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The elaaaical unity of tha terpana group of compounds
aa shown by their stmple compogition (iimited to three arganogenie
elenonts, carbon, lydrogen and oxygen) togetlier with thoir great
strus tuwral diversity and ubiquity of ooeurrence hus nade the
torpenes ons of the most oxplored group of compounds. Inspite
off 6ho long higtory of Uhese compounds, the Lfleld is far frow
exhausted end ramalng a rielh gowee of new findings and fresh
inép:imwiom

| ~ Of a large number of %erpenold natursl producta
kﬁawﬁ Soday, the gesquiterpenes repregent the largest gingle
clasy oonsiating of different gtruetursl types, the perverse
nature of whose ring gystems has been taxing the talents and
iaveatigative sicills of crgunie chomrists simee Sthe beginning'
of modern orgenie cheniatery. '

ALtiisugh the historieal baskground to sesquiierpe.
nodds can ba wraced back vo the enrly ninsteenth eentury, the
ranl lmpetus to the study of the varioed and fasednating
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eiagiai.swy agsocilated ;wim thage n:amgoundé stenwed from the
ploncering efforts of WALLACH, &iﬁiﬁwﬁ and BUAIcKA, 1In

partic ui.ar, &wﬁm(a&a,wm G litaimd hasls of facts butk
prophetile insight preposed. She "Dlogenetie Igoprene Hula" vhich
hag proved to be the roundaticn stone of verponoid ehiemistry in

general.

BIOGEIERIS OF SESQUITERPERESs Resenrch in the field of

seaquiterpenoids has inoreased st an exponentinsl rate elosely
paraileling modern mathods of laolationg purdfication, sirustural
elucidasion and mynthesls. The introduction of chromatopraphic
aapamtzimn t;eoimiqués and physical nmetShods of gtruictural anolysis
during the last Itme}e decades hap Hnde the ehemisﬁ?y‘ of |
sesquuswamsfmdwga & period of rapld developmonts.

félgs lLarge nuaber of sesquiterpens skelebons known
today, am'ré:;mzimg 8 lorge number of presently knowa
éwpauucila which 4a an -wﬁeﬁ of magnitude greater than twenty
yeors sgo m:m:ix;as thelr systomatization so that they w2y be
gui:vwm; in a coaprehensive mamer.  ddcording o the well
founded eoncepts developed in recent years for blogenesis of
tholr highly diverse carbon gkeletonsy the sesguiterpones have
beaeu aividad inko nine soevions derling rospee tively wilth

. farnesanes, bieyelo tarnegels (drimanea, iresnnes) bisabm}.anea,



| esdinangs, humvlanes and caz?ya}ahym;&nes, gorEaeranes, "w&r@am
lenos”, selenrnes and wmphilmaa, snd wanllangs and aria%:su
lanes. Furthey groups of sosquitorpenas oen be darived fz;.gm
agach ¢f -&ﬁ@m strugtural ,ﬁyma@m,}.j Seggulterpenes ‘b,ws.xig t;m
saue carbon geloton are:. classified as a slngle group. AL the
f:ix*st sigtaﬁ, sesquilerpencld strustures preaent a bewildering
oolieetlon of fm:mme, moneoyeLin, bs.nycma and tetracyelie
aymm éﬁamﬂ 1% iz within the f‘rmmm*k of originel “Isoprene

- £200,210) .
ma-@'* 77 and Lator extensicns | that momblmwe of

éal}atimwiﬁiy can bo schioved, She foeal polnt in this conceptual

sohene &g ‘the umwa‘cim o ?.g_mue-.___m' farneayl pyrophose
 phate (iT)e The corresponding Ses Smply Pavnesyl, o
uug_-__s-ﬁwfzwﬁéwi ar nemalidyl 'vgaymphfam;maecm aigo gerve
as a eruslak ,mum .b};.'mé o 8 i’w sesiulterpenoids £or sterie
| Paanong. She Lernesyl wﬁ:r'agmamm%g é;m biologieal precursar
 of almost all sm;ggui%anmfﬁds is formed from seetyl co-cngymesi
vis mevalonie noid, fsopentenyl pyrophosphate (I} and geranyl
pyrophouphate (I} (Pig. 1)e Ronoval of the pyrophosphate
- group feem (XII) or (IV) yields the nowelassiesl ¢ations Uf} ang
(VL) or (VIL) ench of which can eyelise te fwo oyolie cations
£6ez. (IX) snd (X} from (VI)y (X%} and ) groa (VID)7s
° Zhegs ¢sn effard mont of the- mmtmitwpm@s by vrocesses such as
142 or 1, 3 -hydride shifts, clestranieally and stericslly
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contwrolled eyelization with two remaining double buuds

{ "arkownikoff? and "antl-lnrkemilkoff cyelizations), Wagners
Heorwin resrrangements, and ly8e-@othyl obifts. It must however
be melticned that many hypotheses based on struotura, sterece ’

.c&mmﬁ.stry and mt;q_é?.ivmy regarding the biasmﬁsémﬁgaggf }semmmr. .
penaa 86111 zmﬁume axg@rmam:al proof in vivo o,

«gsmw TLEES U SUSQUTIUAPENOIDS:  The ssequiterpenolds which
cogeur prlasrily in higher plants, lses ;frescmantw in lower _pianﬁa

- end in the andmal kingdom (sege losectsly coumprdse nob only

unsaturated wd?waﬁ:ma {izeluding aikynes) but alse alechols,
" Ketones, aldebydis and carbooyolle selds. They may also ecntain
‘thres to seven membored rings, apiro systens and furan ringe. |
Chlorine and bromine substituted sesuulberpenoids as well as
aitrogen conbalning cenpounds with £ifbuon carbon’ atomy -
,éaesquimm@m alkaloddn) iscladed froa ;ﬁf&gﬁa&mm@' dgscive
mentiein.  Compoimda m&-m twalve o fourtcon corbon atoms
'ﬁzzm.waquﬂ.mrms) ean aﬁ.w e dour ived from ewzm a&%mm-
'psmea. | ' ;
, %sa asmmzwmm 13@2@:&% mmmmg in ,*_' andbag, and

- also m m:tzex' plam@ fami.,.mﬁ have attracied gwtﬁsu%?r 'in%mess.
The firs ﬁompamd of uhis elms, m sanﬁ@nﬁ.n whioh was
ssolated in eryotalline fovm in 1830, 1s still she cbjeet of
int@na:wca aﬁu@g 269 }-.v. A rovdew m‘?‘ aammtmgemm lactones in




£101)
gamw‘aa of ane WM family has been ;;ubms;tmd hy HERS .

m.’ a z.zmge aunber of saaaauﬂerma lastones known ,
'wwsizy of mmim:&ar mention ave uiz@ gemwrmmlmaa(%a’gm}
‘ (831,268,255} 0 230,258 )
gnaianalﬁ.ées pseu?ag&iﬂaa}.mas . gggg%i- .
mnaudm ci%ym@udﬂswmamdes) and’ m'&smaphin@mdea -
zﬁmgt @i’ them ere saturated or glpha hets unsaturatod gajgug -
iavtonas. agam; from & fow deita —ﬁ%gg?mms, gnly two hata
~lactones (anlsatin end nesanlgatin)  bove boen Tound. = A
teileetong, Iilabolide lw}gi& alge knovn elongalde Ghous a

good number of dilsoioness

camaxﬁmxoﬁ op Qiiis &n‘?ﬁﬂﬁ@ﬁ 0K ”EWGI?&‘E 70 ‘i‘ﬂ; w}fﬁtﬁ? O
s in GaCition GO he 180LeCicn StPucsural eLucidation

e:ai’ Rugerous now wéﬁmmas recend advanced in sesquiterpens
chenistery have ineluded & mmexs mwiaage ol tho s%amceimmazrv ,
of the momeules, thedr resotivity and remrrangeuents. xmca tholr
biogenoois. ~In thid conneotion the cutstending suscess achisved
in the syathesis of sasyuiterpenes should '%ae enphagized, Soveral

garlisr gtrucsural assiguasnts have basn eorreghad by ayni;ﬁegis
and swliwtim of modern physical mtm@a 2&'. . %us tho
“muivama" famwly mgw&@d a8 hydroazulenesy. pmwad 0 Lo )
spirw;cne agga\x’aapirmaw or eremophilanes with caec: alin slteleton .
fhe deten "&izm of aasquiw,@mas with toxde and intereating bilo. |
;!.agg:lea& PPOPSELLes Cegey e¥Potoxic mtﬁv&*zy‘lﬁ) ak %0 des@rvas

{1044 143, 834)
meﬂ‘ﬂim . .
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ﬁnﬁoﬂbﬁe&ly éh@ major high iigﬁt of reeent :jears has |
baen the dramatic erupﬁim of outstanding and elegm% symhaaes. :
In the solution of the :lnhesemly different grcblems of . ak.el,etal
congtruction and steremhemical control assaeiated wii;h same of
these syntheses, new ma%;he&s have been mzsraducad, whica have
endowed the synthetle organie chenist with a rich new array of
" armaménm, for future wze,  In particular, the werke of Bﬁem,
Corey and Marshsll snd Zheir rappeotive research temms degserve

special merticnm,

The future of the terpene resesrch will still be
canemmed primarily w.ith the isola‘%ien a&*xd structural eitmida-
tion of new compounds which emﬂ.d be mparcant as missing |
bicsyathetie links, as biologically aetive aubstames or as
reéc tants for the 'smdy of .chemieal iézamm‘s.- “he sesquiterpenes
thiow up problems largely of stereschemiosl mature. Yho course
of theoir hurﬁéréua resryangensnis érévidas S.nfaﬁmtib?a about
relationships betwesn stersochemiosl and :aleemmn‘.ﬁ;- facters and
she m%mviw of the e@mmumfs_. The c.mm%s%w af m‘zznaiassical |
carboeatians has slso profited muh from work on ’-;g«‘asq%ziw;se&@ﬁdﬁ;: :

The éhoﬁwkemﬁsﬁry ot the aésqmm;:enea iz %411 in its infancy.
| Syntheses of mesquiterpencids uaarl,r alvays have to be carried
out stereaseleetive&y and as such thay emn eontribute to the

solution of problems in praparative chamﬂ,ssw.\ ' - S
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‘\ Knowledge of mmﬁiﬁiw, photochenistery and syntheses -
éwﬁﬂam. rogsareh inm:rsémmmmma blogenasls, A& fiold that
VALl becoue imeressingly isportant in the future, The im is

‘to elusidave the formation of NUEArsus carbon skeletons and to
chinin mi‘armatmn abmxi: the masma beldnd tha fquwm.y couplox .
a&are@spwii‘m maem%m&m pathways that. ama algo be of interast
for biogenssis of m.thexr n&mz*&l produsts. An mi.:s wmsatmn,

. dmportanne also attaghas ﬁma glte of Eamaﬁmn and of depositicn
of the mmmmmmixda in plants and m Bhedr ddastribusion
throughout the plemt and animal kingdome The bilological propere
ties of some sosyultcrpones shovw that they are not merely metabolic
fyagte.produetst.  Fop instencey they are of signiflcande ns
Plangsgravth substances, ggx*mei:h roguistors and gex attrac tssnﬁu of
fungi. ~O%hers *é"ﬁmmim as the Juvenile hornonss aas«mﬁm fror
normal develapuent of ﬁxamta or caour ag emanantal of ingeet
gecretiong. Those sspents have i arss of sesquiterpena roseareh
:tha% is of potontial intorast acgey for the golution of pmiwmal
probleng of influencing the growth of cu}.isiva%ed pLants zmd in
pLani ymteo tlone

A 5&3%&%@9&% ean provide _m&ws. Gt drug ressarel
tod. 2he starting mw& of suah woerk :1% She pmrmmez.ﬁgmai
aeffeuta, dotermined so far for a raladively stall nuabosr of
eompounds.  They. me%hda eytotoxis, s&maibia‘ﬁin, fungistatio,
vircstatic, anthslminfic, aatiphlogistic and sedative propertien,



thus c@ver:l.ng a fairly broad spectrum, Gensidérable uneertainty
still surrounds the extent to which the sesquz.terpenes conbtribute
-to the manifcld and frequently nanspecii ic action of %ha esse&';ial
oils 1n which they ocom:. Mention should be made here of the -

1mportance of sesquiterpena researcn for ‘the’ chemstry of essences |

and ef aromae ahd flavours. o B

RO S"j:udﬁ.'e,s Qn',_‘_;;;eséu:(;tzerp’emafdsgfa's is evident from the
dbave '~ais‘séi;s:s‘if@né, have eontribubed slgnificansly to She advance
‘ment of spectrosespic techniques, mee hanlstic insight, and
‘sym;hetm mathodology, mm “the urend a,_ong uhese lines shows no..
31.gn_9:§.‘:.“lgtnﬁ,. ‘&g nev- and ‘increasingly complex structures join.

the 1is% 'of known, 'member‘s'.:'

,SPIRD (4. ) BEOANE SESQHITERPENES: , The passibility @f farnesolp '

derived spiro (4.5) decanes was suggmted by RUZI.GKA who pnstu- |
lated the cation (V) (ﬂ@%@) as an intermed*ate in the bie—

(232)
‘sy;nth;esz}s of cedréne (XVI) . Hawever,, the actual eccurrence

“f*

W - % XVI
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of sesquiterpenas maiaesamgg a apiro (4.5) deoane cmﬂb;m frage
work vas n?ga 2{)& tally established until 1968 when 80% and his

@ o-Workers putlished their interprotasion of degradativc(aa%)_
experiments on agorone (XVII), a congtituent of swent flag oll .

Further studiecs led £0 chm*w%w&aa&im af a number of relat:ed

spiro (4.5) decane derivasives from the sage cﬁ. » RHeocent
work hns uncovered a aw%gaﬁng skolatully related enandiomerie
cempom&s, the alagkenes . '

A am—oxm typu of spirc (4.8) -deczne derived sesquitor.
pene was formlatod by BHATIACHARXA, o Bl.s in the course of thelr
a?taaiga oh emsti?ggg?a of the easential 0il derived Lrom funpus
infeetod agarwood . The now sosquiterpene, agsrospirel (XVIIL)
differs Srom the scoranc type in the placemens of wathyl and |
isopropyl groupings, Hecently the number of natural sesyulterpenaes
poasessing thig particular »amaiaéal arrangenents hag ineressed
congiderably by the dise eavéz-«;}r i:!am; ,Wwatfivam (m) and relgsgig)
vetivane sosquiterpenesy provicusly thought So be hydroazulenes
possess the shae earbon akeloton ag that; pmméad for agarce.

Spivel e | "

The third trpe of apiro (4.5) deocanc sepquiterpens way
be exomplified by spiro aurencne (Synsspivo Laurenane 7%) (XL)
igoiated from marine source and which may alao be deenad &5 A

(262)
reprasensative oi’ a2 fovw known natuirsl products contalning bromine o
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Yat another typa of (4.8) splre segquiterpens ls isolated from the
marins sponge Azinella Canuabilug 725! The new sesauiterpeness
azisonitrilosd (XXI} axisothioeyanatawd {IXLIL) and oxmgdde-d (XXILI) .
are no% ooy the representatives of the now sype af"sesquiﬂergénasx
possessing (4.5) spiro oarbon skelaton bis also are Shoe fivs&'
ezaunples of naturally ooeurdng 1&qggan¢1dm h&v&n@{%gggiﬁaixe o
isothiocyauate funcsions.  Gloendh (ﬁﬁ%ﬁa (HKIV ) is also 2
member of this group of sesquiterpsnolds. |

XVin X1X

I

xXvii

it
\&\
R ;% L>lllﬂﬂll</

yyn

oy

N
XXl R-N=C XX 1V

XXl R~N=C=S

XX1l  R,—NHCHO

Flg, 2+ ALPAESLIEARIVE SPIR0 [ 4.5 7 DECARE SESUITEOPENSS.
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Wherens apavospirel (KVEII) waz Gha f:!,rst apiro (4.8)
decasne of lis kind to he vmagnim«:m( ), anather sesqulterpana,
beta~vetivone (XIX), isolased from vssentlal oil of vetivar, was
the firzt naturslly mem*ﬂ.na menbay of Lhis elam o ;’awﬁ.ve
axtensive chewical amw;( h 16,;%31 '). &mmm,. owing %o an
undotostod akeletal resrrangeusnt which cgeurad in the degradas
tiva studiesn, the strueiure Ema Ancorreotiy asslmed as @
hydroagulene derivavive (XiV).

i@mefﬁzm’.eus,, shis aséﬁmmz, 31 Vhoush erranasug fop
the vetivonesg led %o the currently sccepied formila Lor asulene
thereby solving one of She nogé pugsiing struptural problema of
the carly 1900's. |

Further stiudies on She oll of vetiver and obher
essensial oils, wneoverad u number of sesguiterpenes whose
structures were deduced %ﬁréagh earrelation with betaevetivine, -
For ezemplo, steustures (AVI) and (AVIL) (Fig. 3) were proposed
far hinesol on the bagls of chemical evidences and tonversion to
vetivaaumm( 133.,@{;1,&93)' Two other vetiver sesiulterpenes,
albha - and hata~isovetivensns were thought So bo related to
gteueture (XIVIII) by virtus of thoelr gpeotrsl properiies and
their conversion %o "igovetivana®y the saturated hydrocarbon
obtained upon toisl reduction of ma—vaﬁﬁvan@wgg). Gaveral
addal uwmﬂ wizaturated iaydrasarhms, rogarded ag cﬁmu%le band
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igomers of the two igovetivenenes (ZXVIII) aleo come %o Light in
fs_hé epurge of fskma& atidieg. '

 Ono vather interasting aspect of HOMANUK and HBROUT
work waa the finding thai alpim aind m-vemvmas afforded
gaburated h@"ﬁnmarb:ms, vativina snd isovebivana respectivaly,
whoge infrared spectra wepe Taignifieantly dicferant” from emh
@%:her‘gam ’ "’his Yegult wes sona what gurprising in view of the
epluerie relationship postulated for she m%ivazxea‘mg'mw.
Hore aﬂ‘mrismg wag the £act that She hydrooartan Epoours were
fmda%ammlw different from the spsotrum of deralydrovetivie
Zulengs, Those differencos wora atiributed to aﬁerauiaamﬂm‘
- Howevery 1t vas revesled later mﬁ, the three Yvetivanes” actuaily

belong to thres distinet skolotal olasses,

Bileyelio vetivenol, & prinacy sleolwl isolaved froa 013. .
of va‘ai’vw, wag aceordoed structure (XXIX) on %he basls of itg
ppectral properties and conversion o "oli égg)'ﬁmang" upon
aoatate pyrclysm followed by lhydrozenation » A Later veport
doseribed the praperties of "mg—mcyewmmwm“ and aotod the
absence. of any primary aleohols in at lesst one varioty of vabiver
'auem’mg). ¥irveyelovetivene®y a bydrocarbon isolated froa
- vetiver oil of Belglan Gongo origin, was ariginaily acocrded
shrueture (K‘ﬁi), but thils a@sisgmnt wng Later rovised so

(RAXI) »




XXIX XXX

F’ig-’ 3

The hydroagulens siruoture Was asnigned %o beta~
votivone by PFAU and %K&ﬁiwﬁz on the basis of theiw &egyaﬁaﬁmn
gtudies an‘gggggwativanaéﬁlﬁi, shown in CHANE I, Dota. Vetivone
(XAXII) on treatment wish sodium in sloohol yislded a mixswre
(atereo isomera) of dihydrovetilvols (Z{iVa) and (LU(IVb). The
procegs involvad the reduetion of a carbone.gsrbon fﬁeuﬁle bond
alg:a%s wich whe reduction of carbasyl grouping, Ozonolysis ai’
whis elcohol mizture affarded aeetone and the hydroxy ketone
(mﬂ). Lhese reactions eloarly indicated the m@sme of an
ungatuprated kotons and su lsopropylidene grouping in B

chhge DS
bata-vetivone. Purther more the compositionel analysis required
these derivatives to be bieyslle,  PFPartial hydrogenation of



..1:9..
(20) |

betanveetﬂ.mea L£XF 3 = 24° gave a gopmsated
(XZXILL) ang the correaponding alechol (XXXiVb), both of which
were devold of opticsl netiviiy,  Zhia finding . constituted a
key point in the structure anslysis, &a it auggosted thab the
bydrogenetion praducts of ,P_@Eg-ﬁaﬁimm wnmm a gyumetry
Planee e .

Hydrogenasion of dlhydroe-Lebaerativol (mmr)
followed by vigorous exidation with chromie eodd, afforded a
dlesrboxylic acid (XXXV). Shis dlaedd, upon trcatazent with
acetin anbhydride at elevated %mmmm,, Fielded a eyolie
ketonge ﬁmm) with loss of caprhondloxide. Dehydrogenation
of i:um iceiséixe Q{:&ﬁizg ﬁ&m ga?e By P iU UNFLBud S0P ODY Latie
indanel (ZAXVILL) compsrdson with an Indopandantly synthesizaed
samplas. Thls led PFAU and PLALENER ko conclude thet the
kotone (XLWII), the procursor of (XXWIII) was a eyolopentane
fuged cycivhazanons. - This conclusion defined dlasdid (XXAW)
as & pimelie aodd derivative and meant that the slcohol
preoursor (XILIV), the related ketone (AXXTIZ) and heta.vetivons
itsell (ZXXIT) must contaln a goven asmberad éarbmyﬁlw ring.
- Debydrogenation of heta-vetivone with seleniun gave rezulta in
support of the above conelusion by way of yielding vaetivazulene
(XXKIX} along With & miztute of ém and €y naphthols,

4 -
%35&
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pregunably largeisr (xw).

. The eunf‘rmatien of the scructura fox vetivazulene:

. (217)
(XXXIX) Was ebtained by the authars through synth951s )

Thus,su:ucture-(XXV).was advanced for bpetawvetivone,

heh e =<0
Ha , £ Ha
X X X171 XXXIVa,. -dctive

)= = . N
\ y L : . XXXIVb .in active

T X X XVIH

gﬁART‘EACZDEGRADAﬁlON QF BEIA-VETIVONE
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Xnteraﬁﬁzzggly and ag czn novw boe appreciasted gigzn.*
fleontly, ouly @nmea of mmmau&me vera geoured upan
dehyé?agmaﬂm of hampmﬁivexm wi‘ah ek phur or mﬁaﬁimm«-wﬁ
atmmm In these ¢ases ‘a&w msac%;*ws ied &::f.:mgis emlm;w@zy
%o the GM, & em naphmaw. T

The known chismigbry of vativone related maturel proe
duats at thig point was still cousistont with a hydrossulente
shéloton.  The dogradabive studies adsoeiated wish ninesol
degerve some comment as thoy eontain he firss c}eﬂniea am*era.-
dioticns ieﬁﬁﬁ“ %E} + “hs dgomerie st %;m;xww wore Mﬂgﬁswad by |
Gseoh §WJI} el m& apmeaa groups (VI 'ﬂ:l}a 7 %@:ﬂ«; ak 9&,
genverted Lhi em*as'm 1ine ﬂitmh o aleolel (XLI} ta -ketone {ﬁ&iﬁﬂ'
w‘swh win essentlelly develd of optical rosation, sugges?gig;g ﬁ?@}a
indlented gig-methyl a?rmgamz:h an ﬁiﬁy&z’eﬁmﬁsﬁl (3.313 D .

| Qahya?rmt«i@ﬂ aihyém-maml {m; afferses s mixture
nmﬁtammg a}.afm {XMII} and (XLiV) §@M‘d’2 II). &%tﬁ’@gmmm _
of this miﬁma afforded a i‘«ﬁ’«ﬁ?‘m&&?‘m idguslead '&@ *Laovetivane® A..'
acoarding to infrared apootral ew@iwﬁ%@ » The *’iswetﬁ!.mne“" |
sample was dorived from mese diwwa»ma-wmvma, suggesting
» mwﬁmmumm ring fm:x.om and g&aam,.m@mnsiﬁp hettfmn i:he |

6 ig]

- mothyl geoups.  The emaﬁm wag even Firmer in Ampu’.smshed |
um’k of Japansge geoud |
PRnASs group Glefin (XLIV) and kotoms (GIL)
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were reporté'd w0 be éézaphaaaly &wéﬁd af ‘ap*aieé?.l wﬁi\rﬁy‘ | fin
faa‘a, Kotone (w:m* aﬁ’fw&asﬁ & bmwyu&ene xiezrimﬁiw a.muml
%g thot obbained from "masediu.rwa-ma-%ta.ww. Iiawevear,
mrwdreunewz (ERL} was amarw optically ae%iva. me«améra.
hinegol miwxaees p@bi%l&' Lo olelia (&) on clwountography
aver basie slurdue, Bhe clefin (XV¥) was proved identieal te-
isevéti%m, a vongensy of iaimsm. | fiyeﬁz’agmaﬁiﬁn of isovoti-
vens sfforded vpsieally mtive 1agvets.vane.  The optical a0tivity
of theze two waterdals was eloarly inconaistant with the hydros
azulens formulation whieh fad besn aseorded to the vetivona
sesquiterpeny, | |

BORM'S evidence for the position of tha double bond
Q@e CTUM Kelele aymtrm and further resgticng of the emno].:rsia
produet (XIVIj. In thelr early studles, YOSIOK4, gh sl obtainod
Bn ozenelysis produst of biusgol ohet did ot appeaw to ba a |
sothyl Retsﬂe(w:"?. '

.zzidiu..aaﬁl evmexmea Poi Giedr u:aaime:at cnane from

T Lhe i‘@mm #20id fi@bﬂim%m m? hinesel which afferded s exmjvﬁ-
| gated disae { )\ n&i) oy 1og £ fas.ﬂ'i’é. f:ai:ar, m&xm and
KIdURA mmf‘wma«a mﬁws ansigaoent by aliylic uxﬂ.dauwn m’
hinasol,, falx,oweﬁi by detxvumuiw, which afforded the snantiozer

{303}
of b@»a-vativone »
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This vorrelaticn proved Lo b2 the keystone of the
absoliute stereschonistey of Lhis eless of sestulterpencs sinee
wvigoroug oxidation of hinesch afferded (+} glplsenethyl glutarie
aedd (KAVIE). e

Hine sol

.CH3 H

‘ COgH | |
HO0,C \e/ | - Y >_.C¥ CY No :
IR N (+)- Beta-vetivone Ha cHo

XLvi XLvi

| The Alscovery that nzay of the vebivons gesquiter
ponus actuslly belong to Ghe apire (4.5) decans fhmily'waa
breught sbout by WARSHALL and dls group y A% & Peult
of thedr studles aimed &% the synthesis of tha postulaced
nydrorgulens streture.  in course of thele atudles they Fore
milated a sterscsslective route Yo substliuted hydresmulenes
sad thereby preparcd She Lhres 8,ltedimsthyl-gls-decalydrod

: - . R158) , " ‘
gzul cneeleonos (INIlioec) ?, (CiHART IX1). and showed thal
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none of %he ai'oremem;a.oned hyclmaa'.u’i.enes eorrespond t-o el uhel’ of
the epimexie desi cgropyl‘idene dihydro-p.q&g-»vetivones prepared
from bega-velivone. This finding indicated not anl.v ‘the struee
ture {XXV) ( F:L £.3) be agcepted any more far beta-Vetlvoqe, but,
by virtus uf rsported chemlcal cmrrelatiang, the propo ed garbon
frame work of the entlre el aes of bicyc* ie wt:lvane sesquiterpen@

(301,303)
as well .

