route detailed in . s o
Scheme 23, . : N
' Canvemon of the hydrindane 1 (1efé hand piece) to |
the cri;ua;d or alkyllithiun reagent 25 followed by réaction .
With the right hand piece (tricyelo [4.2.2.0 8] decene) 49,
would give the alkylation product-76. Subsequent treatment
with a base such as potassiun hydfide Should provide the %
oxy-Cope rearrangement product 27. Hydrogenation of the .
olefin would then be followed by ring.contraction of the . .
S C-ring from six to five cartons. This contraction could’ ’
. involve d diazotitation followed by photochemical ox ‘the rmal .
" rearrangement to'give 78. Then ‘the final requirement, a
" double bond in ‘the C-ring, 'could be achieved via conden— *

sation with phenylseldnium chloride and subsequent oxidative

elimination to produce retigeranic acid (1) .
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Part A: General Route to Substituted Cyclopentenores and
» Results of Cyclization Attempts

The complete synthetic pathway that was originally ; ]
- .,eq;isionﬂf\ to the right hand piece of the molecule is out-
lihed in Scheme 24. Preparation of the olefinic sidechain .
W , substituted o,f-unsaturated ketone 80 was bas}ed on analogous-
. procedures developed by-S.J. Alward in our labs. It was
‘anticipated that the addition of hydrogen halide scross the
‘dousle Bpa in Markomikov fashion would give the alkyl
7 helige 8L cycnzamn of the halide 81 involving & dianion
- “intermediate seemed quite feasible based on literature
Y = precedents mentioned above, to produce the fused bicyelo
[3.3.0] octane 48 as the thermodynamically favoured product,
Redyction to the alcohol 82 followed by the generation of
. . the cyclopertadiene intermediate 83 at low temperature based
' on work by Grieco et a1”2, should then lead to the Diels-
R Alder, product, -Lricycln[‘-F.B.}.D“'B]ﬂecene 84, using the

nsthods o ¢6 rey5>.

As expected the olefin B0 was obtained by means of the s
"' 2% Na/Li’alloy mediated alkylation of the eriol ether 79 in
an ultrasonic bath in 73%. This enol ether 29 was prepared
in greater thar 99% yield by refluxing 2-methyl-1,3-cyclo-
‘pentanedione in acidic ethmnl/’banzene solution.  The ultra-
: monlc: Bath wae enpioyed Booause: aikylabion. weactions
involving a related sidechain had failed to work for a
co-worker without such a device. It was later discovered
that standarE'Grigjnard conditions in an ethyl ether/tetra- - 3 3 !

hydrofuran sblvent mixture increased the yidld to 95% in
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. " this particular case where h—br‘omo—l—b‘utene was used with
megnesium turnings. - !
. . With the‘olefin 80 in hand it appeared straight
. % ; forfard to convert the molecule to an alkyl halide, however
this did not prove to be the case. Neither aqueous nor
gaseous hydrogen chloride could be induced to add across the
. daqble bond of 80 in a number of solvents and varying reac-
' fien tinew, morcould hydpobrente meid ax gaseevs: hydrogen
bromide under various conditions of solvent or time, ’
(Table 1). It was possible to add HC1 across the olefin
portion of the related mulecule 85 under relatively mild
condlt)ons, but!this-is not parncularly ‘surprising as
trisubstituted olefins are more reactive than terminal
olefins, . 2, g ’
In view of the difficulty of this halide addition step
the synthetic route was altered slightly-to epoxidize the
olefin. This would result in an alcohol 88-product from the

S dianion intermediate cyclization reaction, but this slight

inconvenience could be dealt with by converting the alcohol
88 to a methyl group by means of a ‘zinc amalgam reduction
i ’ i of the tosylate 89 intermediate. The original synthetic
route could then be continued after this short detour
' . . (Scheme 25).
i 5 . = Reaction of -the olefin BO with m-chloroperoxybenzoic
©" - acid gave the desired epoxide 87 in 70% yield. The H nmr
& . spectrun displayed peaks between 2.6-3.0 ppm representing

. Y ) s
three protons, indicative of epoxide protons and infrared
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Table 1 - Hydrogen Halide Addition Attempts

Hydr:_)gep

Result

‘0lefin Hoaige Solvent Time
80 HCl (aq) Ether 2hes | N.R.
" 80 “HC1 (ag) Ether 16 hrs N.R.
80 ™ wa (aq) Ether 24 hrs N.R.
80 HC1 gas ey 1-hr N.R.
80 0.5M HBr/AcOH AcOH * 3 hrs N.R.
80 ; 0.5M HBr/AcOH AcOH 6 hrs N.R. A
80 0.5M HBr/Benzene Benzene 3 hrs N.R.
80 HBr -gas Dioxane 3 hrs N.R.
85 el (aq) Ether 45 min 86
80 HOL (aq) Dioxane 1hr N.R.
N.R. = no reaction
)
0 \\ ) '
/‘ ..
~ .
o .
e {
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e . K g
bands at 1265 and 845 cm™> were also, consistent with &
epoxide functionality. o A

Efforts were then begun to determine the :ptimum’
conditions for the dianion intermediate cyclization neacs
tions. A number of basés were employed with varying results.
The use of two equivalents of sodium hydride in a tetra-
hydrofuran B3lution gave a clear‘oil (48% yield). 4 broad

infrared absorption between 3§00-3300 cm™> suggested ‘an

" alcohol and bands at 1680 and 1630 cn” indicated the

_unsaturated ketone wa‘; still present. Insp‘eetion of the

“60 MHz 1H nnr spectrun with broad multiplet signals at
0.8-1.3, 2-2. j'and 3.6 ppn,-a me thyl si‘gnl’et at 1.8 ppm ands
ra poasxhle alcohol peak at 3. 2 PPM suggested thate the product

was either the.fused system 85 or the canjuint ring system

. 90. - Since both of these products have the same molecular

—«éxght the high resblution mass of 166.0991 indicatgd only
tiLaz the mass was correct for.a CgH,;0, molecule. YWith the
aid of a 400 Miz. M nmr.spectrun it was.possible to establish _
the identity of the product as the conjoint.ring system 90
based on the excellent resolution of the three cyclopropyl
protons at 1.00, 1. 14, and 1.5% spn and the allylic cyclu-
propyl protan at 1.9% ppm. Also, the allylic protons and. the
_two protons @ to the carbonyl were resolved, falling at 2.18
and 2.33 ppm respectively on the ‘hoo MHz'spectrum. Changing
the base to three equivalents of 1ithium diisopropylamide

in tetrahydrofuran’ gave the same product in qnly a 13% yield,

" Cyclization attempty involving two equivalents of potassium |
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hyaride gave ‘the. corijoint ring system as ‘well in a slightly
higher yield pf 57%. The '\;se of potassium amide in liguid
amnonia as the base failed to give any reaction product, o
only recovered starting material. Since the resulis

achieved were not the desired ones, it was desided to return

to better leaving group systems.

It was found'that the addition of hydrogen bromide

, across the double bond in the desired Markovnikov fashion

could be ach1eved in the presence of a catalytié. amount of
zine bromide.® Thus, stirring the olefin 80 in a hydrogen bro-
nide in acetic heid solution with ms catnlyst provided the

bromide Blain 91% yield.: The distinguishing, characteristics

~of this moleculd in its 'H nmr spectrum were the Wiew sextet

at 4.02 ppm representing one proton which identified the
proton on' the carbon bearing the.bromide, and the absénce of
any olefinic signals. The proof of the structure was
provided by the exact mass determination of 230.0299 which -
eorresponds very well wn:h the calculated value of 230. 0307
‘for 010H15nr0. . . .

With the bromide 8la in hand EtudlEE were beguh to
cyclize thejmolecule to the desired fused ring system 48.
Reacting the bromide at room temperatnx:e for fifteen hours
with to equivalents of potassium hydri‘c_ie gave 45% yield'of
an oil. Unfortunately, interpretation of the lH nmr spéctrum
showed oyelopropyl protons which indicated thab the Yconjoint
ring system 91 was formed. This’ pro:iuct_r,esulted from the
dianion intermediate formed when the base abstracts ;yroyon

{ " O .
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exocyclic to the rlng system rather ‘than from two points in

the ring as had been,hopea (Scheme 26): When the base was'

changed o tio equivalents of'-sodium hydride and the

reaction repeated under the sameconditions of time.and e

temperature t){e same results were achieved. " Y 5
"5 It was then felt that perhaps the desired results might

be achieved if a better leaving group was emp{uyed. Thus, I

the b}‘omde 8la was conyerted to the iodide 8b by refluxing H

the bromide ‘in acetdne mith potassium iodide for three hours.

