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TL.u them d_ucnbu studies dmcted toward the t.oul synt.hem of longxfolene ..
N "utilising "as & key “step an intramolecul Diels-Alder’ cyclisation. Different
o approaches for the construction of spu'o[2. ]heptH B-dienés have been. explored
and a general routs involving the fulvene @8 developed. Nucleophilic addition of .
met.hlyhtluum to this fulvene generates a ‘cyclopentadiens anion in sitw, which :;
- closes ‘to -the" roqulnte cyclopropane system Ty epoxide ring opening to afford 45
. This - cyelopenudiene -unit will thus serve as the ‘left-lund portion! for the - -
- ' upprouh to longifolene “which .is outlined. . Procedures for the ‘prepnntlo“‘“and
. 'introdnction of ‘a suitable ‘right-hand portion’ Liave also' been axamlned these
C preliminny results have indicated the subtle blend of functionality and reactivity. .
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1 Structarslslicidation

The first reported degradatwe mvestrgatlom mto the structure of longrfolene were by

Simonsen etaftf. . ‘ ' ,

At that tunc they were able to 1dent\fy thc pmenee of \dnyl tertxary mathyl and gem . '

dlmethyl gmups On the basis of its molcculnr l‘ormula, mH-n apphcatlon ‘of the i uoprcnc

rule, snd the mumptmn that the structure contained only cyclopentane and cyclohexane '

i nny, the followmg two structuru 1 and 2wcrc postulatcd[2] (Chart I).

lt ‘was not until after the X—ray study of lonpfolene hydrochlonde 3 by Moffet and

Rogcrsls] that the correct atrncture of lonp!olene “Was proposed by Oumson and Naﬂ‘n[4]

)

c On the basis of the avnlable chcrmcxl cvrdence, and thc reahzatlon that Jpon treat-

ment w1th hydrogen chlonde, longl[olcne 4 undergoes 3 Wagner-Meerwcm rearrangement to

o longxfolene hydrochlondc s, (1,2 shn‘t, Schcme I), Ounson amvcd at the correct structurc 4

o
0 : ! . . B .
N 1
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RIS

[T I l N N .
- . : u . LI
R .
2 ¢ -
- \_ﬁ l
: .
. . .
3 . :
' / . ¢
N ‘ .
¢ - -
. :, ' . d
N < . 3 e . . K o ‘ .
. . N 8 @
o ) . Scheme [ o '
\ k o ; & ?
1 ) 0 .
. ) ’\ " Further studies on the molecular rotations of a. series of denvat.xves of longlfolene a.nd
Y \~ ﬂsanta.lene[S] suggested that the, proposed structure. also represented the éxbsolute ,,
conﬁgu.ratxon. The structure 4 has smce been conﬁrmed by several syntheses of longlfo_lene. 7
L9 ‘Biosynthesis . C } C ; . .
The sesqult.erpeﬁe longifolene is the major constxtuent in the essentlal onls obtamed :
i \ . e oy,
e from the oleoresms ol’ Pllmu louytfoha, Pmua khaaya, Pmua merkaall [6] and Pmus Ma,‘t~
‘ . " . R
. lima[’l] L ' . . : o .
Ty * It has been estabhshed that Sesqmt.erpenes arise’ blogeneucally from the cycllznnon ol'
. - e ‘ ' [
e . . the seaqmt,erpene tarnesol, itgell denvcd from the condensatlon of three mevalomc acnd o
. . i B . o
. unmits. - I ST
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w1th the. bxogenet.lc echeme abovello]

‘3. Synthetlc hutory of longlfolene ‘ ‘

.of longlfolene and at least ﬁve unsuccemful at.t.empt.s[ll] [12] ‘ ‘. '

- The bxogenem of longxfolene[sl [9] uwolvee the formatlon of an initial. carbomum ion

. from cw-famesyl pyrophoephate 5 (Schem/e lI) Thm ca.x-bomum lon, dependmg upon the

. pathwny of rearrangement. ‘nay gwe Tise to a vanet.y of dxﬂ'erent. sesqmterpenes The path-

L ‘,‘- - o

way leadmg to longxfolene begma wnth f.he formnon of the eecondary carbomum ion 7 vna'.

‘ the ion 6

A 1 3 hydnde eh].ft gwes cation 8 whose eonformatlon, depicted in 8n facxlit.ates col-

" lapse to the cu-fuaed blcychc ion 9 ‘Attack of the double bond on the cationic ceéntre leade:

"to catlon 10 (le ‘tncyclo [22 l]denvatlve 106) which undergoes a facile 1,2 carbon bond.

m.lgrauon. ;Thel T ult.mg earbomum lomu (rednwn as 11a) t\ﬁ'ords long\folene 4 by slmple

' prb_ion loee L . . - '.l Lo ‘

i

It. ahould be noted thnt. formal represenntlon of the mechanmm and mtermedxat.es m'

the preceedmg manner does not neeeeeanly ﬂeet the actual ensyma.uc processes, but. it

doea_provnde avuseful framework for terpene cls.mﬁcatlon and’ etructure ratxonaluahon.
o . _ . : :

Preliminary.expei'iméntal vfrork has been conducted on longifolene biogeneeis[!)] The

r

feedmg of (C -14C) acetate to Pmn Iongtfolm rozb resulf.ed in the meorporatxon of 0. 07% of

i 1he labeled s.cet.ate into long\folene Actmt.y in the exocycllc met.hylene group. showed 1 B%

of that. expected for de‘mmt‘ion from the carbonyl group acetate. This result is consistent - ° '

- v . .
) . ' i

e

The intricate carbon network of Iongxfolene has served as a challengnng test. for syn-

th‘etnc methodology for the Ppast 20 years To dete therT have been four pubhehed syntheses

A au.rvey ol' the reported syntheses of. longlfolene reveals t.hal; e#ch approach employed

dlﬂ'erent. atrategxes for the construcuon of the intricate blcyclo[s 4 O]undecane carbon skele-

4 . o ! ‘

“_ﬁ\

o

Y
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s O

: of a homodecabn denvatwe 15, as shown in Sch{mem . ;" TN '.; i\ -

~ santonin to sant.omc acld [14] Although santonin waa smoothly tramformed to mtomé acxd ' e T

A (+)-2 &butanedlt.hlol .nd t.he dlutereomcrs were resolved The 6pt1cally actwp thiol 28 waa

"+ then converted to optically active longlfqlane(

' .fut.xlued the ume atartmg mtenal as Corey, but his approach was t.o first eychze the deca- —

- bxcyclo[5 4 O]undecane skeleton as outhned in Scheme v.

3.1. Corey’-\lynthuh B T . -,'

3 , The first synt.hesu of longlfolene was report.ed by Corey et al[13] In t is approach to

longlfolene the bndged-nng system was comtructed by An mtramolecular Mi ?ﬁl addxt.xon

~

. . ..
3 . ~

'Precedence for' this ﬁype of reaction was found ip the base catalyled -cycliution of . )
- . S

the con-espondmg cychnhon of homodecahn 15 to dlketone 18 proved to be much lm. e e

facde Yields of only 10-20% were obtuned for this cruclal step. . o o, '

. N M . L4
1, . , .
'

To prepare the reqmred homodecalm 15 the Wneland-Mieacher ketone 12 was:con-’ . D

.verted via the tosylate 13 and t.hen subjected t.o a pmacol reamngement. whnch resulted in : . " N

" & ring expansion in 41-48% yield. ) o ‘ L , o

" L. . ~L -

- After construction of the bicyclo[5.4.OJundecane framework, diketone :16 was'ela- - ‘- e
Sorated to racemic Jongifolene m the follbwing manner. The more reactive cycloliepta.ne
ca.rbonyl was reduced vu Rancy mckcl desulfumatlon ol' its t.lno-ket.al Addmon of methyl

ht.hlum to ket.one 19, gave longlfolene aﬂ:er dehydntlon of t.he resulting’ tertlary nlcohol

To prepare the optxcally active nnural prodnct mtermedxa.te 17 was treated wlth L

o — e

3.3. Mcﬂiu-ry‘n cynthuh ' \ ’ - A

The second synthesis of long‘tfolene was reported by MeMurry and Isser[lS] McMurry

. lin system t.o a bxcyclo[4 40]deeane !Subsequent. rmg expamuon gave the requu’ed . f Tt

v Lt

p——
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The Wielnﬁd-Miuchel”' Eetione 12 was conveﬂedw to epoxy-decnlin 20, whose enoln{te

underweut. an mtnmnleculu epoxxde openms t.o provnde tho cych:ad alcohol 21 in 93%

!

i,':

ng expumon wn aceomphshed by aolvolym ol‘ cyeloproﬁano 23 mt.h mlvzr per-

. chlonte t.o ym'ld allylu: Alcnhol 24 qunt.xtntmly Inzroducuon of a nmhyl group. by con]u-"' =

.glt.e addmon of htlnum d.lmethyleupnte to enedlone 85 resulted in the fomuuon ol' ketone
R \ . .4 1 .
. 20, presumsb\y by m;ramoleculn attack of the enolate genented al‘ter conjugate uddmon .
The bicyelol[5. 40]undocme smam wu regenented by bue cnlalyled rearrangement of .
" mesylate £7 to give ketque 28 which waa further elabonted to lpngtfolene'
. /_) L ) . ‘.
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‘3.3, John'aon"u lyntlnTll
v ' The third mthm of lonp!‘oleno, repomd by Johmon et al[lO] utﬂued the acxd_
. csulyud rurnngomont of an enynol to construct tho bxcyelo[s 4.0Jundecane framework ol‘ ;.
. the lnnglfolene sk\alef-on - )
" Conjugate dnt.u:n of the cuprate denved from a-lodohex-%yne to enone 29 and t.rap-

pmg of tho rel‘ultmg onnllt.a mth lcetylchlonde nvo 30. Further uumpul7uon of this ace-"

' ute ylolded llcohol 31 Treltmene of alcohol a1 mth tnﬂuoroacme acld reaulted in its -

rearran;ement t.o a bmyela[!S 4. O]undecene (Scheme V) ,,, " ’ ‘
' ‘; Thu: sllowed a facde entry into t.he lonpfolene fnn*lework Compleuon of the syn- *
them was accomplnhod by epomdsuon lnd renmn(emeni of ehe multm; cponda 34, to
ketone 17, an mtermodhte in both épny s and McMun'y's -ynthm, thus prov:dm; lonm-
folenn in eleven, MPl from 29. : ,' : 'i ) : )
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3.4. Oppoiner:'e synthesis

s . The fourth and most recent’ ?nthde of longifolene was roported by Qppt;lgee" en:d
L o Godel[17]. In t-hie eynthem an intramolecular (242 'photo/e/ddi;tiqh.-retroil;iol re_ectien_
) ’ 4 't . ‘ : sequence {(DeMayo reu:ﬁon) was uaed to coneiruco the lonil'ﬁtee skeleton (Scheme Vl). '
L . Irndn.t.xon of ehnl diene 27 pro\nded cyclbbutme 23 wlnch upon hydrogenolyne of\ o
- " t.he bensylotycerbonyl ptotectmg poup underwent a eponteneoue retroaldol reaction to

l
yxeld dlketone 30. This procedure mcorponted the required etereochemutry without dmuh

benee ef the ehu-el eentre

=,

&
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‘ B N
e A ¢ o = et ign o et e Wi ey s s &

y
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. tanone cnbonyl \

: This mtermedmte

‘ L A 12

up ‘v'vu ‘accomplished via Wittig oleﬂna.tion of the»more reactive cycloheb—

' gem-dime:thyl

Slmmonp-Smxth cyclopropantuon. and hydrogenolym to. yneld ketone 40

was t.hen convert.ed bo (+)longlfolene in 24% overall neld from chn-al acld, ,

.Such efficient conltruchon of the mtnc\te longxfolene carbon network undemcores the

vnluc of mtumoleculu proceues [or the uumbly of natural product. skeletona. In addmon, )

d

the regxo- and aterlonlectmty of t.he requisite. carbon-carbon bond formtlon reactmns is

eﬂectwely controllw\ ! R U PR ‘ ' L
TheDlnh-A.lder uutlon I . . .
I e

thesia. The nmplest n\umple for cyclohexene form&tlon lnvo]vea the addition of an oleﬁn to

0

a conjugated diene, dcplczed in Equtxon L

L] ~

In the Diels-Alder reutmn a 4-1' electron mt.em (the con]u(nted dnene) and 2-x elec-

i

- tron syxtem (the dlenoplulq) mct to form two new urbon-csrbon o-bonds.