. This group. of 'chemists‘secured («) « heta~vetivone

from vetivert acetate, Java orimn identif.‘iad by its mel’cing

(106,016) 1969216)
peiat 3 Optical z’otation . » infrared qpe‘e., U
(199,303) {303) N
Tram , and n..r. spectrum » and gonverted it m the

eplmers of desisopropylidene dihydroe-peta -.vet.z.vone (meso, and di

form) according to the scheme depicted in CHART IV, A sample for
Qomparison was gyn’rhesm.ed a3 follows CCHART ). Lo

, :(257lsietbylauion (K-0Bu® , cﬁa-z) of the known hydrinaandﬁé -
{XLIXII) " ai'a. orded the dlmei:hyl derivat.we (XLIX) which
yielded principally the g_is-hydrindanone (I.; upon hyczrogenatlon
over pa.Lladium on charcoal in etnanol. . The cis.«lwdrindanone (L)
was pur :.fiea via semicarbazone derivative and i% was convarted to
the eonjugatea xetone (LI) -,arough bromination "followed by dnhy«
érobromination. _ Tha*’ the .a.sameri&ai,.wn of i’.he rfmg—fusion aid
not oecu.c en rou'ce %0 uhe eonjugated ket.one (LI) wac comir.aed by
way . of regenerata.ng the gig-hydrinﬂmona (L) thr ough hydrogenera.

tion (Pd-.ﬁ). Addition of methyl magnesium icdide to



N2 A

hydrindenone (LI) in the initidl pwresence of cupric acetate
afforded the ly4 éﬂdmﬁ (Lilya) from wideh the corresponding
eonsu@tsra ketone (E.III) was propered vis bromination and dehydro-
bromingtion. . Baductlon of this eonjupgated ketone with Lithium
in awmonia regenerated she ssturated ketone (LLI,a) vhereas
hydrogonstion (Pde-C: 4n eothanol) gave & -“xéw katone (LIl,b) widch
roadily aﬁ’?orfﬂm its conjugnted kelone progenitoy (LLIX) upon
bromination and &ebydzabggmmuima. Pravicus studles by
MARSHALL and ANDHASLN provided a bLasls for Sho apriard
aasimm&nt’ of a‘semmlmmiawy to ketone (LiXya)s The spestral
proparties of W’twm&e ketonesy derdvad from (Lii,a) and |
{(LIZyb) have been shown to support thias assignment.

“he ungaturated aldehydes (Wiya) and -{&VI,M were
prepared via fraguentation of the respective oxiumes (LiV,a)
and {LIV,b) followed by reduction of the resulting nitriles
(iVyn @& LVybh)e Upon wrestment with smm, émwid@ in
bensenw, these aldebyden (Wi,a & WI,b) oyelized %o .f}.?LWe. the
eorresponding hydroszulencla (INIL,a) and (WIIyb). The former
alechol (WWil,a) yielded i mixture of the aany and 4, kotones
(L¥illsa) and (WWILL,b) (only cne encntlomor has been shown in
the chart) -afaﬁv hydmgmmﬁion and subsequent ozddation. The
hz%%w {IVII,b) was 1ikewline conversed Lo She gl ketons (LVIILL) |
and the geso-isomer (EVIII,c). | ’
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XLVIUIL K‘Lﬁ( I

And
Trans fused compound
£

B g,

LII,b Li1,a

a, R=H, 'R'ZCHa

g | H &

LYm,a LYILb LviT e
92 KOBWY CH31: b= e /Py~ C/Etol s C= bromination fellowed by dehydrobromination
d=cn ng/Cu AC)a-l= Li/uHg  f= Tscl/Py s g= (150 C4Kg0) 2 ALH; h= Snclg

g-CrOg

. of
CHAMY IIXs SYNILESIS ond COMPARISON, DIMETHYL BYDROAZILENONES



| In %he next phasae of ﬁhease mmfﬁ.ma, &;@m»vetimm was
d@grads& m order %o obtain a gomparison swaple of what should
have been eit;txaxj the @meso kotone (LWWIli,a) or the fsomer (WWIill,e)
@fwﬁ’ iIV). Bince the gyathetlc rpute to these k,aﬁonea unaablgite.
ously defined their steres chemistry, the correspondenca of one
of 'ttmx wi'{'.h sm vativone derdved Ketone wmzi-.d Likewise defino
the relmive stammhemmw;y of pata-vativone. . "i’d this end (~)
.mg.vewvme wasg conmme«(ﬂag?wmg PP AL PLANSIRGSS hydmge-
naum-ezmelyeis sequetices . ko the pamg.dihydro aleobol
{a 6&8&5 ‘taixtm'e off eleobol euiaara) and then to tho des.1lsoproe
Wudem eampound (WI). ’Em Bese hydvaw ketone tmvx)
wag convartad to ’ataa th&o&:@tal dorivasive and treated with mﬂy |
nigkel to give She alochol {LIX), Oxldation thon affarded the
desired ketone (L&), lowever, the infrared spectrum of this
ketose bore no ressablanca to any of the synthesized ketonss
{WWiliynac}e ~ In fact the cwﬁonﬁ. atroteiing baad of ketons (wr.)
(i?ﬂ?,ew"l 3 o.&l/*) suggegted thad tho earbonyl waupimg was a8
. part of a sizemambered rings Lho synthetic ketonss (IWillya &b)
gave Fige to an infrared band at 1708 o™ 5.88 M &(vali,o)'at
1700 e'n"l, 850 M end are conslotent with tbeir a:mxgnaa eyclo-

hepcanam atrmwms, -

Redustion of £{-) .mgauvativm with Lithium In
anxzonis-athanol afforded principaily a xmfw dihydro aleohol

L
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(403 yicid) alongwith ong of the previcusiy obtained gogo-
dibydro aleobols (16% yicid) and starting materdal,  Degradation
of thigs new dihydro alechel along the lines deseribad above
afforded a Bew desisopropylidens ﬁ&%@m}g@_@gyx&%@m& whogs
infra red mpeotra bove a0 eiose rogeublance to that of itg
supposad ragaeuic counterpart (WIlib) ov the synthotic mego
gompounds (vaﬁ; &J and (LVII1, e)-' L

OH

(=)— Beta- Vetivone - . —> — g 3

et

CHAKY IV: DEGRADATION OF |
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| ROMAWK & HBAOUT had proviously hoted the anomalous
corbonyl abserpt:mn naximi (1724 ekt " 8.32 M) 1n bba |
infrared spactxown af dihydra»ma-ve’civom, bus eoulei f%gggz}m béSls
in this fm*b alone for mjeeting the pmyaaed strueture N
Hwever, the abwa gtudies by W&%LL Ghe Bles l8d them 0
| aamluae that hata~vetivens cannot be represented by struoturs
(XAV) or a stereoisomer thereof. This conclugion demanded a
re.evalméﬁm of the- hydronzulenic structufe. Sinse the gpece
tral propersies’ aﬁ' the bobth igomers of ketone (LX) ware eénﬁ'irmed
%a thoge of eyclohexamm derivative and She hydroxy ketone (XXXVI) :
Ly BeT? ) ’
in their respective infrared sgaeefsmm, either a bieyelo (4.3.0)
nonane ‘or a spiro (4.5) decane skeleton "ecmlé be considered for
‘bats-vetivona.: Tha wealth of cheamieal and ,phys:lcal data recorded
fer w;,ve%iﬁane(m 26@? 1@@ M&B&néxm @.&.SM) to sumbort the :
Lagter gass&bui‘ty. ﬁcewdingly shey pogtulated a simple mvision |
in teras of ‘the z:revicusly ,gn"opnsead struef;m‘e by a farmlimtion

digplayed a cycl@pm'canme earbmyl band {1730 enm

(m ) -»(eim), in' wiucia a ring fusion hyﬁmg&n and a eycla heptane
ring bfmd mer@ly exehangaﬂ Mae@s.
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| Bagzed on thls reviged structure of bebgevetivone,
PPAT and PLATZHEA'S degradation scheme could be represented as
shovn in the GHAIR V. I should be noted that the goometry of
the kebone (LXI) and sleohol (LXIL) g%ill pernits a symmetsy

plane mﬁ_ﬁh@m?wa, thege conpeunds can oxist as meso Porn.
Thus the postulated sfrueture revigion wé'@m;m‘adawa thoe erucdal
fonturs of She original structuve proof, The dicorboxzylie acid,
inltlally regarded as pimelle acld derdvabive (XLV) (Cyiig = Cit. Cil),
would aceordingly, be formulated as the adipie aedd derivative
(EXIV), (X8XV, Gli, = CuCliy)e  Cyoldzatlon of thls dloodd would
rosult in the cyclopentancme (LEV), rabher than initially postite
iated cyclohexanone (XXIVILZ)e In the revised sohemay She formas
tion of the indenol (AUWIIL) would require that a gkeletal re.
arrengenent teke place during dehydrogonstions Sisilad Yew
arrangenensgy would be required in she couversion of Lgba«vetivoue
to veuivesulone (xxm} and ks aagzaf:«m (REde

. . - a= Ha/Ni;b=03.
' C;HZ/pd"C7d=C703/
~ _a Acid;e= Aca0/A
‘ , Sn Lxm f=Se :
o XIX LX) o LXIl OH .
N I, |
. O XXXVIll \g . COaH

eSO T
OH LXV LXIV

XRXIX !

OBARR v,‘ . GEVISED ﬁ;ﬁﬁgﬁlﬂa&f” ATLION OF % “éé‘}-@ﬁ?ﬁﬁlﬁg m&ﬁﬂfﬁ)&?iﬁﬁ
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Zhe spim deeane fermulat:!.an a:t.so explains tb.e m’evieusly noted
‘ optieal activity of hinesel degradatim products wh:!.ch retain the
.:Lsaprapyi gr@upings. ' | ' Lo

F:lm suppart £oz* me pcstulatad spire (4.5) deaane
struatare of Mg.vemvane obtained ié’xigxg) synthetie and degrad%-
tive gtudieg by MMSHAL@ and JOHNSON  whieh has been ouba
-1ined in CHARE FI.;{.. " The knovwn ggge dihydro. beta.-vetivone (LX.I)
ﬂ-el.daé the gorresponding hydrecarbon (LXVI). on removal of the
earbonyl group., Ozonolysis of (LXVI) afforded the syclopeniae .
.none derivative (I»KV I1). whﬁ.eh in surn gave the hydrocarbon (LIWIII)
upon de sulphuriz a‘:;:lon of its *ahiaketal derivatives . authentic
: sample of the spiro (4.&:) decane (LXVIIE) was secured from .

~-hydroxy ketone (LXIX) a known photoehemieal transi’ormation product
of Lrang -4a -bata, 8~M-dimetmnﬁge,?,8-te\maphydro-eﬁéa-li)..
napththa.,ene( %’MM, Dehydration of (LXIX) gave a: mixture of
olefins mainly (LXX) az.ong with a minor amount of the exceyelic
double bond laodmer,. Hydragengtion affcrded a mixture of Letones
(LKXI) and (LXXII)a ﬂ?ﬁé: majar.‘e’o'mpanen'bvwas the meso fi."sémer-
_ (MKI )e Desulphurization of the: thioketal derivative of (LXXI)
afforded the same hydracarbon (LXVIII), previously obtained from
ma-vetivone. Tne ketones (LAVII) and (LXXI) exhibited similar,
but clearl.y digtinet speetral and chrcmamgraphie properties,
Lhe m-arrangements of the met:hyl groups in both isomers follow
tf’ram the meso natwre of the ketone (LX_I)(:and therefore, ketone
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(I.XVII)] and tbeir conversion to the sams hydrocar‘bon (LXVIII).
Sinee ket;one (LXKI) 5.s stereochamically defined by the synthetio
seheme, the ;elative stareochamisw‘y o*‘ uhe __ﬁ.veoivone
fi_vrived igomer must be epimeric at ths spiro carbon atom, . as
s‘hoﬁ_rx; in the vfarmm.& -(‘WIZ;)@’ * @hetrelatlvei sbersochemisiry of
beta-vetivone is Sikewize d@fingﬁ; o )

: a— WolFF kishner reduction of semucarbazone derivative |
: b 03 C= [SH /H !
- d, Nu/EtOH .
"~ e=soclp/py, (f)=Hp [Pd- C/E-tOH :
i"HAR]I .Vl‘: _ STEREGGKEHISTRY OF BETA.VETIVONE

- The absolute stereochemlstry of _hg_g-vetivone (XIX)
‘wag’ deduced on the basis of its chemical sorr elation with
‘hinésol (;E_&QE;V). '~ Hinésol afforded the .enantlomer (XIX, a) of
, “x‘i_atsirlgj. (-) ;_b_'gi:g-vetivone upon treatment with chromié anhydride
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in pyridine followed by dehydration (CHART VII). Hinesol must
| therefore, not only possess the same spiro (4.85) decane carbon

' gkeleton ag beta.vetivone, but the G’Zi coapounds must also be
enantiomorie at the spire earbon and,the adjacent tertiary center.

More extenaive oxidation of hinesol (LXXIV) led to (+) ~alpha.
me,thyj, glhubaric seid (LLVII) of known ahaqluta cnnfﬁ.gura;;;t;z—%).
This transfomatim; revealed the absplute stereochemlistry of the
tertisry methyl eenter in hinesol. and, in view of the aforemen~

tioned gorrelation, in hetg.vetivone as well.

O .
a,b,c, . a= cr03 _CSHSN
nm ) Wy,
' b= ACgO
_\

on C= BF3
LXXIV Xix @ d= 0
Ld.e 3
H . : e= HNO3
%
m o _0 .
CHqy Co,H COgH ﬁﬁ
XLVII )
| N X b

CHARE VII: ABBOLUTE STHRLOCHEMISUAY OF BETAVELIVONE
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| ~ Thusy tho abscluteness of the present day knowledge
regarding the stereo-chemical structure or the configuration of
m_-vetd.vona is highly dependable on the correctness of the
accepted stercochomicsl structure of hinesol, Although the |
studies outlined in CHART VII could not assign the orientation of
the isopropyl side chain of hinesol, its stercochemistry shown
in foruula (LXAIV) was deﬁerz?%at)i through an unambiguous total
gyntheals of racamie hinesel = Furthep suppart in favour

of this determmat%en Bras provided by the degradative ‘sbudies of
304

YOSIOKA and KIMURA »

With the structure of beta-vetivone established it
became of Mtsrﬁat to ascrutinize other vetiver-derived sesquiter-
penes wméa structure assignments are b&sed oa correlationsg with
bsta~vetivone. Revision of the studies on glpha-vetivone vhich
econcluded earlier the eplmeric relationship of it with botige
vetivone showed alpha-vetivona (LXAV) to bo a hydronaphthalene

(149) -
derivative and a close relative of noot-katone (LXXVI) »

/.

[
[l
[t
L)

The striking ditferenees obgerved for "ve't:ivanes"‘
derivea from the iaomerio vetivonas and ve'bivazulene can thus be
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- undersgtond on the followlng basis (Fig. 4). Aéearding1F§ the
three “votlvanes” actually Pepresent thrse different strustural
types with ”vetﬁvaﬁe“ {LQVID) ea@raséandlng ta'the-hyﬁroéarbon
n@nﬁka%ane(lég) and "isovetivane” (EXXVIII) corraaponding to

| (275)
agarc splrane .
ALPHA - VETIVONE ___ [H] _
Lxxvil (VETIVANE')
" NOOTKATANE
BETA — VETIVONE [+] N
Lxxvi (" 1SOVETIVANE)
SPIRDVETIVANE
NVETIVAZULENg ;,'[“] 5N

LX%lY VETIVANE
Fig. 4 1 The Wetivanas®,

The naza ”Spiro'vabivgne“ has k@an‘auggasﬁed for the
hydrcearbon (LXXVIII) to point out its relationship to beig.
vetivene and vetivaswleney while digbinguishing it froa the
hydrogenation produst {(LAXIX) of ?eaivazulaueglsg?. Zhig latter
hydeoearbon which should properly bear the napme ?wetiVana“ is the
sikolstal perent @r‘an@ahér‘f&aily of a@squit@rge;asa



?wa wénwarbans. w and anﬁismena m\m heen
isolamd by Aﬂiﬁﬁtﬁﬁs in 1@76 wam a&l of vativer m@ aasiguad
aﬁrmtwass (L) and (” XKL} to Shese ewg«amds on fsha baais_ €r3
spewml dasa and thelr eorrclation with spirovetivane zwm
The 9&1 enpl.oyed in thope studles appeara to ba devoeld of rﬂate» |
rial cw*ﬂaggmmg $o.the a&gg%imwa ivmane papirted by gmiij
ez &.:ﬁmi‘f ii’:im:%.ﬁ.;* szima memm_w Apanal alfords the
gane hydero ea:*m {BHVIT) 25 nmu dwiv&é Lpam wgwativm
the pirueture revigisn fvom ﬁﬁw; e (WUIL) would appamr
~ rosgonebie.

1 . ‘ 7
LXXX ~ R | Chon - LXXXU
TEEA VERISPIASHE REPA VESISPIRENE BICYSLOVERIVENOL

The 3.3.&% of anburally wod w,‘u‘g &g:lm cm@eama and

| s;m%ﬂa%m ARdHINOUrS to thsse compeanidn 1g vontinuing to gPow..
The shemistry of {&»3) dmwa sossultorpens {sioh ag mwemvm,
| apsrospirel LEha amxk@m and searane} has baon mmwgéii g)-
Stugien m'ﬁ, m} wmtfs,dw m&m&.&wﬁ 4o the Lepluablon of eoni shiress
| m@ab@lww ’x::...imggmg, Ba isus %ggf:gﬁ a)ﬁi‘ im&) as;s:wa msqmawyema
‘e &s, 3%?)?&&@?6@ (R ETL (_' .ﬁéﬁ&ﬁ Behydig Beka m%«am;mr

KECIV) Bl WM‘ LT eylibdada. (LYXAVI)

RO Yy
e B
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e (131) R
(.Synt'epﬁ.cx#lubiraiz* 1) 3 2=eple and 15&%2,3'& e}-z-epi-
1ubimi',a (a.aY.XX‘fIZE and BWLII resuectively) o Particular

)y
isolated from patato tuberg, wh.;eh is essentiall:\r a trieyelie

£58) .
c:piro compound .

mentien should be made of e;yclca dekydro iso.;.ubimin [gne L.

-, Bpiro eonpmmas of marine origin az!e of eurrent

int-az-est.. Axisonitrile-... (XX1), axisothioeyanate-s §X.KII),
(72)
12 » n@t

isolated from the marine spcmge Axinellas Gsann;
only ecmprise & new elass of spiro vetivane sesquiterpenes, but
sl se,repz'eaent the first _A‘,example,,,ef ,na’bm?_’allx occuring ilsopre-
nolds hair:mg an i.sonitr‘ile or 1s¢th§:oeyanate funetion.

ﬁ.xa.;idae.ag {X'}?;ZL;ZI) z.ﬂolated from the sale SOUrce i.€.,

from Axinella £ Gannabine 3 is the third member  of t.his e¢lass.
The fourth member gleenol (XJ&L\(; has beeu isolated from Pigea

(144) .
g}.e!mil e

4
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R=H, LXXXV
R=0H, LXXXVI

LYXXVIT

R . _
XXI R = NC, ALISONITRILE . 3 XXV (GLEENOL)

XXII R = NCS, AXISO THIOCYARATE - 3
XXIII R = HHCHO, AXAMIDE . 3

Fig, b : RECENMPIN ISOLATED (435) SPIRD SESQUIIBRPRNES
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A structurally related group of.balegaaagéd,ap§ra (8.5) undecano
sesquitorpenes occurs in various spuedes of the glgaé éélggaga

e (gga oy 10=Brono-alpha.Chant prare (XY " lm A Zecontly |
13@1&%@& halogensbod chamigrane type sasqus.%mm‘mmms fm& N
the red algan of the genus Leuwrencia. are ﬁh@ fbllowingt iXt XQIII}.

Br

R R
Xam -

R_,Q,Z = Me, OH" (‘GC-C?._, P-H)
H » Me ) O A
Me,@-, (‘#"BP,F"'H)

1

The sgi@c cyaloprapvl eyalo hoxens dlene ditaraenﬁ
(1&33)

£K¢V) has been isolated from the 1@&#@3 af 7‘(1“)4,»{ 1ien
Gtha? related avstens have alsn baen isolated « Hoveral toxise

terolss. . have been agsigned strugtgreg aimilar tc.texisterolg—ﬂ

caovny$,




5 3 ma &wa}.amm*» of Synthetic atrate.

gies for the eyﬂlm ai:ag mrssam with goed sontrol over the atereo

chemistryy eontinues o he a em;ezaga b erganig synthesis. ¢

- Among the gpiro eyelic nEvural products vhe spiro (4.5) desans

syaten has heem studied more beasuse of --%ﬁé many exauplas in

pature snd mtematﬁ.ng ﬂlesaexma of gﬂemmbwiatw‘ The reaption

sequeneas hat .‘L«md %0 ma spiro eyelie a%ruaﬁwe any be defined

as-spire aumulation procdss. The tora m@im,** derived from

the Latin word gnnulatig (ringed) means "the ﬁwm&iﬁa of »ings”.
In organie eiwmiatw this tm*m ig ugad to dam?ﬂm the process of
%mﬁ.mmg a rmg on 1;0 a pm—mambmg syabemy oyelie or mn-weuo. -
¥he gadded rlng any ba of -w aiaey ali;hmggm five and Qixomsamzaé
nly formed. - This broad definition includes,
in a genersl songe, many resctlions thet are nob mmally maughﬁ

ringe are Rogt com:

of as annulabion mm@i@a,@uﬁn ap Diclo-Alder 'remm@m, aoid

eatalyzad p@lyazﬁfmc c}yal:iigﬁiwm,, ghaﬁmh@mm, radicasl and

thermal @yaiizaanamg ete,  Aocordingly spiro aunulation memns the

- process ﬂmwlvmg thie ﬁ'uma%im of 8 zing onto & gr@-exis%m{g

ayelie wsﬁm leading o a gpiro sk@wimﬁ. )

" Gyelio atrmtmvea wizvieh imarmrma cdujsameci' Pings ean
be ragrweﬁ@d s mm‘m:m efa,yoﬂwwsim wﬁieh hegﬁm (in a Tormsl

“ Phere bas been mma ﬁimmgamy in the a;arauﬁng of thle word with

two formgs annuiation and &nnalaﬁim by uged, She latitny some
what more ai’@aza than the fobmor,. - ﬁwmvw%ula 5;5:3 in preffarred

byd\a?. {of, Webster's mird How International Diotionary Unabrlde
g@ - _ . .- , .
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‘8anse, the family of catenanss 1.¢. conjoinod ringa with ns ghers
atoms would be ths f:lést member of this geries) with spire oyelie
gystens (connsebed rings wich one shared carbon) and’ extend
through i’usad {two shared earbon) to bridged frames, incorpors.
ting thres or more common abtomds, Althaug&z a z.az'ga nuxber ef
methods of broad apnueabiuﬁy exigt for congtruption of fuzed
and brid_ged ring sk@latuns,zmm ralativew faw goneral strategles
are available for the elakoration of spire cyolic structures,
Reaenﬁy ecnaiﬂerébla sffort has been mada' %o repalr this
aeficiemy and some deve:s.a enm alo &theae lines hasre bag{w )
- published in three reviews . .nha firast one
elaborates the intramoleculsr alkylation route to carhacyeue

- gplre aummﬁndsg the swand(‘m) deals with the synthesis of
spiro compounds gﬁigax;earr@gment roubos 'amd ths &1&&3&\;&3 in
the third review has besn comsentrated towards the different
' %yyas of eyeloadditlon reactions which are formally cccuring in
the spiroe-snnulation routes. The effertsof @ox(&}mm lﬁaox(mﬂ
" to aceuaulate the synthetie strabegies on the preperation of
-_’Garbqeyclm spim éomémmds algo deserve mention, Here an
atiempt ,has béen amade So eompliment the above affor-té. 'i‘ha spiro
annulasion procedures, dispovered so far (upto Dec. 1981) have
been revieved and divided 4nto ten aectimm namely (1) Pinacol
‘poearrangenent s?cute, (11) Rearrangement of opoxy ketoney
~.{111) cation SLefin eyclization mute, uv) ‘i‘hermolysﬁ.a of olei‘:!.n



wide

- {v) Hobinson's anmiation and double Hichasl resotion routa,
{vi) Conversion of carbeonyl oarbon atom into a spiro contor,
(vii) Oycio addition rmm, {vili) Proparation of spirane using
organaustalile x-aageﬁta,_ £ix) m.séemmamm spiro mulaﬁﬁén

routey and {x) Ar gﬁé partioipation routo.

PIRACOL REARRANGEMERT ROUVEE: WASCERMAN and ClAGRY "Iﬁ< ) in 1968

prapared spiro (&.é) RONA=Seenawisone (XEVIII) using ring axpan- .
gion of eycl@mnnammyz. eyelopwpaml {HGVIT) @ugey

| ® - / .
D)= | X | — OO
on oL O, . //
Xevi ,C/\H - o
e
REsr s Fle g0

Bltroun apid deaninabion of oyelohopbatnel-yl; oyolo onten-l.yl
and syeloenonon.l.yl otlyl amines has been shown o give' nixturas
of spiro (2.6) mm-&;a& y opiro (2.7} getan<d-ol, and gpiro
(2.8) undeeang=4-0l E%g?x;aapmmwwg | wgathw with the Corres.

ponding oyolobutanols. s
oH

C“Z“‘“"‘Z‘“‘*z s QQ + Qj

n= 1,3‘,3




wiiiion

- Lasdihydresy guaiol
.(BBLi, Beii) and its none benzoate (xam, R=0Es) hss: boon shown
30 afford the (4.5} sﬁim dﬁemm fsﬁ w $IIT) v;l,sa PARE " CONLYEGw

Pinsgod rewrpavgemsnt of g

(1%)
L " no
A T i o .
c e

.Sion -8 Doy -
|0

—p
(R=)

R: 0Bz, H

&ﬁsﬁm ak. m,,., y @xamrwd ﬁlxa amxdwmn i‘w the

'\?inacal mari‘angcamanﬁ route So spﬂra-mmﬁmﬁwna aml found that

s:m tma‘ﬁmnt: wish 2&92;5 aulphwia acid at °¢ uaa diol, (eg\;n =1y |
me L) gave mamw to apire ice‘&mesa m ) aaﬁ (WI} resulsing |
- £you rm@ am.argamms mm*aw msam deh;rdmtwm w:.n ne ameadwy



wttlie

rearrengencnt of (CV) o (W) However, ab oT9E (GV) gave
{CV1) at all acid concentrations = I

(.,\ o (Ao 'h m o
GivV

av e

The formation of Ghe mmmz esarm%%m has baen
 ghown to be the uajor £actor iu determining the preduct conpooie
tion. %he order of cation foraation is G'?> ﬂs > % and
hence in (ClVy na 1y m = 1) formation of a €5 earbodation is

favourad over &; glving the spirenone {GV, p™usl) as the major
produet o G ogrrying out the reastion at roflux Seuporse
tare, the produsts conslated of the expsoted spiranones, but the

dlens (CVIX) r?gun%gg}fnm éeézycﬁmtioﬁ, made up 8 &ax’ga mmioxz '
of tho ymeitm; i » '

The applicaticn of gas phase pinsccl rearrengement ts
splro lekone synthesis mﬁm- reported by ALBEROLA, BSTEBAH,
| MARIRAS and PREEZ.USSORIO  who converted l,1'edibydroxyel,i!



w B

dicyelo pentans and dieyelo hexane 4n the presense of gelate-
nous aluminium phosphsate eatalyst to the spiro kotones (CV 1I1)
“and (CIX) together with small amount of the conjugated diolefin
‘fornmed by debydration |

CVIII, n=1

Optimal condition of bemperature and W/F (ge.catalyst/
61 pinacol per hour) were 650° and 60 for (CVIII) and 350° and
120 far (GIX). Under these conditions 'ﬁhe respoctive ylelds
- ware 634 and 85% and ?Mmd 92/ e:omreraim?. of. the starting
R ‘maf;ezrial. . . '

-

JERONE s “i’ba raarrangensnt af 1,1‘

[ L ERQRX
bicyelaalkyi-zoﬂ@s are interesting, Three different TOArrange-
ments of the spoxy ketone (CX) have been shown to coeur under
aeldie, basic and thermal aondis,ionswg.);, ‘The apdd catalyzed
.. ponetioch te (CXI) presumably mnéfaetigf via a ﬂiagmr-}fieerwéin
= hateromi:m route and the nechanisu of .Easé catalized deCompPo-
‘sition of other eyelic alpha, bota epoxy ketones Lo gamma
hydroxy acids and thelr lactones with egneurrant ring conirac- _
tion may follow E"avdrskii réa:‘mugement az has been guggested



@,(3
- o UL L >3 I
for siailar typs of compounds by HAWEE and GILMORE » The

- dsomerigation to (CIV) on heating has boen siggested to involve
‘ ~ a radical reagtion GoBuy " '

S (zes)
in an iadependant gtudy » E=gyolopentylidone
eyclopantanone oxide (CIVI) and B.cyclohexylidens eyelohaxanons
- oxide (GXIX) were isomerized thermally and phiotoohenically vie



1,2-aLKFL ShIfG t0 SpATO (duB)-dora-lyE-dione (CHVII) and to
" spiro i&,&)-dﬁﬂmm@-lﬂndﬁm (CRX) pecpectively, Acld cota.
1yzed somerizasion of (CAVI) was shown %o procesd via 1,2 soyl
shiift to yield spira {2e5) doeansGyl0-dions (CRVILL). %harmon
1ysis of {(C4IX) also gave 1,3,3,%,&;,?,&,9, Getalydro dibenzo
ﬁnrmzznzaw;mmaé. '

. /9 ' ' L //o
cxxﬁx 89% Yield ey Vil
mpY, Yield | <X 1_'
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. The ﬁhermalYﬁls“én@.phcﬁQstig reaqﬁions’have been
shown to proeeed via the homolysis of the q“;é-_e bond as. shown
‘below: - '

N . R .' . (‘@o f
? /°\ /RF> Kod 0"“5'@ N /RP>
L. .
Ve
Z VAN
S NI
' | CRX1)
B . AP
C'—/C&-'—CP\
éi_,/ﬁ* - R@\_‘/EP

?ha’carh@nyLAgrbup can stabilize the radleal charge at ﬁxz'as
shown in structure (GXXII); Coneurreutly or at 1at%erlgﬁage
RF migrates to C forming a carbonyl at cf . However,

the quanmum yield data on the photolysis of optically active

87)
(CXVI)‘ © exslude one comaon diradiesl intermediate of the

type (CXZII) Sor thres reestlon paths involved (Photo isomeriza-
tion and phota rearrangement to esch lscmer of the new product)
in both the singlet and the triplet reaetions. The guantun



yield data require the rate of rearrcmgement 1s greater ﬁhan the
’ra-r.e of retation around the o "P bond in (c:xxx::) and that
the ra‘ce differenoe is greater :ln singlet genera‘aed (GXXIJL) ‘chan
1n the triplet analog. ~ Another possible explanation was that
" ‘the G~ GP bond is’ cleaved followed by-ro’cation which leads
to reoemijzation of (CXVI), In the formation of optiecally active
(G:XVII} i? is BP which is gis to the acyl group, migrates
fastest in both singxet; and trip}.et reaction.