1, nmr spectrum’ of the product showed that the protor

attached to. the halide bearing carbon was shifted dowafield \ .

slightly to 4.10 ppm, and the mass spectrum showed a molec<_‘

ular fon at (n/z) 278 which indicated that the 100 b

was in fact achxeved in 80% yield. Attampted cyclizations

Lof the iodide Blb with two equivalents of potaSsium hydride

again provided the undesired conjoint ring system rather than
the Yused bicyelic desired product. Related studies in.our
laboratory have establighed that one mole of base also pro-
duced the conjoint ring system 91, and fused rings are only .
obtained when the Y(sidechain) 'position is blocked.

To <eri!'y that thé alkylations followed a ‘parallel
ourse conversion of t;he conjoint rirng alcohol 90 isolated

rom. the epoxide cyclization reaction t{ the®conjoint ring

product 91 by way of the tosylate intermediate was
attempted. As expected the -alcbhol 90 was readily con- .

verted to the tosylate 92 by the action of p-toluenesul

- “fonyl chloride in pyridine in 71% yield, The infrared spectra

RN o b
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of ‘the tosylate showed the characteristic sulfonyl absorp-
tion barids ‘at 1360 and 1170 cm™ as well as an aromatic
proton band at 3020 enfl. Four aromatic protons in the K
nmr specttrum and a peak at 320(M/z) in the mass spectra \
corzesponding:to “thaiioLesaias o were consigtent With the
tosylate structure. The conditions employed to Teduce the
tosylate to a methyl functichdlity however. resulted in
conversion of the tosylate not to‘the desired product, but
rather reversion to the original olefinic sidechain mol-
ecules 80 {Scheme 27) by cyclopropane ring opening Qs‘ a
conseﬁéencg.af zinc promoted enolization of the ketone.

These stidied showed that direct cyclization of these
cyclopentadienyl systems proceeded easily to conjoint ring
systems but was not a viable route to fused ring systems.
In view of these reults, this dianion approach was
abandoned in favour of a different Foute.’

An.alternate route to the bicyclo(3.3.0] octane synthon
48 was then attempted. The crucial steps of this approach
were, = Tiilun/anmonia aikyiaiion=diabi condensstion
sequence a5 GutLiREd IR Scheme 28. The acid chloride 94
was prepared in 76% yeild from pro;{ionic acid (93) by treat-

ment with thionyl chloride on a warm water bath. The 'H nmr

spectrum showed only the ethyl peaks and the boiling point

range of 76-79° C agreed with the literature value of -
76-79° C. Using the method of Catch and co-workers>" the
acid chloride was converted to the Gi-brogoketone 96 via the
didzo ketgne 95 in 21% yield. The two new protons
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- appeared as a sharp singlet at 3.87'ppm in the 1}( nmr

J spectrum. thomethme was prepared in the mmﬂer des- -
dctibed on the bottle of Diazald (Aldrich) beginning with
twenty-five grams of Diazald.

Because of the relatively poor yield of d-bromoketone
acquired by this method and due to the restriction of the

“scale of the reaction taposed by up sbiding respect for
diazomethane generation, it was decided to prepare the, d=
_bromoketone by an alternate route. This route involved a -

one, step Bromination Jf 2-butanone 99 based on the, work of

the French chemists Gnudry and Marquet55 to give the bromides

100 and 9§. Though the yield was poor, this ‘route was
preferable because the starting materials were inexPensive
- and the technique straight-forward.
The modified route i Ved an enone reduction-enolate
dlkylation step with lithium ammonia ‘thet was analogous ‘to

procedures developed by the research groups of Caine>®

.
and

- Stork’? for six-membered ring cases. All attempts to

alkylate 37nethy1-g-cyclcpenten-l-one (22) by this method

were unsuccessful.’ Model studies involving both 4-bromo-1-

butene and benzyl chloride as the alkylating agent likewise
met with disnppuinting results in that no reaction was
observed. It would‘appear that this reaction is one of the
cases that Paquette was referring to when he commented on
e Buscasa eate oF xtrepslating tion & six-membered ring
method to a five membered ring sithation.13

\ It was at this point that a different synthetic -
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was designed. ‘ . ey

Part B: Increasing the Acidity ¢f the Cyclopentenone
A Allyllc Proton and Attempted Cyclizations

| This final synthetic schere for making the fused
blcycllc synthonNinvolved increasing the acidity of the
‘pro‘tcn at the Y position in the cyclopentenone ring as out-

. lined in det':ul in Scheme 29. We believed that _the intro- *

auction 9f an alkyl- or arylthio substifuent would increase
the acidity of the requisite proton (, Y position), such =,
that_the use of one equivalent of base would be sufficient
to initiate thq intramolecular alkylation reaction required

"to achieve the fused bicyclic system. In addition, this ' .
substitutent would block the signatropic rearrangement of
the cyclopentadiene and direct the alkenyllithiun: addition

_in the required gndo direction.

‘The direct “introduction of the thio group at the .
i re.guired ¥ position in compound 80 Gould not be achieved,

based on the results of our earner cyclization attempts

whinh showed that the przferz‘ed a.nlnn was at the exocyclic
po!ltlon. Thus, the thio group was introduced @ to the
! carbonyl function ir| the enol-ether 79 prior to the alkyl-
lithium addition. After acidic workup of- the alkylation
reaction, the %hio group would be in the desired Y position
of the new d,f-unsaturated ketone praduct. Removal of .the
< thio group could be conducted ata lnter point in the

| synthesis' ‘ 5 i ¥
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for three protons corresponding to the methyl grrup

T

. It was decided to add' a phenylthio substitituent, to

the enol-ether 79 by tredting.it with &ng equivalent of ,
Llithiun diisopropylamide and N-‘thiophenylsu(.:civi?imide58.
When this failed to give the desired results a series of.
model studies using cyclopentenont 108 were initiated
(Tablé 2). Work by the Japanese chemist Mukaz

59

co-workers:

yama and
suggested that N-thiophenylphth ‘l-lm;.\de might
act as a better sulfur transfer reagent, . The N-thiophenyl-
phthal}m:tde was prepared by the method of Bellforu} and

a60, Eventually eAcouraging results were ofjeained

when two equivalents of potassium hydride were used as the |
base and N thxophenylphthahmde was u;ed as |the suli'ur
transfer reagent on the model compnund. Whe these con-
ditions were applied %o the enol-ether they uvfurtunately
did not result in'the preparation of the aesiﬁsd product.

No reaction was observed for two equivalents uf potasswm

hydride nor for.two equivalents of 1ithium d uprupylamide
in dry dimethoxyethane.

Attempts to add a methylthm suhstxtuent G to Che
carbonyl, of the enol-ether met ‘with much more successful
results.- It was found that treating the anion, ‘f‘ormed by
the ‘action of one equivalent of lithium diisopropylamide on
the enol-ether; with dimethyl disulfide at -78°CTpr0vided
ready access to the methyl sulfide enol-ether 102 in 72;5
yield. The d&sti‘nguishing spectral feature was the appear-

ance in the 1H nmr of a singlet at 2.17 ppm whict‘\ integrated

A
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" Table 2 - Thiophenyl Addition Conditions iy A L o
. ; - 8 * o ¢ R
i . Ketone Base’ Reagent Solvent Time Result

N 79 “1oa a THE 3 hrs N.R. .
0%  cyclopentanone NaH a2 DE 16 hrs  N.R. :
’ cyclopentanone Nak v DME 6 hrs  N.R. . &
| o cyclopentanone LDA b DMEAMPA 6 hrs  N.R. ;
.~ cyclopentanome I.z2Nai b  DME 2k hrs N.R. . :
\‘_ cyclope;wanone 2 NaH b DM‘E " '24 hrs  N.R. :

5 - . cyclopentanone 1.2 KH b . DiE 2k hrs N.R.
" - P cyclopentarone” 2 Ki b - DME 72nes 108 C ix
o 79 2K © . b DME 2hrs MR
cyclopentanohe 2 KH +b " DME _ 2thrs N.R. 5
* cyclopentanone 2 LDA . ' b  THF 16 hrs MR,
B : \cyclo);enténone 2 LDA b “THF ‘ 24 hrs.. N.R: \
a= N-thiuphe_nylsm:s:inimide's'8 -
: b = N-thiophenylphthalamide5? ’ .
.+ © " N.R. =no reaction ) ) .
. \

: i g |
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. attached td the sulfur atom. The exact mass of 186.0730
was in reasonable agreement with the cal,cl;\lated value of
186.0714 for a CgifyS0, mlecule. Since then, D. seho12%!
has published a paper dealing with the addition of the <
methylthio substituent to a number of cyclic ketones:

dncluding the mod{el compound .worked on.