. Eqult;ibnl L : b

.

The [4+2}-cyclopddmon -or Dnels-A.ldOr reaction hu been wxdely apphed to total syn- J

L4

//
/-
/
/l
/
/
/
.

[T



Although the meclnmamiof the reaetlon is atxll sub)ect. to controversy, the reaction
'proeeed.e in a highly st.ereoselectwe, and often stereospeclﬁc, manner. I Mlene and

dleneophxle are connected, '.he repochenmtry may often ‘be controlled completely

s

This eombxnatlon of hlgh stereo-pecnﬁcnty, regxo-eontrol md formn.hon of two bonds in

a single procesa under mild, neut.ral condmoml proVides the pot.ent.ml for eﬁcxent and facile -

) qona_t,rucuon of complicated carl}o_n negworks,.

C

% B Brieger s sttempt

-

Several years ago G Bneger{12] ltt.cmpt.ed to utlhle an mt,nmolecular Dleln-Alder ‘

[

: ‘rea.et.lon m the synthelu of long:.folene. The substituted cyclopentadxenu 42 and 44,

~

S ""rhiamed by the Gngurd coupling of chlonde 41 with excees cyclopentadxenyl magneamm
- - 'r‘\ brozmde, were subjected to Diels-Alder reaction eondmons (Scheme VII)!

te

Ik wu,hobéd ﬂu't' tﬂer‘ml equilibi'tt.ién wduld provide a small amount to the 5-

I cyclopent.adlenyl denvluve 48 wluqh would cychze to the desired ‘alcchol 46

’

ln fact the ptnduet obumed in nearly qunmanve yxeld was alcohol 45, whxch

. ‘ * . ‘cdrregponded‘to the cyclisation of the i-substituted cyclopentadxene 42 ”
. ‘ o . . ‘ A . , @ Lo Lo e,

1 was apparent from this result that a successful internal Diels-Alder approach with =

. N - ) i . . - . . B
R o .S:hubatit.uted cyciopentadienes required blocking the thetmal i-e'an-angement to the more
BN
'thermodynanncally ltable l-submtuted isomer, or conductmg the cycl?addxt.non under mild

‘ -condmons where it could cotnpet.e emexently . ' . - co N

a 4.2;;gmemi lpPr.ou;.h‘-' B . _ - .' ) .
The rearrangemant of S»wﬁutxtuted cyclopentadlenes can be prevented by dlallcyl sub- .

st.mmon of the B pcllt.lon For example .a splro[4 2]heptadxene should block t,he 1.5-

sxgmatroplc reurrnnsement and the cycloproptne umt. my ‘serve as a source of latent func-

. nonallty.A B R g .

[SERrE
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" Scheme VII . ) :
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R T : The cychmhon of a upu'o cyntem cont.mms a four membered oleﬁmc stdecham, as
deplcted in Scheme VIII would generate a tetucyclo[s 4 0' 7 0’" 0’*’]undecene system. Selec-
' tive ‘clgnvnge of the interior cyglop,ropun& bond sheuld releue the bicyclo[5.4.0Jundecane .= 7
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system rgql;ireﬂ for llangifolene.._. a R . -

A l‘ﬁrt.her prope_r;.y of this i_ntnmolecular' ;y;[izatic;n aris; from the geoniegric con- :
'z'rt.r‘aint'a imposed by the _Diels-Alde; trnnaitionA state. '];hus,lc;nl).r the conforinat’i;n illusi,i-ét.ed
. per@it.a adduct fon;lti;n. - Therefore, ;I the c)"::loprqpyl unit is ;::l_x:u-‘al these’ ste’r,eochen;:icai

‘ .
. -

features will i:'ontl:ol the cyclisation, resulting in' an optically -active product, from whick

chiral longifolene may be syntheaized..
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) 1 ‘Lon.gifol’ene‘ retl-oaynfhatlo a.naljmie ‘ ve _

tlmate cycloadduct must have several structural features . ST o t

v, N . Ll , . B o

For t.lus Dre]s-A]der approach to the synthesis of longlfolene to be successful the penul- .

(1) The penultuna.t,e cyclon.dduct. munt hnve aultnble functxonahty to. nllow for the lntro- .

e : h . \ ductlon of the exocycbc double bond of long'xfolene
s e .

L subst.ltuent in the oleﬁmc sldecham alpha to. t.he cyclopropyl nng was essent.xa.l for

. - . EEPE . e
4

cychzatlon

R (' 3 A norbornene double bond was reqmred to du‘ect the reductwe cyclopropane nng

- opemng to the ]ongll‘olene skeleton exclunively [19] v R _ r,'
. ' S
Structure 47 pﬁeaeesed all the necessary reqmrement,s and leads na.tura]ly to the

?

ret.rosynt.hetlc scheme ehown below (Scheme D() Thus the synthesm requn-ed construct.lon of

-4 ® .

. .‘j S - g the cyclopropyl aldehyde 48 in. bot.h racemlc a.nd chn'al form, whxch would then allow mtro—

_ duction of t,he oleﬁmc eldecha.m t,hrough a condensa.tlon react.xon ‘ / . ! '

. 2. Initia} scheme
S

7

Ay S Thé é'ond'ensat'ion of 'cyclopent,indienyl a.nion with eniéhlorohydrin[ZO] a.pna.'rently pro--
o . o d |
ot VAR

a : . ceeded through an epoxy-cyclopent.adlenyl a.nxon mt.ermedlate, which then undergoes

mtramolecular nucleophlhc att.a.ck to form the spxrocyclopropyl-alcohol as t.he sole product

LN

(Equat.lon ).

(2) Studres a.pply.mg thm a.ppronch to the synthesm of smularene [18] revealed an oxygen" |

- -

-t

S A



N Depro't.etcbion‘to the diol a.nd selective tosyliation of ‘the primnry hydroxyl 'slmuld auow

' ‘preparatlon of the spnrocyclopropyl system 8, via mtermedmte epoxxde 52. Initial forma--_.
Lo ) _ .
T txon of this epoxxde followed by an intramolecular S, 2 att.a.ck,by the cyclopentadlenyl anion
. 8 . . .
would form the cyc!opropyl ring w1tl1 mveralon of the chiral centre. .
3 . .
nl ] . . . X ‘:, ~ 5 ‘
N S T
. & o n : ¢ '_ Il N - N
D l" C" - ,«.-V- o 3 ' 2
s " N . ¢ kg ’ 3 ‘ +
[

' Q Lt } - } T [
) | tn * N\\:’, _“l;'»-‘l. - . 4 ’a’ l 13 ‘
e ‘ s y
' 3 2 I ‘
. 7 S v : o N s .
[ e o ' ,‘, - q 17
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. . fom et . s - .
f; [ t . .
i
B .rm
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~ < t ® T l f
l . } ’ a L { '
w ¢ - o . !
N COoMe Co
o ) 3? 5
L S
! . : q - - . . . * ..
- . I L B ’ . a . [ Y !
.\ B L R \ R . . - - M ; .
\\ . e LA e Scheme IX . : o .
' . - . : v . ‘ T > : '
- . . t b } 2 N T - y- H . e, ' . " '_ \.
: LT - Thm prel’erence for aplrocyclopropanc formntmn provxded the basis for the mmal syn- '
! ' o ‘ l
. } ' thetxc schéme to clurbl mtermedxate 8 begmmng w1th l-sbnne (Scheme X) )
¢ - ¢ . . . '
. L LT .-
N | o The known chiral ‘ester 49 (prepare 1w l-serme), a.l't.er treatment with metflyl Gng~.
- ] i ' ¥ :
. v nazd}:ould ylel( the tertlary alcohol -50. Converalon to the chlonde would a.llow attach-
, S / d
e | ! mem. of the* cyclopantndlenyl ring via Gngnard coupling to l'orm ‘51, analogous to the- -
‘ '-,scheme uaed by Bnegor e sl P ' I < f
kY . N t . '

.
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‘
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L3

Treatment vof 49 'qvith methyl Grignard reagent.pro'vi,ded aleohol 50 but tlre subsequent

f

'.:

o ~o.
8. Second -.ttemptod rour.e to'the major lyuthcin o "
An alternative approech (Scheme XI) reqmred the formatlon of a fu]vene mtermedrate : 7

55 from the methyl ketone 54 and subsequent alkyla.uou wn.h methlyht.lnum

8.1. Methyl ketone prepnn.tion

.

e e .
.

»~

. conversion to the chloride proved unsuccessful under a variet.'y of conditions.

[

13

ImtlaJ attempts: to monoa.Ikylr.t.e the eeter 49 with one mola.r equrvalent of methyl

Gngnard ea.gent- at low temperature resulled m only recovered st.art.mg mat.ena.l a.nd

. alcohol 50 t

i

*

N -I

e '

L]

<

The. ketone eynf.heeu of Corey and Chaykovaky[ﬂ] was mvesuga.ted Thxa procedure

mvolved ehe formzmon of the ﬁ-kemeulphonde 56‘ from ‘the condensatlon of dlmethylsul-‘

phoxlde anion wnh ester JOILnd reductwe hydrolysu wrth\ercury amalgam to yield . “E,‘ P

demred met.hylketone 54 (Chart II) Unl’ortunately the mt.ermedmt.e- ﬁ-ket.osulphonde 58

decomposed unider the hydrolyns condmons

-

.i". .