B The aeld ea’salyzed reaction has baen sxplained by a
1,2-;5.0;!1 ghif%, %&*atei;atialz of the epoz&iﬂe- {€XIX) should cause
the '“QP -- 9 bond %o cleave, foriing the hydroxy ketone (CXXII)..
The aeyl migration in .(;ilirras;iﬁzqu in the forimabtion of the
diketone {CNXIII)., However, if ‘a proton is Lost from (CXXII) to
yield :{mi?)'fdlléweﬁ by loss of Waﬁé':c" ‘then 1,2,.;3,4',.{5‘,%8,9-

octa hydredi benzofuran witl be ferxned, 6 iy

e

CXRII

//oH

CXX1
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GAION QUEPIN (YCREZAION RUUIES The caSioueolefin oyelisntion
laa:iing Gy sgw@ anoulatlion hag ‘baan roported by HONNIEA gf, 215290)
who obtained spim (6.23) unmw ol and s;:im (4e85) doosnqu7-ol
in good y&eﬁ.cﬁs by aeetolyais of l-ponbedeanyl eyeloheoxanol and
1-953:3@-&&-—@;:% ey epantamﬂ. zospettlvely in the wreseusce of

&-t;alaamsulgzmmﬂ a@id or perghlorie aoldd e. g.,

QO-Rol-RCMC

_The eationeolefin eyelization ryoute So spivo (4.5) decans aysten
“ims bean observed Ty aw@z gnd ﬁﬁfasﬁﬂ%ﬁé surdng vhelr symthesis ni.’
%) ea »zggge; and (&) esm%& usdng a synebrenous double anmulation
process . Thus witile *e:n@ dlagtoreoisoners of the eyel mgirapyl

ketone {CXAV) on trestuant with scetyl wethane sulphonate in
mathyleno ohloride gave {£) gevdeone and (X) amemme, their

| resation vish lowis acidy in sprotic mdm gave mainly the spiro
conpound (CZAVI} shrough oatloneolefin syelizavion retwtion £olle.
owad by a rather ym}:emm Lgh hy%ﬂz?ma gIidE %y Guilay |




il

Tier ardd catalyzad wnlimmm of a,mdmemﬂul-(q,
@m‘tmy& }»laayslm}antamﬁ (CXXVIL) or ~l-oyeiopentons (CXAVIII)
to the ::teme 1.eonorie spire decanes (GIXIX) has been weporbed
by WOLF gh. al. §a,9;) and i beldevad to proceed s follows:

on

CRXVIT

A Eaﬁ%w %mis anidd sa*salymd aniro aaxmxlaomn rounie hae mm;aas-
{92
. fully baen explodtad in the aynthesis e:v*’ aam*mﬁm =B .

&Ii & biceskris apgmmu w wmhbaim uaummim 8650
| hﬁ?&gt@ﬁ“) Lo wnomiaﬁ.a of 10eBbr om.waeimﬂﬂgmm “hia
‘Bedd catalyzed mumgcm@n kag boen usedy  She sanulabion soews
to be furllltated by Shw presence of aliylie hydroxyl group in bhe

alkyl side chalu of the reacting specles (CXX).

K= pas/eHe
§ I/ m | B | ] = ' L

cxxx ... B L
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The formie«aé: é catalyzed szzim annulai;ion rusulting
Ez‘c(zgggz;tiom.en@ eyelization rcuta has baen. reyorted by WOLF 25
ab. " yho prepared the stereo isemeric (4.5) spiro decame~7-

fermylaﬁe (CXXXIV and GIXXV) from the eyclopentangl (CAXXI) or °
 the oleqhss (CXZXII and GXXXIII) ag followss

© HCO,M

| CRRXIY

C XXX

Later the process has boen extended to the synkhesia of (+)
g )
scorencne -B . and (I) %epi-aearenone( )

T o (192)
in ayntheoising Yota-acoratriens HABGELY e, ale

used sbannic chloride as the acid catalyst in eyelizing the

aleohol (CXXXVI) through eabtioneene spiro annulation route, o.g.,

]
CXXRVI



The stereo selectivity of this eyelizatlon s
remarkable 1n that ouly the pggg-isomer of aooratriene counld be
deteete&. This observation contrasts the results of biologi~ |
cally 1ns§1red studies of the cyelization of ggggg-bisabolene“
where only the g;ggg isomers were found to be formed(A). :The
intermediagygof,a daucane,structure in-the/eycligation of

(CXXXVI) axgs , ¢an account for this difference in behavieur. e.g.

Thé dateans type sesquiterpene, carotol ether
LCXXIVII) has Yeen shown %o undergo ring! contraction on treate
ment with L?*hium aluminium hydride.aluminium c¢hloride as
:catalyst affording the Qg;g—aeoratriena (GXXXVIII)( 7).f The
.rearrangement ‘may 1nVQLVe synchranous on stepwése hydrogen ion

remavala{methylene migratien and C-0 band_breaklng, €eley

-— “10

—H0
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Tne~réarrangé§eht of éérétol (CXKKIX) %0 the anarépl
diene (GXL) an %reazment with thionyl chlarida-the reaction whieh
has been studied to detarmine the abwlu’ce configuration of -
accoradieneiagsl nsy be saken as angthar oxample of the' rearrange-
ment of daueana skelatan to spire (4.5) decanﬁ system 1nvolv1ng
Wagner.Meerwein 1,2 shift, e.g., | o

L) \ S0Ce, -

CRXXIX - - _ - CXL

Intramolecular eationic cyelinmation of 3,5-dimethyl-4-(4-hydroxy-
3.1saprapylideﬁa bu&yi) nyclo=-hexe-3-0nc-l.one obhylena ketal

(¢XLI) hae been shovwa e lead to the fv%mafiﬁn of hata vetivone,

, (176)
and 10 gg;ﬂm@g&;vauiVOﬂﬂ .

2
Heon |

——— ™
S————e

OH

3L L =
A beangiful catien initiated cynlization rou%e ta spiro (4.5)

decane skeleton has been reported by aAH&BUR! ) e.g.,

e [ - 0&e O

Unfortunately the stereo chemical aspeets of guch cyelizations
have not yet been examined.



W&mmﬁsm o -awm' The thermolysis of oyciio ketonea
conSaining sn unsaturated al%c:»fl’ chain in the alpha-positien haa
been studied by CORIA 2k a:_fw;;, Cyeloalkanones (CHLIL,

n = 1,2) were thermally oyclized to the yespsetive spiro alkew
nones {1‘35&41\?, n = 1,2) ond bm;m&zs alisangnes LR AT n=ly2 e
aimxww@six’swa m‘.’ matwlerm spdro alkamms iﬂiﬁaﬁ’i, nzl_,c,g
= 2,3) and methyl s;aim alkanones (CXINIX, n = 1,2; m = 2,3)

wag obkained frunm the ragpective _wmmm erelo alksnes

(ERLLEL ),
0 | “
- : +
E&b — ol
CXL: ,
0 o 0 .
) - 7\
==
_— e A
m m m ™ n ™
CXLin CXLVI : CxLvi

: {76)
DROUTH, IBYBHDECKER end CUSIA  on thedy way to explore the

thernal igsomerization of some dlenones and dienediouss az a
rouse %o bl and polyeyelic compounds prapored two spire (d.4)
NONARG=lyG=dlones (CRLVIII) and (CXLIX), Phe reaction path of
thelr formation ia depieted bekows - "
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| | ExLk -
The synthesis of hgta Scorencl and heis~-seoradiene by

k208
OPPOLZER involves thermal eyelization of othyl-Le{l-cyroloha.

monswl-yl) Ge-hexenoate (0L) o dlagtercomeric alxture of the mpiro
decane (CLL) 0agey '

O;EE . COqEE
9200 o :
r ~‘\\\/ A = )
nA YU =\
" /
CL : CL\

Later this iatramoleculmy emﬂmmimm hisa hesn applied
. o K207,
in the syathesis of racemic acorenone —% B ) and in the synthegis
-0f other members of the acorane fumily ». Synthesis of



wtillon
rmmﬁc-um,a-cmmigmw by ﬁﬁé&i—:ﬂ Anvolved thig tm@rm eno
reaction of the deh;rdmwnu gmazﬂmt: (G&I}:) of baty donol aa the
sp:zro annnlm:mn zmuta. ' ‘

N | {191)
The gpiro (4.5) decanvne synthesia by HABGBLI

Anvelved 1n the eyelization of the unsaturated Kotone (CLIII)
through ene Lype rusctilon €.gey

R

CLIU R= >_ >_

Zhe syaﬁ;z;.'e endeavour ailso lafsﬁlf& miasing spire inverted
. @eorenone (CRIV) which dg ?@ﬁ %o be found in nature.

Bnones of Lhw type (CLV) hes been shown by ea‘zm‘m)
%o undergo a thermal cyulizatlon ab temperature sbove 300° to
glve the spiro (4.5) devonones (CLVI) and (CEINIT)



B ' C o oewn
cLV QLVJ . it

In the case where R methyl, {CLVI) predominated sligh‘cly
1ndicating a slight preference for the mode of cyclizaoion
depicted by (GLVIII) vs (C‘LLC) s '

..c:Lfvm

CLIX

"The synthesis of’ acorene by COHIA DROUET and GORE(SH has been
reported to :l.nvolve the thermal spirc annulation in the erucial |
step wheré the dienone (GLX) yielded a mixture of ‘Epiro (4,5)
decanones,,(ﬂ;m)‘ and ‘(QLXII‘_) upon thermolysis é'tuago" for 38 .

hours e4g.4




..'56'.._’ "

Interestingly, the desmethyl amalog of the dicnone (CLX) gave
the deamethyl amalog of enone (CLXI) containing only the exo-
eyclie (isopropylidene) double bond isomer,

ROBINSON ANNULATION & DOUBLE MICHALL ADDITION ROUTE: The double

Mizhael resction between a cyclo alkane l,3-dione:and an 1,4
diene<3-one lﬁéagi.‘%);o_ a spirgn‘e has been demonstrated by
WYNBEAG gt al o Bssentially the process involves normsl
Michaol addition of the dienone to the actlvated methylene carbon
atom of eyclo alks-l,3-diono followed by internal Michael addition
” of the MQ-MQ unsavurated ketonic s‘ida chain on the same

carbon atom 0.g.,

This method involving only one step im forming the spiro come-
pound from the eagily aveilable chemicals is of potential
importance as a gymthetic tool, But whon applied to monoketones
the yiel&s éré very low " and Ahexicé m;od:!.ficatien of the procegs

. becans 'esséntiai;,. | Great mprové@ént in yield was achieved by



=T

carrying out the stspwise addition of lydedicns.d-one usiung the
pyrrokidine enamine of the lkotone in the primary stage in place
of the kebons 1teelf. Tho Stork addition of the enauine Lo the
disncne gavo . at_’ﬁ@;' iwﬁré}.yaﬂ.s the monc addition product which
could be eyeiized esaily o the wanted amﬂ'mm’ﬂl Qo llay

D \: '
.' A "').‘\‘_— —0

/ _ m=z 1L

Ayv

Am

NaOEk/EtOb;

. Bowevery this resption sequence dccoupanies with the pogeibllity
of ‘the eyeldzation of the mono adiition produst on the other slde
of the carbonyl ‘group in spite af' on the subatliuted carbon atom,
leading %o the bridged compound, altbough She possibility is of
oaly theoretical value and Penaing for fubure endsavour to bo
axperinentally verified. o

The applisation of Hobdnson's annulaticn éﬁamzion

© route to spiranss to Lhoe aynthesis of (=) anorenons and {e)

{215)
- acovenone= B hAas:; boon choun by FISARG mad BACHMANY who

spapared the zg@:li.m onotid (CLAIV) sbtersogelestively fron the



iy
L

aldehyde (QLILII) by treabing 4% with methyl vinyl ketone 4n the
,g’araaezme of potrpagium hydroxide in dlozeno.

"amxz o emv

(go) '
Uging the same reaction BOGUENIY, PESARD g& ,g‘,, -gropared the
{4,5) spiro deg enone (CGLAVI) from the Ketono (cm’) in ils hatae
vetivond syntheols Gefley o

Gl : QVI
{106) )
| HAZALE and RUZCRING conversed the eyelie
1~emvbammehyd@ enenings to t;lm cwmv;mndfmﬁ? spiro oyolic come
pounds by ma%s.ng the enamine with mebkyl vinyl hetone in the
progense of acotie mm tuffered with sodium sostate Gogey

d/" () + j = Q@“

Z =ty (), , (@), andy (o) -

A general and offlolient approsch o spire ¢yclohox.
dienonas using cyeloalikane curboxaidehyde snanine and s Hichasl
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| | . (129) | A
sodepbor has been reportad by KAWS who used %hs piperidine
* enamines of eycloalkans carbomaldelyde (OLXVII) and made it to

resct with methyl vinyl ketone o glve the respective spiro

\\

;—: N
/

CIVLL DR OL,2,3 &6

- kotonss efey

In the spim anpulation sbep aﬁ‘ @ ssymmsm rm‘aa ta
(+) acorenone and related coupninada, &a%ﬁ(ﬂh“ ﬁLxmaa&, 0RAN and
%&&A@Eﬁ 1&@3 treated Ghe mmlidma eaamwe Q-Asopmml,
S-mothyl eyaloym’bana carboxsl dehiyde -(vaui) ﬁiw l-metzk*mx;r-a.
butene-2.0n8 in the weamma of met!.e anid to omam the wwan
((:AH,;, L " )

CLAVIZT o © ewux

' ‘ {g6)
- HAMUNAKKA, BAKAL and KURONG demonatrated the

double Hichael addition reute to spiro gyelie compounds in
prapav‘i.n@s 2pirs {4.8) ds@aul,ré,%wwimﬁ‘ (QLKK) the logiesl



Antermediate in -wmn- synthesis of df ~12415; -ethylens -18,14
-dﬁmﬂm msm;glanain ¥ u&m m&i.hys., SELE0 Qeiley

j>—-o——»oc> o

JOBHL wnd LARWA woported the forasticn of the

spiren (CLOCIIE) during the reaction bebween hydroxy usbuylene
devivative (ULEXI) of mamthene with methyl winyl ketone along
with the other non.anmlated product (CLXXII), Tha spiro
annulatdon kas been assumed to occur through the intremolecuwlar
aidol t:yg:a condensation of the Michael adduet (CLOII) with the
&lﬁ@byﬁa funei;:ion. ,

Jeaeet ool

EW,.CI

. ‘The ayathesis @f apire mmmmds ¢an éagﬁy he
effaotad from meatyl avolo alianss by using methyl.ginha-brogo
methyl Reryluta-i resgent which coubines the properties of both
allylic haiides am‘i Wg bets unssturated ester. Zhug the
mothyl esbar (ULEIV}) gmm the spiro annmiated product (CLXXVI) -
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(77)
vhen reacted with the enamine (OLXXIV)

0 2 Sy qu.

GOzMe

CLXXIV | CLXXV LYV

The oceur{eme of intramoleeular Ivﬁ.ahael addﬁ:ion in this reaction
froa the less hindersd side has been ax.emmifie«i bar condensing
the "enamine of i metyl-u-methyl ey»lepumane (CLXXVII) with the
aforementioned airylals (Gui&¥3 wheis tne ‘ghereo ehsmiaury of ¢

(77)
~product was shown to be' 4s deapicmd 4in (cmi:{?...la)

QN ey,

CLXXVEI U enxxv . CLXXVIII

The discouraging yield of sbiro'eompound (cmxﬁ) with zipha-
(chioromethyl) acetonltrile (CLXXXI) (@ 30/%) Lled them to davelop
a ugeful sl‘cez*naf'ive._ The big-Mannich eondensamén(lsa) anong
eyanpacetic aeid, pvrralid:!.ne and formaldehyde with comomi'eant
decarboxylation vielded 1,a.bis (pyrrolidino)nzucyanopropane |
(GL}DEIX). Reaction of this diaminonitrile (CL}ECIX) with methyl-
. | p-toluena sulphonate in reﬂuxing acetonitrile gave the bige

quanternary—--salt (CLXXX) which on condensation with (CLXXIV) gave -
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“ | o
an appraelable yield of the splro annulated product (GLEXNIX)

OO QO

. 0 o cuny
\:m% o g - - 1
(o _é‘__,,...-——’—r‘ )
N , I
. & ‘
. .CN CLYRR T e
" O o | o en
® e\ . ' | CLYXXL.
‘\/\ CLYXX o A

- DAVE andi WIHITERURE! ‘@5) yoported the uss of Hobinson's
anaulation resction in synthesizing the (n.4) spirane e.g., the
adduets from methyl vinyl ketone and 2«.hydroxy methylene deriva.
tive of ayelo~ostancne and cyclo m:amm {CLEZAITI) have basn
eyelized to aspiro ketonas (CINHXIV) by way of distiliing the
- 8Addust. (CLXKKIIZ) from a 1ittle pobassius hydroxids Oegas

o . 0 o
m dn - - m

m= 4, 6.

QLAXLIXT CRIRRLY
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De @Rﬁﬁi” and JAESEH(%) 'Breamcl the ta“m;l cyclahe-
zanons (CLAXXV) with mevhyl vinyl ketens in the presence of
triethyl smine to give the adduwet (CLXMXVI) which with pyrrolie-
dine-acetie acid in methaml evelized to give 80-9@% of ¢he |
spiro decana wf.m*vzx) é, 2 | o

i vey S ¢'¢ v CLXAXVIT
Ry =By = H; Ho @ Ry = H, Rg = Ho. |

The high yield of the spiro wmpaund (c:mmn has
beon attributed Lo the following twh Lapbst

~a) The reagent v,iz.-,.; gyrol;diggyaeéyie acid in meth#nol
used for the cy@j.ization pf'urp'o‘se» is sufficliently
efficient to avoid dgfor:ﬁylation'during the eyeli-
zation reaction and | |

b) the ring earbonyl function, being part of a V.
gous ester, is not suffielently reactive to glve

rise to a condensation reactvion,



ezam;asmﬁ a? f*&amam @éﬁ%aﬂ ALOM IS0 m&m ﬁﬁ&%ﬁﬁ # a.ima
Eetmxas are axong the mowt ageessible camuads in wgm [d5 10
miatry for the puipose of creating @ quenternary garhon centar,
 the provedurs. for ‘zomingl ﬂky&am st a8 ewﬁmm a@hnﬁ ntﬁa
wish functicnaiiy dissluilay substituent ean well be regarded a3

& useful reaction sequence in Lhe field of gpiran sys(agiés)mis. ,

One such procodurs waz developed Isy COBEY and SHULMAN o For
axanple 1Lyl thisnmethy) phamhamne, prapared by &rbusw reantlon.
gave sfber trestmont with gecondary bubyl iithiug an yiide
(CLERXVIIL) whieh reacted wim ma&otx&x&m %o produce allyl

vigyl sﬁ}.ﬁh.da { SIFXTR D %,mgtmv of yhe suiphide ' CRLEXKT

with pod sereurie ux:hia gaw J=2llylelncyolohaxaye aariwml tew
:aeﬁm WXS) ¥ | '

. o Li
//\/SCﬂ; PO (OEL), . NS-CH - PO(OEE),

CLXERVII

CHO

. O’M _n

| The utility of alpha.ally) allsyciis aldehydes in the
gyncheads of (4.5} and (6.5) spirans is illusteated by the
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following standard transformationss 0

o e gt
OG- OO0
CoMe . . N _ iv

The synﬁhesis of spire (3.5) nonane-z-one by TROST

- {288)
et a1 s exemplifies the use of sulphur ylidas in spiro
annulation precedure.
(270,271)
The rearrangement ofﬂgxaspiropentanes Prew

pared through the condensation of aldehydes and ketones with

diphenyl suphonium eyclopropylide to ¢yele bubanone has been

shown to give rise spird annulation on the carbonyl carbon aton,

The reagent diegﬁgiiwig}phonium cyclopropylide (CXCI) may be

generated in two/sueps 3 1rreversibly and reversﬂbly. Irrever-

: sible generation of the ylide (GXCI) was sulphenyl caibanion in
” dimathy1 formamide ab 40SC and its reveraible generak*on.involves
”thc utiﬁzzatiou of powdered potagsium hydroxide in dimethyl- |

Sulphoxide. The 1atter precess led to hlgher yields of ay"lobu-

. : (269)
tanone with much less experimental dlffiuulty "



w66
¢ & Bt ® |
) ) [0 & 2> —Me (&)
Ph S—Q BE > Phy§ ]+ Mg, 80 ~Nasr,
b 4 DMF, —40° =

Cxey
/l lmou / DMSO

CXCL + KRFy + W0

The eaménsatian of this yilide (CECI) w‘ith:a» carbonyi abmpaund
has boen shown te proueed as s=e Delow,. leading to oxespivo
pentonea (ﬁm"i) which underge resriangenent to oyslobutanone
(GXGHI.) on-acidle ﬁmamms,

QR — 0

Sth | 2 Cxeu

. e
OO e Ky

Cxcm 3 | R

The soid estalyzed real*mtzgemenﬁ of oxaspiropentene ({XCII) when
eazmiad out with = protonie anid the anion of which qen ant as a
base {9.g, hydrepen halides) some vinylevslopropanol was found to
aoccm};any the product, tyslobubtanone, Other mebhods 0.gs use of
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3ithiug bromide and hexamethyl phosphorotriaside in benzons or
1ithine gaarcnlamm in bensene nsy bo esmploysd to eauge the

- yoarrangeuent, under discusslon, to oseuy ixuantiﬁaﬁ&mw( 25).

- %he Labior method is geuerally applicable since the non-agueous,
nonesusleophilie mediun mininizes any alternative rasetion. |

Zhe sublent nature of glbhg, bebta-unsaturated ketones
towards sulphur yilde attack enabled eyelopropanstion aa well as
epoxide formation vo ogcur, Shoe stabiiity of the ylids varbae.
hicm and the rate of 1,3 slicination uwmially govern how the mole-
cule will react with glohs, hetg-ussaturated ketonoss With
highly reasctive anions, they undergo carbonyl additlon, wheross
with stabilized anlons they undergo conjugate addivion. Albter.
natively, if the rate of 1,3 elimiustion in the betaine derived
from corbonyl addition is slowed, again aroducts from conjugate
addition provail, Zﬁ@"wwer‘, the albhay hesta-unsaturated carbonyl
conpound may aiaa influenve the course of resction 3 either bulky
substituents on the babta cevbon or higher velative resetivity of
the earbawl (1.0 aldalzma> imacma> egber) leads to earbonyl
addiﬁitm ! '.. - ¥he above dlscussions have been rationslized as
followa:
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axey

E@ilimmg the pobassium hydrozide in dimethyl sulphozide rover.
sible yiide genoration fechniquo, the sensitive alnha-bata
ungaturated esters hove been spiro annulgted idisewise and the
ester group vas found o rempin inbtoet altheugh use of oxcess
bags allowed the isolstion of eorresponding seids.

_ The gtereuchenlcal nature of this resction has bm&x
ghudiad by using methyl substituted-cyclopropylide and has baen
ghown that the yllde (GHCL) attacks the jlohe, haka ungaturated
earbonyl eaélﬁemﬁm as in simple earbonyl addition, with retention
of configuration at the ylide carbon and subsequently losos
diphenyl sulphide vith doversion ab the gyolopropyl ring.

" Whether a spiro pentans or au oxsapiroe pentane i produeod 'hms
been shawn to depend upon the relative rate of betaine (CACV)
deeomposition, K°' , and K'; and/or 1,3 elininablon, Ky and K .
16 produce an oxaspiropentane, botaine decomposition K} must be
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fast pelative to raoversion, K , o Conveorgely, if &1, 4s large
~r@:t,a%;w:a to k', the produsts are Shose of conjugate édei:l%iéxa,. the

ro gult of thermaaymm eontrol, The d@uammsiﬁimz pathway R:'

will ﬂmmasa relaﬁiw %o ii'g w,n ylides of a.mmaaing anianie
stability. Furthermora, sulphonius yiides in which the rate of
1,3 elimination (K% in desrensed Ke.g. ayemz?ragylmas) also
z.*eszzl‘é in spiro pentane fwmaﬁion{ .‘

Zhe synthetie use of the exaspiropentanss taava 2180

i
been diseuszed by TROST and E@ia});&f@m@msﬁm )

) g?gm toted synthesis of acorenone - B &y TROsL, HIROI
and HOLX ubiliged the q:mwwo pontane as the 1merzaaciﬂ.ata.
The synthesis also llustrates a maw approsoh to amaalkﬁauon
| and 1,2 nlikylative naz'bswl‘ transposision,  Bpiro. Wabm of
é—isa@mwl-ﬁumawy}. ew&oma&mm xi:kth eyelopropyldaiphenyl
sulphoniun fx.mmmmw, followed b? mmwgsmzzt of tha @x&-
spivo pentane gave (Z,2)-5 isopropyl-S.asthyl spiro (3,4} oeténes
l-one (GKCNI). = Pormylatioh £olioved by acidie treatient effected
eyclobutyl ring eleayags to an anok Laetone (CHCVXL) vhieh constie
tuted & net stereccontroled goninsl aliylation with introduction
of a m‘é carbon and thres carbon chaing Giffeorently M%iena-
lizads ﬁﬁéﬂc&amd mebhods convarted the encl laptons (GNGVIL)

%0 leisopropyledeuncthyl aplro (4.5) dee-t.oheBeons (CXGVIII),
Sulphinylation ghoha to the ketons, additdon of methyl Lithiux
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to the earbonyl group, dehydration to thq,énol thioether and

_hydrolysis completed 1,2 earbonyl transposition along with the
introduction of a methyl group, and thus erossed the remaining
hurdle to synthesiﬁf»acorenone-ﬂ from (GXSViII)

T.ferhevdéveibéméht of a prooedure for régié‘eontrbllédf
‘ring expansion of cyclobutanone i%tg3? cyclopentanone during the
synthetie approaeh by‘TR@ST et ‘a] ‘towards the synthesis of
“Hgihberellins provided a ‘method for: synth951zing spiro (n.4)
:systems 1n a sterec_ehemically defined. fashion and thus broadened -

| %ne applieability of this method ih spiven syntheses @igey -

_pCPhy’ 0CPhs:
. fh=°;1
Y " : :
In an approaah to synthésize Bakkenolide=A, CAMPBELL,

o (40)
CONSTANTINO, BROCKSOM and PETRAGNANI = |- prepared the oxaspirow

Aﬁbhéﬂe'(ébII}'tﬁrédgh7the"séquén¢% involving the reaction of

, yclopentanone with ethyl-l-methyl-uriphenyl phosphollidens ace=-

.'tate followed by reductian to aleohol (CXCIX). The tetrahydro-
. pyranyl derivative of (GXGIK) on treatment with methoxy earbene
followed by acid treatment gave uhe spimheptana (CG)e  Oxida-
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_tion followed by eyclization with Nabromo succinimide gave the
~ oxagpirononane (CCII) evgey - .