The next step in the sequence was addition of the
olefin sidechain by means of an organometallic reaction.
Initially, this was accomplished by means of a 2% Na/Li
alloy alkylatiof with 4-bromo-1-butene using'an ultrasonic
, bath. Characteristic olefin multiplét signals in the M nmr
at 4.8-5.18 ppm and 5.48-6.02 ppm which intergrated for two
and one protons respectively and an exiict ass: 61 1960907
for a Cy)Hy¢S0 molecule proved that the olefin 10Ja had been
obtained. However, due to t};e abysmal yields isc;latsd'by
this method (6-15%) it was decided to switch to Grignard
conditions using an alkylmagnesium halide reagent, since it
‘appeared that enolization of the thioketonc was competing »
with the desired reaction. Model studies using methyl-
magnesium chlur‘{tde (2.9 M in tetrahydrofuran) in varying
amounts and in vdriaus solvents, indicated that two
equivalents of Grignard reagent in a mixed ether/tetra-
hydrafuran solvent might give better results while three
equivalents of Grignard reagent did not. An improved yield
of 3% was achieved with 1.5 equivalents of J-butenylmag-
nesium-bromide.  °

Hydrobronination of the olefin using the technifue
g ¢
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developed earlier was successful and the ‘bronide product 1ok
W SaaaE corresponding to one ‘proton at 4.06 ppn in the
1H nmr spectrun characteristic of a secondary_ bromide. A
molecular ion of (m/z) 276 indicated that the correct
product had been obtained. Unfortunately attempts to . ,

cyclize this bromide l04a.to the correspondimg fused rirg °

system using one equivalent of potassium hydride .in tetra- .
hydrofuran and 1.5 equivalents f potassium hydride in
dinethoxyethane both failed and starting material was
recovered, ’

Not w1llmg to ‘surrender, we anticipated that con- s
vertxng the sulfide ta a higher oxidation state such as the
sulfoxide 103b or sulfone 103c would facilitate the desired
proton abstraction. The crude spectra of the sulfoxide.l03b
indicated that this should indeed be the case. The proton
attached to the sul fur bearing carbon appeared farther down- ¢ <
field than in the sulfide case as a result of déshielding ’
effects. Attempted epoxidacion of the olefin sidechain and.
concomi tant oxidation of the sumde 10a o the sulfoxide
104d by employing two equnalents of m- cnloroperoxybenzoxc
acid gave instead the methyl sulfone with the olefin
sidechain, A molecular iocn of (m/z) 228 indicated that
two oxygen atoms had indeed been added and the infra.red .
spegtra contained absorption bands at 1300 and 1130 cm™t .
characteristic of a sulfone: Also, the proton at the
allylic position was' further deshielded and appeared as a

multiplet at 4.27 ppn. Epoxidation of the suifone 103c
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vas achieved when 1t Was reacted with an additional, .
equivalent of the oxidizing reagent. Subsequently the.
epoxysul fone 10kc was obtained fromw the sulfide olefin by
refluxing it with three equivalents of m-chloroperoxy- ’
"'benzoic acid in dichloromethane for forty-eight hours.
Attempts to cyclize the epoxysulfone 10kc with 1.5
equivalents of potdssium hydride in dimethoxyethane, 1.1
equivalents of lithium diisopropylamide in dimethoxy-
ethane or 1.1 equivalents-of sodium ‘hydride in tetrahydro-
furan all resulted in recovering enly starting material.,
In a final bid td synthesize the bicyclic synthon the

sulfone olefin 103c was treated with hydrogen bromide and

. zinc bromide to produce the bromide 104b in 21% yield.

This bromide has the characteristic multiplet or a proton
attached tg a carbon beariné a bromide function.ality,
Unfortunately the use of potassium hydride as the base in v
dither dimethoxyethane or direthylformamide failed to

achieve the desired results. All that was recovereg from

these attempts were deconposition:products.
Unfortunately, it appears,that the geometric require-
ments for t‘his intramolecular alkylation ca;;m:st be readily
achieved and that the steric bulk o# the activating group
may also interfere. ‘At this point, after all these variations
'had proven unsuccessful, in oir bid to synthesize“the fused
bicyelic gystem, it was decided to ‘s&work on the right
hand piece of retigeranic acid (1), and concentrate on the

left hand piece (hydrindane portion).
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Part C: Route'to Hydrindanone via Wittig-Intramolecular
Diels-Alder Sequence /

The tH6 key steps of our mlnal approach to the
hydrlndannne 47 (1eft hand p)ece) portion of retigéranic
acid involved alkylating the cyclic sulfone 109 with /
bromide 110, followed by an intramolecular Diels-Alder
_cyclization based on work by Oppolozer and coworkera®?,

The élkylacson of the cyclic sulfoxide step was an extra-
polation of work on linear alkyl sulfones by Kondu and
IO B — attempleszo alkylate sulfone 109

with 2-bromopropane or methyl iodide using lithium diisopro-
Pylanide to form the required anion all met with failure.

An alternative route fo thé triene molecule necessary
*for\jhe Diel¢-Alder reaction was then envisioned ag~geen, in ®
Schene 130, Whichipraved to be: ich Hore SuEcessful,” T4 wis
am;cipaéed that once the triene 111 had been isolated that
condltlans would be found for the Diels- Alder react)un to
provide the hydrindane .skeleton. Either acidic work up con-
dition or subséquent reaction with dilute acid would then be
sufficient to convert the vinylic ethoxy Diels-Alder product
to the hydrindanone 42. This would be followed by conversion
of the ketone 47 to the alkylating reagent 75 needed for the
final series of steps to retigeranic acid (1) as outlined
earlier in Scheme 23. The preparation of the triene molecule
was divided into two sub-routes, preparation of the Wittig
reagent uét{nd the ‘aldehyde 113.

A paper published by Ramierez and Dershowits® indicated

that the Wittig salt 122 should be easily attainable from
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cmerosceton;‘(g) and triphenylphosphine (121) (Sehend
31). The first two steps of this sequence were in fact
achieved by their methodology, but repeated attempts to
form the required salt 12¢ using their conditions of
reluxing the phosphinemethylene 123 in ethyl bromide gave
only an 0oily sludge. We were able to successfuiiy
synthesize the reduired Wittig salt 12 in 93% yield by
refluxing the phosphinemethylene with one equivalent of
ethyl bromide for 24 hours. Subseque;\tly this methodology
was’ applied.in the synthesis of two riew Wittig salts 125
and 126. 3

It wag necessary to convert the Wittig salt to the
Wittig reafzent before reacting it with the appropriate
ketone, Martin and Desai®? have used this phosophoniun salt
124 for the in Situ generation of the Wittig reagent which
they then reacted with a variety of wp-unsaturgted ketones
to prepare monocyclic, fused bicyclic, and spiro bicyclic
ring systems. Under these conditions a two step sequence of
events occurred, first an ene reaction and then intra-
mlecular Wittig reaction. We hoped that the reagent would
i Ehaltanai Wittig reaction only. Therefore a model
study Involving benzaldehyde was undertaken (Scheme 32).
Addition of benzaldehyde (127) to a solution of the Wittig
salt which has been treated with an equivalent of n-butyl-
lithium producéd the known compound trans-4%-phenyl-3-buten-
2-ome (129). This product was the result of the desired
Wittig reaction followed by hydrolysis of the enol ether

* 128 to the conjugated ketone 129 during purification by
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12UR:CH X-Br 2,
125RCHgX T 7

126/RCHg, X-T

Scheme 32

o= ot ot

127




flash chromatography.

Since it was known that the Wittig salt would react

" with an aldehyde functionality the synthesis of the required
- aldehyde 113 was undertaken. An extrapolation of work done-

by Ireland et al% on ionophore antibictic synthesis provided

the means for conversion of alcohol y‘& to the bromide 116
via a mesylate intermediate 115 in 90% yield. The crucial’
step tt;wards the, aldéhyde synthesis is the alkylation of
isovaleric acid (117) with a bromide. It was accomplished by
a modification of a procedure \developed by Pfeffé‘&' and co-
workers 67 for the generaf.mn of a —amt@s .of carboxylic aclds.
in 96% yield. .
Once the acid 118 ‘had been achieved it was an e\éé:y
mattéer to reduce it with lithium aluminium hydride 'to the
alcohol 119, and then Oxidi;e it to the desired aldehyde 113

by stirripg it in a dichloromethane solution of pyridinium
ip

*chlorochromate. The aldehyde did not appear to be very

stable and was “used immediately for the Wittig reaction.
Using the method developed for the model studies on benz-
aldehyde, the aldehyde was added to a tetrahydrofuran a9
solution of the Wittig reagent. During the work up of the
initial attempts the hydrolyzed product, conjugated ketone
130, was isolated as had been the’ case with thé benzaldehyde
model. This hydrolysis was believed to occur on the silica
gel during flash chromatographic purification. - The trieney
itself 111 was isolated by vacuum distillation.Gf the

reaction mixture.
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" Unfortunately Diels-Alder conditions have yet to be

detex—mined ‘that will cohvert the triene to the hydrindane

skeleton. An attempt in refluxing toluene and a trace of

pyridine in a sealed tube fajled, as did an attempt with

” pysidine as the solvent in a sealed tube reaction. .It was

T
thought that basic conditions should be employed based on

the results of 4 related system worked on in our lsbs in

which conjugated trienes bearing carbomethoxy functions
> i

have been successfully cyclized.

our work in this area is continuing. These studigh

-'have helped increase our understanding of the activity in
N

thes‘e systems. and w111 ultimately tacilitate the success- -
ful total synthesis of retigeranic acid.