Carboxyhc aeld.e are known to renct mth two molnr equwalent.s of methylhthlum to

, produce the correspondms mezbylketone[22| In uut.ml attempts ester 49 wis hydrolyzed to‘-'

" its potasslum salt 57 and treated with ion exchange resin to produce the corresp_ondmg a.cld '

~ 58. The acetonide group proved t,oonIJiIe for use‘of the acid on a preparative scale. - A:

convement solution was found mvohnng hydrolysu or Lhe met.hyl ester 49 dnrectly to the

%

htlnum sal §9 and subxsequent treatment with methyl Gngmrd. reagent. to prowded the_

methlyketo e 54 in 90% yield (Chart III)

l

7.

-~

Afl;er thm work was complete Dumont anfl Prander[23] reporied an alternatwe'

preparatlon of 54 and m conversion- t.o 5'0 in the R 'sefies as well as t.he synthesns of (S)—50A

from 49

B

X ] »
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N
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8.2, DTgxola.nylmlvena preptratlon " . - N ; . :

“I ) ".. . =

Condemtlon of ketone 54 with cyclopentachenyl amon gnve various muctures‘of the

(Chart W) The rnt.lo of alcohol to fulvend was tempel’ature dependent Low tenlserature '

-

: condcmmon resul d in exclumve alcohol ormation, while l:ugher tempemtures favoured

K

. 1
i

fulvene Iormatlon The best results were obtained by performmg the :ondenamon in

reﬂuxmg dloxane with hthlum cyclopentadxene. Thm provndﬁd t.he l’ulvene 55 exclumely in .

‘modeat ylcld (67%) o o o o

.

alcohol 60 and fulvene 55 reaultmg from dmct dehydrahon of the alkoxy mt.ermedxa.te |



,

) ceeded amoozhly t.o give: the cyclope@admnyl compound 51 m 48% Yield (Equat.lon ﬂI) o .

" Chart IV
\ -

3.3. Athﬁpﬁd~;i{oxbl;ﬁylﬁdvéhe'd6pr$t?q§ldn : o R v A

The addlt.xon of methylllt.hlum ucroas the exocychc double b‘ond of l‘ulvene 55 pro-

. <

Constructlon of the crucml upuocyclopropyl synthon 48 now ent.mled deprot.ect.mn of the ) T

diol l‘unct.lonulxt.y, tmlylntmn of the pnmary alcohol and ‘cych"zptlon. e L "4 e
Yew T o e Tt . o - P
. . ._ . . , :‘ -;
; : [ o
' . ' S
° .~ ) ;
) : A
- Y v = . Ll N ““m‘ .\___
¢y . 'u-‘ \ . . R s
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- hydrolyma of the acetomde mth,vmoua scxd/solwent. combmtmona was mouxt.ored by NMR

\
e

S .
Enther mo reactxon wu 0baorved or when more \ngorous conditions’ were employed the cyclo-

e,

.couid be ii;:lued.' Katdlexéhlns"e methods .includhé t_hioke.tala \n'd copper sulfate catalysis . .

h ’ -\, - pent.ad.xenyl rcsonanqea chmnuhed, concomtgnt. with the release of acetone, and no free diol

b * also met 'with.failix're. These m_et.ho'dal were also tried on the fulvene 55 with similar results. -

) !
s SN All attempu t.o remove the gcetomde protectmg group were unaucceaaful Du'ect.ll;;
. .
I

oot 4 «ngbr'.lynthon prqnfatlon vla'epoxyﬁxlvene A o v
IR ) : Thw rted in our efforts to construct the epoxide l'unchonahty a[ter mtroduchon of thb '
. . o cyclopentad enyl ring, we mvutlgned the posaxhlhty of epoxlde mtrodueuon at t} e ketone
e ) i .

S acxdxc _conditions to thc dml 01 (Equuuon IV) Conversxon of 61 to 8 pn;mary tosylate

should allow chu-sl ‘epoxide formt.lon by mtramolecular dmplacnment. of zhe' t.osylat.e wxzh

Y .the u_lkoxxdq forﬁfrom the ucondary hydroxyl group by.l]mse treat.xpent..

TN .
. o -
10
. . L]
3 ’ ’
g i , .
\ .
\ .
1 - ¢ M o
é - .
- - ' ' .
A e
\ .
. o
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' : i
Lo S N oo
- 0 < L ' % i
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atage prior’to fulvene formahon To thu end the ketone 5§ was smoothly hy roly\sed under
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Equation IV ) :
' ’ - . ‘x‘ N
4.1, Epo vene .pn°p'lr'atloif , g )
To eircumvent the tedmun mult.m‘a preparntion or the ehn-nl eponde u a e;x‘wement. ‘ x:' ‘E‘.'\
;source of racemlc epoxide was developed by a ono-step epoxldatxon of methly vmyl ketone . Sl
'(30% H,On, NaOH 0‘ 71%) All snbuquent axpenménts were performed on racemic | o - ’
‘materlll (Equmon V) The condenutxon with cyclopeniuhenyl snion was explored naxt e |
. ! . | . .
. We of npoxyketone 02 to the conditions employed I‘or the l‘ormhon of fulvene 55 from ‘ .'
. ket.oacetomdo 5 resulted in npnd decomposition of the lnmnl adduct. Clearly ml.lder condi-- l :
‘ ‘tions were. neceas&ry l'or the aumvsl of the eponde funchonahty A systematlc mveshga— - ' ) .
' t.xon of nlkondu ‘a8 condenmn; l.genta resulted in optimum yxelds of cn 30% uhlmng S .
e . VoL . :
¢ . . 202 / OH .
M.ou | °A L el [
3 a | e L
. . 3
-y . . Iy .‘
.. Equation V ~ .
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‘n ,. ’ ¢ ‘n:
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: hthxumbydronde in methanol The search for still milder condxt.lons was contmued wlth the -

- _mmtlgat.xon of the belmnor of uveral amme bm as condensmg agents, Temu-y amines - ) = |
proved meﬂachve, whmn.s ucondsry and pnmry nmmu aﬂ'orded small qunnt.mea ol’ ful— Lo~ ;
vene ca. 20% wlnle pytrohdme proved to be extremely eﬂectlve . The exponnre of cyclopen- : :

- tadiene and ‘epoxyketone “to 0.2 mole eqmvalent pyrrohdme in.methanol multed in hlgh ’

ylelds of fulvene 63 (Equat.xon VI) e . . T :

‘ These results are in accord with a recent. paper by Lmle and Stone[24] in"which the g
eﬂectlvenw of pymhdme was unnluly reported alfboush in theu’ sxamples t.he b?ae was - '
usedmmolsrexceas - /'" o i ® ’

.2. Epoxyfulv’ano cyelllatlon oot R . ‘ o o i
' ® \The treutment ol‘ epoxyfulvene 6.'! with’ methylhr.lnum may - reeult m nucleophnhc : "l ) ‘;\ ' .
_attack on the eponde' or nddmon ;croia the. exocyelic’ fulvehe double bond. The desired ‘
. & ks . " _— 3
- .. addition v;ill.;enerau an intermediate byclopentlaiexx.yl anion 84 which cguld attack ti:g S
epoxide, and fo;m the required spirocycloprop'yl compound 85 (Séheme x1). -
' ) Al é: .
. R - '
v ’ ! H
S i
won e
. : )
. L R ’ ] ii
: ' ) Equation VI ) - o
| - A
5 v . . - '..\ * ’%
3 oo
. - { . ‘ K ) Cd c % -
¢ * i, ‘ ‘ ! , . ' & \‘: . 1
. . T ‘:
, . r . ) )
' e v pomete s Lt A 2 a1 Sugia - —— e L
. .
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- Scheme XII )

We were plemd to find that exposure of epoxyl'ulvene a3 to met.hylhthmm resulted in.

forma.t.lon of kpuoalaohol 65 lnd rec&rery of starting mnt.enal No trace of the. product.s

ophmum conthom 3 pnoduct./fulvene ratio of 81 was obtamed The products were easily

o«

ueparnble by chmmWsphy The recovered l'ulvene may’ have arisen from competms for-

mmon of an sllyhc amon ‘which was protona.ted on work-up to regenerate the fulvene,
Thé 'cyélopropyl aleohol waiu aensitive“to'chrom'iuin 'bued oxidising 'agents. bt a good

-

xeld (73%) of the cyclapropyl sldehyde 48 was realized by manganese dioxide oxxdntlon
(Equat.xonVII) . ' g R . ok
5. Altemtlve roqtu to the m-dor tynthon S ' e ’

w :
In parallel vnlh axpen nts umad at dovelopmg s chu'al route to the cyclopropy]

aldehyde 48 several other racemic approaches were mveshgated

. _ n
5.1, Conjugate addition - = ‘ ’

3

" One may errviuge ‘the conjugate addition of cyclopent?adienfl anion to an a-bromo- .
- . . - e ‘ v ‘ .

a,f-unsaturated ester to form an internflediate a-bromo-f-cyclopentadienyl anion ester 67 .,

. 257'., .

"

that would mult fmn umul st.tack on the eponde moiety could be detected Under L



. . ‘\ . .‘ , - . N ’ ". I —-'(‘-.f‘
. S 26 -
’ - ' N ,-..‘S '- . - )
) ,a ,‘ .’ i . | Mno'zvr | ‘-
B K CH2C|2 :
‘, - - 6—5 ¢ oo .
".1&A .:g .' / . . . ) N " . . - i ) -
o ) T ?‘.'qulltion\’ﬁ o . e

: wlnch could att.a.ck the bromde by an S 2 dmplacement t.o provlde t.he cyclopropyl est.er 68
(Scheme XIII) Premuu work had ahown t.hut tlna wm femble in a modei syst.em (Fa.lhs “".‘

. | and Wang unpubhslud) a.lt.hough a t.mubaut.uted enone’ u 2 mge dema.ndmg cue Eq"mon -
“a '-" N vm) ‘ ' . . »

. - - -
P . . . . C .

. D
t .

The 'pduibilit.y‘ of such a conjugate addition was invesﬁgateﬂ with the prepantion of 7
- ‘e a-bromosenecmte by the addition of bronnne to ethyl seneciate to l‘orm 69 a.nd subsequent

ehmmat.xon of bydmgan brom:de with aodmln ethoxide (Chart. V)

Unfonunatély n& reacugn_ “ensued ‘\\pon: tre:tmcnt. of -et.hyl- ﬁ-bWEMDSC?at;.,’.ag':wizﬁ" -
' o cl‘iéyc[opent;udieplyﬁthiuh cuprate. l)'irict - addition .of sodium cyclopéntﬁ'diene :wvas..also
unguc;essful. | | ' ST
oo . B W . : : '
5.2. Dibromide dhplugment R . " o,
Another apprc;nh which ﬁieritea" fnvé;.iéution cntnil;d the coﬁaeéutive disp];cie'ment. -

of al 2-dlbr0|mde 7! wnt.h cyclopentadlenyl anion (Scheme XIV).. Imt.ml bronude dupla.ce- '

* 7 ment would yleld a 1-bromo-2-cyclopentadlenyl species 74, which after regenerntmn ol‘ cyclo— N
‘ -8

pgntadlenyl pmpn. could undergo an mtra;noleeulu dx_splacement to provxde_t.he des;l_'ed .
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. cyclopropyl systemo75 L Co - ’ ' o L ;
H L . ’\ Lo ;’, N R .. .
. The requmte dlbromlde 72 was l’ormed by reductlon of ethyl senécmte, O-ﬁuthylauon ’ " .
of the resultmg allyl a.lcohol 70 to provxde ether 71 and addition of bromme Trea.tment of ' .
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ChmVI.‘ '
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. dibromide 72 with sodium «eyclopentadiene resulted- in fpi?lzi;at.ion of eyclopentadienyl”. ' °

T

bromide 74. -Further base ti'zi:atment yielded ‘the elimination product 79 rather than the .