OMe

. ‘ o ; o “”,” (63.)
- ZThe effort of ES Cfi“e:menLR ot al to convert cyclohexanona to

spiro gamas butyro lactone by the ‘use of chloro nitrens also
exemplifies the eonversion of earbonyl carbon atom to a spiro
‘eenter, ™ '

‘.Ehe pracadure, developed for ‘che geminal alkyl ation at
a carbomﬂ._c,anban atom wi‘bh fumtionally dissimilar substituents,
by MAH“.I_,H, - et al(lg? lw),ﬂxvoives i:he eonversion of a ketone
into the mqy:pholﬁ;ne or p yrrolidine enamine of homologous aldahyde

with diethyl lithio morphaline (or _pyrrolidimm) methyl phosphonate,



Y

. The inhavent advantage of this procedure for earbonyl houologae
. tion is ‘&hat‘ the enaines {C0V) and (CCVI) which are msm
. funetional derivatives of the @masmndmg aldohydex, are
' obtained divestiys Furthermore, Shose cnenines may be employed
in gubseguent reéeﬁiana with alw*@ophﬂﬁd reagents withoud
' purdfication, ?m- exmme, tréntnant of the pyrolidine enmsine
* {COVE) with waiyl Eromide ‘gave the alphg eliyl ddaliyk aldohyde
- (GOVIT) in gond averau Vielda oz Cand %he resotica of Ghe
. morpholing epamize (COV) vith motiyl vinyl ketoue followed by
| aldol @yeloﬂehydrmm £ave. ﬁha 4&,4 dia\x’s(a%ﬁ;uted Brngyalohexes
none (CCVIII) in moderabe oversll ylelds o The later pro-
codure conatitutes a facile method for the spire annulation of
| six mombared riisga.g

Li
R pé\
=0 + N_{H_meg
Y N/
, . 3
cem, R—7

(Z@:o K

cevi : cevn



. A strategy toﬁ-the annulation Qf,five,mgmbaraé=giqgs:
using the same sequence of reactions was developed by the same
gehool of synthetic chemists nho)madifgéa:their original ardceu
&qre, m@ptianed“avae! and’the:aby converted the Kétdn?s tQ’QQQ,
digubstituted 2-cyelo péntenenas.{ Théy treated the enamine
(GGIX) with 2,3 ﬁibromo@ropene and cyelised the resulting |

8-(2-bramo.2-prapanyl) aldehyda (GGK) with sulphuvxe aeid az
0% which after agueous X(#%gl;p gave tme desirad 494 disubqtitnted

z-cycla.pentanoue (OGXI) 1' Qefey

| <&>§\D ’ b /—_*} <><j\0 o

ecxx ccx  cex

?he applicatien‘af this reaction séQuenoa to eyelie kebtones
congtitutes a new method for the spiro annulation of five
meunbered rings vhich are suitably funétienalized for further
synzﬁeﬁic traasformaticng, The stareo‘se%fgg%va total syne
-thesls of racemle ascoreme by MARIIN, et al s hade use of
a newly developed procedure for the cyclopentane ring annulae
tion which commences, with the alkylatien of the pyrrolidine
enamine of é—methyl-a-cyalohexang;1-carbﬁzg;dshydﬂ (CCXII)

with 3-iodoe2eahloro propens. Mercurle lon promoted hydrolysis

of vinyl halide (CCXIII) thus produced gave the gemmacketo



i

aldehyde (COXIV), which undervant smoobh, base cataiyzed oyeli-
zation to the key lotermediate, Geuethyl spive (4.8) dess, 1,7-
dien-d-one (GEXV ).

CERIT

Hg Ko, i —r-@hglﬁﬁ G/ ¢ by Ha0 § O He(0AU)/EFg.KipO/
HOAZ 3 @, 10H KO CRaeE,

Eéc mm and B@eﬁim 3"' 2&3 ﬁkw&r symshatie ahdeavour

to ragomic acoprenens preparad m«a oo 2 0XOPPOPYL JnldnBatligleds
eyelehozene earboxeldobyde (CCHLIV) frem 4-sathyl-3-eyelohozane
earboxaldehyde-Laine on akkylation with l-trimethylsilyiede
vromupropyne folicwed by meveurls len prasseted hydrolysia of

. the intermedistes Zhe spire ssmdaiden of the earbozal.dehyde
(CRRIV} vap corrled oub ag was &ﬁxfm W HARCIH g!a ,&gm&jn

ithlotributyl-{B-cyannethyl} mm m*m } propived by

the reanbion betwosn tributyl-{2-ocyano ethyl) tin and lithio
&aumwany& amineg, bas been shown to mmt with aldehydes and
katonag mm..tm:; in the fovnation of b.mmme of the type (CCXVII),
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- On reaction with triphemrl phusphomium tribromide this

was shown to give a __g,,g.&_w nixture of eyclopropanes (COXVII A

When applied to eye.‘z.é.cslgetones, the process gave the eorresponding
6 . ;
spiro (n.z) alkanes .

B\Jb Sn CHy_Ql-\QCN -4 Lxl, N (_CH Meq_)l

! 2
) PhsPBr, R
( . gn(Bu)3 ——————,
- | on
’ Bu5§rn QH2 (’}\ CN
oot | GEXVAX COXVILT

CYCLO ADDITION REACTION ROUIE: Gyelo addifilon reactions which

lead to the formation of sﬁiro o#élie compounds have been raeviewed
by KRAFCHO(ISQ). The addition of carbene intermediates to an |
unsaturatéd compound with exoeyclic double bond results in the -
formation of spiro ¢yeilc propanss., A number of methods for the
‘generation of carbens intermediabes have been desaéi‘bed in the..
literature. In some cazes the cycloadditions do not involve
nfree carbenes®. $he term “carbenold" has often been used to
deserlibe complex éar’henea or carbens-like intemediatasw Accor.
ding to HQODWARD and HOFFMANN a singlel carbens with ?-m.ad and
vacant orbital ¢an parfl_sieipa‘ce in a conperted, non-linesr
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20

cheletropic mode of addition to a doulde bond { T oW "D
fin the oﬂ‘?gnggaaxgd the eyelo additlon of a teiplel appears to he

stepwige o

| ~(139) ; | |
KRAPCHO has discugassd the different procesgses

1mre1v.tng carbone er sarh@mm generation &md their applieation to

sz)imna amthesi.m / t Eze syntbesﬂ.a of rme?igs%l_am-ﬁugarmone
Ianﬁ raeemia-_@g@-vetivm iiy amcm &t &l degeribed the use
of mrbam addition reastion in aminal slkylation af a aarbomrl
earboxx atom with two subsi;ifsuents gaasesamg diffamnt fumtﬁ.ena-
lities. Through a sars.as of ramtions the gemm&l substs.tuenta

were eyelized leading to a (445) spire decane skeleton @.g2.,

- | o 0
OR. QR e O Y
7 7 0 N

B =Hey Ac.

(2 + 8) Cyolosdditions in the phote chouistey of
éyelahexadianonéia"anﬁ zyclohezonones uay be of thres types as

depicted bolows
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The contarted reastion in the claeses 4 snd B muprafepind
" partieipation of double tond 2,3 19 o sterecchemiosl lmpossibi.
lity, sinee it 1@@3 Lo Mam;s g‘taéans shrea snd Sive mowvbared
pinga. Covseguently these reaetions migh Pollow ths { 6m ¥ T"Zfa}
ceurae;'fumeh raquiran antaradealsl addilidon ag dmﬁ&m bong 2,38
and iaversion 8% €40 Inclass € Hhe speclal constralnt pres
sent iu classes A& and B 13 absent end hooee Yotk ( 6+ ™)
and ¢ 6zs - TTQS ) precenszes are fqmsé.ble:@. In the sase of
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‘eross eonjugated cyelodienones (Class A) the inverzion or retention

at Ce4 cnn esch be performed in two distinet ways, devending on
whother the addition at Cy 1s on the top or botton,

~
v B

= A , —] A==
O==< _’%“B + A/A§ 0= + é.-a)w >::'
('I 3
R

4 3N
R : , R
Retention at Ca : Tnvergion at Cy

- I2 A and B are differont substituents these pabhways becone
distinet, euch with its own sterde faotors. . It 13 thus likely .
that even a ptoreo specifio péo.casa will yield two products in
differing proportions. - The products of inversion are diasterso-
morie, and enantioaeric to the éraduet:a of reﬁensiqn.

Antara addition at the double bond and inversion ab

296
the Mgmﬁing aaturataed carbon hag been ﬂimuased ux.tt(z ttig
elassic coaversiou of santonin iuto Junisantonin, RROPP - ’

however, studled the photochemical resrrangements of subgtituted -

and unsubstituted oyeliie lyd-dlen-d.ones and showed that the
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photochenieal irradiation in noutral medium converts all the

thres nsphthalonones {*";-f.. aghye )y to the respestive ¢yclopropyl
ketones (COXX, a,)é,a) Sthrouzh a concerted andara addition oi’ tha
double bond and invergion st the migrating mwai:ed awm zmm,
Zhe ssudy on the scid eabslyzed oleavage of the oyolopropyl ke
tones (CUKX, azbye) revealed that the courss of the mwm?n s a1
mmrkably mfmemad by, the prosenne of fering substituents .
The unsubstitued ketono (CUAX,n) gave predominently spiro products
accompenied by & small amount of the (5.7) fused ketons, The
a-me"t.hyl ketona (CCAX,b) gave oxeiusively spiro products. In
constrast the 4mmathyl analogue (CoXX.0) gave prodowinantly the
{57) fuged zﬂmciue‘&; agcoupanied by the sy:im ketone in sﬁallm'
quam:iw,

@ Ra=Ry =y, R Me
ho R]_.: Rg_'—‘-H’ R5:'. Me
€ & z'R?J:‘Hb Ry = Me
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' !‘.._;'I,?' o .
b Phe PPet tobal syathasis of awapim vatiwmm, M&a
- Vativone, by BANSHALL and Foais *‘zﬁﬂ( ‘smamplwaﬁ txm ;aﬁuatmhemieal
Pearrangesent of {OCELR, ) in bni;.dﬁnw ap the spire (4.5) deeane
_w:wh np:aﬂayriam aﬁereaa’mmmm ahd funetional iy wm,ci‘a caum
easily be eonveztad to bthaty reguired fop %r& mizi’.srm. 6«&@3
mmyl. 2.scsmea of (LGXIX,&) hw baan s.rmdiasaﬁ %zy cmﬁzsi’ in an "
anaa.agaua mmzev %0 ahtain the maiﬁmac:mt; (rmxm wbiszh m
ﬁwatmant w‘f.t‘a sulphmle mid in aae g.e m.*..d-wmu.e aa.hydride gave

the ap&m disnme (GWI“-’ )

0/

cox e  COXXIEL | L oOREIV

i

The photolytic interconversion of nootkatone and vetls-

| | {34,35)
pirsne sesquiterpene by QALIE g% a3 ’ i chayrming. Irradice.

tion of 3ydwdehydronooticanone (CUKKVya) gave a lumiproduet which on'

further irradiation in 465 aquccus agetic spid gave the miziure of

apiro ketone (COXZVII,a) the bleyels diencne (COLVIII;a) and uncol

vartad. 5;4 dehydro mmmam gr:am!, A)e . Again debydro niphig veti.
vong (COLV,b) on “rm{imman £ava the maatprmt {CCHVI,b) whick on
fupther irradietlion under She :a~9:a¢shm, desoribed for L(CORAI, a) gave
dshydro haka-vaiivons. wﬁi}ﬁc"iﬁ,h) ag the exelusive product. On

e oblier hand she irradiation of dehydroerotunol (COARVIINe)

gave a mixiure of four possible disgbersomeric compounds of the
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typs (ﬂm,a}. Ireadiation of this mizture in aqueons scaetice

aold gave = mixgure of (COAXV,a) and (CUXAVIIIa).  Again denydro

bets vetivone (c@ﬁi‘ln,b) gave on sigilar irradlation: a miximm
of two roecenice diastereormrm niztwrecof the Yype (CCXKIX,h) in
the £irst stage and raaim:ic debydre alphs vetivons (GCLXV,b) on
trradiation of the mixtiro in ooetic aoid modium, O g.,
/ K1 |
-y

coxxy

. o

By By =l g RPJ:_«MQ
o Me

by HyRty = =,

The irradiation of produets (CUNIVI) and (CCXXIX)
in protle solventshas been explained by the emﬁhom(%} by the
foraation gf/gcggc;;i?iofuﬁammmtes such as (CCXXR) and (CCXAXI)
which con yield the observed photoproducts by appropriate
3,2.methyl or ring methylens shift to the positions para So the

hydroxyl groupsy Seges



CCXxvIi

L owt
W ak,wi
Aot

‘cexxvl | 0OXYY

@1 Ry
.HS) A h\) G “--l22 1,2 Methylene shiyt _ Sfdxl\ér‘
0% Thore RO ey
CCXXIX Cexxxl | |

Direct formation of (COAXViII,a) frou (COMVI,a) provided the first

exaapla of 4 LyZ.mothyl shift in a photochemically generabed
specicos of thig Sype. '

The eycloadition of Kqu‘oll idinyi eyelohoxens %o 1yl
dicyano, 2,2~dlmethyl cyclopropans has been showi %o procecd by
an 8l route across the 1,3 bond to give the adduet (CGANKIL )

. which was shown o rearmnga upon swma}. hydrolyals to 8 (4.5)
epiro conpound. (Gﬁmﬁﬁﬂi) .



0,

Xylene: o
.__._..._—-.y-
——=
-"a5%, ELOH
COX%xil
T W
. O\ e
CoxXxX XU
e

Orbital symmatry consideration of the eyolo ad«iitiona
inmlving 4 TU— gloctrons indiente that the ﬁhermml ( T‘( +* ‘ﬂ )]

eyeloadfitlon is forbidden but a concerted (1C + TU7) s allowed.,

Orthogonal raasrtant approsch as demanded by the lattsr process
 rosults in inefficient obital overlap ( T\—bond twisting) and
the approach of the resctanta con be hindered by steric interac.
%ions, A permissible approzeh of this typs can be onsrgitienlly
unfavourable and stepwisa mechanisss may oscur via dirédieal or
ionle intermediates. The s:!.tma’t::lw may be mz:lamed by the mixed
Ketgne dimerization betwmn mu&a&m;twlem katene (GW) and
m.maﬁhyl, Aiphae-chloroketana {(CCXLV) gpeneratod from
cyclahexane carbonyl chloride and m aehloropropionyl chloride
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@
respectively s Qeley
| | | QU e
O\ﬁc\c/‘d ) o \ Me -
X
e+ 0
. g;\/!ﬂe :
A 6 ATt ) wype cyela adﬁwim routa to spiro

(f:n.S) deceng skeleton ham boen developed by mwwx, HAZASHI and
KA*I: 4200 who obtained the spivro fua&zd adduct wmxz; by lmaeing
an aquimclesular mixture of a,a—&s.phaayl matm*lma eyeloprapane
{Gﬁw i) ami 'Z,,?,, 8,8-%&‘4&'& oyano quim dimethane (CHY)
(CCXAR¥IIL) in bonzenoy Gages '

| Ph
eh o , . P
—_ = oy - .
oY N N
. . N

COXKXVIL CORKXVIIE - CORK

 Tha reaction has been shown to £ollow eycloaddition path molely,

2s . 23
Tnaﬁowimﬁeomw%aé 5(62*“) **‘“..7 or
L 6 $TCY 4 'ﬂ ..7 process could explain most peasonably the

¢leannegy of the resetions of Lthis typa. Bigoroudlys however,
the slternavive atepvise mechanlsm ¢annat be ruled oub since the



e

- intriguing molecular structura of methyleone cyclopropans in
whieh the TU -and Gy « G; bonds are perpendieular to one
another, moy prohibit see: sufficfent orbitmd nvaﬂaa for the

tranaltion states of concarsod camleam&i:xm. Elmmqﬁ::.oﬂ ef

the exsct reastion moshanienm awalty further thesreticel and
experimental serutindes.

| (4T + £7) eycloadition resttions {Dielas.Alder
reaction) is undoubtedly one off the most explorsd routss and

goenerally leads 'ca"’ siz-nonberad rings. A suagetry alloved
4e

{ U T% ) ) zﬂamﬁa_iﬂ.s'paasw}.& and lg the mbame raute fopr

this oyelo addition to gecur. Gomerally the process with

unagtivated diméhiiml 1eads o low yielﬁa of the ayolo adduct

alshough several mﬁwas’amg s@ﬁm gystens have besn preparoed
through this rawmm Bellny

0 | - ~
l:_{}—\ N m A = Hey in= 1, (Refs O1)
" R | > & = Moy Phey deiRer.178)
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The synthosls of spire eyelie cawouggg)um ié«‘!ﬁ) eyelo addition
rawtiaa by KoUK, HOLMES and RAFHEL is intarasting. &hey
used the trimethyl silyl euol ether (COXL) of pont -l.enio-3ono as
the diene and the easy hydrolytic removal of trdmethyl silyl group
in the resmlting addvets (COKLL) and (COXLII) gave the raspective
esrbonyl compounds (OCKLIII) and (QOKLIV) 0.y

\\o coxuw

coxum

Unsubstituted alpha methylene oycloalkanones are generally,
ungtable bubt they can readily be prepared du sibu and trapped

' with dienes. Hannileh bages, alpha ehloromethyl cyeloslitanonss,

alpha-seotoxy methyl cyclo alianones and glohs hydroxy uethyl



ayel mmwmms san well ba wsed ni mwwma @f mgg mﬁhy&ana

eyclo GLXKANONESy Gefey @
e Z
n .
: L 4

X =- exi, -Qaiy Halogen, -5 ete.

&‘mpmw af‘ the m gl generstion of & W@tm&m eyaw@.ka-
nonas snd thedr rammen with added disne ixswa boen mmxzaﬁ by

{139) -
KBAPCHY .

The Dicka-Aldey resction onn be gatalyzod by lowis
seids and the catalyzed mw%ﬁm were shown Lo 'tae highiy sﬁarao.
amaiﬁa. The Lowis anid forms a complex with %'.m polm: subetiie

tuentg of bhe diampma and asceleérates the eyalﬂaéd&im - The

Lewis acid catalyzad Diels~Aldex rosstich has Deen utilized by
HaLX and E{Jﬁs@iﬁﬂ(mm in holy synthesls of (=) scorenone and
reluted spive oyolle seayuilorpenes with the agmmmﬁw |
gubgtituted diens (CUALV) and dleusphile wfsmm in the grucial
spire ammiation step and ﬂ@laﬁaﬁ all the ‘a‘?jmizs possible storen
isomeric products (CORLVIL to COE). | ~



el | | o - -
COXLV CeXxLyl - .cexLvy CC YLVl CLXLIX

'Tm voladive abundaree of thegs avoreo :Lamwa g bean detornined ;
by revesling thet tha enmm amfmaayharg in thoe aiampmeﬁr 18 ;

asnentially Maﬁqow witis only the mothyl group o ¢ Blooking one }
faoe partislly from sterecchamiosl aparosch of the dione. Tims —|
the transition state A in walch tho Laoprane attaks o She
opposite £aoe ﬁ'mm the mebhyl g;mup iz fave:mred over the other
(trangition ataﬁa B), leading %o 1 S' abgolute configuration at ,
the spiro centar and thus glving rﬁ.a@ ml {COHIVIZI) as the major o
product, Tha lesser majer product mist he (GOXLFIIT) derived |
fron transition gtate B and t&m nogsayeay the YAt o &mﬁ‘iwa- {
tion & thae gpire ewnioa. ' |




w0

- Lhe asid caﬁaﬁyzm Died g-Aldey Peapbion ra.zt?? 3’:3}

spiranos has: also bsen exeuplified by NeCUASY and SINGH .

in thoir rem’g‘ian Lhey uaeﬁ the oyeiohexoions (COLL) ss dlenophile

 and lgoprene &g @ians, slwatnium eiloride s eabuyst and chlorow
- form as solvemt. - Uit of the s msss‘i.ma prodizets shown bolow,

only ﬁw vig {(CULIX} and (mmn} rosulting from baty att,«mm by
tiae diene were .@mmmaé&- in 9536 ratio. Ehe oxpsriment:d zggszﬁ.t
ean well be ascounted far as wag done by HARK - and HOEMAN.

| oA- ottores
. K ‘

ceLy CCLY

m of the wo major steps in the Mmao ae'.t.ec tive

consists of the Dielawilder resction of substituted dihydro

189) .
gyathesis of natural s;;ire vetivanes by HURAL, SAT0 and HABAMUNE



<0

‘ ’aniso!:es and zaemyl mrylate or its aquimlama, BeBey

&ia.m* ( T % R } procass 15 *Eamx‘muy M&ﬁ&.@%{ad. *

A gﬁawim morkapdan eonld t@wmm 4n She oyels sddition resctions
'&welvmg @igh‘% al,m »mn»a.  The msrtian mwaam aﬁs&um,@lirﬂme
| (COIVI) witis dlmethyk: noekylote carbosyiehs bo yield 1id addmt
W&aﬂi) ."M £irgh roported Lo m’mam& theongh Shis Gwps off a;mm
addition. However. 8 wove mﬁams poport. dudisates thab She PT

, {Sae ﬂef 1893
duat is rexlly 8 § 470 « 270 ) amfs "
£ “u £.1" .
C4Hq C0Me
1 ' ' -
5 [+ | —> 4
‘. - COzMe

‘Iha mez?mns’ msaw& ( TL +* 11 ) muﬁa ta azm’a
annulaﬁim sis exsmpm.maa by the addition of (CORVITL) with
tetracyane othylene affarding thoe adduet (OCLIX). mm mmtion



P

invelveg dipolar infSermedintes sinse Shey would be mz*ﬁmu}.aﬂy

stabilized (Seo Hof. 130),°

(NC)o C= CLEN),

COWILL

3?3 LY nga @a@@;wﬁ%ua ;ﬁ.&%ﬁﬁm ¥t warn hoown for gome
6149 that iAgerticn of a oarbon-0arbon double bomd into e

| alm&ﬂimwmn m ’b@ﬁf& aan wmé&?wism g Antramolocuiar
i‘m&m waﬁwwg eyelis stmwwm . Geley

' atRe MR,
&5 -\-RzAw__f, éj CS <> R, A

"'smm the inperéion m:’ ! aarbam&rm ﬁmbla bong ivﬁa a5

| ahmininm hmmggm bond veadily takes ;;almm in a ravebsivie
gzrwmsm, suly @ estalybic amount of dralicyl eluutniva hydeice
is reguimﬁ in guch ey&%mt;m which 3= au advantuges Shls
peschion hes bewm expiolbed by CGHEUR and &Jbﬁf&{&?}m prapnniy
Bemetiylens spire (4.4) nonsune (COLKL) by treating Demsthylene



«B5a

elybenione diene (COLK) with & cabalytic smount of idiui%haﬁm
alvminun bydride in minersl odl. In this auge twe double bonds
undergs the ins rwm&mt&w insertion reastiocn,.

L5 M COLKT

ﬂfiﬁﬂ’e&?ﬁ’ uae of wgazmetu,us soumpounds i the g}égghea

gis of @911’:5 ecupounds hes ba@iz re;saomad by WRRDER g B vho

uoed @fgmgmgeggmwa in wawdating halocyologlkengnes.  They

ubdilzed the Tindings of CASKY, HAREN snd HBOGOB that deugetogy

syelohen-2-cious Lo egavoried upun retevlon wibh sdshdi dmiwl
suprote fnte 3,3-dinstiyl cyslobszancne. mwmm WEHDER and
BOE uged mwa @-kimum abe of the bypes (COLWII) and found thot
tis reaviion of auams&ew@;mlgimmem. with the Yeagent .
{OCIHIT,a) prosouds with tho clLauvage of GHyget-seabyl bond te

‘i.waﬂ@& puinly oycichexans.,Bedions vather then the exgeated
8paEaR. -

i fuw {%pnwﬁﬁzi&i , a, nm@; } &= Biu
R R %,mﬁéﬁgﬁmﬁf?h

BSLETI a4 g A» 0T i
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- Huwemar, sereening of the other 3-suha%mutmi enonos |
avantuauy 104 them to observe Ghat the roadily available 3-thloro
‘enones serve as suitable substrates for the desired spire annula.

tion provedurs; 8.g.

Algo they extanded this spiro samilatlon gtrabegy to |

 BOTHOBNONES Sy By

A HAGBORALD and M&Hé&&:&;ﬂ%iﬁ(w; reportad a method for
effeating mﬁmmlenumf eonjuzate additisn to 2.gvelo-hexenone
of nassbivased garbon hesleephilas which procsads shrough the !
maé:i.ﬁé%er& of novel.dlkyil-tln (IV) eh@‘ﬁig‘iﬂws- mm‘ mahhad of
a&'@im&%im Alugbradya the vee of garhan-tin alytsa hond ag a

latent cavbenionic minleaphiie in She lnternel sarbon.carbon
 bond formation.  The eyeligsaehion method onploysd sptivailon of



'OA,

the aipha-bats enolic molety with tevis medd o engender & Betige
eleabrophilic sitae {e. 8¢ i"@ﬁﬂ ) wh:lch ..g qufficl Lontly potent to

resat with a stores-proxinate earbon-tin-glgms bond.

The abllity

of this method to create quaternary carbon.carbon bonds has been

demonstrated by i:%w fes*ma‘i;im of apiro eynf&a (EGLX‘I ) fmm thoe bata

substifuted anone (ccmxx) 3;699

CCuxu
& 7 Mo SnlG,) Mg, THF, , 20 %

b = 208 HyBye 00
o = 16 Till, in Ci0lp

S

& synﬁh@‘i@ié&l? ugaful. featurs of this approach o earbocyelization

celxiy

-

is that the weakly pelarised aatire of the carbon.tin gigms bond

§O S

(€ - 8a J easures mmpaﬁibility of the gzgtm-emne and

i:mz.'anamyli.in moletios until e:.emmphﬂ.ﬁ.e aw.tva 208,

(212)
Tao stbempt of *ﬁ’?iéz:‘fmﬁ? 5 dirented Soynpds the
developmest of a apire.aonelation reute gove tho wypihetic appiie

cation of eyelohazadiene iren trisarbonyl compiel to splrans.