[ Y
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) Experimental
Melting soints were determined in capillary tubes with
2 Thomas Hoover Uni-Melt apparatus, or a Fisher-Johns melting
point apparatus and are uncorrected. . Infrared Sp'ect!‘a were
“recorded on a Perkin-Elmer 237B or 451 grating spectrometer
and were calibrated against polystyrene film. ' Proton mag-
netic resonance spectra were measured at 400 MHz with a -
Bruker WA 400 spectrometer at the University of Alberta, at . 1
80 MHz with a Bruker WP 80 spectrometer employing a chloro-_
form lock or-at 60 MHz with a-Varian EM 360 spectrometer:  © .
Signal positions are reported in ppm downfield from tetral\
methylsilane (delta scals) as an internal standard, the
number of protons, multiplicity, coupling constants, and
proton assignments are indicated in parentheses. Mass spec-
trawere determined on a V.G. Micromass 7070 HS instrument
using an ionization energy of 70 electron Volts.
Thin layer chromatographic ahalyses were carried out
on 7.5 x 2.5 cm glass plates coated with silica gel PF 254-
."360 type 60 (E.Merck) or commercial precoated silica plates ~ |
with florescent indicator (Eastmen-Kodak silica gel 13181).
Flash chromatograiy using BBH silica gel kieselgel 60, 230-
400 mesh was employed for column chromatography. /
: Petroleum ether refers ‘to a fraction with boiling range '
'30-60° C. Anhydrous,diethyl ether (ether), tetrahydrofuran
(THF), dimethoxyethane (DME) and dioxane were obtained by
distillation from 1ithium aluminium hydride or potassium/-

| benzophenone. Absolute ethanol and methanol were®dried by . . N
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distillation from magnesium. ﬁw hexn.methylphosphoranide‘
(HMPA), dlnethyltomam;de (DMF) and ﬂusopropylamne were
prepmd by distillation from calcium hydride. In certain
cases spectrometric solvents were used without further
pur.lflcatxom i.e. CH,Cl, and acetone and sometines just
dxstmed. Also, for Grignard reaétionsthe anhydrous ether
was taken directly from freshly opened small cans (Fisher) .
Solutions in organic solvents were dried over anhydrous
magnesium sulfate and stripped of solvent with a Buchi
rotary evaporator, connected to & yac’etv aspirator, - Unless

otherwise indicated all reactions were conducted under an =,

atmosphere of dx“y argon.

v

A splution (bengene:ethanol, 13:5, 850 mL) of 2-methyl-
1,3-cyclopentanedione (25 g, 0.22 mol, Aldrich) containtng & '
catalytic amunt af p-toluenesilfonic acid (1 g) was refiluxed
throué?l molecular sieves ( 30 g, 4 A) for 2% hours. The

‘molecular sieves were exchanged for fresh molecular sieves

;and the refluxing continued for an-additional 24 hours:

The solvent was then removed and the residual yellz’:w
0il distilled b.p. 92-105° C/0.3 Torr, to give enol ether
79, m.p. 36-38° ¢, 31.1 g (100%)3" ir (£ilm): 2920 (C-H),
1680 (¢=0), 1625 (0=C), 1125 (¢-0) en™t
WHz)6:1,4 (%, 3H, J=7Hz, CH3-CH,=0), 1.51 (t, 34, J=1.5Hz, .
CH3-0<C), 2.35 (m, 2H, CHp=C=C), ‘2,65 (m,.2H, OH,=C=0), /

; M nmr (cC1,, 80

415 (0, 2H, J=7Hz, CH,-0); M.S. (m/z) ko (M), 112
(M-CyHy) , 83 (M~

30). Exact mass calculated for CE“;ZDZ'




140.0837," found 140.08%43.

Butenyl)-2-meth rclopentenone (8 35

: in ether solution (100 rl) of b-bromo-l-butene [5:43
nL, 7.22 g, 53 mmol, Aldrich} was added dropwise (1_hour)

to a solution of an anhydrous ether (200 nl) containing
z-met)w1~3 ¢thoxy-2-cyclopenten-1-one (5.0 g 0.036 mol) and
21- Na/ti alloy (1 g, 3 equiv.) maintained at 0° C.in an
ultrasonic bath (Branson 50/60 Hz). Ultrasonic agitation
&,
three hours after the addition was complete. .The mixture

_was quenched (3N KCl, 200 mL), the organic layer séparated,

washed with brine, extracted with ether, the combined ether °

extracts dried, filtered, concentrated and the product
purified by chromatography (o ethy acetate in petroleum
ether (30-60)) to give the enone olefin 80,'3.67 g (68%);

ir (film): 3080 (C=C-H), 1705 (C=0), 1650 (C=C) ca™Y; % nmr
(CC1,)6: 1.62 (s, 3, CHy=C=C), 2.25-2.75 (m, &), 4.8-5.12
(m, 24, CH,=C), 5.42-6.0 (m, 1H, -CH:C); M.S. (n/2) 150 .
(M"). Exact mass calculated for Cy4#),01 150.1045, fownd:
150.1061. : .

3-(3-Butenyl)-2-methyl-2-cycl ten-1-one (80)
A tetrahydrofuran solution (25 nL) of 2-methyl-3-

et_hoxy-z—cycl‘opanten—l-one 29 (1.0 .!. 7 mmol) was added
dropwise to a solution of anhydrous ether (15 ml) containing
4-bromo-1-butene (1.1.mL, 1.45.g, 11 mmol, Aldrich) and

initiated when addition was commenced and for a further v

-

:
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nagnesium turnings (0.26 g, 11 mnol).at 23° C." The reaction

nixture was allowed to stir for 30 minutes at 23 ~c and was
- then warmed to 50° ¢ for an additional J0 minites.’ i

" The mixture was quenched (3N KC1, excess), the organic
layer separated, the aqueous layer extrac€ed with ether (3x),
and the cnmbinerx"etnar layers .washed with saturated aqueous
sodium bicarbonate, dried, filtered and concentrated to give
the enone olefin 80 as a yellow oil, 5.36 g (‘72’!); ir (film):
3080 (GsC-H) , 1705 (C=0), 1650 (C=¢) cn™Y; Y nmr (6C1,,) 6+
162 (s, M, Ciy-C=C), 2.25-2175 (n, 8H), B3-5.12 (m, 2H, )
CHy=C) , 5.42-6,0 Tmy 1K, CHC): WSV (wz) 150 (M*). Exact T
" pass calculated for C)oH, 401 150.1045, found: 150.1041. ° '

K . B

3-(3-Bronobutyl) -2-nethy1-2cyclopenten-1-cné (81a)

. To glacial acetic. acid (2 mL) containing 3-( 3-butenyl)-
2-nethyl-2-8yclopenten-1-one (1.5 g 10 mmol) and zinc. N

Y . o~

bromide (0.3 g) was added hydrogen bromide Solution (15 i, e
2.55 M in acetic acid) and thé flask wrapped in alminium
~ 581 to protectthe seaction from light. :

After stirr;ng for 72 hours at 2_’)° C the x‘eactiop - .
mixture was poured into ice water.(50 ml); extracted into’
cetfier (3 x 50 nl), washed with aquéous saturated sodium o
bicarbonate, washel with brine, ariea) i1 tersa, congentrated
and chromatographed (40% hexane in ether) to give prom;rle .
8la, 2.11 g (91%); ir (film)y 1685 (C=0), 164 (C=C) em™%y -
e (00l 80 W) 02 167 (4, My Mz, Ghg=OH), 1.75
(s 3H, cxj-c;c). 2.0 (m, 24, CHp~CBr) s 2.4 (m, 6H), u;‘oz ' ' N




s

60 -,

(sextet, '1H,0 J=PHz, CHBr); M.S, (m/z) 232 (M%), 230 (t*

Zxact mass calculated for CyHy 5BrO: 230.0307, found:
2300299 i t
- E T W -

3 (3 Iodobu‘tvl) 2-methyl-2-. cyclnpenten -1-one (81b) ’/

An acetone solution (30 al) 6F 3-(3-bromobutyl)-2-
nethyl-2-cyclopenten-1-one (0.97 g, 4.2 mmol) and sodiun
.dodide (0.63 g, 4.2 mmol) was refluxed for 3 hours. .
Piifration of the reaction mixture, conceitration of the

i TR R SIS ERE, HESHER Ny, (SLHes: petroleun

ether,. 3:2) gave the iodide 8lb as an oil, 0.93g (79%);

ir ($i1m): 1680 (C-0) . 1640 (c=c) om™;

H nmr (CDC13)5
1,7 (s) 3H, CH3-C=C), 1.92 (d, M, I-PHz, CHy-CH) '2.15-2.75
(m, 8K), 4.10 (gextet, 1M, J=7Hz, ~CHI-); M.S. (m/z)278
(U P : .