“desired cyclopropyl sther 75 (Chart VI). |
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- 5.3, 'Darsen type approach f S Y .
» ' -

In an;\logmrs fashién to tixe sr'xccessful sy'nthe&ixi ‘above the addition of- ethyl bromoace-

° .

. tate enolate 78 to dxmet.hylfulvene 7 would result. in an mtermedxat.e cyclopentadlenyl'

1
amon 78 which could zhen sttack the bronnde to form the desu-ed cyclnpropyl compound 79

Y (Scheme XV). ' “ L

T'reatment. of dxmethylfulvene wnth ethyl bromoa.cetate a.nd sodzum ethoxxde resulted,

e

m extcnswe polymcr formauon - Similarly t.he treatment of dlmethylfulvene mth-

' chloroa.cet.omtnle and pot,amum t-but,oxlde resulted in extenswe polymer format.xon and .

[y

]
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'9
¢
. o o
. ‘ ! e
[RTO, ' . : SCheme xv » o
| .




8. Introductlo'n 'o‘fut.lle isoprenyl sidehlxaizi

N o T I
recovery ol“chloroaceton"trile.-‘ . " R
e \. -: - . s [N

. With the splrocylclopropyl nng syutem m hand, our attention’ was t.urned to the intro-

ductron ol' the olefini¢ srdecham Much recent worl: ha.a focused on the cotiipetition of a

versns ~ alkyla.txon/condensatron of qrotyl units. [n ‘order-fo ascertain if an isoprene unit
A . . o / -

could be used for the right hand portion of longilolene 81 was synthesized as follows.

6.1.; Chloro Grignard lrlddi:tlon ' e o o - )

9 o . o ) ',. . L

Imtml preparatroh of the desu-ed met.hyl q-chloroaenecxoate was a.ccomphshed by a

. Wxttlg reaetron of chloroacetone mth tnphenyl carboxymethyl phospha.te 80 [Equatron IX)

The reactlon gave thue producta in 50% overa.ll ymld from wluch the desrred E-methyl-

'chlorosenecroate 81 could be isolated by HPLC The srde product 82 ‘rlt.ed l'rom t(he"

o

'known reaction of stable phosphoranes and a-h‘alo carbony] compounds to form mltrally a .

'1-ketophosphomum ‘salt, Ehmmatmn of- ha.logen acld and trlphenyl phoaphme under the

-

. mﬂuence of addxt.xoml phosphorane formed t.he a,ﬁ-unsaturated ketone[25] “This competmg.

¢

. process precluded the extension ol‘ the Wltug syntheels to 1-l:>romosenecloate

AN

The Gngnard addltron of chlorosenecloate 81 to-’cyclopropona.l 48 proved trouble.some.

I contra.st to the smooth clenu addition wrth 'r-chlorocrotona.t.e, reactions wrth 81 were

“diffienlt to 1mtlate rnqmrmg prolonged hea.tmg and l'urnmhmg a large number of products

wrth smnlar retentxon factor’s (Rl"s,, by TLC), whose NMR spectta’ were: mconsxstent wrth

¢

%
. . - a

the desired product ‘ . g ? IR .

A more reactlve halogen derlvatwe xmghl. a.llevrlste some of these problems

(4 . ' i

) Attempted chlorme/lodme exchange ‘with sodlum 1od1de/acetone resulted ina produ‘ct which - -.

was too unstable for proparat.we use, t.hus the bromo denvatwe was sought.

Coud
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' o A convement, method for the preparatxon of E-methyl-4-bromosenecxoate was reported
. 9 . N

oo e cloate proceeded with greater fac:hty, a l:mxt.ure of a and 4 products was obtamed
, B " * .
e A rbcent‘review by Benke‘ser[27] disct'msed the ~structure of '1;7-'dimethylallylmagn'esium

SR I o
B P " brium betweeen the’ pnxr “of structux;ee 89 and 84 was. propoeed vnth the equxhbnum well on -
r'l\ _ AT t,he sxde ol‘ 88 at room temperature (Equatiot X) Even more mterestmg was the dnsclosure )

o )
| o that crotyl Gngnard additions to hxghly hxnt}ered ketones hke t.-but.yl xsopropylketone were

i

i i e Q ‘

H . reverelble, thh shart reacnon mnes the a-methylallyl adduct. 85 l‘or/ned in nearly‘

, '.;_u ‘ . . ) . , .

i LT » °
i ‘ [ o ¢ TN o

{ N «

1 L - '

£ : . ‘.
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L . by Corey and Enckson{zsl Although xnmatlon of the Gngnard reactlon with’ bromosene-

L . brom.lde From mterpretnnon of the temperat.ure dependent NMR epectra a rapld eq\nh-
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. quant.lta.twe yleld but. wrth longer reactlon tlmes ‘this isomer Was converted almost entxrely

-

. . .
. . ’

', to the most: thermodynamrca.lly etable ca.rbmol 86 (Equa.tron X]) .

Gngnard addmon of %halmenecloatee reaulted from alkylatlon @ and '7 to the car-
- bonyl (Seheme XvI). The producte obtamed via a.mon 87 (M-MgBr) have three consecutlve -

. chlral centrea whu:h ean fotm four poanlble dxaaf.ereomerrc pmra, gamma a.lkylar.ron would"

e

.. result in another f?ur poealble reglo/etereo isomers. Therefore the large number of products

detected is not mrprmng

o
s
.

: / Inspect.lon of the NMR spectre of the product mxxture revealed the a.bsence of pl‘oton-

resonn.neea at- 68 wlueh is mdlen.tlve of an oleﬁme prot.on elpbn to an eat.er. The proton

. -
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N resonances. at 65—47 luuut the prmnce of a termmal methylene, thus mdxcat.mg the pre- .

l'erentull formation of tlpha addmon product.s Extended reaction umu were mvesgxgatcd

wn.h prolonged heu.tm; at various tempeutures Although there were minor chsngu in the

N'MR apectra, decompocmon was the ma,lor result . ‘_ o 4_ ‘ ‘ N‘ )

. ~ . .

33



3 revealed an mcrem i
: to the dwred 1—add1t

we were still dealmg ‘qth many: ster%o/regm-momeu R

4

. heatmg subetantlally hanged the product dmtnbutlon as momtored by’ TLO NMR ‘analysis

/ -

- .
-~ P—

)

(}onfronted with theee dncoungmg reault.a altematwe methods for the introdiction of

the moprene ndechnn were m\mugned before begmnmg the arduoua task of uolat.ms

0

. and ldentlfymg the mnnd ‘of isomers generat.ed by these condemtlona S

| ' ’

<

6.4 éenniole aefd eoL(iem:tlo'n;. - A ‘ e

Henrich et ol reported the condensation of dlmeuleted senecioic acid 88 [30] wnh

~aldehyde 80 yielded an initial adduet 920 wluch when heat.ed in reﬂunng tetrahydrofuran“

o
n

rea.rnnged to isomer ﬂ.l as a m:xture of Z and E isomers m the ratio 9 1, respectnvely '

(ChartVH) , '. . _" o | o

Appllcshon of t\hu method result.ed in an mmul producl compoamon sumlar to t.hat. . :

obeerved in the Gngnud ‘additions, All attempts to renrnnge the initial dlmetalated

: adduct 92 to the deured gamma eddmon product 93 reeulted m no ehange, and as the tem— o

'perat.ure was raued extensive decompoemon oceurred (Chart VlII)
e

~

the deeu'ed ‘proton resonancu at 86, thus mdxcatmg rearrangement.' .

producu H&ever the complenty of. the N'MR spectn 1mﬁcated .

[$
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Lo

wath potaamum a.mxdn m hq\nd ammonis to produce 95 (Equauon XII)

" and decomposmon of zhe cyclopropyl aldehyde. Evndently the splrocylopropylcyclopenta-
‘dxenyl system cannot thhsund t}n vigorous condmona requu-ed for mtroductlon of zhe

" senecioic udecham, with the d.eqred'regloeheml'm,ry. o b gl ' B

o

. R -
. /. ‘ ¥
. R * t
a
) . .
b e <
- L - - .
. 'y . .
“ » N
H ] ¢ .s '3 .
1 i A . . .
H v <. o . i
- ! 38 .
.il - 'y B L .
]
i

P R oo ' ' ’ N . - . " - Ld
* “A modification of this procedure by Cainelli et al[31] in which the, dipotassiuin salt was - .
® - P '
used, reportedly :gives only 7 product .Attempted use of thxg Teagent resulted in the mola.—» . ‘!

' LB ~ i .
tion of a black tar whlch possesed no cyclopentad:enyl resonances in the proton NMR spec— C g ! J
tra. . S )

" | ‘
SR o - ) o E : . . . '
8.8, Methyl Senciaate addition attempts’ . I e K .

~ Schwieter[32] uportdd 9 addluon of, mezhyl senecioste to ﬁ-xonﬂxdeneacenldehyde 94

Tl
| . [
sr-

_Again apphcauon of the hteratun method resulted in recovery of met.byl senecloate -~ \ ;
. ’,‘l .

’ B

°

'o.o. Senoclol addition l.ttunptl

Defel.ted m our attempts to “introduce the unecxoue ‘ester adecham with® the .
appropnate reglochomuuy in/a synthehcsﬂy useful \ny, a dnﬂ'erent tactic. was explored
. N . oo
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o, K . '
: Yamamoto reported ‘that the pnor eomplexatwn of crotyl Grlgnard with alununum '

K ]

chlonde at -78’ leads to tugh 'rregmeelectmty in- carbonyl addition [33] (Scheme XVII)

, Thm apparent solut.mn to, t.he reaiochemxetl problem seemed well suit d to our cau, espe- '

cmlly in the hght of the demon.ntrated stability of eyclopropanal 48 to low te‘mperm,urg
‘ Gngnard addmons. _‘ _' ' "'. ST T e

To mvestlgate t.hn potential solution met.hyl 'rbromoaenecloate was reduced to the
corresponchng alcohol ‘90 A protected uenecxol should undcrgo addition mmlar to the cro-

r,onat.e and alao contnn t.he lnent. funcuonlhty for t.he lster mtroductlon of the exocyclxc

_ n}ethylene of longtolene.

. -
-

* The t.etrahydmpyron and. .t-butyldmethylnlyl derivatives 97 snd 98 reepect.wely were

e prepared (Ghart lX) In each case initial Grignard forma.tlon wu slugguh md t.he alunn-

- ‘num chlonde eornplexed addmon provud un-ucceul‘ul with recovery of starting mterul or

loes of the u_tr;hydropyrn proucun; sroup. .