T Roo s v

Taug the oxospirodecadions derivabive {(QULNIII, n = 1) wag jTce

paved in eight .a‘ﬁéejaa fron p-athory ﬁ’inﬁamie aedd éig the



tricarbonyl iren complex (CCLAVI). The keystep in the reaction
ssquence was Dieckaan cyelization of (CCIXVIL) prepared from
(Q‘:@Bﬁfﬂ) by sequential treatamant with sodic.dimethyl nalonnte in
Fod.l., trimethyl auine H.Oxlde in bensens, ond tretramethyl
amuonium apetate in hot hexamethylphosphoranide (B.Ji.P.A)e A
similar sories of resotions starsing £rom de(p.mothoxyphenyl)
butyric acid Led ultimately %o @ethyled-methory-8-0xospiro (5.5)
undeos-l,d-dlens-g-carboxylate (COLXVILI, n=8) |

CO m%
z ¢o.Me

CELAVIL COIXVITL

®

The attempted spiro cyelization of MztaWJ.a
L {aluavhyl — 3-(4emethoxy cyolo Lioxa-Z4dwdienylium) propyl
malonate.7 iren hemaflucrophosphate (CCLXIX) end the eorrespone
. ding d-0xo-pentansate iron hexaflumorophosphate (COLLK) to the
desived spiro (4.5) decane dai*imﬁivas féixm under xARIKkx &
‘varisty of mild conditions buf, spiroaanulation of tricsrbonyl
| [ methyleGe(4-methoxy 0yolohexa-2,dudienylium)-3uoxohexanoato, 7x
iron hezafluorophoaphate (COLXXI) cecurad smootily and rapldly at



59
~76° to give i:he agéﬁig)ﬁasﬁj mﬁacme (CCEAXII) as a mixburs of

@ o Me |

diaanereo éimmm*s :

- ] ;
, Fe (CO) LA ’
C[» ) v . :
Fel%| g, cove
|
. L_- - - . .
| | | GOLXEIT
COLKIZ, B =-[CH, « Cip - CH (COgke)g]
QCiKk, N =-|Glip = GO = Clfp = COp¥e]
COLAI, & = -[fmg Clig w GO = Gy = COyie)
{214)

The wethod vas extended by PE AS JN, HAy snd RESH
%o the ‘edn.gummwn ol az&ag&mcyclie compau.nd&} whic:‘&z_, RS envie |
stged by them, ey heve considerable potential in the synthesis of
Ihﬁ.&i, rionicotoxin and cophalotams alkaloids.  Thus the eyelohexte
dienyliun conplexes (COLRATV, n = 1,2) vers prepaved from the ester
conplexss (CGIKAILI, n = 1,2) by sequontisl reduetion, tosylabion and.
bydride ebstruction. Reaction of (CORRXIV, n = 1,2), with sodium |
malononisrile followed by dematalation aad hydmx..mis gave tho s;,a:!.m»
eyelic enones (GC‘MW., n = %,8) vhereas reaction of (CCLKXIV, n = 1, )
Witk benzyl amine followed by demetalallon smd hydrolysis gave 1



-7

- azagpireeyclic snones (COLIVI, n = 1,2)

0=
4 | . . - Om

.. OMe

((‘,Hz)n COMe . = [ 7 @Hz)nCHz- OTe \\ |

- CCLwxw N ]

s
1

- CClxx W

CCLXXVI

Gycloc arboxwlaticn of olefinie tosylates With
'Collamsn's reagent, disodium 1rc>n tetraearbonyl, was an effec-
; tive me‘chod for the preparation of cyclapen‘canene and eyclohexa-
- (49,1'?9,232)
‘none e The potent.ia:}. value of the process stems
_rfrom the fact that 11: a.llows ohem:!.sts a fundamentally new and
.' different way of prepar:lng eycloalkanes. | For planning purposes,

tosylates whieh might serve as. simple precursors to more complex !

'targets e. g., ‘



wiils -

BY weﬁr of proparing (CCLXXVIX) and (COLKXVILI) HoCURAY end ANDRUS
ghowed that Sthe gyclo earbowmmm resstion 13 an effqdtive Meana :
of preparing £ive & siz membored rings - ~and  olse . is L o -
a8 good mathod for tho preparation of W&culsy ascassible spiro ,

aam@ounﬁa Geay
.. A 0'Ts \ <7 OTe B} AN -

 CORRAVIT.

O’T‘s | I8 OTe
/' o T (ar0))

‘ZThe reaction haz heen ghown to be linited to monpe
substituted olefine. Attempted oyclocarhbenylation of disubg-
tituted clefing led only to aldshydas. -

The spiro anmulation strotegy of SEMMEINACK, g% ak !
relies on the setivating and moto.direoting offects of Ghe ‘
chromiua tri.carbonyl geoup So lutroduce tha spiro ewlopmzam

247,248,249) l
unlt by nucleophilic addition to an anigole derivasive .



A model sequence for thiz new approsch to splrsnes has been
exemplified by the conversion of a~mathony clmnamic acld o' the
spiro (4;35) oyclohexanone (CCLAXIX) wivich ls definitely a?ms) :
intramolecular meleophilic addifion fo the sromatic ring |

oMe

) . CCUxxix

: by them

The method has/been applied/in synthegizing anorenone anﬂ |
(249)

acorcnone-B PO o ' !

MIBC. SPIRO ANNULARION ROUZES: The development of @ method Sor i
gaminal disubsbitision on tha algha carbon atom of a eyelo alkenone
followed by Sho application of Dickuman eyelization route o spiro |
‘oyclis compounds has been reparted by GUESR, HRUGHDS, RAMGE a?gd}
SHTTAR in their synthosis of (=) mm.ma {+) m morencl .
fhe process involved the protention aﬁ Cg,  OF (+) = (3R} |
methyl eyaio hexanona By '-fwmzrmtmn. and 'mhsequmﬁ formation of I
Hemothyl anmino d&ri’vativé {eax ')Qa  Cyano ethylation followved by |
basic hydrolysis and subgeguont éaﬁwﬂiﬁaﬁm gave the kato | ;

|

ester (COXAXI) which on eyelization using mpleculnr sodium gave



w100

the spiran (COXKAIL).

”—NC‘L’; g
o .
. o

Ehe reassion of cyolo hexanons with ethyl a@ry}.até
wag rw&a@wg %o y&él-,d the keto ester (CCHAXIII) wim{:gzﬁ ;;n ayelle
sation gave ,sgm (5,5) mdwma 1y9-dions (CCZAXIV),

a:d ‘ %O
I} ' :
O .
. - Eog ' ' 8

mm | GexIV

%%{g?gynmwm of apiro vetivanes hy ILUKA, HAYASHI
and BIKSKATA  dnvolved she soyloin Intermediate (CUXIZVI)
prepared by the cycilsetion »f the dogber (CCUNY) @egey

6@ : NCL} Cé, HS-CHB/MES [Sies
(13
0,

S 2L8&

COXRXY
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The d&emm-pheml Smam*an@émﬁ route to (4.5) spiro l
decane sitelaton T exampmﬁed in. the remmgmnﬁ of |

the ca%alyzinﬁ znfluama of Man wiflu?m gtherato to apira
(4«,5} aec_'?.amanﬁ@-mw iwm:vxm .

Yhe aynthesis of Apiro (4.8} UBASOaGel-Gwdlons
(GCxe) via an aodd aatalydod inﬁmmalwui&r ﬁ}.atasn gondonane
' tion of 4-(2% ~oxoayelohoptyl) butyrie ?mg;g wamms) hias been.

deseribed by WHEBLNR, JACKSON end UURE  Gedey
0 .
/ Y. ’ . '
. PA — AcOH
OH PPA -re -
i




aaith
g

w102

Actunlly the Work is an extension of the observation
. Sl n(&%,ﬁg} |
made by GERLACH and HMULLUR
pentyl) butyric acid undergoes eyelivation with polyphosphoiric
acid.anatic aoid salusacm to aflford an exsellent yield of gpiro
(4e4) . BONAGA~LyBediong,

2he dy@l&a&ﬁmﬁ‘ 68 ox0 aoldsy S.g. (CEACI) to the

eyel :Le-»mnaiiw@me {CCACIT) ia?zs ?.ao been reporwd 20 b cataly-
' 4l
zad by ﬁ-napb bbyl sulphonic acid

CeACL ' L CCRGLX

The mi& eét;alyz;'aci em&%@nam&m of phonolie ethers
e Be VAratrole with carbonyl compounds G de meﬁamgiestm:edl' in

(10}
v\uhe forma‘zion of spiro sanulated product (COXCIXI) .

" who Peported that de(2'-oxoeyolo-



=10

%ha :lmra‘m:i.mmar aieﬁm eondonsation oi‘ the Kotow
aldehyde {E&aﬁi\m to tha spiro (4.8} decane aerimtma {QERGV) -

81}
haa bam reportad by BOLDBENG and bﬁﬁﬁmﬁg .

a

O c

N
GexoIV | , CCxeY
N sfszwmm& hog prepared spiro (4.4) nonatetraenc

(CCRCVI) by a w}.aﬁvﬂy e%irem: synmaxsis starting from aliyl .

~ brouide snd d&aﬁhﬁ malamxm. é&m m:o;f have prepared nona

| {1,3,7) ‘Br:lena wf:mvz:c) by A zaw Poute mm*ting fron QW.}A@

" pentadienide emon and &,&élﬁammmtma,) iy Qluathylel,
3.dloxolane.  Thair veport slso containg a brief review of the
uge of eyclopsntadienide snion in spireny synthosis.

|

BEECYL - - GOXEV LT

| ancther w&xe mrmmum prmsme ?g? gmm&ia& valug
higs best ﬁavelepe& by vmwwm;i zma HATSHEA BAD on their way
Lo smmesize aeemxmm slieioton by exp}.:azﬁag whe gapag E.aatam.
sysloponioiene Srensfornation. Ai*hue. whe gpive weto Lagbone
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€CCC) wan obrained fron M@gmée (GOREVIZI) vy ﬁky},aﬁien’wﬁ;ﬁh
methyl, aliha bromoisovalerate. Polyphosphorie sedd treatuent of
(céc) followed by eguilibristion of the monlactonic neubrsl product
with sodium methexlde gave tha biloyolie apivp onodione (CCCX) of
the Zcorenons sioleton.

X0

CeREVIII

Zha zzaaé"ﬁim o fornyl. .imx}m':sﬁé and Wﬂnﬁ_ acryliato
in g:?esm‘é- o smﬁa(“} in BH59 ban !emm shown to afTord o mixture
- contelsing 408 of (LOOIL), The wm”*@nm bu denmpd ae & gcke

' : g
ranie bto %ﬁx@ wmmaiiz@ﬁ agilieane synthegls.
, Me
0 ¢ ZMe- / 0 cor
O/ \ ‘ ' F
. —+ —_— < >< f;
X CHow =
GUgLL

Bynghrongus methyl sddition ¥ % oap m*‘l gromp snd its
eyelimaion o the spﬁ.zawa oFalie carbingl (OUCIIIY has beon demonse
trated by e ek al, i wmxggz the uge of &im&w dimothyl,

S PAReSEoR Gud ﬁ.akmtwﬁmvay important |



«105.

cuprate in their synthesis of spiro vetivanes from fulvene,

;00
/- ’ ' LlMeQ(‘_u : \
. Chq, g
0 - :
CCCLII
(48)

/

BeZey

HBATHCOCK ; ﬁ&al, " used lithium dimethyl cuprate
in opening the cyelopropane ring of (CCCIV) to obtailn the spirane

( Cegv) o COzé-“‘lR

coCIv - ceev
X = Gﬁg s R =H

(235,236,237)
L& C

gt, gl described & method for the

synthasis of spiro eyelic sysﬁams\' based on the intramolecular
eyelo addition of a diazoketone followed by reductiva scission of
the peripheral bond in the gyclopropane. (+) Chamigrene, a spiro

< (238)
(5.5) undecane, was synthesized by them earlier by this type

of approdch when the cyclopropane ring was opened by lithium and

ammonia and the spirane (CCCIX) was formed. -The cleavage was

shown to be governed primarily by the stereo electronic fac

(62,63
%oré )
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Figsion of ‘the eﬁrcloprohyl, ring:ln (ceevi) wnen»'éérried’ out’ in a
two phase syst.emr ‘of concentrated hydrochloride acid and ethér, they
ocbtained a single spiro eyelie chloroketone whoge structure was
established as {(CCCOVII) whereas para toluene sulphonie seid eata-
1yzed eleavage gave the fuged émﬂuéf 4 Qe@ﬁll) T -

CCeix » .;' o ccevin : CcCccevn

| The mathodalag% described above has 'been succeesfully
amplied by WHIZE g__.g;._ o :m synthesizing the s@iro eyelie
structure cf (*) w-ehemigrem, ( ) aeerenona-B and (- )-4.-epi-

aeorenone B .
| j (145, 184) | | _
DESLONGCHAMPS " at. a1 - . in their sgynthesls of



% T/ (W

{£) = gpi h!mesal suecesafully oxplofiied the prinsiple théﬁ
trieyelie s»mtwasmhe (6‘:-'@{), generated by the i.nﬁmmo&wumr
additdon of ecsrbenold to a gyelie %»mam, cun m@wga eleamgge ‘of
the anwmr eyalopmpma bond o yiem the requlred sim}.et;on &g
aapieaeca in (CCUXI), |

o -

Ceeex . gooxt

2,6
Raﬂucﬁim ogamng of le-unethyl tmmmm {4.4a0, o 3 daeam..a.ane

pmvim a gonersl method of ‘nynthesis of aplro (&»6) dec anone
%37,6@,88&,2‘5’ ]

ﬁeri‘m ivag ». A roviow on spire ammlastion .‘!&B
alpha (cyolepmwlﬁm;imymm} ewmma?gggﬁ has been aublishead
by PIERS snd LAD "o BEUSGH gh. 8L, 000 reported Sheb eyeloe

propanol (COCLIT) can be mamméd to aspiro (4.85) dlone (CCCXIIL)

with godlum hydride in methanol, @sdey
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- , . (261)
The gynthesia of heta.betivone by SUBRHAMANIAN and REUSCH -

employed the acid eatalyzed riig opening of eyclopropanol

(CCCXiV) in gpire skeleton formation shtep
ol : ~

Y

Oh-

CCCXIV

Lithium-liquid amacnila eleavagae of tricyelodecancne
(CCCAV). by CALRE g%, al showad that the opening of cyclopropane
ring to the corresponding spiro ketone (CCOXVI) occurs exelusively

, : (a7)
with iaversion of configaration ab the hota carbon atom (C-1)

ceaxv , g . CeeRVI
The synthesis of (-) axisonitrile-3 by CAINE and pevzscyt8?
utiiized the same cleavage reaction on the axcme'é:wlem compound

of the type shown above, €.g.,

\'s

coexvrz™



Bl BARCLCIPALION i 1t was s found femgible o
arﬁraaga Lor the foruation of a dlonnhe through aryl . partieipa-
tion resgtion of a nedghbouring phenoxlde lon group through proper

selection of the structure of a phenolic vompound and the appro.
mz.aﬁei reoetion savironment. That meang, if a suitably Located
skestrophilic ceonter can be ofested on the branch shaln of &
d-alkyl phelinlate ﬁ.axx-,%shé;asan a suitable envirovment. intrasole.
oular aliylation sn the phenolic vmé may oseur in its depositicn
leading to a spiro d&eﬁém ‘ag produst. She situastion may be
explained as, |

of eaaz’se, the smsxaiisiuties aﬁ' nm oblhor pompesing mmismna Lo

geeur cannob be overriuled &1: the first mafmma.

Zhe vanaw_y of the ﬁbﬁ'@‘& 14ea hns besn reflented in
the "Dasaronatizabion resetion® of ﬂiﬁlﬁ:ﬁ@wﬁ) who obtained zpiroe
(5.6) undenaslyd-dlens.d.one by heating a dilute solution of the
gmtassium gelt of &-(zﬁ-hydrggg ghe:wl J=lebromopentane; and in tho
work of DAIRD and WINGEELN  who prepared spiro (4.5) A G Lyt

diensed=ong by tmaﬁim Shs dilute golutlon of 4u(iihya¥ony phenyl)e

l-butyl=p-bromohengene sulphonabe with a sligh% excess of potassium

tect-butoxide in anbydroous tert-butanol. Both the sehools used

1
1



wdlOw

extremely dilute solution of the phenolas in grder to avoid the
othor competing mmme;méulw reastions.

The aryl. - pavbicipation reagtions havy heon a&@m ';m
be m,ghly dependent on zam nature of the golvent used as Peastion
medium, Uptll now mfinhuumwl haa baﬁn ghown 4o be the bost i"cr
theze resctlons %o ccour. .. In gensrel these resctions have boen
appiied in preparing spizo (4.5) and spiro (5.5) ckeleton (the

AR-5 apa Av)-6  participatlon resctiana) bub the atteapt %o
isolate the dlonons (CCCXVIII) resul¢ing from Bssistod alkylation
of 2-(pehydrozy phenyl) ethyl bromide was unguccessful although
there is ovidsoes that the ramﬁm provceds Shrough the dienone

{14)
intermediate .

T e

Y "«“B\’ : OH i
O x|

GCCRVIXI

- Rhe enge of five or gixz membered riag annulation mey be
atsrituted to the lower ring strain asssociated with thems Using
aifferent xmclaephnas in the alikyl aida ehain and appiying «
‘different reaction conditions several othap spwo dienones have
been preparad by way of ezploibing thesa AY: — aanisted intra.
solecular alkylation reactiocn.



«llle

{73)
. Bxamplas are CCGGKIK‘)W%%MS%&%& cwmcxz)

This mm«.&oa has been exploited m tiée m‘gmﬁu of gadrene by two
R %~ T3
maaam&m grmupg working mﬁsyendmmiy _’ « Both of them

@mplcyea phenclie Wromo eatars {CCEKXIT) and (COCHAIIT) respectively,
as key intermadiates which afford the spiro (4.5) decane derivatives

- (CCCXAIV) (R = Ma, Eﬁ) upon Lreostment with potassium __,gg-buwxidt.

0%
(,01(L Z
(. O C. - HO

COR
ECGKXEV CCCAXIII

A= ﬁﬁ’ Et.

: ' )
The appilication of spiro snmlation via Ar-5- participation of
slicyl phenols to the gynthoanls of terpenoids haa beon demonstyrated

186) (168)
by ééifxﬂiuﬁ‘?bﬂ( and HAGAHEIS « BRooantly 30RIL, UREXAHA and

OXAMDEQ %W?&?ﬁamﬁ betaevativone using this tool of spire
‘annulation, The internal sliylation route to spiranss has suoce
" agsfully been applied by e‘iﬁiﬁmaﬁﬁmﬁ) %o a nonearomatis gystem in

hls synthésis of racemie Lats vmt&vena G e;., | |
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0Te

In the eaneﬁmgfw slogant gynﬁmsia of mvaﬁivm by SYORK
st. &S?wg the key sﬁea dnvolved alkylation of the kinetio
onolate of the encl ether of ~dwmethyl cyelohexane-l, 3-dione with
Swinopropylidine~l, é-,dia-ﬁmm}mﬁam. The presumed ixﬁ;emdiaﬁe
chloroketons evidently undergoes a highly aﬁe@oaﬁl&ativ& inGernal
slkylation reactlon upon trestment with strong base iike 1ithium
di-isopropyl amine,

oMe

T T e
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)
A mﬂ.que Rry—5 agsisted intrameloculary alkylabion

reaction resulting fmm the eleetrophilie atiack of a pitriliug
don at the gne position of 4.uetboxy phonyl riug has buon régarted
by GATEMSKI . ho nonctcurance of 5Pirc cation rearrangement |
to the fused systom or the non-formation of the wavanted products |
resulting from the possibie competing intercolecular reastions
ware the added advantagus

0% N
Qj wCX] @Cf

Ihe euproug lon aatmiad mfsrmgﬁmaﬁ eyeligation

of phenclis aloha-dtazoketones in the m%?gg&n of spiro (4.8)
decane earbon frame vork by IWiRA g, i may be assumed to ;
be another e:;sam@l@ 0 plaple A(ﬂ) S participation reastion at
the firgt sizght, assuming the diagogroup bénring carbon atom to
act as the elestrophilic csnter in the alkyl slde chain, and thus
falfilliing the ,zwmiwad condition for ;&r;gérﬁie-.igamm to cuous,
Later studles showed that the rosstlon ls not 5o simple az 1 !
: assused. The oyclization has besn shown %o proceed VAa RoTeara-
dﬁane*déﬁmﬁivas and henes the -arﬁ. participation ocoura, ‘:lf at
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| &1 does, during the opening of eyclopropans ring @.f.q

' B e
H w | > (= n
Ry % » . Ry Ro

R1

) ‘ .
e |
Ri=Rp=H, n=1 L S
Ri= RyaMe,n=2 HO Q n —H "’> O'Z“—Sn
R=Me, H. - 0N Ry R=R=Rp=H

B T
L —

Basad on Gthis syiam ansulation process, IWATA @G. #al. aynth@sﬂ.zed
| alpha ehmnlgrene A ;{l&f’)’
Stmiler mtramlwmQr alkylation of phenolle diagotolke
" pounds hag been garried out by zax(iggsggx)zwa agd BEH usiang boron
- Wwillourlde ethorate ns eata]{.yg . ‘i?lwy‘-( gggmred She spiro
compounds (COCHIV & EECWI) and (CCCRXVII) from the

eorreaponding ﬁimkem phonol s.

' O

CEORKY - cooRvI COCXKVIL

S good nunber of spiro ‘&nmn.aﬁim prososges have sarned
their importance as synthetic tools in the gynthesis ef. apiro
gegquiterpepes, :



~

‘pearrangandnt route to generate the spiro (4.5) deradienons (CCCXXX)
‘£rom the appropriately eubstituted dlenons (CCQOWIII) via the

" decanas by KROPP 412 has hoen dizoussad oarlier, Selective

‘tion on the cyelapentane mug,. the enone wag condenaed with othyl
- formate whon the condensntion took plase at the Leass hindored glpha

saeondary aleshol to the methyl ke Sone (COCRRXIV).  deleotive ‘

w1l
ﬁpﬁn now eigmaw saynttmaes af‘ M vetivone has baen
reported iz: 3.:1@@;5-&1311:9@ whieh are aumarizmi h@lcws

| ﬁ‘iggég%mt total syathesis of heta vetivone by MARSHALL
and JouNSON  employed the photochemical 2,6-cyelohaxadienone

eyclopropyl. Mm& éﬁgmz.a.). ‘This routs bf’ praparing spive (4.5)
)

reduc tion of the ﬂaz:;}ugated doubl® bond afforded the fmane {COOXXRL).
In erdar o introduse the iaa»ympyudam group at ths 9:'@9@1’ posle

posttion of thia ketons to glve a hydrowy methylone derivativo

uhiuh on ﬁubsaquem treatmant; with butane mm. and boron trifiuc. |
pide ylolded the thioether (CCGNRIII).  Bodius borohydride redut.

tion of the oxo group in (COCKIIII) folloved by eold bydrolysis of
the thio ethop Linkago snd subsequent dehydrstilon of the resulting
aloohol 1ed to the aldohyde (COCKKLIII), . She eddltion of methyl
1ithiun to the aldebyde functlon of (COGKRALII) afforded a mixture
of dmstwmerm aleohola which on oxidstion with 2,3 rﬂa;ram.s,ﬁ.
dmmorml,a ‘benzoquinons wma) ragulted in the conversiou of

radustion of the conjugated double bond in (HCCXXRIV) was QECOM:
Plighad by using lithium in ammonla.sthancl followed by the oxida. |

|




tion of the sasurated aleohol distereomerie mixture to afford a
nearly 1l mixture of two igomeric methyl ketones, differing in
respect of the orientation of bhe;ii' respective acetyl substituents.a
‘Addition of methyl lithium afforded the corresponding aleohols (%)
hinesol a{zid.;@’%‘),-vagaro.spigo;. (COCKEXV }. ‘The conversion of the |

1somgrie. aleohols, (CCCXXXV) to racemis beta yetivons Was achieved

along the route developed by YOSIOKA and KDKURA fc;r the transforma-
' (303

tion of‘ natural hinesol to (+)« be‘\‘.a vet.::.vone

CCOXXXIV
"Lj’k'h'

o . .
CCCXxXll

LLk.m
—_——

CCC XXV

d=nvd; b=H (2 C=H, = Pd/OH , -d.. Hcant/Meo ’, €= Bu SH/BFa

{ NaBH, ; g—H3o‘+’ h= CHalis i= DDe; J= LI/NH3, k= CrOg

L ACaO/ NaOAc, m= BF3




mlﬁ?&

(m;fi;e sscond Lotnl synthasizs of () bhebta vetivons by
JOHHSON — involved the gpiro sanwlation %o the requived (4,5)
X .
apiro gheleton in tho finsl sbep by meang of a sterep selective

mta_rnal. aligylation rouigy ®.3«y

OTs

D ; b Q:D NgOH

DMS0O-H20

<! (,O

COLKAVE

X1

The enone (GOCKTIVI) could give rise to three dAffsrent
enolates which could, in turn, 3*1@1& six difforent internal ALKYLom
tion products, G. g. one frem o walkylation, two from ¥ ~alkylaw

tiony two from y' ~aliylation; and one from « ~aliylatilon.  After

exuer\xsiw exparmmta‘aim, 4% waz found that the use of sodinm
hydroxide in aquoous dimethyl sulphoxids could meet efficiently
both the roquirements, Vifi., preferentinl formation of the proper
 (gomma)~ciolate az Well aa bhe stereo ssleetive slkylation of this
,@xaclate-f-ﬁu the ketons (COCKEWVI) for bedng convertad An%é’ rapanio
bota~-vetivons (XIX)., Premumably thig porticulasr basic gplvent
8llowed the rapid equilibration of all passible enolates with the
oo depleted by { COCRXRVIL) being most prone to fnternal



wlifi= .

al.lﬂylatim.' The steren chemistry of this atep msy be asguned o
be controlled by the cycloheuyl methyl grouping, in so Zap as
sterie fagtor would favour the indicated maageamm |

The requisite enone (CUCALRVI) was nestly zwemred using
335 xylouol metiyl ather c:mrmw:m 28 the abay ﬁﬁng materdal,.

Bireh redustion followsd by Diol s-Alder resstion of the product,
the 1.4 Qleme (COGRXXIX) with meshyl acrylate afferded the sterso
isomerie misture of the adduet (COGXL) in 2,5:1 ratls, Heedloss
Lo gay; the conversion mﬁaim;‘i prioy amm imﬂmﬁ@n of the
disme (COGKRLIX) %o the 1,3 isomer, appropriate for Diela.Alder
resction o gonude The S‘-m%m atiank by ethylens oxlde at the
less hindered £ace of the ester snolate gave (CUCXLI) as the major
comnponent of the a:a;smric lactone mizture. Additien of mobbyd

. magnenium troztds %o thiz lucsone miuturs geve the Aorrosponding

dlol mixture (mgg%y COCKLIL) which unde? Went interssting fraguon

tatlon resebich  upon troatuent with wrifiuvors aeetic acids
Hydrolysis follewed by ustepification wibh petoluone 'Sulphonyl
chioride afforded the desired enons (COCKARNI), The succemsful

., approprinte ammzaaim folloved by aberss eontrolled &nﬁwn&l

siaylotion of w%&.&&t} ﬁeﬁl@l@m& shie wﬁm@s.a ol (.) .W
vetivono (m;}.



| »119a

OMe . - _oMe
N p% %@&7~ N
OH
QRAYXYXYVIL © Q66 XY YIY ceaxL.

ceex ceexLl

g
Xix < ccoyru 58  —
Ntoal
\\
| &eoer,, L ]
Q= Li/NH 5 b= 77 00Me [146 e:D;/?hbem; dz MeMqBr 3 e = CF5COH
£= NoeHCOs 5 8= P‘—TSCQ 5 h = NQOH/.DMSO—HQO' -

. A related cationie cyclizasion route whié:h resulted in
the formation of (I) 10-opi-hata vetivone (CCOXLV) was raported by
| MeCURRY . gt, .al.( ") « The final step in this case also invelved
the spiro annulation to (4.5) spire desana sheleton as in the
- gynthetic route developed by JOHNSON " e« The key anmilation
step in both ‘zha*syntaeéis apmwa'to be controlied by the «s‘deraa-
chenical interactions which directed the fomaticxi of eyelopentane
ving having Srans geometry with respeot to the adjacent methyl

81' oup @, Be. ?
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\/l B
OH
HCOa H
00 0 -
T ’l
ceexLl L ccexLiv ccexLy

i .
i

G2y acammvz;s ——a-g m«:) m paga :1,4.”‘?‘“

Rhe stema wimt&v&w aﬁ’ thﬁ.a ayim awylatim rasgbion has Leen
desuribed \';a he a result @f "aﬁml“ alkylation in which the | '
allylic carbon as;pmaehaa t:ha i’aea af @h@ moleoule opposite the
Tysaudo. m{a“ % m@i:lwl gmuy. %&aia is probably dus teo cm
Lack of 1,.3 ma&-axial marmti@a ﬁnﬁ% the minisization of

| ﬁoﬁman-ﬁahlo‘cm mmm 1,:3 ghrain. Fmpaxrss&im ‘of the

' ‘penultimate intemadﬂ.am (COCKLITL) wan effeatad through &
mmreréem Asy&t&;ﬁ%& a@iﬁs@ invaivmg alwzaﬁm of the Lithie
derdvative with the indlcated chloroketsl (CCGXKVII)e Reduction
of the ﬁesulw.ﬂg Waf&zﬁet with 1ithiuz in ethyl anine affected
hyeimgemn.ysis of ’ﬁ:esh tha mys.m sulphide and benzyl group to
yield the aleohol (@ﬂ@i&ﬁﬁ)



o
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{CCCLIL) prepared as followss

[l

CHz‘?h Phs  OCHePh PhS  OCHgPh

- ceexvi

X
P
D
[»:
<
[a T %
)=

ocH,Ph

ceexLin <___ A ,_._/[/ :
|

o= NaH/DME/Phq_CL b=chglifTect fumen;y e spy,

d= Buli/DABCO; e = [O>Q_/ f= l.l./EtNHz/ 2%

GG‘E‘KWIE

A mmma for aymmawmg Lata mivane, closely related

%o that developed by DESLONG CHANPS gt, al., for the synthesis of

(184) y (373 m)l
agarospivol was concelved and exscuted by SLOKK and MeoUmal .,

The effort utilized, as a voute o spire (4.5) deoane skeloton, the '

copger catalyzed deconposition of the unsaburated dlazoketone ;



aleohol (COCKLIX). The ungtable vinylagfwa batis-chloroketal

© (GCOL), propared by using methyl lithium and pava toluens sulphonyl
ehlorids over lithine cbloride, wes submited to malonic ester
synthosis, The unsaturated ketal soid (0LCLI) was then converted
to the diezcketons (CCCLIL) via trestment of its acid chloride with

an oxgess of diagomethand.