3-(3,b-Epoxybutyl) -2-methyl-2-cyclopenten-1-one (87)

; .
s A dichloromethane solution (200 mL) of 3-(3-buteny1)—
z-methyl-2-cyclopenten-l-onie (8. 69 g, 58 mmol)_and m- chloro—

peroxybenz_om acid (13.1 g, 76 mmol, 80%, Aldrich) was ¥tir-

"red:magnetically at 23° C for 2t howrs. Then aqueous sodium

- bisulfite solution (100 mL, 10%) was added to destroy excess
peroxy acid and the reaction mixture extfacted inta ether,

- washed witr‘x saturated ‘aqueous sodium bicarbonate, dz‘ied,
filgered, concentrated arid ‘the prnduct purified by chroma-
tngraphy (ethyl acetate: pet. ether, 1:1) to glve ‘the
epoxide 87 as an oil, 6.26 ¢ (65%); ir (£ilm): 1685 (c=0),
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1640 (c=0, 1265, 845 (0-0) en”s M nmr (CCLy, 80 HHZ)G:
1.60 (s, 3H, CH3-C<C), 1.7 (m, 2H, -CH,-), 2.(La5 (m, 6H,
CH,-C=C), 2.6-3.0 (m, 3if, epoxide protons); M.S. (m/z) 166
(M*). Exact mass calculated for CygH,,0,: 166.099%, found:
_165.1033.

3-[2-(hydroxymethyl) cyclopropyl] -2-methyl-2-cyclopentenone

[N N

A tetrahydrofuran solution (25 mL) of 3-¢3,4-epoxy-
butyl)-2-methyl-2-cyclopentenone (500 mg, 3 mmol) was added
dropwise to'a suspension of sedium hydride (0.23 g, 60% in
Oil. 6 mmol, Aldrich) in tetrahydrofuran (25 mL) cooled in

an.ice bath and stirred magnetically. After 30 minutes at
o

0° C, the reaction mixture was stirred at 229 for 14 hours,
GUSHEREATFIE SAGALEE A eaN AL chloride and dilited
with ether. After separating the layers, the aqueous phase
was extracted with ether (4 x) and the combined organic
layers were dried, Iiltcpéd. concentrated and the product-*
purified by prepara}ive layer chromatography (ethyl acetate:
pet. ether, 1:1) to give the cycl‘iz.ed alcohol 90, 240 mg
(48%); ir (film): 3300-3500 (br, OH), 1680 (C=0), 1630 (C=C)
em™Y, ¥ nor (CDUL,, 80 Miz)8: 0.85-1.22 (m, 7H, Ciy and
cyclopropyl H). 1.80 (t, 3H, J=1.8 iiz, CHy=C=C), 3.60 (m, 2K,
J=6.2 Hz, CH,-0): M.S. (m/2) 166 (M"). Exact mass cal-
culated for Cygiy0,: 166.0994, found: _166.0921. .
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- (Hydroxynethyl) ¢ clopronyﬂ-z meth ~2- Cyﬁyentenone

A tetrahydrofuran solution (50 mL) of 3-(3, 4-epoxy-
butyl)~2-methyl«z—'cyclopnntenone (4.7.g, 28 mmol) was added
dropwise fo a stirred suspension of potasgium hydride (7:2 g
35% in 0il, 56 mmol, Aldrich) in tetrahydrofuran (50 mL)
cooled in an ice bath. After 30 minutes at-0° C.”the
Fas e ARG e stlveen 8% 2P e tE hours, quenched
with saturated aquecus ammonium chloride, and dilutéd with
ethér. . The layers were separated, the aqueous layer

|

extracted with ether (3 x)’ and|the combined organic layers

" were dried, filtered, concentrated and chromatographed (3%

methanol’in ether) to give the cyclized alcohol 90, 2.6 g

(57%)3 ir (£ilm): 3300-3500 (br,OH), 1680 (C=0), 1630

(c=c) en™i 2 nor (cDC1y, 80 WHzj: 0.85-1.22 (m 7H. CHy
)r 3.6 (m,
2H, J=6 Hz, CHy-0), M&. (m/z) 166 (X'). Exact mass

and’ cyclopropyl K), 1.8 (t, 36, J-NB Hz, CH 3~

calculatec.l for CyoH 0, 166.099%, found: 166.0991.

Hydroxymethyl) cyclopropyl clopentenone

ethyl

3-(3, 4-Epoxybutyl)-2-methyl-2-cyclopentenone (0.3 g,
1.8 mmol) in tetrahydrofuran (20 mL) was.added dropwise to
a_tetrahydrofuran solution (20 mL) containing diisopropyl-
n-butyllithium (0.5 mL,

amine (0.8 mL, 5.4 mmol, Aldrich),
2.2M in hexane, Aldrich), triphenylmethane (5 mg) and
hexame'thylphosphoranide (1 nL) cooled to -78° C.. After the

addition was complete, the redctian mixture was stirred at
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22° ¢ for 16 hours, quenched with saturated aqueous
ammonium chloride and diluted with ether. The aqueous
layer was extracted with ether (3 ) and the combined organic
layers dried, filtered, concentrated and purified by
preparative layer chromatography (ethyl acetate: ether, 1:1)
to give the cyclized alcohol 90, 40 mg (13%); ir (film):
3300-3500 (br,0H), 1680 (C=0), 1630(c=C) cn™ ; ' nmr (cncly,
80 MHz) 6: 0.5.5-;.22 (m, 7H, CHy and cyclopropyl H), 1.8 (t,
3H, J=1.8 Hz, CHy-C=C ), 3.6 (M, 2i, J =6 Kz, CH,=0), M.S.
(m/z) 166 (). Exact mass calculated for Cy H;,0,: 166.

0994, found: 166.0991.

A

lethylcyclopro

To a magnetically stirred suspension of potassium
hydride (7.1 g 60 mmol, 35% oil suspension, Aldrich) in
dimethoxyethane (50 mL) cooled in an ice bath, 3-(3-bromo-
butyl)—2—methyl—?_—;yclopenten—l—one (6.5 g, 28 mmol) in
dimethoxyethane (50 mL) was added dropwise. After stirring
for 10 ‘minutes gt 0° C, stirring was continued at 22° C for
15 hours, and the reaction mixture guenched with saturated
aqueous ammoritwn chloride and diluted with cther. Thee
aqueous layer was extracted with ether (3 x) and the com-
bined organic layers wefe dried, filtered, concentrated and
chromatogriaphed (petroleum ether: ether, 3:2) to give 91 as
an oil, 1.85 g (45%), ir (film): 1690 (C=0), 1650 (C=C)

en™: M nnr (cocly, 80 MHz)6s 0.80 (m, 1M, cyclopropyl H),

1.0-1.35 (m, SH, cyclopropyl H and CHy=CH), 1.65 (m, 1H,
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cyclopropyl H), 1.7 (t, 3H, J=1.8 Hz, CH3-C=C), 2.0-2.4
(complex, bH).| Exact mass calculated for C, H),0: 150.1044,

found: 150.1044.

To a magnetically stirred suspension of sodium hydride
(0.54 g, 4.3 mmol, 35% in oil, Aldrich) in dimethoxyethane
(5 mL) cooled in an ice bath, 3-(3-bromobutyl)-Z-methyl-i-
cyclopenten-l-one (600 mg, 2.2 mmol) in dimethoxyethane
(5 mL) was added dropwise. After stirring for 10 minutes
at'0° ¢, stirring was continued to 22%€ for 15 hours, and
the reaction mixture quenched with saturated aqueous

. ammonium chloride and diluted with ether. The aqueous layer
was extracted with ether (3 x) and the combined organic
layers were dried, filtered, concentrated and chromatographed
(petroleum ether: ethyl acetate, 4:1) to give 91, 120 mg

Y(37%), ir (CHCl4): 1695 (5=0), 1650 (c=C) cn”ls M4 nmr

- (CDC13) ¢ .0.75-1.0 (m,

cyclopropyl), 1.0-1.35 (br s,

5H,:cyclopropyl H and CHJ-CH). 1.65 (m, 1H, cyclopropyl
1.8 (br s,

CHy-C=C), 0-2.45 (m, bH, CH,-CH.), K.S.