.
>

717+
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7. Preliminary Dlah-.&lder ruult.l

Br

Chart IX

The Reformauky condenutlon oﬂ‘ered the most promme for the mtroductmn oi' the

adecham and was mvestxgated in greater detml

\ Met.hyl E?mouneloate was rcaeted with aldehyde 48 as pre\no\usly descnbed wnth pro-".‘ -

’ longed heating (56 ¢, 8 houru) The reaction mlxture was chromatographed to yxeld 11 pro-

‘ addm:m o1 t.o the cu-bomethoxy group aud nubaequent. lactomntlon

ducts, one of wlnch was cryatalhne

.

The lactone wu.aubjected to Diela-Alder coxiditiox_u (220’, xylene, sealed tube, 24

hours) but- failed to cyclise.

-

diastereomeric’ pnrs ( 108a, Scheme XVII 1llu.|tnted for the S aldehyde) which have ‘the

The crystaline product lact.one 103 arose from y-

.The Cram rule[34] predicts the formatton -of RS, SR‘

wrong reht.we utereochemmtry needed for the D:ela-Alder reactlon to" prLceed Caunon L

should be exercucd in the application of Cram’s rule to cases wn.h 8 cyclop*opyl ring adja~ ‘

L A
cent to the carbonyl Since.. thrbond angles are distorted from tetrahedral geometry to

incorpora'te the eyélopropyl ring the outeome-of ;ddition my be aﬂected.
. M ' . ., . - ' . ‘s

i

...}'a

e st ond bR £
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“do

The SS RR- dlutereomenc pairs ( 1036) with the correct relatwe stereochemxstry ‘

would be subject toa nonbonded mtenctlon between the cyclopropyl hydrogen a.nd t,he car-

bonyl which would be foreed into elgu pro:nmlt.y.
' ' ’ ¢ ' v : [ . . A
Irrespective of the etereocbe.miatry ddjdcent to the‘cyelopropy'l ring, redui:t.ion‘to the
diol 104 would free the oleﬁme pdeeham to adopt the conformnt.non required for cycluauon

~

To thu end the lactone 103 ‘was reduced mth lithium alumnumhydnde The failure of dxol

\

104 to cyohte under the, Dlels-Alder condmone prekuely deacnbed may be due to deactwa—
i

tion of the dxenoplule through losa of ester conjugat:on a.nd ?he edverse atenc mteracno_m of -

~the vinylmethyl group in the t;rmsit..ion.state.

. : ) Lo . ‘
. . . . \ . ' . - st
L = _ N ° : 0 R N . Kl ! - .. . . N

.+ 8. Conclusion - : e s ' )
. i M B . . +
N . . . P 3

A geheral route t.6 sut

fituted splro[2 4]he’ptu-4 B-dxena ohu been developed a.nd the"' . S

femblhty of eonatmetmg th ‘lel't'-hlnd pomon of longxfolene by this mebhod demon—

stmtcd "In spite of tbe failure of the prelumnu'y attempt.a to generate the

t.elraeyclo[SA.O”.O"‘.ﬂ*']undeeene rm; system' the approach looks. promu‘mg., Cloeely ~

reht.ed spiro[2 4]hepu-4 ﬂ-dlen-l-yl eeters undergb Drels-Alder cyehutlone[35] a.nd lend .

' eredence to tlnHEuh ' Lot .' —
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v . .. CHAPTER 3
Experimental . ° S
— s o AR .' , _\\! ‘ A -
1.»;[nitill Remgkl T T | ~. . -
. Melting points were determined on a Fisheru‘Johna ‘melting point apparatus and are
""'uneonjected. '/ Sl T
. ,1’

Infrnred 5pect.ta were. recorded on a Perlnn-Elmer i:s':B gratms spectrometer and were

cahbrated agamst t.he 1600 cm" and 2850 cm' {bands of polyatyrene ﬁlm Nuclear magnenc :
4 resonance spectra were det-erlmned mth a Varian Model EM-360 or Bruker 80 spectrometer
Band pomt,iona are’ reported m p:rta per mxlllon downﬁeld tetramethylmlane as an ﬁ
_mterna'l standnrd b & NMR spectrl are proton decoupled unless'otherwm specified. Mass

. gpectra were recorded an 8 Micro-Mass 7070 HS mass spectrometer at. an lomzatlon poten-

LY

tial of 70 eV ugleus atherwise speciﬂed.

.

Chromat.ograpluc sepuatwm were cmed out using the "flash chromuogra.phy tech- o

mque [36] on Ku:egnl 80 nhcn (230—400 me-h Merck) using a ratio of" 30 1.(wt slllca gel)i(wt.* '

. crude 2 uct) unleal ot.herwm specnﬁed : o

-

Opti;al rotatiom were recorded on a ‘Perkin-Elmer 121 spectrometer utilizing the
sodium D line at 580 9 nm. All solvenu ‘were distilled prior to use, anhydroua dtmethoxy-

et.hane, ef.her, tecrahydrofuran an‘d dioxane were dried and distilled from lithium alummum

hydnde or potmum/benlophenone; absolute met.hnno_l and ethano! were dried nnd- dis-

tilled from magnesium; diisoproplyamine, dimethylsulfoxide and dimethyl formamide were
_ dried and distilled from calcium hydri:le; all distillations were carried out under a niomgen

-atmosphere. , , S . ' : o




42
. - L -

' Reactlons were conducted under an inert atmosphere of anhydroue nitrogen unless oth- .

|
erwise specified. Orgqmc solutlons were drled over anhydrous magneslum sulfate or anhy-

drous sodium sulfate and evaporated by me;b of a Bl_lchl .rotarary eva.porétor under L

reduced pressure. . ’, s, : - .o o ¢

. .,i.r

2 S-(-)-4-Ca.rbomethoxy-1,2-dimethyl-1,3-dxoxol|.ne (49)
_ Prepared by the procedure ol' CM. Lok, JP. Ward and DA. van Dorp[37 ]-

4 B.p;~77-81°,@ 10 mmHg, {lit 77-80" @ 10 mmHg), lolp ‘-9.33 (negt), (lie -10.‘1 (neat)i-

R (neat’ v, em l) 2msozo (CH), 1740 (c-O), 1380, 1367 (OMey).

- 'H NMR (CD013, 6 ppm) 133 (e, 3H, CH,) 141 (s, 3H CH,) 3.70 (s, 3H, OCH‘) 390-4 25 |

;(m. 2H, cﬁg 4.33-4.60 (m, 1H, CH)

“c NMR (CDcn,, ) ppm) 25 27 (GHJ 5102 (OCH,), 67 05 (crg), 73 88 (CH), 111 14__

"'(quaternary C), 171.44 (C-O) CT

.o 8. S—(-)-2-(2,2-dm-thyl-1,8-dloxolsn—4-yl)propsn-z-ol (50) . . .o

A aohmon of ester 49 (8. 38 g, 52 26 mmol) in ‘ether (10 ml) was added dropwue toa0®

) (1ce/water bath) stured aolutlon prepared by ‘the reaction’ of iodomethane {8.14 . ml, 1308‘
mmol) with magnenum' tu.rmnp (3.18 g, 156.9 mmol). After a.ddmon the reactxou :rnxture
. was refluxed '12 ‘hoyrs, coo]ed in an ice/wnter bath and aoturated nqlreous ammoniud:.

chioride (30 ml) added The resultmg solutlon was extracted with ether {3x20 ml) dried,

concentrated and dunlled to ywld 50 asa clear oil (5 80 g,'36.3 mmol 69%)
B.p. 35-45° @\‘_0.7 mmHg, [a]D -9.32 (neat).

IR (neat, v, ém")): 3580 (OH), 3470 (br, OH), 1385, 1375 (CMe,). =




‘HNMR(CDCI,, a, ppm) 1.00 (s, 3H, CH,), 1.18 (s, 3H CH,) 1.33 (s, 3H CHS) 138(~s 3H,

CH,), 2 30 (bs, 1H, OH), 3.73-3.93 (m 3H, -oH-cH,)

"C ‘NMR (CDCI,, 5, ppm): 24. 33 (CH3) 24.89 ( CHJ 26.03 (2 CH3), 84. 91 (cnz) 69.61 (C- .

OH), 82.00 (CH), 109 00 (CMe,)
4 S-(-)-2,2-Dlmethyl.-+(methyl sulfonlyuet.yl)l 3-dioxolane (58)

Dlmethyl sulf ide (5 ml) was added to a sodium hydnde (0. 25 g 6. 28 mmpl, 50%oil

; dmpersxon prevxoualy washed with petroleum ether, 3x5 nfl), heated (70-75") with sﬁirrihg T

o until h}fdrogen evol\mon ceased (45 minutes). The solution was cooled (1c_e/wuter batﬁ‘),

'tetrahjrdrofuran (5 ml)' sdded followed b‘y' est‘er 49 (O 50 g, 3.13 mmol) dro wisé, the .

ice/water bath- removod and st.lrrmg conhnued (30 mmutes) The solut.xon was di uted with

.

a "saturated aqueou.s anunomum chlonde (30 ml) and extracted thh chloroform (§x20 ml).

- ,"trat.ed The reoult.m; oily-solid was tmuratcd with cold ether (3x5 ml) and recry tallized -

“'The combmed chlorafgrm extract.s were washed with water (2x20 ml), dried an yoncen— .

\
from et.her t.o give 56 (0.155 g, Q. 76 mmol, 24%) as colourleas prisms. _— \
. / . o
- M.p. 102-104° . ' o ‘
H NMR (CDCI,, s, ppm) 1.34 (s, 3H, CHJ. 1,44 (a, 3H, CHg 2.67 (s, 3H, SCH,) 3.90:4.60

(m, 5H, scn,, CH,, aH).

5. s.(-)-N,N-mmmyumbamyl.z,z.dxmethyx.l,&d;oquma({;s)

| - Ester 49 (0.22 g, 1.38 'xhx_nol)-'wa.‘s‘disaolviod in dimethylaniir;e (1.0 ml) at '-73’ (solid
CO,;‘/acet«one bath), the aolutroxr ~vsnu.; soaled in a glass tube and store(i ,(Sg', 15 days). he -
. C e . - . L :
ﬁoa!ed tube was coo'_lad'vt.o <78° (solid CO,/4cetone bath) ooenfrl, warmed to room’ tempera- .