The intrasolecular keto carbene insertion of (GECLII)
‘produced an epimeric mixture of the cyclopropyl ketone (CCCLIII)

i
»122.
CO,EL COpEL :
aCsz)z
ccexLvil ccexLix - cceL ,!
® e f :
a:[OH/H 5 b LIA](OET)H3’ :
c= CH3L|/PT3CI/L|CI 5 d= Na CcH (CogEt)g/Glyme :
)/, |
de=on /0 f= n /2 / ,i
g = NaH/ cmococl h= CHpNp f
CCCLI i
cectll |
| | | |
The known compound (CCCALVILIT) wag ketaligzed and thon reduced with |
lithium mondethibrysluniniun hydride to afford the unsaturated |
i
i
|
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and the mixture was converted %o the unsaturated acid via Hofore
msteky wddition of ethyleghoha-brome dsobutyrate followed by
geidie cleavage of ketal and cyclopropans moloties and saponifica.
tion of the _ekt@r groupdng. |

Naij [i%;;fl\

cceLn e cceLnl

CCcCLlv
G= CU/CéHs 3 = Zn/(CHB)E"C(Br) COzEt 5 C= H®

ﬁuﬂ‘axﬁmmﬁ:ﬂy mimerous attenphs to effect ecarboxylation of this
beta zagne maaﬁwa’cad acid were OF no avail.

£173)
The second appreselr of STOHK and HoGURRY involved
aza-@mﬁ.m rasvrangeusnt of '&ue atondwn internediate (CCECLVI)
grapared by alhkylsting the' QY/Ollld:Lm enanine {(CCCLV) with orotyl

broside, The reaction was shown %o procsed with 8,3 sigaatrople

Fearrsngement of the quaternmry 5ol and ita steric course was
reported to be governad by She orientation of the pyrciliidine
molety as depieted belows | '

—




P 2098 o

Q

N
1
¢

, @
O O - ”
cceLy © ccoLvl I
\/_ v . v . r . ‘ ' - .j.
d:éad'flg -G - , : | .
HO iy +——~——._ ! +-._— h \ @ <
k " OHC ——pnvm . i N \\.
v . : V , | . AN o '
on cccLvin CCCLVII . .= o =
bk
> -+
CHO !
ccoLix (ccéxn_v) _ , ' -'x1x‘

a= /\/\5r b=A; C=Ha0; d= CHgli; e= NCS/(CHa)aS/MegN/ 20°c
f= (1so CsHy), BH; .g= Haoa/NQOH h=Ac0, i= §0CIz [Py; j= NaOH;
k= Py, soa/nmso L= Silica 4 gel

Aldebyde (SUCIVII) appawad mmrgemoua 'by gas chrmtngmw but ;
the possibility that kue stereolsouors oould mot ba separated |
seonsd likely. I’iemvw, sebgequent transforastions involving
addition of methyl 1ichium, oxidation to corresponding methyl, _
ketone, repeated treatmant Vith metiyl 1ithiua followed by teral- |

 nal oxidation of the olefinic gmupmg %ﬁh dd-130a2y) borsne
yielded the dio} (QEGWIIIL Gﬁl@aﬁiw agetylation of the
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prinary .a&eehal; &@hye&r&?;wn of the tertiary alechok followsd by
gaponilieation éh\ﬁ oxldation of the derdved prinary alceobol gave
the unsaburated aldehyde (COCLIX) which wen cyeldzed to a mixture
of ‘epimeric methylens ammﬁmm upon treatment with aiuafai:el.
© Oxldation with pyridineesulphuwririoxide in dimothyl sulphoxids
afforded (%)=10-epi-patg-vetivons (CCCKLV).  The non issiation
of the other possible isower 1.0, (£) koty vetivons (XEL) was
apparently atteibuted to failure in crystallizastion,

. Ho-a _'1»‘_'75}' %m‘aﬁ‘ the above v&%ﬂﬁm gaquences by

. MoCURIY gt. al. -  showed thab the enamine (CCGLV) on treatment
with trans Crotyl bromide furnished in 753 yield a 55:45 mixture
of distereousrs of (CCOLVII). Alternatively, when $he enamine
(CCOLV) was treated with gia.crotyl bromide tho dlasteroomerie
retio waa reversed suggesting that the 3,3 sigomatrople resrrange.
ment of the quaternsry salt 1s a highly aterso spsoifie reasstion.

The aldchyde (COOWIL) (derived from Lzang Crotyl
bromide) w&é converted to aldehyds (im@am fol}.wiég the methods
deseribed akove,  Acld catolyzed Frins resstion eonverted
(CCOLIK) to a sopera.e mixture of dlagtereomeric spire aloohols
{COOLX) and {c:ecwx ) when @xmsed %o a eatalytic asount of atonnde

ehloride in methylene ghlaride \




1i6w

E ‘ . Arthough there wag formally thaqpessibility.of-the formae=
tion of four dlagtersomerie gl pairs . in.the:acid catalyzed Pring -
'reastiony-is@mer;ﬁﬁﬂgﬁxl~and (GQQBXI)vaccountedsfor,over¢975;of,the

reaction. mixturea, Both isomers possessed.an equaborial aleohol
function and aa axlal methyl group, which is compatible with the

following reactlon sequences . .,

“he ‘oxldation of pure hemc allylie alcohol GGGGBX)
'afforded (t) h&ﬁ& vetivons' (XIX) and that of (CGCLKI) gave ' Ct)-lg-

vvvvvv

An, exgeedingly alegant synthcais of ___gpvativone was
reported by deRK ga, 3&5258? The key in% ermadiate invalved |
a;.k,'lauion. of the kinotis énolate of thé oal-siheér of S.methyl
eyelehexane-l,B dlone (GOELXIT) with & -1ééprégilidehe-1;4»dichloro,
'bur.ane. The presused intermediate’ cméakeﬁdae“rccbmm'”‘
’evidently undefgaes a8 highly sterao selective ayclizatlon reaction
upon treahmant with a strong basej none of the epimerie spiro (4.5)
decane product was found to be formed, Addition of hethyl magnes

sium 1od1de to the cyclzzed product afforded the alechol (CCGLXV)
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which ylelded racemic bata.vetivone ‘(KI;X;), upon exposure to ddlute
seid, | '

OMe

cCceLXil

e . |
CCCLXV :

a=LiN (iPr)e ; b= >:<LCC', : CT;CHa Mgl, d= Hj ot
iho apm.icaum of 'a thres atep c‘iy&lapmtmom gynthesia
scheue consioning of the cyelapramhw&iem of enol derivatives with |
diazomethyl ketonoes, mha iibar&tsm of gamng dtearbonyl conpounds
en asid hydrolysia of the resultant hata-osyeyelopropyl ketonca,
and intramolecular aldol eondonsation of the rasuitont Lydmdikoto |
systemy to the synthesis of bebs.vetivons haz besn dawrib&d by
H(zs %ﬁ% %mw atie &.m. Zhe reaqaii.zma slarting waeberial
for the purposs, thoe 2,6«dimsthyl-lecyelo bexens carboxaldehyde | i
(CCELXV) was not Gocessible and hence they started with its double |
bond isemey (CCCLAVI), the enol derdvesbive (CCOWAVIL) of which was |
-subjected to eguilibrius controlled atrong bage trentment to the 4'
atabilized Qan@adiewl anion wzzax.xvm) and then to the mm,jugated‘

diepyl ether (COQIXIX). The mew\rfme eﬁ‘ hemimesitylone (caam)

!
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‘ag a gige prbduépf indicated protonation of the intermediaste anion
- (CGCCLIVIII) to ocecur, even at the oxyearbon otom sitey thereby -
deconjugating the enol ether system, .

cHo . o . ¢HO . .
CCCLXV ‘ S : : ‘ceeLxvi
| OMe OMe - OMe
. . ‘ N (N '
KOBu,C . , - \
cceLxvil CCOLXVHE" CCCLXIX
om oM
oBu
(3 e Uy Yy ]

CCCLXX
'Copper ¢atalyzed thermal decompoqition of diazoacetone in diene

(CGC‘LXXI) produeed a difficultly aepa:rable mixture of eyelopropa= .
,m:neis "T"".,";S-." ,byd?alysate revealed 1:.9 be a 133 cpmbination of
| ‘bidyelé's’ t(t:‘:G(}'t-i(iﬁiﬁfi') 'éwj,tki‘du’c _stereochenical canncta’c:!.ons’) and

<cccmcm:) especti o1y Aeid catalyzsd hydrolysis led to keto ‘

‘aldehydes (QOCLXKXV) and (GGC‘IM ) respeaf*ivelv. ~ The 1atter
(ecc:nm,) was fmmd to be a laixture of two stereo isomers whereas

‘the icrmer { CGGLXXIV } Wd.s a uingle entity a.g,

ome
Lo COCHg '
+ N2 CHaCOCH, ﬁ am c:c7cn3
CCOLXX} - o CCCLXXI CCCLXXIH

5// . 5 'l~ ) . ' . EH'l
'cno,\fo_ S ~cHo

. . : o ’
o 0
! ) o O/ Mgy ) k

CCCLXX WV , . CCCLXXV




. qm.&;ernem ?ebivarxe.

L occeLXXIV 5t

=129+

"Ehe stereoehemical aspect of the reaetion has been ghown to be

governbd xby the secandary methyl group.

Bage treatment con\rerted the ketaaldehyde (GCGLXXIV ) to

Ghe eonjuganed ke Sons. (G’GGLJGWI) whose hydropgenatiog in' the presence -
‘o bage furnishea ’o:he sgiro “etone wGOIJEWII). ) ' The previous eone

version of -the spa’.ro .ke‘cone (GCGLWII} Lo H') -,gg_ta vetivene(m)

made thes?d maet.t.ox& sa\mence aa f‘ormal ’cma'i. ayntbes:}.s of uhe £0g=

S @) /&—yeTivone'(xax )

\

- GGGML . GCEmRVII

‘Using eyelopropancl ring cpening reactions of Z-hydroxy

- trieyelo, (41.436‘ 635‘61) idee-aixé.éa;onesf to spirc (4.8) decanes, ‘an.
l"vappreaoh to synthesize Jgg_g@-\retivone was explored by REUSCH and
.GRIW(%?» The 1,?-dimethyl-2-hydroxy trieyclo (4.4.0.,02.’6) |
' y.deeane-s-ane vas ’cransformed through a series of step to a dlenone
 which was reported to afford heta vetivone upon treatment with a

copper modified gri‘gnard re‘agen’c.,

| (261)
SUBBAHMANIAN and REUSGH ‘reported a reaction sequenee,

| deseribed below, for the 1,2 transposition of oarbonyl graup in




o tricyclic ketone (GCQLXXEX) prepared from the bicyelle ene-dione .

v#‘_lao—;:

the eyelopentane ring of (CCCLXXX) to afford the . spiro‘vetivone

'"1nterm?dia§e (GCOXKXT) which was prepared earifer by MARSHALL
155

ats 2l in bis hg_gpvetivone ayfithesis, Thus the effort:

- may be treated as a partial synthesls of . beta.vetivvnea . The

:'.(OGGLKXVIII) on treutmant with Lithium in aqgniag on sodium boros
h hydride“tednct;on}fOILQWGd by eyelQprop)l_ringwopeg+ng with. ‘acid
gaye‘§§¢QLXKX),

. GECLGVIII . . . COGMKKIX 0 COSLEKXX

L L | | o
,'@hg?rgém¢§£9n:ef the earbonyl group with lithins aluminiun hydride |

after pﬁatéetihg-tne hyerXyl QPOup:in the eyelohexans ring with
ytertiary batyl, dimethyisilyiah&erida, affarded Q.secondary aleohol
,ywhieh on subsequant dehydraoion through ibs ehiorid@ afforded the
.iolefin CQCLXXZI).; Sequential hydroboration, Jones oxidation,
removal of the ;roteeting. group and dehydration brought sugcess to
the effort in 1,2 transposition of carbonyl group of (CGCLXXX) by
. way of affording (GCGXXXI) - the required spiro vetivone inber-

~ mediate, . . . ... !
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o g.h,i
) q 1,
CCCLYXXX—> \."""m i oTDS oty
(0]
f CRCLXXX!’

CCCXXXI

a =(CHy)sC S1(CHz)y Cl/imidazole 5 b = LiAlH, j ¢ = CHySO0xCL
a,d,?.qsﬁéﬁlé e 6. = Thexyl borane § £ = chleaQH Q'

:géw%mw@; n=%fsia%@m%W%%m

‘A valuable (4.5) sp.’uza dgr-ane mtermndiate (CCGLDOCXVIII)

| wes npeparad by YAMADA ¢%, al. using E ‘eation eyelization

dGLlQR in the curcial. step and unaiiza&(ggg)“ntermad;aae, thus

: preparsd,- in a.mtheswing di-hata vetivone, al, ...hﬁ.nesolg l-g;,p,g_,

{299) (300)
,\& a&.betquauiqﬂrinﬁ' and zolavetivone . The appropriate

y_eynlohexano“ﬂ {OOCL «L” T1X) for the nurpose of caltionie eyelization
- wag prepaved from Hhe aldebyde {CQUOIXIKIL) through the reaction
sequenps iavolving Wittig rescibion with methoxy methylene Lriphenyl

“‘phespherans, acebalization fellowed »¥y reduction vith lijhium -

-’ ammonis and subsequent hydrolysis. |
f I
- - & 0
: 1. phsp— CHOMe '
- \ , OH /
Me0 COpH 3.LifNHy 0 COpH
4.H30®

COGLXXKIT o CCCLXXXITI

|
{
i
|
|
|
i
|
!
|
i
1
|
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ST Under t'.he acidic cond:l‘sion (6N KCl-wE, reflux, 4hr, )
cabionie eyclization of (GGGLIOE{III) toolr place %o afford the
lactone: (GCGDQQCIV Do -During the course of this cyclization, the
,1ncoming e¢arbon of the. forming eyclopent.anel ring attached the
' oyclohexadienol ring g_lg to the adjacent carboxylie aeid grouping

' and thus ereating a -s;._tuation, suitable for lactoni,zation, Qe

) CCOLXXXIV
. 'i’he exer‘cim of g__g_ direcuing effect of the c¢arboxylic acid groue

pi’n'g. ma,vf‘be- wﬁparea wit’:z the Yrang diresting efi‘ect of méthyl
subsuiwent i %he spire anmulation step {GIGRLIII ﬂ-ceé;x;.v)

in (178)
W Abhe syauhs.a.z.s of m-epi ‘getg ifet"‘v‘)m iy Ma&URPY g;. .|
, or eou_rsg the ew;ﬂz._:a@m of the nnsatwatnd kato acetal 7

{ GEOLXXXIIT) wiay bo a reversible process whereas the ¢yell z%:hm .

f uitsaturased ¥ebel alcohol {BOERLITL} 55 wndoubledly lrrevers

aibie, In 7-;3‘-}&‘55,:@1?8395 ;.artoqizamoxz .;’.‘Jv pnmﬁ de the dpiving foree

Lor the fermation of The str,weo igomen e pr,esemrﬁd by strmicture .

-

{CCOLXKKIV). The lactome (CSGL

KAXIV) was coamru 4 So ‘.,m.,.etone
(COQLIET} by ths sequence ketalization, redustlon with lishium

| aluminivmnydr’ide and ‘izréeitmemﬁ- with asids

_ Acetylation, metalization and hydrolysis converted the
ke‘aone (QGCLIQCW ) o the keta? ‘.QG‘GMI) Jcmes oxiﬁa‘sion of
(C&G I) followed by aarbomethox;y'lauion gave the pe..a ke to

—_——




wldde

ester (CCCLUAAVIX) whioh was converied to the degired ﬁé.ﬁ‘)' spiro
decaue intsrmediste, the unsaturated ester (cc@@awmngmmugh

the seguence, sodiua baramfari&e vsdw%ima, mwla‘ﬁlm elmma.
tion of iﬁaa&ﬁ, Beley

CO-Me
dae 7‘/,”? ‘D 2
iy,

CCOEXEGVI 0 COCLARVII

/ﬁ* y b anEmE l

¢ = 2HHCL/DWP § 4 = AG,U/Py
= ROi/lMolll § £ = Grog/iey

8 = (G50, Co/uak 3 b = labily
1= 3&6}@1/5’8‘ I ﬁa&ﬁ@/ﬁa&‘i

Kas
The versatile internodiate mwmwux),\ utiidzad in

aynthesizing of a nuuber of spivo vebivanes mentioned eariiers

The utilization of (QUCLADNIII) in the synthosis of
beﬁa.va%i%m Anvolvad the following reastlon ooquenoes

ﬁyﬁrogeaamm of the gyolopontens doublie b@nd expaamaly Sooic m.m
from the less hindored fage of (COCLAXAVIII) to give the ester
(CCOLKAXIX), Introduction of the igopropyiidene grouping was

S .- W



el

i
1
1

-, offoesed threugh # methyl lithium followed by dahydration.. Eyﬂm«-«'
" lyste then atforded the keto othor (GOCKC).  Euhor cleavage vith |

the tripbenyl ﬁhwzzhmwamim e‘oszm@x yiclded the bromo ketomns ;
(cocxeL)s ﬁ?ﬁragm&sﬁa of the related odo ketone with gine,
in acetic 044 Led.Ga (%) - pefigevetivons (XIX). :

1
!

CCCLXXX]X h - ceexe Br !
&= Eia/% - 0850 3 b= CHgld 3 o = POCLY Py 3 Ccc‘fc' SR
4= 538 yoe= ?@31?%3/@&36& § £ = ﬁaxg | ) xix S

g = th/&é“&ﬁ '(i)— [é- Vetivone

A gynbhesis of m-vaﬁivmm and m.am..m vativone
£roa nootikatone (CCCXGIX) using photochenical spire ammulation |
route to {4.5) spiro decane skeletos has been deseribed Ty CALHE ,
and w‘%f 3,4 dehydro nootiatone (COLHCIXI) prepared by mxidatiuxzi
of nostkatone (Q@EX&'H) with 243 mmﬁw@uﬂ,ﬁ-ﬁmvm bama»qumum
(DDR) on addition of bydrogen brouide to the isolated double bxmd
followed by faaksyérobmmmum gava &eéwévwm-vamvem
(CCCHCIV) whieh on irradiation in diomane at 3537 A gave the
tryoyelic ketone (CCCXOV),  Irradiation of (CCONGV) in 454
agueous agetie s0id using a 4504 Hanovia high presmure mereury
1sap housed in & pyrex prove, gave dehydro-jats-vetivone (GOCXCVI)
as the emlusive photo Produety Gag.s



uwﬁq“ ‘
0~ KB\/:T :
COGRCLI | ’eeaxmz CoCXOIV 0 Coexcy

aé’wa‘z ;alhaimw;cﬁ{nﬁ}&}ﬁﬁﬁgf@ /i Cathy 3 l

4= h /di@xm 3 & = h /A@QI% - B0 o= ]
N
CCCXCVL

saleeuve ra&mmm L one daubl& bond, nfs'm'ding ragonlo«lota.
vetivone (XIL) aad ragamic w-egi-m-vaaﬂ.vom (GCCKIV ) vias
carried gut in wo ways. Cutalytie hydrogenation of (GCCXVI) in
ethyl alcohol at atmospherie pressure uslag 55 palladium on carbon
as the catalyst gave approximatoly 604 of (XIX) and (CCGXW) in
713 ratio while 1t chenfeal redistlon with two equivalonts of
iishiua 4n 1idquid amsonia contailning oo oguivalent of tertiary
butanol afforded a mixture of (XIN) and (GCCKW) in @ 8O
yleld but the uvorremsponding ratio of the products wés Juss
roverse, |

S 3 | |
cCcex Vi 2 /pd o(rC) Eton (%) beta vetivone (Xi1x)and (%) 10- epi-beta-
Li/ NH,4 : vetivone ( CCCXLV )

BO3EAT0, ﬁé@iﬁ%ﬁﬁ and PESARD synthosized recenice
beta-vativoue from recenie mgg.emm (COONOVIT) using two
difgerent spiro anmulation route viz, Robingon's annulation and



the mtramlmular mylam.on for bunding up the- requﬁrad {&.5)
spiro dmm skeieton, The logical utarﬁng matnrial, tho ayclog
pentyl ketone (GOCACIX) was propared from ploha tﬁvpmeol hy |
‘sequential azonawais, acid catalyzed rearrangement of the heuianeﬁ
~ tal thus formed followed by steau @sbtillation and gubsequent
hyérogmtion of the eoujugated doubl.a bond m the &ioxmm

| (ccexevxn) thus. rarmd, o.g.. L

coexevII - commeVIIE ecemx

" Hobinson's annuxmen of %:ha keﬁom (ceexcm with mﬁbyl vwz.

' _kotcm afforded the apim k.esoma {cD) md (QBI) in the’ mfavourablo
ratio 317 |

The altornative route to k:otw (CD) comprised of t’hé cyanoethyla= |
t&en of the ketone (GO‘EKQIK), Wittig r.wtﬂ.m o the reaulting
oysnoketons (QDII), its basic bydrolysis (ﬁa)!:hu acld (QDIII) and
the convérsion of the latter to the ketons/by sntramolecular
acylation of emp camw.an&ug wiq chloride, e.g. »
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l | ' ,' b
X

COOXCEX —

CDIl \/\\ conl }\\
| - | | ld,_e
a = Briton B, B O’y b =(Phy P o Cip/HegBd)

¢ = HaGH/Oplz0H » 10 3 d = (B0CL)y ; @ » SnGley/Cip

The DDY dehydrogenstion of ketons (CD) led to the dienone (CDIV)
whioh by roagtion with Lithium dimethyl cuprate gave a 1sl-
mizture of recemic bete.vetivone (XIX) and its I0.methyl epimer

(COCXIV) which eould be seperated by-wl 2 chromatography.
over &ilica gel. '

« ) N .
o D@ ~ _LiCuMep () betaVetivone (xix)and
ether (f) 10- epi- beta- vetivone(ccexLy)
cDiy

A fantsgiie meﬁ in the ratio of ‘M.veﬁz.vcm' and iﬁé
10-spimer as product was wado by a,ntmmm a hydroxymethylene
group in (CD) prior to its dswamgmamm with DDQ. The _
resulting hydroxymeihylens derivative (CLV) on dehydrogenation
gave the dienone (CIVI) wiich rescted stereo seleetively with
saveral methyl cuprstes, possibly %;y gress‘mmtial formation of an
intersediato of the typa (CIVII) dnvolving the foriyl group and



.  wld8e

' the tetrasubstitutad double bond of the dlenone (COVI) s.g., with
lithium methyl bromseuprate di-isobutyl asine eamplex a 511 mix.
ture of bota-vetivone (XIX) and 10-opl-halu~vetivons (CCCKIV)

' was obtained after deforaylation .

(%) beta Vehvone(mx and (+) 10-epi- beta-

.0
_Q_—
~ vetivone (ccexiv) H o_%
(x1x): (CCCXLV)= 511, i A\

A total g:mhhaaia' of apivo vetivane sesyuiterponen, diom |
vetivons, dh-hinesol; 4l-hess votispinene and fl-aliha vetispivens
from a conmon INtermadinte B-oarbethory-S-athoxy~10 methyl spire
{435) deaa-.i., Zwdianetecne (CHX) has besn described by . DAUSEN

&uad am( ’ who edploited the gm:s'&l symhesis of epire oyclegs
through an oxtension of the syg;ﬁhasia os.’ ethyl eyelopentone care

boxylntos by Sho é"lamsxm of ylddes derivad from carbathoxy ¢yelow
propyl triphenyl phosphontum tetrafluoroborate (CDID and beta-
'mto;aat@r.a w symegﬁwai 133 diketosan, Thug the treatment of
- an BAPT golution of sodiug enviate of fornyl ketons icﬁ‘ﬁﬁ), |
pmpamd £901 Juobhoxyedumethyl aym&nezzu‘&»eznealuana and emyl
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formatay with (EDIX) produced the versatile intermsdlate’ (CDX) aé, a
single erystalline product 6.ge,: CO.Et .
. r
CHO A
° COoEL O ?
+ b<(+) @ —
. o PPhy BF,
OE1 - | OEt
- CIVIII . CDIX €DX

The gtereoselestivity of the attack of the enclate on the agtivated
cyclopropane most 1ikely i1s due to the sterie fastors arising from

the praferi'ed, pseudoaxial conformation of the incipient C.10 methyl

grovp. - ,
The eonversion of the mﬁermadiata (EDX) ..to dl~beka

vetivone involved the following reactlon sequenge s Selective

wdmgenaman of (CDX) in ethanol over palladium on charcoal

followed by successive mothylation with exeess mihyi 1itihdun and

1.2k hydrochloric acid gave the crystallins ketol (CDAL), Acetye
lation followed by trostment with boron trificuride etherate cone
verted the ketol (CDXI) .%o A~hata s"r_ev;ivone, (XII*Z) @aZey

COLET

OH

_d:8, (£)b- vetivone (xix)

OEt ' 0 COXI

G=He [Pd-C/EIOH; b= CHaliy C=1.2.NHCL.; d=Aceo/n™ ; e=8F,,E1,0



A s*;ereospeciﬁe synthéesis of (. )uag_p;;aoséiéol' a.nd»':u-;s
eonyersionkto)(-) hg&gpvetivone was reported by EIEGHTGN, HHGHES
66
end RAMAGE' ,  They'chose the spiro acetal (CDXII) ?gsgheir

starting eempoand.vhich was prepared by BAMAG& et, ak,  from

(+)de-methyl cyelohexanone involving the Dieckmann eyelization of |
- gem disbstituted esters of cyelilc ketone, - The procedure have been}
' disousged éariiér'unhér”tﬁé'heading "spivo annulation through ;
'miseleneous routes, (Page 99 ), However, the spiro acetal |
(GDKII) on a ozonelysis foilowed by rednctive oleavage afforded

kete aldea;de (GDXIII) whieh wag cyelized %o thewglgggﬁga_g unsa-

turated ketone (EEXIV). Eydregenation follewed bv halo;orm,rean

aetion produeed the stereoisomerie mixture af am;ds (GDY“)a

Vl,Esterificatien followed by acidolytic eleaVage of the anetal
, grouping afzoroed the seperable isomerie mixture of the keto l
@ster cevaf). Wlttig reactien on Eﬁ§ bth*QSOMQrs of {ﬁﬁEVI) ;
., gave the sanme mothylensted product (GBKVII) whieh rearranged = |
smoothly to the endecyc;ie olefin (CDXVIH}e Treatment of 5
|
|
|

{ CDXVIII) with_mephyl l;th;um afforded (-) agaro spirol (ZVIII)

8eZey

CHO

i

ol
o .