' (m/z) 150 (M%),

3-(2-p-Toluenesulfonyloxymetiiylcyclopropyl)-2-methyl-2-

cyclopentenone (92)
A pyridine solution (5 mL) of 3-[2-(hydroxymethyl)-

“eyclopropyl] -2-methyl-z-cyclopentenone (350 mg, 2.1 mmol)
and p-toluenesulfonyl chloride (810 mg, 4.2 mmol) was stirred

at' -20° C for 22 hours. The reaction mixture was then
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poured over 4ce water (60 nL) and extracted into ether
(5 x 30 mL). The combined organic layers were washed with
dilute hydrochloric acid (1N, 20 mL, 4 x), aqueous sodium
bicarbonate (5%), dried over Na,SO, for 6 hours, filtered
and concentrated to give the tosylate 92, 0.48 g (71%),
mp 87-91° C; ir (CHC1;): 3020 (aroftic €-H). 1690 (C=0),

1630 (C=C), 1360 (S=0, assym), 1170 (S=0, sym.) em ;

4 nmr (CDC15)6: 0.70-1.35 (m, 4H, cyclopropyl H), 1.72
(s, 3H, CHJ—C=C), 2.1 (m, 2H, CH2>C=0). 2.3 (m, 2H, CH2~
C=C), 2.44 (s, 3H, CHy-aromatic), 4.0 (m, 2H, CH,-0), 7.2-

7.8 (m, 4H, aromatic); M.S. (m/z) 320 (M).

N

Propionyl Chloride (94
Propionic acid (25 g, 25.2 mL, 0.337 mol) was added
dropwise to thienyl chloride (50.2 g, 30.7 mL, 0.42 mol) at

22° C. After the addition was complete the mixture was

warmed to 65° C for 30 minutes and then the crude product

was distilled off. The crude product was purified by
fractional distillation, b.p. 76-79° C to give prorionyl
chloride (94), 23.6 g (76%), M nmr (CC1,)6: 1.3 (t, JH,
J=7? Hz, CHJ-CMZ), 3.00 (q, 2H, J=7 Hz, -CH,-C=0).

utanone (96

1-Bromo .
To a well stirred dry methanol solution (800 mL} of
2-butanone (50 g, 62 mL, 0.69 mol) at 0° C was added bromine
(116 g, J6.mL. 0.69 mol). Stirring was continued until
decolorization had occurred (4% hours) and then sulfuric

)
0
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acid (900 ml, 2M) was added and the stirring continued. ror‘/
an additional 16 hoyrs. The reaction mixture was extracted
into ether and neutralized with saturated aqueous sodium
bicarbonate, the ether phase washed with water (4 x), dried -
over Na,S0,, filtered, concentrated and the product pur-

ified by distillation, to give a clear oil, 5.54 g (6%)

b.p. 105° C/120 Torr; 'H nmr (CDCL3)8: 1.03 (t, 3, J=7 Kz,
cu,—):, 2.62 (q, 2H, J=7 Hz, -CH,-C=0), 3.87 (s, 2H, -CH,-

Br).

2-Phenylthio-l-cyclopentanone (108)

A dry dimethoxyethane solution (5 mL) of cyclopentanone
(168 mg, 0.178 mL, 2 mmol) was added dropwise to a dimethoxy-
ethane suspension (5 mL) of potassium hydride (458 mg, 4
mmol, 35% in oil, Aldrich) cooled to 0° C. The reaction
mixture was allowed to warm to 22° C and a dimethoxyethane
solution (40 mL) of N-thiophenylphthalimide (510 mg, 2 mmol)
was added dropwise. The reaction mixture was stirred for
an additional 72 hours, quenched with water, extracted
into ether (4 x), washed with brine, dried, filtered,
concentrated and purified by preparative layer chromatography
(hexane: ethyl acetite, 4.1) to give.the phenyl sulfide 108,
71 mg (81%); ir (CHCl;): 3020 (C-H, aromatic), 1735 (C=0)

en™d; M nmr (CDC13)8: 2.2 (brm, 6H), 3.61 (m, 1M, -CH-S-),

7.32 (m, SH, aromatic). i

<
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Acetonyl triphenyl um Chloride(122)

. & benzene solution (100 mL) of triphenylphosphine
(28.85. g, 100 mmol) and ohloroacetone (9:25‘5. 100 mmol)
was refluxed for 1 hour. The reaction mixture diluted with
petroleun ether and filtered under aspirator vacuum to give
:he phosphonium salt 122, 30.2 g (85%), m.p. 238-241° cy
ir (CHC13): 3070 (C-H, aromatic), 1715 (C=0), 1600.and 1520
(c=c, aromatic) em™Y; ' nmr (e, 80 HHz)8: 2.49 (4, 3H,
J=1.5 Hz, CH4-C=0), 6.10 (d, 2H, 1=10 Hz, 0=C-CH,-P), 7.28

(m, 15H, aromatic). %

mrighenppmsgmn;acetpmemxlene (123) -

A mixture of acetonyltriphenylphosphonium chloride
(15.7 & M mnol) and 10% aguepus sodiun carbonate (125 nL)
was stirred at 22% C for 8 houEs. Filtration under rediced
pressure (water aspirator) \gave the crystalline product 123,
14,1 g (91%), m.p. 203-205° C; ir (CHC1,): 3070 (C-H,
aromatic), 1525 (C=C, aromatic) cn'; M nmr (CDC1, 80
MH2)8: 2.07+(d, 3H, J=1.5 kz, CHy-C=0), 3.65 (d, 1H, J=26 Hz,
HC=P), 7.45 (m, 1sH, aromatic H), M.S. (m/z) 318 (M"):

.

2-Ethoxy-1- 1 triphenyl snium bromide (124)

A tetrahydrofuran solution (15 mL) of triphenylphosphine

acetylmeth{lene (1.0 g. 3.1 mmol) and ethyl bromide (0.26 mL,
3.5 mmol, Aldrich) was refluxed for 48 hours. The oily

residue was crystallized (methanol: ethyl acetate, 1:20)

to give the ether phosphonium bromide salt 124, 0.82 g
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(61%), m.p. 165-167° C; ir (CHClg): 3060 (C-H, aromatic),

1 M nmr

1600 (€=C), 1490 (C=C, aromatic), 1120 (C-0) cm™
(cpe, 80 MH2ST 0.70 (t; 3H, J=7 Hz, CH3-CH,-), 2.65 (s, V
M. CHy=C=), 4.06 (q, 24, J=7 Hz, -CH,-0), 5.80 (d, 1K,

J=18 Hz, -CH-P), 7.73 (m, 15H, aromatic).

2-Ethoxy=1-propenyl trilphenylphosphonium iodide (125)

A tetrahydrofuran solution (150 mL) of tni;henyl—
phosphineacetylmethylene (20 g, 62.4 mmol) and freshly
distilled ethyl iodide (10.7 g, 69 mmol, Aldrith) was
refluxed for 15 hours to give & tawny ViEsois Bil. oHie
0il was crystallized (methanol: ethyl acetaté, 1:20) to give
the ether phogphonium.salt 125 as needles, 27.7 g (93%),
mip. 160-161° C; ir (CHC14): 3060 (C-H, aromatic) »1600
{c=c), ,1'u55, 1440 (c=C, aromatic), 1110 (¢-0, ether) 1000-
870 (<cH) cn™l; MW nmr (CHC1,. BO MHZ)S: 0.69 (%, 3H,

J=7 Hez, CH3-CH,), 2.57 (s, 3H, CH3-C=0), 4.05 (3, 2H, -
J=7 Hz, CH,-0), 5.52 (d, 1H, J=18 Hz, =CH-R), 7.6 (m, 15H,

aromatic) .

2:Methoxy-1-propenyl triphenyl ium jodide (126)

A tetrahydrofuran Sotution (15 mL) of triphenylphos-
phine acetylmethylene (1.0 g, 3.1 mmol) and methyl iodide
(0.50, 3.5 mmol) was stirred at 227 C for 48 hours.
Piltration under reduced pressure (water aspirator) gave B
the crystalline product 126, 1.13 g (78%), m.p. 138-141° c;

ir (CHCl3) 1720 (0=C), 1600 (C=C), aromatic), 1125 (C-0) L
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enls M nmr (CDC1,)8r 2.5 (s, 3H: City-C=), 3.63 (br s,
3H, CH,-0), 5.52 (d, 1H, J=20 Hz,=CH-P), 7.75 (m, 15K,

aromatic) . B

3-Ethoxy-2-methyl-5-methylthio-2-cyclopenten-l-one (102)

B-Ethoxy—z-methyl-cyclupen{en-bone (10 g, 71 mmol)
in tetranydratﬁran (200 mL) was added dropwise to the
tetrahydrofuran solution (100 mL) containing diisopropyl-
amine (15 mL, 110 mmol, Aldrich) and n-butyllithium (51 mL,
2.1M in hexane, 110 mmol, Aldrich) at -78° C. After

stirring the anion at -78° C for 30 minutes and at 0° ¢

for 45 minutes, a tetrahydrofuran solution (150 mL) of di- L A

methyl disulfide (6.44 mL, 6.74 g, 71 mmol, Aldrich) was

added rapidly (1 minute). .