~ ture ano t.l-x_e e_xoeso ;limaohylaqxine.a_iloﬁorli'toIe'uca.po to yield b& '




o

o,

v

L

1%C NMR (CDCl, §, ppm): 25.12 (g J§-130'Hz,‘CH3), 25.46 (q; J=130 He, CH,), 67.67 (t,

IR(neat v, cm“) 2850-2980 (CH) 1650 (Cao) S " ' B .
. 8 : . Y :

Y

420 (m, 2H, CH,) 457 (t 1H J=8 Hz, CH)
0 S-(-)-4-Cnboxy-1,2-dlmethyl-1 3-dxoxolane (58) - ' -
. I : - N .
The pota.ssmm salt of 49 (100 mg, 054 mmol) dlssolved in ether ethanol (5:1, 2 m.l) was
. ¢
adde& d.ropwme to a' atu';pd suspension of pr‘etreated ion exchange resin (Dowex 50W-X8, 1 1,

g) in ether (5 ml), stm'ed 10 mmut.es and ﬁlt.ered The filtrate waa paued through a sxhca -

plug (ether eluent) and concentrated to yield-58 (0 04!5 g 0. 31 mmol, 58%) asa clear oll

A The ron exchange resin was pretreated by stxrnns thh l'our normal‘ aqueous hydrogen ‘

chlonde (10 mlnutes), Washing wnth delomzed water (55(5 ml) and ether (5x5 ml)

IR(neat,v, ml): 350&2500 (b coor{), 1730 (c-=0) e

419 (d 1H, J=6.6 Hz, CH), 453 (d of d, 1, J-s.s 6.0 Hs, CH), 9.85 (bs, 1H, COOH)

* N - ’ .
< . . Y

T Lithium Salt, of 8(-) 4-Cuboxy-1-dlmethyl-1 B-dioxolnne (59)

.0". r\—"- t

Methanollc llthmm hydroxrde (8 25 ml 6.25 mmol 1 M) was added to a 0° (me/wat.er i

bath), stirred solutlon of ester 4 9 (1 ] g ] 25 minol) in methanol (5 ml). St,lrrmg was contin-

ued for 20 m.lnutes after addition was complete and the rea.ctlon mixture concentrat.ed The

residual material was tnturated wu;h ether (3x10 ml) and the remammg salt dned (100" 0.1 é

mmHg, 24 hours) to yield 59 (0 90 g, 5.94 mmol, 95%) as a white powder

e ) M,-i’ 9118500 (dec); (o, 744.00 (MeOH, 0.123 g/ml):

d

3 NMR (CDCly, 4, ppm): 1.36 (s, 3H, CHy), 142 (s, 3H, CH,), 3.70-4.55 (m, 3, OCH,CH,).

. %
BN . .
P o ) -, . -’ -

g e o e e ae 4 e b 4 -

, 'HNMR(CCI appm) 1.20 (5, 6H, 2CH,) 274(3,311 NCHl) 294(3, 3H NCHS) 380- "

3

lHNMR(CDCla, ,ppm) 139 (s, 3H GH,) 151 (s, 3H, CHS) 415 (d, 1H J=6.0 Hz,qCH), :\‘;?

)

?

| S ynens ‘
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J=151 Hs, CH,), 75.96 (d, J-151_’ Hz, CH), 111.25 (3, CMe,), 78.4‘9 (s, C=0).. -
8. S-(-)-2,2-Dimethyl—4-ncetyl—1 3-droxolane (54) A

-

4

) A solution- of methylmagnwup chlorlde (3 31 ml, Q89 mmol 299 M in t.et.rahydro--

! J

‘\"'

_ furan) was added dropwise t.o a stxrred suspenaxon of hthmm carboxylate 59 (1. 00 g, 695 '

nmmol) in tetra}:ydrofuran (10 mi}. The reaction mrxtur_e was stirred “until soluuon effected -

(05 hoﬁrs)‘a‘nd added dropwis% via "cannula” to a rapidly stirred aqueous‘ammonium"

.

' -chlonde/u:e slurry The reuult.mg solutlon was extracted thh et.her (3x20 m]),.drled and -

' eoncentrated to yield 54 (0 854 g, 5.93 mmol 90%) asg clear oxl

B p 35-40" @ 0. 5 mmﬂg, {u]ﬂ -16 0 (CI-ICI,, 0. 134 g/ml)

R

IR(neat. v, cm l) 2880-3000 (CH), 1725 1440 (COOMe) : " - o

-
L3 -

“ lu NMR (cncx,, 5, ppma): 138653 3H, cH,) 1.46. (s, 3, cH,) 2.1 3 S, ocn,) 375-4 63

(m, 3H CH,CH)

‘g NMR (CDCJ,, 8, ppm) 24, 75 (cH,) 25, 1{1 (CH,), 25 78 (OCH,) 66. mt CH,), go,ob (Cl-i),..

uoss(CMe,),zosvs(c-e) S ' .

¢ °

R-(-)—B-Methyl-l—(ﬂ,ﬂ-dhnethyl—l S-dloxolano-byl)f ulvene (55) .

n-But.ylhthth {0.69 ml 2. A5, mmol 2. 45 M) was added dropwue to a solution of cyclo— '

e %

pentadlenc (o. 14 ‘ml, 1.70 mmol freshly distilled) in dxoxane (5 mi). The reactlon vmel waa

'xnrmersed ina prehuted_ il bath (120’). Upon attalnrnenq of reflux ketone 51 (02028 g; .-

1.14 mmol) was quickly addad (10 sec) and the reaction/Solution lmmedmtely poured into a

- saburat.ed aqueous A(nmomum chlornde/lge slurry, extracted with et.her (3x10 ml), dned con-,

centrated and ﬁltered through a short. (5 cm) sxhca column (et.her eluant.) to yield 55 (0. 1818 ¢

f.
g, 0.947 mmol 67%), as an orange ail. A

e e A Y
.

LN

L

vt o
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(02463,118mmol46%)uacleuod N

\ - R I'_'Am

SR (neat, v, cm ‘) 3100 3060, 2860-2980 (CH), 1640 (C-C), 1370 1380 (CMe)

’ lH NMR (CDCl,, 8, ppm) 133 (s, 3H, CH,) 143 (s. 3H, CH,) 2.14 (a, 3H CH_.‘) 354 (z 1H;:

J=51 s, CH) 8.31 (s, 4H, ca)

© Mass Spec (m/g): 192 (M*), 177 (40), 101 (40), 91 (28), 43 (base).

10. Ra(l)-Cyc]opentadiéil-z-yL (2,2-:dlniethyl-l,3—dif:x_olmeul—yl)propine (61)

Metl:iyllithium (1 84 ml, 2. mmol 155 M in et.her) was added dropwise to. a- 0° .

R (1ce/wat.er bnth), stmed solut-xon of fulvene 55 (0. 4977 g,‘?-sﬂ-mmol) in t.et-ra.hydrofuran (5
- ml) over a one lmnut.e penod ’l;he rea.ct.xon was st.m-ed a further ﬁ\fe minutes and pourt'd .
- mt.o a cold saturated aqueous ammonium chloride solutlon, extracted with ether (3:10 ml) ;

. . " ‘
dned concentnted snd chmmatoguphed (101 hexane ethyl scetate eluant.) bo yleld 51

IR (nent,l: c;:n l) 2960-2850 (CH), 1450 (CH,) 1370 (gem CH,).

i
>

."405(m,3H Cﬂcug) 580-860(m,3H CH-CH-CH-) : |

L s-(-)-4,3-nmydroxy-z-butm... (61 ‘.' - T

&J Aqueoua tnﬂuoroscetxc acid (l ml IM) was added t.o a soluhon of ket.one 54 (0. 519 g
*3:80 mymol) ciissolved in, acetomtnle (s ml) stu'red (2 dnyu) pyndme (0,5 ml) a.dded and the
sohmon liltired through & shon 5 cm) uhca. column .(1 lihexnne:mopropanol eluant) and

concentrnted to yleld 61 asa clear oil.

N. . . . [N

R (neat, v, o) 3050 (ox{) 1675 ic=0). =~ I

- H NMR(CD CN 5, pp ) 212 (a,SH cn,)sm(d 2H, J-40H: CH,),uo (z 1H, J-40 ,

N N l. . ) . . . ‘} . ) v

- C . T A ! . -

‘HNMR(CDCIS s, ppm) 113(s,eu 2cu,) 1.26 (s,BH 203,) 282(1” 2H, 01-12) 322-'

I

‘-

"1

R



S, Dam -

4

- Hi, CH).

12. 2-Aeet7loth(ﬂ2) o R

'MmSpec (m/e) sa(M+), 85 (5) 4 (1) 43 (bue) o .’_, o

Aqueous aodmm hydronde (1N, 200 ml, 020 moles) was added dropvn.se to a solution

" of throgen,peroxide a{)% aqueous, 115 ml, 1.01 moles) and ‘3-buten_one ‘(32:5 ml, 0.325 . -

moles) in n_:iet.hnnol (400 inl), over a one hour period maintaining the tén&peratﬁre between -

15-20° by use of an ice/water bath, After additit'm wu'complete 'ihe aolution was stirred ah

addmonal three houn xmuntumng the temperature between 20—25' poured into bnne (200 -

P

ml) extracted with dichloromethane (41150 mI) and dned The mulung solutmn was con-

n, s

centqated to ca. 50 ml (mamt.umng the evaporat.or bath at room temperature) and dutxlled '. B

to yleld 62 (24. 345 g, 0.283 moles, 71%) as a colourles hqlud ‘;‘

Bp 28-30’@8mm!{g - '. Lo . 0 '

IR (neat v, c m'): 3000 (CH), 1710 (C-O), 860 (oxu'a.ne)

- NMR(CDCI,,& pRP\L9G (s, 3H, CH,), 290(m o, cu,),szo (m, m CH)

18. O-Met.hyl-o-oxknnylhﬂvene (as) - IR B

Pyrrohdme (0.25 ml, 0.30 mmol) was added to a stirred sol\an of oxirane 62 (1.00 g, '

11.6 mmol) and cyclqpent.ndlene (1.00 ml, 12_.1 mmol, freshly distilled) in methgnol 5 ml)

maintained at.' 0° (ice/water bath). The mlution was stirred for’: further two hours and
extra.cted wnth hexane (3x10 ml) The combmed extra.ct.a were wa.uhed with dllut,e acid (10

ml 0 1N HCI), sat.urated aqueous bxcarbonnte '(10 ml), dried and concent.rhted to yxeld 88

(l 323 g, 10.0 mmol 86%) as an orange 011

" IR (neat, v, em l) 2600-3100 (CH), 1630 (c-c) e

.




‘q.; NMR (Cbcn,; 8, ppm): 1.85 (s, 3H, CH,), 2.96 (mi, éH,' CH,), {,00. (‘in,-LI-.I_; o-CH) 6.56 (m; '

3 . ' B e :
Mass Spec (m/e):‘ 134 ‘('M"’) 130 (64), 81 (t:ue), 78 (59).

14. 1,1—Dlmct.hyl-2-hydroxymethyhpiro[2 4]hept&4,o-dnene (05)
4

Methylhtlnum (34.2 ml 52.8 mmol, 1 55 M'in ether) was adde'd dropwue to a etxrred

. 3 0’ (1Ce/water bat.h) aolutnon of fulvene 82 (5.925 §, 44.0 mmol) in dxmethoxyethane (100 ml).