CDXIV

CDX1

i
/1://, CO M e COaM e _ 1

Xvi- coxvnu . CDXV” - CDXVI .




1 ':The (= ) agaro 9 spiroi (XViiI) was converted o ( )‘Qnig vetivane
(155 '
foLlowing the route of MARSHAL g%. 8l éLg. o

XV ——> _ RS
"’I 0 %, — it
: %K—*‘x'x

. &31)

BUI __t,. &£ synthesized "r'écemic.‘.;gg_g vetivond from

fulvene (CDXIX) prepared by condensing S-oxn-hexanal with eyclow
pontadiena _n the presenee of diethyl amine - e.g.g '

e ooy

- Tepxix
The addiblen ef lltnium 1m@thy1 euprate to fulvene \€BXIX) in

ether produced the derived 11 hium cyclopenzadienida which Gollle

bined with the earbanyl group to form the cyclohexanol (UDKX) in

preferenee to a,cyclohaptanol. ' ﬁoetylation followed by reégioe

selective rednetloa os one douhle bond with dim.de‘(h?dfazine,
o 3OZ hydrogen peroxide, ethanol) afforded a single dihydro com-

pound (¢BXXI) aocompanied ay a 1ittle tetrabydroproduct. )

‘\\\\ 0 H

&
™

GDXI& E

CDXX - CDXXT



: 9,1.33_‘

The olefin (CDXKI) was transforuad to ketone (COXXIZL) i two
WARYSe - @ma?smsm;' of the acetate (ODXKI) with &:thssmm foliowad by
" oxidation of the resulting aleohol gave the scetoxy ketone |
{CDXXII) which on pyrolysis followed by aQuilibmtion of endo and
éxae:ml:’les olefing yieided the morae wtable endo c¢yelie clefin
(CDAXIIT) concaining o0 ezocyolic isomers In an slternative
synthesis, the agatate (CDXXT) wos wdreﬂyzeci to aleohol (CDXXIV)
which on epoxidavion follawed by treatment with butyl lithium in
ebher gave the ketone (CDXKV). Dehydration of (CDAXV) afforded
the ketone (CDXKIXI) o

CDXRXIV

The sgirq deconone (eamxn was convarted to a nixtuwre of e p.*.mar:l.c
n.iﬁ;ril_as (emc:vx ) which was condensed with grignard reagent to
afford the methyl ketome (CDXXVII). Methylation with mathyl



~168a

/

'3.1f;ns.um followed by Jones axidatian and aubmuem dshycimtion of
am ke%:ﬁl gm:e rmamin M& wzimm, im) |

. N 4 |
CORXVI . COXXVII | o (*) - beta-vetivone (xix)

(}Jﬁ} Y, |
zm&ta, Aam, WINAKAZA, 1% oné THUBUBHE . S

reported a now smthmm of spiro vetivones via spim mylos.n
'm%erma@s&ats‘ The wtzss &aaisez' (cm&mz map&.z'm z::,r Miela-ﬁlder
y@&amm of ag;ﬂ»b_ia {trimeshyl Siloxy J=1:3 pentadiens g,mimm}
~with ethyl ékww&émm followsd by by@alyaﬁ.é, was troabed with
sthase dithiol to afford the Githlompetal (CHOX) whish on subses

quUens mduc:‘siua with Haney aﬁek&l goave the hobpesegap-nnssiurated
ester éW“‘“”‘*:'j. 3 S : ¥
TMSO  .cO.Eet  COef! QR CO=H |
ﬁ““'“e‘ N — @ Q‘ 1O
— — |
TMSO™, o s s |
' ] |
. |
CEPREVIZI | EREXTX QEXRX CIXKIL ;
Trestuent of (CDEXXI) with Lithiun di-isoprepyl suide and subse-
i

- fuent sllkylatlon o 2 shw Lithiun eroleate with &tsayl«mm»mfmm»
 plonnte provided the destor {CDIXXIX} bhe storesnhenlstry of
whioh was deternined by the spprosch of the rosgent from the less |
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bindered face opposite,thé psoudo axial C-10 zethyl group ia

( CDXAXI) ap shown belows

_ COEt
i , am? COa Et
. I P COi
Coxxx) LN (S0 Priz,
L E . COXXXH
L

Zoylodn condengation of (CDRAXI I
chlorostlane followed by hydrolysis in RHF containing 10/ i
hydrochlorie aeid gave orystalline spire seyloin (CDRAXIIL) along
with the '1mcarie { CRXLXIV) - : e

OH

e =0

Hasylation of {CDRXXIII) felloved by redustion of the cowesm . 5
ding aes;yiaﬁw gave the spiro Ketone { CDXTW 2 which was convertad
to the epimeric mixture of aldehyde (CORGNVE) shrough Wittig resc
tion with mazhd:@' ‘methylend triphenyl bhaspﬁamm- folloved by L
hydrolysis of the resulting encl mebhyl ether. The epineric
mixture of the aldehyde (CLXLIVI) wag convarted into a i
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mut‘aum ef (%) hinegol (LKXV) and (*) agrrospivol {AVILII) by the
emvenuonal aethod via the aleobol {QIICCLV. 1I) and the manzxyl

kecom (CDXUVILIL)e  The eplaerie mizture of (LAWV) and (HV IIL)
was readily converted %o racemic heta-yotivons (XiX) according

(165)
to the method of HMARBHALL and JGHR&:@H

@56@@@

ODXX XV
v (_‘,.DYX)(III . GDWKI, & “‘<M

EOROWIIL, B = — /%

R . ) \ "

ay QU B0CL/ Ry § by AVIELOL 3§
Gy Phg P = Cil0Me, d, 10/ iCL

 4189) :
HURAL, SAZQ and HASAMUEE have syntheslzed latas

vetivoney hinesol, laka vetispirano and solavebivons in & sterecs
sslective fashion: Their approsch consisted of two major stepss

i) the DielseAldor reasstion of the substituted dihydro
anisoles and mebhyl aerylate or itis equivalent followad
by tranformation for the second key resction,



and (11) acid cleavage of the reswltilng bleyelooetanes and
sqbsquent _T1‘45cycl$gatidn, giving the épiro vetle

vanes practically in a single step,




Zhe relévant steracchonisizsy botwasn Uwd and OwbH cmd bat’.wséan 07
~ and @5 was coniy rolled in the smt and ssoond gbeps respectively

_as shown.

 The preparation of the required dihydrcanisoles {CDXRXIX) and

o

(CDEL) from 3,5 dimethyl anisole involved the following stepss

OMe ) oMe ;

Br .

QD Xxx1X%

a= .Brz/eez‘a/m 5 b= E&g/ﬁé&ﬁr ;] @-= /ﬁ' - CH < g]

4 = BSNE/THEy 9 = 4/340°
Jolavetivoge snd mscymbmm wore slso prepared by v;hoa ina
sinilay mannay,

Rhe synthesis of (£) baba-vetlvons and the related spiro
veiivanas by K 8 __3.515%6 V224 ia a couplete departure from the
other approsshes, discussed above. It iam the first synthesis of
hetasvetivone making use of aryl participation reastion, dt scussed
preoviocusly along with the eathér wethods of spiro annuhation prow

caduras, Their spyrosch 1s deacribed belows



+ CCOXLV

coxve

wx [Ret.2q]

S Tew oeoavi
“eDxLiv 3

o= L DA /HMPA~THF/G |oV/v)/Me e Me,-?ﬂ 5 b SOGZ[P,, exLAN; d= PTSU/PV
\(OB +’/Buf‘OH 5 %= LLCUMez &= Rddg,[!:‘.hou ' '

Mothyl—é-(éﬁ-n,rdraw-a-me‘shyl phmyl) butanoat:a {Gﬁm)
:’wh:i.eh eeauld madily be abbaimd fram m-c resyl mothyl ether by
- wa.f of succinoylati&n, memmensen raﬁ\mtion, demet hylatian geiet: |
‘eater ification was amylaﬁad on. treatuent with 11th1um Ai<ig0pro-
K ﬁyl-amida (Lda) Pollowed ‘éay addltion of azatone t6 mathyleds
” ,mfdmm-m-{: a-.,smwanw-mswx .ph,enzf; 2 aﬁlvl,?g-a methyl




| wld0e

butanoste (CDXLII), Dehydration, reduetion of the aster funotion
and subgequent tosylation gove the tosylate (CDXLIIX),  Lithiun ]
aluminium hydride roduetion of (GUKLLL) Pollowed by selsotive
fzosylam@m £ the primsry aleobolin funetion gave the h;rdmw |
tosylate (CDXLIV). “"macmens of (CUXLIII) with m%asamm ot
buﬁoxme in ‘tcwﬁ.-im%mal gave the spivo dienone sm&w mmn vas |
methylated with iithiun dimethyl cuprate (I) affordicg Zelsoproi |
ponyleGy 10 diusthyl splro (4.5) deceGesn-Beono (CUXWI) and thia
was isomerizad to equimelar mixture of (%) heta vai‘.iwhe (%IX) and :
" (%) 10mepi-hata.vesivone (CCCXEV) on refluzing with rhodium trie
chloride in ethanol. | | |

The hydroxy tomylate (CDELIV) on treatuont with potassium
tertebutoxide in Lept-tutancl gave a minor quantity of the spire
dienone (CUXLVIL) which Was methylated %o the C-10 epimers of the

spiro dienona (mwnx) which on dehydration with thionyl ch?.ox’ms
afforded (2) Letn vetdvons (XL and (%)-10-0pi-hiks vetivons '
(CCCXIV) in 111 patios Ingtinl dehydration of (CDIZVIL) gave the
ag&rememne {ODALIN). whiah  Wag convertad to (f)-haka-vativone

1
|
i
»

; Ag has boen dlscussed amve; a8 gaod Sunser of gynthoses
of hota.vetivous ave peported in Litcrature. iore and move |
syathesas, differdng in gynthebic 5@&"%@5@5 ave appearing 4n ‘
literature continuously. Uptil nov omly one gynthesis of Jathe
‘vativone and related comppunds aaking uge of m’(iﬁ PArCIoADow
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(3@&,2‘7‘&) ' ‘
tion reaction has been reported » ne of the reasonsy

‘why the &pplicaiion of aryl. participation reasctions, the novel

route for eansﬂruetiom of 3piro (4.8) AoCtmlyt=dlon-dwone,. han mt |

‘been wach oxplored for the synthosis of vetivanes ia bresumably
the difficulty in the gynthesis of a suitable phenolie precursor
 baving the sppropriate t‘ummonaunms making it a promising
interaediate of high potantial value. Ona of the astractive
approaches ¢o. amploy tie alls partiodpation remtm in the

smme@.a of mawemvom may :ima!.m the pmparamoa of Bulsopro.

wum.&-mﬁhyl Bpire (4.8) dechetyfe=dimn-t-one (GDLII) gia bass
eatalyzed anmlation of She corresponding phenol (CDL) through
HIH&?EIES-M%M& Te - '

?he mmwlaﬁmn of %het gp%ro mmmadmm (CBLII) hag

~ been carried out by PEBARQ g&. 8l. which resulted in the forzte

tion of the mixturs consisting of k:’;;) m&«vegivqne CXIX) and (t)e
10.opi-kiotg.vetivena (CCCALV)

CDLI, Q=’Ts

Wa uamed %:o make use oﬁ' the earbawz. gmup af ethy}.
B (4-methozy~2omsthyl benzoyl)-proplonate (CDLIII, A& = Ho,R® = Et)



w16le

to introducs the lso.propylidens group. OF cowsse, an initlal
twnspos&%i«m of the carbonyl group, employing any ony. of sm ’
(8&,295,3.%?,3513 |
methods deseribed in literaturs . 4= neceasarzr.
(38,73,98, 13:4)

Ozimination (OF the Kggs gatar €GBI.II£, R = Me, R =Et)
folloved by modified wm.h*/.ﬁzsumm P peduetion wag exposted to
give tha hg&a oxinino ester (GEW, B = Ha, B = Et). AcAd hydrow .
- (79) (a,aa,ma,mz,m,am, 206)
lysia oy oxidasive . dcawimmaﬁﬁ.on , . of
the oxinmino ester (LD, R = Me, R' = B%) vould then give the

desired 3.oxo-butungate (UDWI, R = He, §' = Et),

H\

o

Z

CDLV

COsz ‘ C DLIV ~ ChLV
R= H, Me.

. e . e EL

A Before embarking on the 1,2 tranaposition of carbonyl
group in the actual 'syuthe"t‘;:ic gohome lavolvwing the derivatives of
gata eresyl methyl eSher 1t was thought that a detailed study of
the reaction sequence using sinmpler gystoms would be rewyarding and

| worthwbﬁle; It was, therefora, daaldad to sunthegizo GWM—@-'- ‘

meshoxy 9&1@3:9‘1)#-9::@-131:’0%@&%9 (GEJI:{, R =K, B = B),

Suceinoylation of anisole through a{aud:fmd proaes:,
(m,?as,asw

_ oM !
——*\Q/j N Vel

CO?_R 0, %

!

gure | at’fovded (4" wmethony thl}.&-am-mtmem ae:ld i
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(CBLIIIy R = R* = H)y mepe 146° €M§,€mg rogorded m.pe 146°) f.r.

(fjol) ¢ 2940 ~ 2660 en™Y, 1720 ew™Y, 1686 ea %, 1860 ou*l,

- 1420 ea”?y 2260 en™ ana 1240 en®t (Plg. LA.1).  Esterification

. of thip ecid with othyl aloohel and sulphuric scld gave ethyled.

. Q&”-metﬁmxy mamrljoéuowantmmm (GD&IIE, He By 8 = B) as &
solid Do Po 46° $ 1.2« {mujol) s 1730 exm™ , 870 em""l 1653 em“i ‘
1645 o™, ‘2420 ety 2260 en™t and s ou" (twoad) (Pig. YA 8
Preataent mg 7§t§ae~ ester with dcoamyl nitrite using sodium ethoxide
as catalyst gave ﬁm omam agter (CDLIV, 8 = H, R = Eﬁ). as
a uhite solid mp. (erudo) 132 - 3% (dacomp)y L.rey Ceruds)
(aujol )y 5390 — 3340 ea™> (brond); 2740 — 2600 ew™%, 1700 cu™t
1655 oo™y 1630 oa™t (Figs IoRae3)y in akout 305 ylelds Using

" other eatalysts like pamssma Zaxh bmsexida(m' 14 or h}]érogezn '

~ ahlorade(%) only anisic aedd eould be isnlated £rom the reaction

gixture, With sulphuric asid 55 : eaim?,yaﬁ‘ 18.)* | stmple hydrolysis
of tha keto-oater (CDLIIL R = H, & = Bt) to tho eorresponding

scid (CDLIII, A = B! = H) toock plaoce.

The oxdmino keto ester (CDLIV, R = H, R' = Et) was
extremely sensitive to modsture and wap Pound to decompose rapidly
to anisic acid. Howaver, on carrying out nodifiled Wolff-Risbnar
reduetimwg’nm with the cruda. oximino kato estoy (CDLIV, R = N,
A = BEt) ras\z..ted in the formabion of the oximinog ester (CDLV,
B=Hy ' ® 251:) &g a yellow ecloursd selid, Aepe 118 - 180° Lelay

‘(mﬁeal)s 33800 — aza@ cm"'l (?ammi), :15&5 em'l and 1680 o ok
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(Fige IoRwd) wﬁ/iéh on ﬁui@ bydrolysia gave the dati keto andd
(CDLVI, R = K’ = H), @m.ps (crude)y 105 - ¢° (decomp.).  The buta
katg_»’ acid (CLVI, & = a{; = i) was vory unstable and could not be
purified. Desides its ingbabllity,the lLow over all yield of

4-(4' methoxy phenyl)=d-0zo butancle scid made us to search for an
elternative rea@%ﬁn sequonce Lo tie purpode of aym‘shaa:.ziné; apivo
(4.5) spiro decane sesquitorpsnes. ' | ‘

| The dogoiposition of tho oximing keto ester nosds some
comments - The uge of nitrosation in organie chealstry which |
4nvolves & novol carbonecirbon bond cleavage was atudied by A0GIC
|&. a],,.,(m&’%s) in detall and tha.s type of earbon earbvon bond
clasvage through n:!.t;x'maﬁicn ims boan (trer red by then as m.trow-
lysis. Accordingly, the decomposition of the aroyl prom.cnic o::fcm.'
(CDRIIL, & = ¥, R = ¥6) %o the aryl acld durdng nitrosation may
woll be asswsed Go proceocd as follows: | -

COLAL, R=M, R=EE : | o AL

CO').E{"

‘ P Y . N
CoLvi {0 Q{H

The only ram::wmm £or this rezotion to fzau:e plms will ho i.ts
abilisy to mia!s dn the anelle form as depleted in (CDLVII). The
ugnal tondsnsy of aromatic ketones to enolizey of course in the
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posslole eases? may ‘be envisaged by their several reactions, des-:

"embea in the text books' mcluding the f‘acile dehydr;(a.tion of pggg,
benzoyl propionie acid %o phenyl- iy .crotono lantone o 'Tha‘
'presence of electron releaaing mathexxlgroup in the present 6asé

(CBI;III, R’ = H, R‘ = Bb) in ‘bhe para pos:l ion of the ‘aromatdd’

nucleus may have some posibive eontributioa to this tyge of enoli-
zanion. This aact is supported by our abservation that the Keto
ester (01):.111 R = H, R' = Bt) is eomplew’sely inactive towards
v,seleniam dioxide oxidauion aﬂd cannot ‘be bromiaated wlth nuprous-
- bromide, bug anderwent additlon reaction wmuh bromine almost
instanueneously 1n the aoetic acid medium.‘ For example no diketo
;4 compound (uDuVXII) was formﬁd by salenium dioxide oxidation of
(GDRILT, R = Hy B = Bt). |
o -ﬁhé-other‘possible pathway, as is3depieted belaw may
‘also be followed by the aforementionad f'J:'a,gme:rxt'.9.17.:!.::;11 of the ketone
(CDLIII, R = H, R* E%) particularly when the nitrosation ig
 carr1ed out‘with basie catalysts e.g. potassium.x_gg,butoxide and
sodium ethoxids, although the basieity of the emp;oyed base - plays

an imporsant reic, :
) OMe OMe oMe _ OMe.

N\OR . S%R
CDLW, R=H, R~Eh 0o
. ) ‘ coze& - o COyEt ('o .

. R=W, or oyl g'sogp- _

/
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We did not therefdre purgue the approagh of eénVerting (CDLIII) %o

(CDLVI) By way of (CDLVIIIL) and {CDLIL). i~

.CoLvint

fur third and successful approach in this 1ine involved

the'hélogsnatiqnwon the methylene carbon, aipha to tﬁe keto group of
bgmg aroyl propionate (CDELIII) followed by rednebion of the carbonyl
group %o affcrd.theda~bromo butanoate (CDLXI).

Treatment with uripnaayl ohcsphine may sagily convert
(CDL&X; to thv corresnonaing phosnha ane (CDLXII) which 1s expeeted to
,undergo Mittig reactxoa wanh aeetone b0 give the desired isopropyli-
dine derivative (CDL IJI) which on demetnylabion and reduetion. of the
estor group followed by tosylation would then afford the tosylate
‘(CDLI) having the requirbd potentl ali»y Yo undergo A*i -5 assisted |

eyclization to afford the (4:8) spiro degane CCDLII;, ehe :ey intere

mediate in the synzhesls of beta vetivcne.

QLN

Ophy - AN
. - /

!

opL¥i : g R couxn

z////)? : . /f
\\\\\\; oM
MeO—Q/_? > Me
AT . g CogR!

CoHLXIv

bl
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AlLter xmt&wzy tha halizia (CDEXL) ¢on be b;rxﬁro..yzad to the carros-

@and%%&%:;mﬁ Bgterification woilld then give the alcai;el_
aster/whieh eould easily oxidised to the kuka koto ester (CDWVI),
| ¥hore are 4 ;guad numbar of methodsy Lor W&Miﬂgﬁ a}m

#slo ambmyl cwmmums@ Ponition spweifie woporaiion o 2uhs
bromo imgggg? zhyongn ‘wmﬁﬁmi@& i Lithdum enolate b,g SIQIIEQ

ang HIftd myzasuaua of alsenais ssrbonyl eompounds ua:!m;
wotal helides in tne gresense of a peroxide by IWJKAT g 3&5138),
esgiospasific syathesie of hramn iabeneg through the hromination
of ketones in the prozente of apprdde by 040 g% 2 ;._LS 9}, bromi—
mabion of sotive hydrogen ccompounds wilih bromotrlehloromethane and
1,8 diazma bleyelo (5.4.0) unden-7.606 by TAVICULHI e, &_f 1!:)9)’
the use of Sy0-Aibromo=2,8 diuathyiedySmiloo-lyd dloxans propared
in two stepn frm malonie zﬂmﬂgs.a Heidrus's apid in preparing

-alphe browo ketonss by BLOG , the halogenatien of cmvbonyl

'c(mymma i;imau?htha rosgtion ngffm the eor reezf?m&iw“ franine
wi m ma,mm by SEUFERT gk, g8h« = and ghe uze of anion &xﬁhango
- Faping 8% hraltsgan carrﬁ.eméin the halogendtion of organic oM
pounds by BONGIRZ 8% 8 ne some of the ourvens dovelopments |
in the field of Sha conversien of ketons to its alphy halo ﬁm?.-*’,.va..,

tivae

| o (88) .
The method dovaloped by COEEY and KAapp far alpha
funptionslizasion of kebtonss thiough 1% H,N.dineshyl hydrasone
dorivative or the uss of M-troms suesindmide ia gluha halogenation



(182)
of ketones by MODARAI et gl, ~ are other important methods.

Wo attompted the conversion of bela-anisoyl propionagé
(GDEIII,‘R = H, R* =Lt ,) %o the correspending halogen derivative
{eDLX, R = i, RY = Et) maling use of he*ewmgonaous nromlnat;on withf
eﬁprous hgcmida:ﬁhe method reported by EING gt. _&. 13?). The
ablempt falled and no trace of the bromo keto ester (CDLEy R = H,
KR! = Bu) was isolabted from the reaciion mixtures The gharting

mate=1al was recevered

| The'non-reactivity of lﬁﬁgpanisoyl'propionate Sowards
bromination with euprous bromide and 1ts resistanee towards oxidaw
‘tion with selenium dioxilds ‘may be anwibm:ed to the tendency of
the keto ester to remaln moro 1n enol form than 1n meto furm. Its
‘eolouratian uich neuiral ierrzc chlerJde dlso indicated the prew
geace of enoii hjdreﬁyl group in the alcanalia ualution of heta
anisoyl nropmonate. A hypso ~ohromic shift in the i.r. bund for
aromatie carbonyl-of beta anisoyl propionate (CDLIII, R = H, |
R* = Ei) by 20 em” ngiltgeggufmal absorption of eromatie carbo~
Lyls (1680 cm”l) is in aggreement to our ass umpﬁinn. These
| observations led us to attempt the bromination of the keto ester
(GDLIII, R = H, R' = Bt) with bormine in soidic medium, The

reacticon was expeeted to proeeed via the enol (CPIVII) as followss .



®

e

—HBy

- g

ooy

Ga troatment with brouins in aeetis aoid it was Pound
that the rawtﬂm rmm.tms aa initial indtiation by way ‘of warmmg
up to £0°C. ' But onae tho reaction started, it procecded at a |
fast rate through the ammntizal enol bromination followed by aroe |
matic substitution as Followss : oMé |

Bry [AOH ooiyy.  Bn [ AeoH

¥

CDLVI] -

QPLXVT

The eé@mcm eould be gontrolled in tha éz%xwl Woninution ntoge by

'winga one equivelent of bromine and by mininizabion of resetion

‘ geéi§d, alﬁamizh ¢he produet was slways aan%@mws wvith the ring
tromination WQ?&%? as vag z-eve&iaéz the subsequent méida pAta.

| Ayzed m«iatiw of the broninated product vith r?;!metnyl suphe

~ oxlde to mm cwmsmnding mm:wa of dﬁww aammxmﬂm They
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eaum be w;;amued w ahrmmgrayw on aniea gk e

- OMe

ki / KqCOs [DMSO '

G Ly +OLyv 3= R
o ‘ o~ COnEE LS -
CHRAVIZ 0 CDRAVIIT

Zhe light yollov erystelline dlketons .QGWEI}, HaDe BTV  daly

C(audel)2 1730 e}y 1716 on3, 1668 an, A8%6 en”™ (Big. L.A.G) -

vag fPound %o contelo no h@lﬂgm snd e@%«&\\%@ oxidived to. mmie
f) i

BGLE fRels 175-86%, The other product,whish was found Lo eonslst of
brouine end wey oxidized in sinmiier manner to B-brongedezsthoxy
‘benzode srdd Bep. maazw@. ' ‘

-

AV

Ag far as our amth%ie mhamex is ooxmamad the RPADRw

 tion of (GBWII) snd (CBLIVILII) aaems Lo bo m—neessaany bec ouae

uze nuelear broaine is axpaateﬂ ‘o be mamma& during ti:a pmm:sad
1i5hiug &IWMM Wdr&da mﬁmmm of tha ester group in the m

' uimmaﬁe mg az‘ our mm%imfsic a‘smﬁamr.