After stirring at 23° ¢ for 1 hour the reaction mixture .

was quenched with saturated aqueous ammonium chloride and

the layers separated. The aqueous phase was extracted with
ether (150 mL, 3 x) and the combined organic layers were
dried, filtered, concentrated and chromatographed to give the
sulfide 102, 9.58 g (72%); ir (film): 1680 (c=0), 1625

(c=c), 1125 (c-0) em™*
3, J=7 Hz.,

+ U nmr (oDC14, B0 MHZ)E: 1.40 (t,

&

CH3=CHp), 1.52 (%, 3H, ¢

+5 Hz, CHJ—C=C).
(s, 3H, CH4-§), 2.8-3.35 (br m; 2H, CH,=C=), 4.2 (q, 2H,
J=7 Mz, CHy-Me); M.S. (m/z) 186 (M').. Exact mass calculated

for CgHy S0, 186.0714, found: 186.0730.
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3-(3-Butenyl)-2-methyl-4-methylthio-2-cyclopenten-1-one
130a

; |
A tetrahydrofuran solution (5 mL) of 3-ethoxy-2-methyl-

5-methylthio-2-cyclopenten-l-one (1.32 g, 7.1 miol) was

" added dropwise to a solution of anhydrous ether (5 mL)

containing 4-bromo-1-butene (1.1 mL, 1.45'g, 10.7 mmol,
Aldrich) and magnesium turnings (260 mg, 10.7 mmol).
The reaction mixture was allowed to stiry at 65° ¢ for 15
hours. . N —
The mixture was quenched (3N HCl, excess), the organic
layer separated and the aqueous layer extracted with ether
(3 x). The combined ether layers were washed with saturated
sodium bicarbonaté, dried, filtered and concentrated to give
103d as an oil, 312 mg (34%): ir.(film): 1695 (C=p), 1635
i M nnr (cDC1,4, Ba WK2)S: 1.60 (s, F, CHy-ce),

1.73 (s, 3H, CHy-S), 2.06-2.8 (m, 6H), 3.77 (m, 1H, =C-CH-

.8-), 4.8-5.18 (m, 2H, CH,=), 5.48-6.02 (m, 1H, -CH=C); M.S.

(m/2) 196 (M"). Exact mass calculated for C, H) (S0 196.0922, - ' *

found: 196.0907.

one 12
3-(3-Butenyl) -2-methyl-4-methylthio-2-cyclopenten-1-

3-(3-Bromobutyl) -2-methyl-4-methyl thio-2-cyclopenten=1- i
10%a s 5 e

one (850 mg, 4.5 mmol) was added to glacial acetic acid (5

nL) containing zinc bromide (100 mg).: Hydrogen bromide in

.acetic acid solution (5 mL, 30%) was added to the stirred

reaction mixture, and the flask wrapped in aluminium foil to

7 a
protect the reaction from light.
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After stirring for 48 hours at 23° C ‘the reaction,
mixture was pouted into ice water (50 mL), extracted into
ether (3 x 50 mL), washed with saturated aqueous sodium
bicarbonate, washed with brine, dried, filtered, cohcen-
trated and the product purified by chromatography (éther:
petroleun ether, 3:2) to give the bromide 10ka as .an oil,

. 1.8

88 mg (13%); 1 nnr (CDC15)d: 1.70 (s, 3H, CHy-Cs

(s, 3H, CHy-S-), 2.02 (m, 2H, -CH,CHBr-), 2.33-2.90 (m,

UH), 4.06 (sextet, 1H, -CHBng), M.S. (m/z) 276 (M%).

A dichloromethane solution (50 mL) of 3-(3-butenyl)-
2-methyl-4-methylthio-2-cyclopenten-1-orie (1.0 g, 5.1 mmol)
and m-chloroperoxybenzioc acid (2.32 g, 10.3 mmol, 80%,
Aldrich) was refluxed for 6 hours. Then 10% aqueous
sodium bisulfite (20 mL) was added to destroy excess peroxy
acid and the reaction mixture extracted into dichloromethane
(% x 30 mL). The combined extracts were washed with satur-
ated aqueous sodium bicarbonate, followed by 0.5M aqueous
sodium-hydroxide (excess), then dried, filtered,concen-
trated and chromatographed (ether) to give the sulfone
(103c) 785 mg (68%): ir (CHCls): 1710 (C=0), 1635 (C=C),

1300 (5=0) em}; MM rfr (CDCL )5 1.80 (d, 3H, J=1.5 He,
Cliy-C=C), 2.3-2.55 (m, 2H), 2.65-3.0 (m, 7H, 4.27 (m, 14,
—C}(-SOZ-). ““8345.2 (m, 2H, CH,=), 5.5-6.05 (m, 1H, -CH-C=);

n.s. (m/2) 228 (m*).
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methylsul fon,

~ 3-(3-Butenyl) -2-methyl-4-methylsul fonyl-2-cy¢lopenten—
l-one (1.4 g, 6.3 mmdl) and zinc bromide (0.25 g) in glacial
_aGetic acid (10 ml) were added to a stirred hydrogen bromide
in acetic acid solution (20 mL,.30-32%) and the flask wrap-
ped in aluminium foil to protect the reaction from light.
B Art%r stirring for 96 hours, the reaction mixture was
poured into ice water (50 mL), extracted into ether (3 x
50 mL), washed with saturated aqueous sodium bicarbonate,

brine, dried, filtered, concentrated, and chromatographed

(ethyl acetate: hexane, 1:9) to give the bromide 104b, 400 mg

(21%); ir (film): 1700 (C=C), 1640 (C=0), 1310 (S=0), 1230,
{C-Br), 1130 (5=0) en™, M nmr (CDC14)8: 1.71"(s, 3H,
GH3-0=C), 2.17 (4, 3H, J=2 Mz, CHy-CHBX), 3.91-(m, 1H,

—CH‘SOZMé). 5.0 (m, 1H, -CHBr-Me).

L-Epoxybutyl
104¢c

ne
A dichloromethane solution (50 mL) of 3-(3-butenyl)-2-
nethyl-b-me thylsul fonyl-2-cyclopenten-l-one (795 ng, 3.5

- mmol) and m-chloroperoxybenzoic acid (750 mg, 3.5 mmol, 80%
Aldrich) was refluxed for 48 hours. Then 10% aqueous sodium
bisulfite (excess) was added to destroy any residual peroxy
acid and the reaction mixture extracted into dichloromethane
(4 x 25 mL). The combined extracts were washed with
saturated aqueous sodium bicarbonate (27x), followed by 10%

aqueous sodium hydroxide (2 x), then dried, filtered,
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concentrated and chromatographed (ethyl acetate) to givé the.
sulfone epoxide 104c, as a clear oil, 640 mg (75%)1 ir (film)s |
1700 (G=0), 1635 (C=C), 1300 B oot Moome

(cDC15)8: 1.83 (s, 3H. CHy=C=), 1.9-2.1" (m, 2H, -CH,-),

2.35-3.15 (m, 10H), 4.5 (m, iH, -CH-50,).

3-Methyl-3+buten-1-ol mesylate (115)

To a dichloromethane solution (100 mL) of 3-methyl-3-
butén-1-ol (11%) (8,61 g, 0.1 mol) at 0° C was added a
dichloromethane solution (30 mL) of triethy'lamine'(zo’mn.
1144 g, 0.14 mol) and methanesulfonyl chloride, (7.6-mL,

0.1 mol). After stirring for 1 hour 0.5M aqueégs sodium
bicarbonate (50 'mL) was added and the réaction mixture
stirred vigorously for 10 minutes. The layers were
separated, the aqueous layer back extracted with ‘dichloro-
methane and the combined organic layers washed with brine,
dried filtered and concentrated to give the mesylate (115),
13.9% & (85%); ir (CDC15): 1665 (0=C), 1030 (5=0) em™l; i
.nmr (CDC13)8: 1.78 (s, 3H, CHy=C=), 2.40 (%, 2H, J=7 Hz,’
CH,=C=C) ) 2.95 (s,"3H, CHyS), 4.21 (%, 2H, J=7 He, ‘CHz 0)
4.80 (br.s, 2H, CHy=): M.S. (m/z) 164 (M*).