. L
After addxtlon wu complete the solutmn wae w.armed to ‘room temperature, poured mto

:Isaturated aqueoua ammomum chlonde (100 m]) and extracted thh ether (3x30 ml) The-

;combmed extra.ct.s were waahed thh brine (30 ml), wuter (30 ml), dned conceﬁtrnted and

aq

o thie crude product chromstographed on ﬂorml (100 g, 421 hexa.ne ether eluant. 100-200 mesh

- ther) to neld \vered 02 (0 587 g 4 40 mmol. 10%) and ‘o5 (3 849 g, 25.7 mmol 58%),
'. the majar fractlon YR colourleu oil. ° s

"R (nea.t, v, tm): 31«»3300'- (OH), 2920 (CI{); 1375 (‘C'-Me.,).

o 2

'HNMR(CCI‘,& ppm) 138 s, 3H, cn,) 14o(a,zh CHg,zzz(t H, J=7 Hz, CH ,),saol L

(m, 4H, CH.) ‘

o »
Wt

- 15' 1 1-Dlmethyl-ﬂ-formyhpiro{ZA]hepM,o-dnene (48)

’

Spuo nlcohol e (1.084 g, 7. 23 mmol) wuuadded toa reﬂuxxng, atu'red su.spensmn of
. active manganese dlonde[38] (20 g) in dxchloromethane (100 ml) Reflux was continued for
ﬁl‘teen hours, the reaultmg suspension was ﬁltered through a b)ed of ceht.e/magnesxum sull’se
: and concentrated to yield- 48 (O 775 g 5.24 inmol, 73%) as a colourless oil. .
R (neat, v, em l) 29/J(CH), 1700 (C=0).

% .

_ .‘H NMR (CCI‘, 8, ppm) l 48 (s, 3H, CH&), 1.60 (e, 3H, CH&), 2.80.(d, l.H J-6 Hs, CH) 8.1-

68(m,4H cn‘), 9.05 (d, 1H, J=8 Hs, CHO)

v e s - —— -

e
.
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‘0 49,
" 10. Ethyl-s-mat,hylr?,s-albromobutmoa't‘e (09) - o oL k
A solution of bromine (0.2 ml, 3.90 fi;‘;mol'f'in dichl&r&methane; (5 ml) was addﬂ p-

. . e N . < - . . . ’
" wise -to, a 0° (ice/water bath) stirred solution of ethyl 3,3-dimethylacrylate (0.500 g, 3.90

mmol) ‘and n-bfomocﬁccinimide (ca 0.020 g) in dichlox"o:methane (10 ). The ice/water bath

r .

was removed and the asolutlon stmed a further two' hours at room temperature, aqueous.

sodlum Fulfite (20 ml) was added, the mlxture nxtuct.ed wn.h dxchloromethane (3x10 ml),

ed and concentrated to gwe a crude product wlnch was dmolved in carbon tetrn?}éndef‘ 1

6 ml), ﬁltered and concentnted to yield 69 (0 931 & 3 23 mmol, 83%) as a clear cil.

| "m (neat v, o l) 2075 (cH), 1745 (C-O)

- . o

'H NMR (ccn‘, 5, ppin): 13 (z, 3H, J=T Hs, CH,), 1.95 (s; 3H, CH,), 2.05 (s, 3H, CH,), 4.20

@ 2}{, Ja7,ﬂs,omg,4.2§(s,1@ S . .9

17.. Et.hyl-z-bromo-.t- ethyl-2-butenoate (M)

Q

Dibromide 69 (8.60 g, 300 lnmol) was added dropwme té' a stu-red and ‘cooled

A
A (xce/water bath) solution of sodium (1 0 g, 43.5 mmol) dmolved- in abaolute ethm\ol (50 ml).
-. The solutlon was stmed for 0. 5 houn and poured into a dilute lxydrochlonc acuf/lce mixture .

; (100 ml,” 1N), extraat’d with hexane (3x50 m]),-dned concentrated apd distilled to yxeldv 86
(

(590 g, 28.5 mmol 98%) as a clear ml \Q\

B. P 34-35' @oos mmng X

T.R(nea.t v, ¢m *) 2475, 2025 (CH), 1710 (0-0), 1610 (C-C)

Iy NMRu(CCl‘, 6, pRm): 130 (t, 3H, Jm80 Hs, _cn,) 2.00 (s, 3H, CHJ 2.10 (a, 3H, CH,)

4 10 (q, J-8 0 Hl, OCHa)

Masi Spec (@/e): 208, 208 (Mf) 178, 180 (31); 161, 163 (34), 45 (base).

—

;
. N v ' < : N .

R .

-



" 18. 3-Methyl-Z-biten-1-l (70) -

T
- ;

‘ A’aolu.‘tign of et.hy:l S,Sdimethyl;crylate (12.8 g,0.10 vmolu) in ether (30 xnl)".yu added .

. dropwme to a stirred mﬁenﬁon of lithium- aluminumhydride (2.30 g, 0.06 moles) in ether

(200 ml) at such a rate as to maintain reﬂux St.lmng was continued for a further L5

-

. houra, ethyl acetate (20 ml) added nnd tha ‘solution poured into dilute sulfnnc acid (10%,

100 mi). “The sepsrﬂed organic layer was waahed with nqueou; sod.lum b:carbonate

) ‘(uturated 50 ml), bnne (50ml), dned .concentrated nnd distilled to yleld 70 (7 119 g, Q. 083 o

molee, 83%) asa cle;&'hqmd
. B.g. 53-54f@ 15 Mg, (I‘n 47-,49'@ n 'm,,_-' .
i m—(x.:éat, u cﬂ.-;l.',l)f'm (6!{), 2000 (';m)'. 167”5':(0-0').' h N } .
."lﬂ NMR (CCl,,ﬁ ppm): 155 (s, 31-[ CH,) 181 (s, $H, CH;) sso (slH OH), 392 (d 2}{
';J-THI,CH,) 520(5\1 H, jm? Hs, =CH-). . SR ( .

19, 'MdhyLS-methjLi-Buten—l—ylether(ﬁ) L ‘

Alcohol'TO (100 B 120 mmol) was ldded dropvme to a suspensnoxl} of sodxum hydnde .

) (0 530- & 1810 mmol BO% oil dupemon, prewously wuhed mth 3x5 ml hexane) in tetrahy-

drofuran (30 ml) The reaction mxture was heated (50' oil bat.h) untll hydrogen evolution

ceased and iodomethane (1.5 .ml, 240 mmol) added. The solution was stirred for fourteen

hours at room temperiture, poi.u‘ed into saturated adueou.s ammonium chloride/ice’ mixture

(100 ml), extracted with ether (3x50 ml), dried, concentrated and distilled to yield 71 (07475

g 4.80 mmol 40%)&5 a colourless hquxd - e e
Bp 52-80‘@1atm ’ ’\‘ N

IR (neat, v, em!)2800-2050 (GH), 1675 (C=C)

b m mem— — - yrwr e
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./

Bop, 97-99'@11 " o '_ 3 ( .

X "Mass Spec (m/e) 227 229 (M+ 15), 179 181 (3) 147, 149 (25), 45 (bm) o = "

. mmol, 50%) ssa brown oil.

51

‘H'NMR (ca 6, ppu) 1.65 (., 3H, CH,), 175 (., H, cn,) 3.18 (s, 3H, oca,) 3.76 (d M,

. J-ooﬂ: CH,), sm(c,m J=00 Ha, CH).

LN

20. Methyl—S-mcthyl—R,S—dlbromobutm—l—yl ether (72)

A golution of bromme (100 ml, 194 mmol) in dichloromethane (10 ml) was added

."dropwise to a 0° (ico)wat.er bnth), stirred oolution of ether 71 (1935 g 194 mmol) in

dmhloromethsne (50 ml), st.xmng was eont.\nned (0 3. houn) and m.nrat.ed aqueous sodnun
sull'ate (50 ml) nddod The mixture was extracted w1t.h dxchloromethnne (3x50 m.l) drxed

concentrated and dut;lled to yield 72 (3. 286 g 12 8 mmol 85%) asa colourleas hquxd

A

x

- ‘HNMR (ccg,r ppm) 1.81 (s, 3H, CH,) 1.08 (., 3, cn,) 360-433 (m, 3H, -cH-CH,)

. ': v

21. Methyl cyclopnntndien-ﬂ-yl-a-methyl-z-hutenyl ether (73)

4

Cyclopentadxene (0 42 ml, 5.10 mmdl, freshly dntllled) wu added dropwxse to a

: stu'red 0‘ (1ce/wat.er bnth) mpenzuon of| sodium hydnde (0.340 g, '8.50 mmol 60% 011

dupemon, prenously wuhed with 3x5 ml hexane) in tetrahydrofuran (20 ml). Stlrnng was
continued unul hydrogen eV)qu\n ceased (30 mlnutes) and a solution of dxbremadn 72
‘-(0 870 g, 340 mmol) in t.etrnhydrofurnn (5 ml) was - added dropwme, the ice/yater bat.h

removed and the solution lefi to stir. Al't.er three days saturated aqueoun ammonium
N

. chlonde (10 ml) was added, soluhon extracted with ether (3x20 ml), dried, concentrated and .

gﬁltered through a shart (ea 5 em) mhca column (et.her elunnt.) to yneld 78 (0. 279 B 170

.o

-

'H'NMR (CCI‘, 5, ppm); 1.82 (s, 3H, CH,), 1.88" (s, 3H, CH,), 2- 82 (bs, 2H; CH,), 3:20 (g, 3H

i-CI-Ia) 4.08 (u, 2H Cﬂz), 6.00-6.35 (bm, 3H 3CH).



. ..81 (2 45 g, 16. § mmol 33%) asa aolourless hqmd

52

22 Methyl (EHcMor&#mdthyLibuteﬁosté(B.l) ‘ o ,‘ B

h

-

A aolut.mn of chloroacef.one - (60 " ml, 75.0 mmol)/ and ﬁethyl '
(tnphenlyphosphonnyhdeno)acetate (11 0 g, 50.0 mmol) in dxoxane (100 ml), was ‘refluxed

for eightéen hours, the solution concentnted and the residual gum tnturated thh hexane -

“(4x10 ml) The combined hexane triturates were cooled (-40°, 12 hours), filtered, concen-

tnted and distilled to yield a nnxture ol' three products (3.505 g): 81, Methyl (Z)—#chloro—

‘ &methyL%-buLnoate Lnd methyl-s-scetyl-%propenoste in ln apprommat.e n.ho of 4 11 (by .

D

NMR) *.'The desu'ed :ompound was uolated utllmng medium presaure hqmd chromotogra.- _

‘ phy (column 30:4 cln, 20 pn, 230-400 mesh sxhcn, elua.nt. hexane wethyl acetate 30 1) 1o gwe.

B.p.-48-48‘ @0.01 mmHg.

h - R (;eat., v, em!): _29ib (CHJ: 1710 (C-O), 18-50:(0-0)'

'H NMR (CC,, 5, ppg)!" 2.24 (s, 3H, CH,), 3.70 (s, SH, O-CH,), 4.06 (s, 2E, CH,C1), 5.8 (bs,

1H, CH). L .
N : : . ) .
23 Ethyl 4-chloro-8-hydroxy-3-methylbutynte . : Do .

Prepared by the procedure of Epshen and Sonnt.a.g[39] except ethyl bromoacetate was

[

used in place of methyl bromoaeetate
Bp. 58’ @0.01 mmHg. . .
R (neat, v, cm l) 3426 (b, OH), 2050 (CH), 1712 (C-O)

'H NMR (CDOl,, & ppm): 135 (t, 3H, J=8 Hs, CH), 1.47 @ 3H, cH,), 2.65 (s, IH, OH), 271 "

(s, 1H, CH),SBI (s, 24, CH,CI), 3.88 (s, lH OH), 421 (q, 2H, J-S Hz CH )

T T LT




A taining s small smount (ea. 10% by NMR) of the ethyl ester.

 Bp8r @10 nHe (Lit 82-83' @ 10 mmﬂg).'

).

53

-y

2“' M"“‘YI (E)“'-h)’droxy-a-methyLQ-butenonte - o ' \’ c

|
Procedure ada.pud fmm Epatem and Sonntag[:w] L E
—. \ o

Chlorohydrin 98 (1 .00 g, 554 mmol) was added dropwme toa 0' (1ce[wat-er bath) ,

“stirred solution of methanolic pohsrmm ‘hydroxide (3.53 M, 3.17 mL, 11.08 mmol}. The mix- '

ture was stirred for two hours and methanohc hydrogen chlonde added “until the mixture

became neutral to lmnus (1M, cs. 6 mL) The mxxture was poured into ether (20 ml) ‘

4 ﬁltered concentrated and distilled to yield 100 (0504 g 3.88 mmol, 70%) as a clegr oil con- *

Bp\so-sr@om mmHg(th 1o-w'@os&mﬂg) : _ SO

lH NMR (CCI‘, s, ppm) 2 08(:, SH, CHJ 3 72 (s, 3H O-CH‘) ‘4. 10 (be 3H CH.‘ a.nd OH),

598(bs 1H, cn)

K 25, (E)-Methyl 4-hromo-S-methyl-2-butenoate (101)

Prepared by the procedure of: Corey and Ericlinon[zél.

m(““"( ‘“‘l) 29‘“3950 (CH), 1720(0-0). 1645(0-0) - { R

'H NMR (CCI‘, 5, ppm): 2.29 (s, 3H CH,) 3.68 (s, 3H, CHJ 3.92 (s, 2H, CHlBr), 5.01 (bs,

. 2e. z‘-cyclopmtudl'.nyl-z-(z,z.dim.:thyl-;,&dioxolm.«yl)ethmol (e0)

) n-Butylluhlum (0.70 ml, 172 mmol, 245 M in hexa.ne) was added dropwme to a solu-

) t.:on of cyclopentachene (0 15 ml, ;82 mmol freahly cracked) in tetrahydrofuran (5 ml),

c

st.u'red (10 mmut.es) and coolad (-78°, solid COQ/ncetone bath). Ketone 54 (0.200 g, 140 Coe

mmol) dissolved in totrahydrofuran (1 ml) was added dropwnse aolutxon stlrred (1 hour),
1 ) . o )

1

S



i : ’54.

.+ saturated aqueous smmomitim chloride added (5. ml), the mixture warmed to room tempéra:

: . : ’ o / . L 0
ture, extracted with etheér (3x10 ml), dried and concentrated to yield 60(0.243 g, 1.20 mmol,.

82%) a0s clear oil. o \ '

R (neat v, cm™1): 3480 (OH), 2850-2975 (CH)

H NMR(CCl §, ppm): 118 (s, 3, CH,), 1.25 (5, 6H; 2 CH,), 2.54 (bs, 1H, OH), 2.80 (ba

m CH,) 3.48-4.05 (m, 3H, CH,), 615(be 3, acn)
Mae_s Spec (m/e):-m (M*-ss): 109 (34), 101 (ss), 43 (base). ]

g 27. szelopenhdlcnyl-i-oxirmyleﬁnnol N R B

e

‘ suspenmon of sodlum hydride (0.53 g, 1 32 mmol, 80% oil dmpemon prenoualy washied with™ -

" 35 ml llexane) in tetrlhydrofunn (5 ml);. stu'red (10 minutes), cooled (-78" solid: ™ .

'CO,/acetone bath) md oxitané#’ d.‘. (. 100 g, 1.20 mmol) added dropwise. The solutlon was

stu'red (05 hours), the cooling bath removed and the solutxon allowed to warm to room tem— e

. pera.ture, poured into saturated aqueoul ammonium chloride (20 ml), extracted with ether
- '.(3:10 ml), dned and eoncentrsted to gwe a crude oil which was chromtognphed (3 1
Hexane:ethyl acetate ehunt) to yield 102 (0. 076 g, 0.50 mmol, 17%) asa clear onl

R (neat v,':cm'l): 3400 (OH), 2850-3000 '(CH). :
‘ !

: IH NMR (C’DCla, 5 ppm) 142 (s, 34, CH,) 225 (bs, 1H, OH), 2. 60-2 90 (bm, 2H Cl-ln) .

3.00-3.25 (bm, 3H, CH, Cl'l,) 8.15-8.40 (bm, 3H,3 CH)

28, (E)-#Bromo-l-mthyl-z-buteno-l-ol (90) o ' ': e e

Dmobntyl alummumhydnde (8. 64 ml 83 mmol lM in toluene) was added dropwue to

-78' soluuon (sohd CO’/acet.one bath) of eater 101 (0 834g, 4.32 mmol) in t.oluene (5 ml),

'The solution was mrred one hour, aquecus hydrogen chlonde added (2 ml, 1 M) and the

e ' N A e

Gyclopentadxene (0 11 ml 1.32 mmol l‘reuhly dutllled) was added dropwxse toa smred"‘ o



oH, J-?Hz,CHOH) 5.8 (u 1H, J=7Hs, CH).

55

.

coohng bath remo'ved.i The crude reaction‘_‘mixtu‘}e was filtered 'throﬁgh a short- silica

column (ether eluant) to yield 96 (0.429 g, 2.60 mﬁ;ol, 80%) as a clear oil,
IR (neat, v, em’): 33(1) (OH), 2860 (CH).

'H NMR (CDCly, 4, ppm): 1.80 (s 3H CH;) 290(;, IH, OH), 401 (s, 1, CHBr), 4.93 (d

290, '(E)-t-léromo-s.mathyl-z-but.anoé1;yl-2-tet£ahydropyrmyl ether (97)

4-Toluenesulfonic acid (ca. 0.1 g) was added to-a .cold (ice/witér .bar.h) s'oiutioh of z

'alcohol 98 (2 050 8 18. 4.mmol) amd dxhydropyran (1.25 ml, 13.8 mmol) in ether (20 ml). The
' ‘cooled wlutxon was lt.u'red overmghl. 'waahed with waber, dried and concentrated to yleld 97

’ (2.‘544 g 10.2 mmol,ﬂ_,aﬂ%) ss & cloar Qxl. o o

B (neat, v, cm’'): 2080, 9850.(CH). _ I : N

'H NMR (GDCl, §, ppm): 1.69 (b, -6H, 3 CH,), 188 (s, 3H, CH,), 3.30-435 (bm, 0H,
CH,Br+2CH,0), 483 (be, 1H, OCHO), 580 (t, 1H, J=7Hz, CH). '

+ / o

y 30. (E)—l—Bromo-gn:'nethyl-_z-buteno-l-yl ﬁ-butyldlmethylailyl ether (98) .

., Prepared by the procedure of Kandil and Slessor{40).

IR (neat, ¥, cm!): 2860, 2840 (CH). .

'H NMR (CDC]S, 5, ppm) 0 {0 (s, 6H, 2SiCH,), 0.85 (s, 9H SICMCS), 1 51 (s, 3H, CHS) 4.12

(d, 21, J-6Hz, OCH,), 4.8 (., 2H, cn,ar),uo (t, 1H, J=6H3, cu)

31. 1‘,1-Dimethyl-:-(‘_-met.hyl-s,o-dlhydro-1,2-pyrohe-6—yl)dpiro[2.4]heptm-4,6—dienc
(103) AP o I

Zinc dust previously treated suceasively with dilute‘HCl, methanol, ether and vacuum

'dried was added to a solution of aldehydje 48 (.500 g, 3# mmol), bromo eat.e‘r 101 (0:780 8

TP s Gn ) RN P R a—— ot
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*.4:08 mmol) Wnd iodine (0.17 'g, 0.68 mm;':l) in dioxane (5 .ml). The solution was immersed in ’
8 preheated]| (55°) ultrasonic bath.for 6 hours. The ‘ultrasonic bath.was replaced by an oil

_ bath and the solution was heated at 70° for 2 hours. Saturated aqueous ammonium chloride °

. waa added, solution extracted with ether, dried and concentrated to give a crude oil, which

e

was chromatographed (silica, 10:1 hexane:ethyl acetate eluant) to yield 109 as white needles.

a

‘M.p. 138140 *.

._[R (neat e l) 2820 (CH), 1710 (CO)

, .'HNMR(CDCI,&, ppm) 140 (s, 3H 145 (s, 3, CH,), 232 (d 9H, J=10Hz, H) @
N 3 2h

2.00 (4, 1H, J-BH:, cn) 453 (a of t, 1H; Ju10, 6Hs, cu),ssa(u 1H, cn) 5. 1-87(m,

D T ' 13-Dimethyk2~(Z],5-dibydro-3-methyl-2-

pentene-é-yl)-pim[z.qupu,o;di.}. (104)

The Iactone 108 (ca 0.50 g) was added to a cold (ice/water bnt.h) suspenslon of

htlnum alunnnumhydnde (¢s. 0.50 g) i in ether, stirred for 4 hours and water was added untll

] o

" hydrogcn evolutlon stopped HCI was added (l M) until the’ a.lummates dmolved {1 ml)ll the'. .

_ solution was sl:xi:l'acu:ld thh ether (315 ml) thh salting out of the aquéous.layer. The

i

orgsmc layer was dned and concentrated to yield 104 asan oil. - -

R ‘(xieaz, ve o) 3350 (OH), 2000 (CH)

'H NMR (CDCI , 8, ppm) 142 (s, 3H , L.50 (s, 3H 173 (bs, 4H CH CH 22 .
3 .

(d, 2H, J=10Hs, cn,) 3. 30(1» 1H, ou), 3.70420 (m 3H, CH CH2) 5.7 (: 1H, J=7Hs, CH)

A

.81-67 (m, 4H, 4CH),

5

B

O

‘a
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38. - Procedure for Dlel-Alder attempts ‘. . . R A
. . . 3 * -

A solution o.f the triehe in xylene 'waa sealed in!s glass ;ﬁi)e fitted with a 'teﬂon needle

-

valve. The tube was immnersed in:aaﬁ oil bath at 220° for 24 hours and removed. After the .

s

tube had cooled the solution was removed and passed through a short silica'c;lumnf {ether

eluant) to rernove the x:ylene, and, concentrated to yield the crude product. \
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