Jt

4-Bromo-2-methyl-1-butene (116) . o i .
An acetone solution (1000'mL) of B-methyl-3-buten-1-ol
mesylate (90.0 g,"o.3h9 nol) armd Lithium bromide (52 g, ]
0.600 mol) was réfluxed for 1 hour. Then Sther (500 nL) and
FaEES. (1500 D) Wens WAAEd, e LaYeTe HepEPRLEE, NENS- SIRETE

layer re-extracted with ether (3 x) and the combined ether,



™ .

layers washed with brine, dried, filtered, cnncentx;'at‘ed and
the, bromide 116 purified by di’stillation,-b.p‘. 120°- 130%c/
760 torr, 74.0-g (90%); ir (CDCLy): 1660 (c=c) cm™l; M amr
(CDe13)6: 172 (8, 3H, CHy=C2),'2.53 (t, 2H, J=7 Hz, CH,=C=),

3.5 (%, 2H, J=7 Hi, CH,-Br), 4.75 (br s, 2H, CH,=).

5-Methyl-2-isopropyl-5-hexenoic acid (118)

Isovaleric acid (117) (1.53 &, 15.0 mmol, Aldrich) was‘»
added to a s{irred suspension of sodium hydride (0.6 g 15.0
#mol,” 60% dispersion in 0il) in dry tetrahydrofuran (15 mL) -
and diisopropylamine (1.53 g, 15.0 mmol). The reaction was °

_reflixed for 10 minutes, cooled to 0° C with an external ice

bath, a:'za' n-butyllithium (7.14 M1, 15.0 mmol, 2.1M in hexane) .
added, The mixture was warmed to 35° C for 20 minutes,

cooled to 22° C and iw‘-'bromo-z-mej;hyl—1—hurene' (2.22 g,

15.0 mmol) added.- Stirring was continued at 30° C for 24
hours, the cold reaction mixtu;e' (0% ©) quenched slowly with

water, acidified with 10% aqueous hydrochloric acid and

" extracted with ether. The combined: ether extracts were &

washed with brine, dried, filtered and concentrated to

afford the acid 118, 2.04 g (80%); ir (film): 3500-2500
(oK), 1700 (C=0) em™t, M nmr’(CC16 1.02 (d, 6H, J=7 Hz,
(CH3)50), 1.72 (s, 3H, CHy=C=) 4.71 £br s, 2H, HyC=C), 10.90

(br s, 1H, COOH); M.S. (m/z) 170 (M%).

5-Methyl -2-isopropyl-§-hexen-1-ol (119) .

5-MetHyl-2-isopropyl-5-hexenoic acid (2.0 g, 12:0 mmol)




t—

75
i_n anhydrous ether (15 mL).was added dropwise to r stifred
_suspension of lithium aluminium  hydride (0.456 g, 12 mmol)
in anhydrous ether (15 ml) maintained at 0° C. Stirring was
continued for 1 hour at-22° C after addition was complete,
additional ether (50 mL) added, followed by water (1 mL)
.dropwise and anhydrous sodium sulfate.  The olution was
drisd, I"iltez:ed, concentrated and the product purified by

\ chromatography (ethyl acetate: hexane, 1:9) to give the

alcohod 119, 1.8 g (96%); “ir (film): 3300 (br, OH), 3060

L(Hec=) om™h LM nme (01,)61 0.90 (4, 6H, J=7, hz, (CREOR
*1375 (s, 3H, CHy-C=C), 3.50 (d, 2H, J=5 Haz, CH,"0), 3.77 (s,

; HS. (m/z) 156 (7).

1H, OH), 4.64 (br s, 2H, c'H2=c

S-Methyl-2-§sopropyl-5-hexen-1-al (113)

“A dry dichloromethane solution (2 mL) -of 5-methyl-2-
isopropyl-5-hexenol (1.7 -g, 10.9 mmol) was added to a well
stirred suspension of pyridinium chlorochromate (6.0 g,

27.9 mmol)-and sodium acetate (0.5 g, 6.2 mmol) and the
reaction stirred at 22° C for 3 hours. The reaction mixture
was diluted with ether (150 mL), filtered under vacuun
through’'a short column of silica gel, concentrated and the
product purified by chromatography (2% ethyl acetate/n-
hexane) to give the aldehyde 113, 1.4 g (88%): ir (film):

3060 (1-6=0), 1730 (C=0), 1670 (C=C) em™%1 *H mmr (CC1,)6:
0.89 (d, 6it, J=7 Nz, (Cli3),C)y 1.63 (3, U, Clig-C=), b5k
(br s, 20, H,C=C), 950 (d) 1M, J7) Hz, H-C=0)y M.5. (m/z)

2 (MY,

L]

l
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2=Ethoxy-5-isopropyl-8-nethyl-1, 3, 8-nonatriene (111)
n-Butyllithium: (4.8 mL, 12.6 mmol, 2.6 in hexane,
Aldrich) was added if; a well stirred anhydrous tetrahydro-

furan solution (30 mL) of the phosphonium salt12s (6.0 g,
12.6 mmol) cooled to -78° C. After the addition was com-
plete the red-orange nmixture was allowed to wam to -23° ¢
and the stirring continued for 2 hours. The reaction mix-
turc was then recooled to -76°C and atetrahydrofuran
solution (15 mL) of 5-methyl-2-isopropyl-z-hexenal (1.30 g,
8.3 mmol), 111, was added dropwise. The reaction mixture was
warned to 23° C and stirred for 18 hours. Cold water (75 ml)
was' added, the layers separated, the organic layer washed
with Water, and 'the aqueous layer back extracted with ether
(2 x). The combined organic extracts were dried, filtered,
concentrated and distilled by Kugelrhor (90° ¢/0.1 torr) to
give the triene 111 as an oil, 750 mg (27%); ir (£ilm): 3080
(C=c-if, stretch), 1575, 1450 (C=C), 1080 (C-0) en™Y, ' nmr
(ccx,,)&: 0.75-0.90 (overlapping d, 6H, J=7 Hz, (C}lij)zCH). '
1.31 (t, 3H, J=7 Hz, Cll=CHy=0) » 1.50-2.1 (1, 6, ~Chi,-s )
R,CH-). 1469 (s, 3H, Cli3=C=C), 3.7 (q, 2i, J=7Hz, Me-CH,-
0), 3.9 (s, 2H, CHy=C-0), 4.6 (5, 2, HyC<C=Me), 5.69 (br s,
2H, -CH=CH-); M.8. (m/2) 222 (W*). From an atlempted pre-
pargtive layer chromatogrphy purification (ether: petroleum
ether, 1:9) of the crude tricne (500 mg), recovered the
hydrolysed product, 8-methyl-5-isopropyl-3, 8-nonadien-2-one
(1300, 170 mes i (£ilm)s 3080 (C=C:H, siretch), 1689 (C=0),
1

1625, 1450 (c=C) en™ 2, N mnr (CC1)6 0,87 (overlapping: d,
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B, J=7 Kz, (CHg) p-C), 1.69 (s, 3H, CHy-C=C), 2.02 (s, 3,

CHy-C=0), %.60 (br s, 2H, H,C=C), 5.88 (d, 1H, J=l6Hz,

€=0) , 5.5 (dd, 1H, J=9, 16 Hz, HC=C-C=0), W.S. (a/z) 195
- 1.
trans-4-Phenyl-3-buten—2-one (benzalacetone) (129
n-Butyllithium (4.4 gL, 11,3 mmol, 2.6M in hexane,
Aldrich) was added slowly to a well stirred anhydrous
tetrahydrofuran suspension (20 al) of the phosphonium iodide
salt 125(5.35 g, 11.3 nmol) at -78° C. After the addition was
complete, the dark red mixture was allowed to warm to -23° C
and the stirring continued for 2 hours. The reaction mix-
ture was recooled to -78° C and a tetrahydrofuran solution
(10 mL) of benzaldehyde (1.0 g, 9.4 mmol, Aldrich) was added
dropwise. The resulting reddish-brown mixture was quenched
with water (30 mL), extracted into dichloromethane (3 x), and
the combined organic layers dried, filtered, concentrated and
puri fied by preparative layer chromatography (petr_olr.-um
ether: ether, 9:1) to give the aromatic unsaturated ketone
129, 0.210 g (15%) m.p. 35-38° ¢, (purification required 3
columns and a preparatiye plate, contributing to low yield):
ir (£ila): 1670 (C=0), 1610 (C=C), 1495, 1450 (C=C, aromatic)
ol Wnmr (CC1,)8 2.23 (5, 3, CHyC=0), 6.52 (4, 1,
J=16 Hz, -C=cl), 7.36 (d, 1M, J=16 Hz, -C=CH), 7.29 (=, Sil,
aromatic); M.5. (m/z) 146 (M%),
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