In view of the suocegs m the pm}.mmaw studies we
prosecded o eongbruct the intermediabe, sucelnoylation of Egﬁsyl
,mmsys. ethey 85 has baon roparted by ?fsi?&, BOINGHE ond HAWKIR
Tho  de (4 'wmethoxy Hlemathyl bongzoyl} propionie seld (CURIIL, R = le,
B = i)y Bepe 138379 ung roported to be foruRd aleng with equal
anounty oF the eorresponding damtmam«ﬂ produszt  thet

-



«160m

m&lted after reerystallization from water at 179.5 - 180,5%,  Bub

' no experimental ﬁetails.wégs given by them, However, we earried

f
;
.
,
|
i
. out the required‘suecindglabion reactinn using nitfo thzeue as - '%
solvenx and found that while the 8-(4'-methoxy-2'-methyl benzeyl) j
propionie acid (GDLIII, —MeAR'— H) obtained as precipitate on - j
decomneving the rosy red reactian aomp*ex with hydrcchlaric acid, ;
he othar prodnets remained in.nitro benzene 1ayero The aeid j
remained in nitra benzens 1ayer were extraeted‘with sodium hydro» :
xide solution. écidifiéation gave the a solid m.p. 1ﬁ4 - 6° whicﬁ'
probably 1s a mmxxure of (GDLIII, R Wuaﬁ- H) and the eorresponding,
_demethylated product. We did nmt attempt any separation or 1dentif1—

'eation.

|
| Bsterification of 3-(4" -metham—zf-inethyl ‘benzoyl) |

propionie acid thrcughithé éeh&éﬁtional othyl a1éohcl-benzené~ «

, sulﬁhuric acid method followed by contlnuous azeatropic separation ;
of water from the reactian mixture gave the ethyl ester (CDLIII, i
R = Me, 3’ = Et) B D, 499 1.r. (nujel) i 1730 cm?l 1665 om '1 ,}

|

|

|

|

|

i

1650 and 1640 eur?, 1420 em-l 1240 gm‘l (Fia. ‘;R.-—?.}. The kéto |

' (166)
gumi solid whieh on Clemmensen reduenion Wiuh ﬁin* gmal gam

and subsequent chromatographic geperatlon sfforded Ethy1-4€4'
meﬁhoxynz'-mebnyl oheny1§~3~bwomo buﬁanmate (CDnKI, R = Me,j

Rt = Et, x = Br) bupe 200 .~ 04°%/5 miy 245 - 46%/7 nm Lorey. (1iqu1d

film) 2970 en” “1

|
v 3930 en” 1, 2860 gm"l, 2830 on "1, 1730 411720 6 A
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680 on™t (Fig. I.8,»8) and the corresponding earboxylie acid
B.pe 75 - 767 which could enally be eaterffied to the ester
(GDLXI, & = Mo, ' = Bt, X = Ir) through alcoholebonzense
sulplrie aeld metbod with eontinuous rexoval of woler ag

" . sgzeotropic mbxture.,  The use of Lhe bormo ester (CDLXI,

B = lig, B = 'E?sﬁ, X = Br) in the proposed Wittig ressilon requires
& comaent. In prineiple the imopropylidise estesr (CDLKIII)
gaould by prapared by two ﬂﬁ;ﬁ.’i‘@r@n‘b yatim,

i

4

R Me B
> 0 —+ Phs P :< ' ' , i
2 Ar, : : o
R 4 ,
CoLVI \ |
2 |

Me 1 QDLxm

. Q .
R :Me"chz— ;  Ro= - OipmChE
- Me

Tho umse of Lirst path (l.o. path 3) requires the pricr convaere
5ion of the bromp estor (CDIKI, & = He, R' = Et, X = Ir) to tle
aérzrmpmdmg kete ester wm.vz). Tho resetion BeGuenee r'ew
quired for the purpose would, beeldes involving tore sbeps aiso
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&ékés ﬁsa'of_ﬁggg‘kétq_esﬁer.._:Hbﬁee path B 'was chosen to
obtain the iéoprbpylidiho'ester (CDLXTIT) smoothiy from the beta
bromo ester (CDLXI, R = Me, R = Et, X = Br), WAn ii1ﬁstfatibn'of
the Path B, whieh starts from ketoneé has been shown by ANSELL and
‘THOMAS 8J‘. ‘

Tbe.reaqtivity.éf an ylide is very much dependent om . |
its strusture, . Unlike nilrogen, phosphorous is capable of  being ,
'gentavglent, since it can expané its valeney shell to ten elec- 5
trons by inelusion of g;orbitals; Alkyliaene-phosphéranes ¢an
therefore be considefed as resonance hybf;@s of twn.limiting
3struetur9s, the yiide form (CDLXIX) and the ylene form {GDIXX),
despite the fact thet the protons in the‘phdsphomium‘salts~are |
under the influence of weaker repulsive coulomb ferees than those j
in the emmonium salts (bond dlstances : PGy 1.87 A § NaG, 1.47 3)
This grester tendeney for the formation of phosphorous ylides
refléqts'stabilizaticn of the tramsition state byiﬂqg orbital
overlap.. i |

Rt

1
(+) ( )/ B3P =G<R2

The reactivity of the: alkylidens phosphoranss is

—

-determined by the dlstribution of the nagative aharge in the mole-

a&‘

eule, which in turn. depends ‘on the nature of the substltuents (Rl)
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a&a(ﬁﬁgwn thae alicylidone portion 38 Woll ag of the groups (R) on
phosphorous. Thus the nucleophilie charagter of tho phosphorane
is decrsased an'vé the stability of the ‘phosphorane incrensed 42 ‘the

-lens electron pair on the Alpha carbon atom of the form (CDLKIX) 4s ?

delocalized into g}*ﬁu@a (::21) and (Byh  Tho groups (H) on phospho-

rous also influence the resetivity of $ho alkylidena phiosphoranes

singe they may‘ be eapable of mtsmwgmg ox decmaamg the georbital.

regonance with a consequent changs in the relative lmportance of .
the form (CDLXX) 4n the resonance hytride. Decrsassd georbital
rogonance woulkd result in greater :!.‘mmrham@ of the ;r}.:.da_ fora

(CDLAIX) and therofore inoreased reactivity of phosphorans. The

Larger the formal charge on ghoazﬁwvaus,' the mora im;tmx% would
be the yhene form (CDLEK)., . Bleotwon withdrawing groups (R) on

phosphovous will, othor things being equal, inerease the dorbital o

raaammea and therefore Lavowr the ylene form umm vhareag
elexxi: oa-mleasmg group will ﬂmmaza the ammrtama of t,lm yz.ide
form (m&xm}. Zhus alkylidene trlegubstituted Elhwplwama in
"whz;eh, the formal posivive charge on thwphwraus ig redused by the
iaductive or ’a'&h@: effect of the nbttached groups (i) would under
otherwise equal candiaie&a ba um'a pigs o .nzﬁ.vé than the alkyudena
pﬁw@hwmem in whioh tha groups attaghed to phaspkomua hes a
opposite effoe@.

| ‘The mbatituents on the alkylidens portion of QU DI .

. poged phés_phormm have prestleally no effeut on the SLpha~carkon
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. atom of the form (CDLXIX) since the I ;ie,f_f.r‘écfﬁ‘ ‘of the ester
: group,'being prapagated through a mathyléne groﬁp to the aipha
" carbon atom, has a little effect on iﬁs‘nuclebphilicity which may

well be expected to be compensated by the electron releazing effeot

. of para methoxy and oriho methyl groups in the aromabic ring, pro. ‘

| pagated to the 2 ;LQQ_ parbon aton via another menhylene group 0.2

The uge of .triphenyl phosphine in pregarinw such~a éhosphorane
.as (CDLXKI) would make tais Wittig reagent to ha mede"ately reate

tive sa that its formetiea as well as its reaeuion‘with acetone

- would be smooth and is exnectad o remain,free f;om mdmitional

. @ifficultiss,

The w1ttig reagents are usually nrepared bv the re-u

moval of a proton from the ouaternary salte ef phosphorous with a

 base SN @ definitely . peversible reaction

N T R S

' The cholee of eonditions depends entirely on the nature of the .

" ‘desirved viide. ~.The most reactive phosphoranes which are normally
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air-and meistwa‘ ama#ﬁive, require to be @mpaeedf,;m anhydrous
| medium,. inert a%msghéra and the ﬁaa of wganc mataillic compounds
“as proton acceptor. ' The vesonance stabilized ylideg which are.
ghable towards tay@m:l;rsza can be prepared by tho action oﬁ‘ aligalie
.metal hydroxides on aqussus solutdon of the phomphonium m‘m’,
Thess phosphoranes mmau.y pyws.pii;am in crysteliine form and
can be dried in aiv. ' With suffielently soidic phoaphoniun salte,
=weakar bages can algo be used, %he method of elemimsting hydroe
gan bmmida from wiptzenyl bongzyl phas::hmm bronide ua&ng < 13 D
ilic sadmm has baon x‘amwmd by PARFEREYEV and SHAMSHURIN ?13.). -
,Etbylidam tﬂ.plmm phosphorang was obmmea in very good yleld
by the acticn of methyl sulphinyi casbenion on triphenyl ethyl
phosphoniug bromide in dimethyl suifoxide = .

Qup a&mmp‘% %o prepare the phosphorane (CDLEIL) by
Weamng the phogphoniwa nolt {&‘E..SII) propared by refluwing the
tromo egter (@%;ﬁ witzh teiphonyl yhesmﬁm in dry benzene, with
etsllie sodium fouawexi by addition of acetono resulted in
A%grmatiw of de{d-mathoxy, Zenothyl phonyl) butymu agid (cmLXKIII,
R = H) probably due to tho offeat of m@:lmzure and& g indloates
vhat the phosphorane (EDLEXII) 1s not that mich uaresctive as ‘zs,_,—-f; A

expected from resonaneo af;abimzsaeﬂ yhﬁspi'mma.

i g> (+) é >“
CDLx; —>CDLY U ——> PL,SP._. S LN p}‘;
COQE’!‘- (-) 0022

QDLXXII

R=H, Et | QO €
' _ ' COpRs
- ' ' ' CDL XX
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Stndlar hy&ox.mu of triphenyl mmm phoanmm was nbaemd ,

8l a)

("aﬂaaa P % o (Cglipla F) — o — (Gellg)buGlly ol |

| A stmple method Zor the preparation of unstable ylides |
"_amploya alkal& mebal alkoxides m(z;ggtw mapma. mmm;r in the
. eorresponding alochols as aalven& . fhn sﬁmnu:.ty of thig
zmsﬁzad is gammg aore am& m:.'a atmtion i’w 3&; ﬁwmv«w the |
| _ pronedure pernits weyam%un of mmmh}.e w.i.dna mmw in a:m
presence of carbonyl cammuada, thus minlslzing s&ﬁo resntions.
‘Tho only side reaction that gonerelly ocoura at elevated Seupera.
tures mveltma m atmk of ‘me baso dﬂm&ts}y on ﬁmaphwougmf |
Sagey ‘ ‘ ‘

*
Py ” 3%?5*332“3——>3‘ha"~%% -emﬂwmam,

, um"wgh tha m mmﬁim |
13 tho revoratble ranoval of' a mmizm £ron the m carbon atom. |

- . Wa smm&red %ho ;homphonm 8a1e by #efmmg a |
mumn of cm mixture of hrm ester (GDLXL, R & e, B % Et, |
' % = Br) in dry bengens with a siight excoss of triphenyk phose |
phioe and subjeatad :u: to ammas mmm. in m ways, In |
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the first method benzZene was removed as far as practicable by distilla-
tion wider’ redaced pressure and the residue wasg treated'with sodiun
ethoxide in auper dry alcohol. The resultant reddish solution was traa-
ted with equivalent’ amouap of acetone, Usual work up followed by
chramatsgra;hi‘gver siliea,ge; gave besides the unreacted triphenyl
phcsginé,‘a-iscmgropylidino~4-(4'-mathox?u?‘-methyl vhenyl) bubancie
actd (CDLXILL, HaMo, Rt=H), m.p, 163 - 54°, 1.r. (nujol)s 3340 ei?,
326043030 em*! 1720 em"‘, 1700 cmﬁl 16¢5 cmrl 1240 en” -1 (Fig. Ien.Q)

Estariiication af this scid thzaugh ethL a;eohoﬁubenueneusulphuric acid

resulted in the formation of thé. (CDLXI**, R«Me, R1=Et) m.p, 71 - 72%
i.r, (nuJol)a 3340 cmrl, 1695 amflg 1620 em 1, 1835 e+ (Fig, I.R.10).

The second method iavelved the uge of nétrngen atmosphere throughout the

Feacghlon period covdring ihe formation of phosphonium galt ylide forma. .

tiop and its.raactiop with_acetoneq The other godification'involved
the u's‘e of.,dt'y ‘.benz‘ene ag sblvem‘_i in place of ethancl and the use of
salid sodium ethoxide as basee Ihe result was same as in the first
method in respﬂut of the nature of prmduo»q a%‘well as the pereentage
of bheir yielda. The uze of bromewegter QCLLYI R=He, Ri=BEt, X=pr)

without purifieaﬁlon in Wittig,r action resulted in bhe formetion of the

lso propylidino esver (CDLXIII, *Me, RY=E%) and its auelear bromo derie

vatives wh;eh could be seperated through ahromatography. The mixture of
the aelds corresponding to the brome derivatives (CDLAXV) and (CDLXXVI)
was fourd to melt over a range 130°%.3135% and was not separated on the
assumption that both of them during»reduction of\their\ester group Yo
alecohnol group wibtin lithlum aluminivm hydrdde bropine\will be replaced

by hydrogen and béth of them will lead to the sam@laléohcl {CDIXXVII)

as way be obbained from {CDIXIII, B=Me, R'=Et) on similer treatment.
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Ve

Meé | Me Me
? . '
w// €0, COQ_

‘ADLXI,R=Me QDLxxv : QDLxxw

ol W, Et

As the compouwnds (CDLLIII, & = He, R = Bi), (CDLAAV) and (CDLAWI)
were obtained in very ingufficient quantity it was not possible to
gomplete the gynthesis, Hore material 4s being syntliesized to |
couplote the amﬁhésis. ‘

In seareh of differont routos to tm sﬁirovdienom we

ke)
turped our a%ammm, in owr swoond aypmwh, %o the Arl -5 parta.‘.
{ )

eipaﬁ:ﬂ.m zne%:smd of DURLIRG and HARBEYLHASOH - Who spim annulnted

2.chloronethyle2e(2-p.hiydroxy phonyl ethyl) dinmlm {CDLRKLIX), to

. the ethylons kotal of spiro (415).doos 6i.dieno.2,8.dions (CDLON),

‘- c}‘ * | ’ ) R

COLELTE

As ?he’szhlg?n dissussed earlier the WINSIBIN'g spiro sunulation
mothod auffers from the Limitation that on carrying ous the
reantion at higher concentrations the yield of spiro-dionone is
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very much reduced owing %o intermolagular renctions. But in the
cage with the compound (CULANIX) the halogen atem is aamiaﬁad ‘
with high degree of staric hinirance to SH.2 displacement emd has
besn tested by todling (COLLIXN) for several hours with cameutra- 3
ted alcobolle gadﬂxm hydroxide which resulted no Libsration of
ghloride i.o_n,(u’). This inertness of the halogen atow winiml zed
the possibility of intermolecular reactlons Howaver, the som
pound (CDLAXIX) on treatment with potassium tert butoxlde in
tertiary butancl in a stewl autoclave at 180% gave the dien dione
(CDLAXX)e  Changes in concsntration was shown to have a Little |
effect upon the yiold of the spiro compound. Even more drastic
conditions like pyrolysis of the dry sodlum salt of compound |
(CDLXXIX), could conveniently bo employed for the spiro annulae
tion. [Idkawize the methyl derivative (CDLIAXI) may aéfely be
assumed $o gpiro enuulate to (CDLXXLII) Hbiah through & sultable
geries of reectlons, dnvolving the replacemant of the Cpeo0xo group
by :l.sapmp;rﬁdam group in the f&vquwaﬁ ring and the inwodun..
tion of methyl gﬁﬁmx_g at ew of the six-membered ring, would give |
riss to beta vetivons (XIX) aad/or its 10-epimer (CCOKEV) @ug.

Me

X1X +-L{CCxLy
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Hu&hav;}‘t' and Sengupta roported a synthawis of the apiran

S.ntemadmw (A) by way of eyano aﬁwlamng w@mm aeth. other
foliowed by hydrolysis, demethylabion, bzammﬁhylmion of the resulting

i

nolid (ﬁ%ﬁ‘&l{w, H=R'=ii}, raedustion of cwhmvl group to the corresponding

~ aleoliok and spive mumlation af the rezulting atochol after protmumg the
hydrexyl fum@ian by gmgaaring ita t:o’cm..hydm prronyl Qostor e.s.

DMe_ '

Bo=Hey O
- Bi= Mgy B

&ll @ tma inl autemptsm am'ry am: a nméugate 3.,«& ad&it.ian on the apiso
&1@&0{%@ CA‘ m?aved ahartiwa. I.t eﬁﬁ?md 1) us wo; th \rrh:ua t@ :!apeat
thedy evxgemmeui: a0 an t@ ke a mmaﬁ,ble ez:@lmﬁsmﬁm of the remt
asquanee in egntheaimg epivo veﬁiwmea as shown Below, - Ouz .a_fi'or!:

6) .
- diffores from that of Mukbardi: @b, gi. An respeet of the preparstion
of Jaldlemathoxy, 2'«nebhyl phonyl) propicnde aeld (CDEXXZIV, R=i),

While mukuamn 8by, Hley propared this i’:wyound b;r eyanosthylation of

- paLka eresyl mwys. e‘v:tm* fonmmc& by hy:im}.ysia oi‘ the rasmlf;inw ns.trile,l

ouyp en@aa\r@\m to cbt;ain m wag Livough Hillggemdﬁ mam.itm on Af.nethoxy

| 2Y.methyl proplophencns (CBIXAXILL), prepaped through FriodoleCrast s
"' acylation resction ou pgla erewvl mebhyl ether.
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AUWEBS had prepared 4'-mea.hoxy-2 '_methyl proplo-

phenone by Fr:leélel Crafi'ts. react.ion of meta-crbsyl methyl ether
with _g;,gbg-chlore (or g_;gb_g bromo) propionyl chloride followed by
| dehalogenation with Zinc-ﬂcetic acia., o o
| Pl
. ‘Z";» / AcOH ..

Chyg- Su-cot

e CDLYYXI
Aty -

- DMe o= L, Br

In aadition te the meunoxy pvopiapnenone (CILXXX1IIJ @ small

, quantity of 2'-hyéroxy..4~.'-.matbyl pmplophenone (GDL) oy -
_1sm.ated by aim, - T6 is fsignifmeant: 'bo nmte that. nei’sher ﬁhel _

methow derivative of (CDL}QDW) nor the isemerie "‘umeuhc:qras‘ -
. methyl .propigphenone (CDLXXXVL) was isolat,eg by AUTJERS.

O
\

On . A
(DL o CDLXRXVI -

’We' consldered seme alternative méthc'sds fer the ‘brep'aré'-\
tion of the required comnmmd (GDJJQEXIII). Ax-yl ethers are so ‘
sengitive that acylation may oscur m the ﬁrewme of catalysts,
less powerful than Alumin'tum Cﬂhloride even with free ca.ebamrlic |
acids as aeytylating- ag«ant:s«, : 28 0L 'XPOF“‘(J-%) apetylated anle
sole by treating it with a miﬁ:burg of glamial ssetic acid and

phoaphevic anhydride. In view of the extreme simplicity of this
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procedure and the repoz'ted high ylelds we attempted to prepare .
(CDLXAXIII) by this wethod. On refluxing o mixture of gata =
cresyl mebhyl ether, phosphorie mphydride with gontinuous stirring
ian the presence of caleium carbonate for seventy five mimutes, the
eomponadg WD&XXKTII) aould be isolated after chromatography on
;s.uica gal in apmaxa,mafzew ten percent y:l.eld. B’se of - propionic
ammmmmmwmmmmemmmmmmmm
time 4ld not materlslly affect the yield, - P

e}is%ﬂ%ﬁ or ( gﬁa%ca)t .
e -5~ CDLXARILL
- ggcss / caaq, o

Me IR :
_ (24} ) ‘ ]
PRIES BEA&EAW@WM‘ - of phenolic dsters could be one

of the importont wethods of preparing of our desired proplophenone, |
| but in view of tho extmmaly poor yieldsy oven in the oimple caws‘a §
of phenyl scatatey the m;m-ted yj.eld is sbout thirty pereent,we.
Qia not consider this method : , i

| ALy :
> CDLXTXIIT

heat

ocﬁ.cuzcug,
)

. We tﬁerefcme; cansmwm the obv:l_m.fg bt hitherto
' hareported Friedel-Greffts' acylation of patp sresyl methyl ether
with pmpiomfl chlordds and gar‘aazaidnip ashydrd dn #«m" Pound Blaat this;
is %he best preperative mathod for the desired f&'-m@thwy-a'-mathyl
pmgiwmmme (GB&WJII}.
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a&a«ﬁiﬂe&m o (cﬁawgemg 0
it : o
S “ : ;m.m_a
OMe S ' : OMe
In addiiion to tho naubgw conpound (ENLILXXIL) we omm &.so}.at.n

dluhydroxy.2tenatiyd, proplophenone and (CHLANKVII), and 2'.lydroxye
4t.mothyl propiophencne wﬁm), It haa besn found that the uge |
of the aromabic subgtrate, proplonyl chloride. and m&w&mus aluwainiun
'ehlarida in the molar patic: 1:1i2 gave She heyt Yyislds  4'ehydrozy
compound (CDLEXXVII) eould be almost quanbitatively methylated to the
4*-nothoxy compound (CDLAXKLLL).

CDLXXX 1

A% mEGloRY=2 maethy) propicphenons (CDLAXKKII) vas Ldene
vifiod theough its melting point &a’ﬁ“{w), and by itg ozidation To 4A'e
mtm:@ phtbalie noddy @ape 108 - 69°%  %he 24 dinitro phenyl hydroe
gons derivabives mepe 1242 - 437 snd the oxlmo,; Mmep. 94 - 6% have
also bosn proparsed 1.0 (maal)z 1860 cu"s‘ (Fig. Ioii. 11)¢ Dol
(602475 2403, 1.2 and 1,18 Seany, 5y, &= 7.5 Ha)s 2,485 (31, )y
2,66, 2,78, 2,81 and 2,000 (ally qy I= 7.6 Hadg 3,78 5 (3, 3)q 6,67 = |

6'-?38{%' m}; 2.88 and 7.67 g(l%i, d‘_ 4 = 8,1 lg) {(Fi i «F&ﬂu&'.du,i)-
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2l.hydrogyedt-mothyl propiophencne (CRLCUV) was Ldene
“tafied through ite D.p. 42.6% and through the welting points of its
B34 ddnivrophenyl hydrazone &w&w’s&m aad oxine derivative which

" are 167 - 98° and 103 - 304° mamc‘skvaly 231 $ePe (oidol) ¢+ 3000w
2800 cud (worged with aujol band)y 1640.m1510 o™, 2240 eu™d (Fig.
LA, 13)5 pemafs (CDOLG) ¢ Lo15, .53 and L2 b (3, ©, 7 = 7,6 lg);
2,864 O (3H, 9.)3 2.86, 2.93, 3,01 and 3.105(0, q, J = 7.8 liz)y

686 » 6481 O (2H, m)p 7,62, TW7I5(U, d, 7 = 8,1 HE)w (Pige PaltePeel):
Additional proof for i6s strusture was obteined frea it conversisn to
Q,G,T.trmaﬁ%aﬁ-l,& bonzopyrona (wng.{), BeDe B85 » 869 mumving

2k7a)
the mﬁmﬁ of E&mﬁ?&ﬁﬁ, HATERS and JORES Wailn

Fw%;ﬁ@r the wﬁvm@r conpound (CULIAV) was setiylated to its methoxy
derivaGive (CDLAAKIE) byDe BG = B7YE miey Dytedinitrophonyl hydrae
Zono, GePe 187%  The chmaical proof fov the relasive position of
the substiluents m (CBEXEXY ) wag obtsined from i%e w&aﬁltm %0
 methozy tevephthalie aoldy mep. 280%.

» : |
(CH3), 204 [noom ' cog
CDLYXXV )2 S04 >/©/\/ KMnO4 ,/©
COon .
: ] 0

GDLXXXIX
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The third product isolated £rom the Friedel - Crafth
éemt@m wasg (‘ﬁ'ﬂmﬁ) identzfiea as ﬁ"-ﬁyamwua‘-mtm propm-‘;'
phenone through its m.p. 1379 (Lit., 114.15°) and its conversion
to the methyl ether (CDLLWIIL). I.R. speotra of the bydroxy
compound (CDLAXAVII) .- Showed.: the following bandss 3200 eu™>,
1645 on~L (Figs I.R.el2). ' - I

ihe na;n.f'wmats.czn of 2'=mothonyst 'wmathyl proplophe-
nons (CDLEKAVI),Ghe other possible product of the Friedel.Crafi's
- peaetion of m eresyl methyl é‘char with propionyl chloride or
with propionie enbydride uy bo attributed to sterie fatora, (836
Thiz 10 evident from the demothylatlon studies of RUBERISUN et.al.,,
wae found that the atteuptod domethylation of 29wmethoXye'-methyl
?fapiophmm (CPLEXWVI) Lod %o the foraation of the normal |
&amﬁhylate& product (CDXC) glong with the unexpestod 4'<hydroxy
2'.;methyl propiophenons (CDLXXIVII ) 4n the ratie L.

o
ALChs [ S, O
Il
oMe ©O CH , .
DL CDLXXXVN: |

‘We also studied the demethylation of 4'-methoxy dompound '
(COLRAXIIX) and the 2'.umethoxy 18@9&* (CDLX{XIX) snd fo}mﬂ that
‘the later compound gave the 4'-hydroxy compound (CDLXKXVII') in
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significant amounts aleng with the novmal demethylated product |
( ODLAZIV ), Horeover the -demi:ehyiai‘;ion vag Caater as comparaed to
maﬁ of 4'~methoxy analague (CDLXXXILI). %Zhe regults ave
summavized in table I (Exgerimenfzai séction}. ' |

Two laportans coneinalons regarding the resction condl. :
a‘i;i?:i fﬁ‘; E;uz “r%ic?ﬂ»% ﬁﬁ&;l&fw ﬁi gmi& e ab‘.;ammi fron the
acompounds in respecé of uxxa proposatlon af our degired ‘1‘«.-::1&1.&19@- !

2'-uethyl proplophonons Lhmu;,ix the Friedel-Crafts aoylasion. of |
bets eresyl me*chyl etbcar, montioned earliers N 7.t The uss of
aromatic su%mﬂe and the satalyst, subydrous aluminium chloride
 4n %hs Bolal ratio 1:2 wsy oanbanse lthe";r:wld" of the 4'.hydroxy ‘
compound (CDLAXAVIIZ), One mole of aluminium chloride will be |
ubilized in the process of asylation of gota cresyl methyl ether
leading to the threa probable wethoxy pmzﬂozﬁhemxmé { CDLXLXIIIL),
{CDIRXXVI) & (CoLXZZIX) and the sgecond mol@e&le of the catalyst .
may lead o dumethylsebion of the produeks with subsaqumt re.- o
asrangement in the possidle cazes [s.g. with mmpmnda (Corxvy)
ond (COLAKZIX) Yo the 4'-hydroxy-2'-msthyl prapi@ghenana wnnxxxv II),
in approzimately B4 Lrom {CDLKXZLIIT), 344 trom (CDLIXXIX) ang eenb
pereent from {CP IIXI¥LI),  The second condition for this high
yisld of {CHLIXAVIX), to oeeur, besgldes the use of the reactaauts
in the paid molesular ratio, is “i}hai; the reacticn miztura, after

|
i

enmpletion of the Pejuived dumm,m Lor Friedel.Craff's asylation
.48 to be refluxzed for 24 hours.. Thus the aéisimun yield of the
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4'-hydvoaw.2!.math.ﬂ. myiaphm cmﬂ.d be aehasaved aua 1’0 ean ]

e | fi‘ms =
: mcdzcsiw biag msumy baan ma’ﬁmi by cxmyiug oui; Lhe anﬁaﬁm i
remaian with different ratio of the rawﬁmﬁn a9 s raﬁ.aetad |
| tmn the ﬁab&c II (in the oxporienmztaz -¥00tlon).

_ 'tho buat yiald of 4'-nycim=w-a'-mm:bvl proptcphemm (mmmm
wag ebms.nad by uamg a9ty oreswvl mtm othory propﬁ.owl eh&oride

or 9mmenm anhydeide and mhydmus sluminium chrolide in the -

: th
-ratio 1:1a8, keefu\% the reackon. ‘mixture at rest for Luwenly four \\0‘"5 ami. ‘er:\‘ ’
I‘eﬂuxmg * ior further twenty £our "9'“"-‘ (E*Pt no. 4, Table “) )

) The convarsion of tsm mpiapham (%&WII) mﬁo N
,.tho aryl proplenic aoid (wmxsm was. planmd *eo Sac mmwoa
. through the WILLGERODE MEACIION, — the nane attributed to & group.
of elasely rn}.aﬁea resgtions which bave as a aoumn teatwm tm |
‘nen?waﬁ.un of a earbem sorpound into an aalde with the sene =
 numbor of earbon atoms. . ¥he orisinal Drocess dnvolved the vesen f
&40a of an aypmymamy mmwm alisyl aryl katone with an
iﬁﬂ!ﬂﬂl solutdon of yellow swionfum polymidphide at an e:'maem
lﬁcmuﬁm o foom an m aubatituted aliphatic mid ma«,
sogether vith & mu mﬁ of the corresponding sanoniug ual.m
 Tho net sasuls of the mmtﬂm have beon aliown to be the radue.. o
tisn of the. eﬁrtam group mﬂ the ox&daﬁsn of tha torminal -

nethyl W#y ﬂ-
1 a

w0 - (Cig)g Gig— fr (Gy),,, OO, * Ar(CHy),,, COONE,




-pl'?s-

- Adthough the WILLGK{OLP HEACIION was imown through stane
dard meammos‘nw 1t wag used by a Low workers only and ransined
‘& ohemical ourdosity until increasing interest in complex pokye
nuclear systaus led %o a acareh for additionnl methods of synthesi.
sing awl#an‘tm@iéutcﬂ aliphatic acids of mﬁquivocai strugture,
Interest in the remniem mva.ve& aftor 1ts apsiication to the prepm

' 81a)
" pation of &mmphm mm:m mid £eom &wwyx. menmthem( .

Zhe requisite temparature was lowered to 380% by tho use of purified |

dloxatie to inorease the mutual solubility of tho ketone and aquoous
sazonium polysulphids, and the yield of asid compaved favourably
with that raaum by an alternstive aynthesis involving the ARl

. mmw ammmﬁ. %m W&gemtsﬁ ronation in the m'ac:ema at

~~~~

(42)
\ vnruw of wy‘.'. substi&uted mmm mids and wmsa m

Dhe KIRDLER vaﬁuﬁion‘ wmh momiues to bo more

ugeful than the originel Villgorods procedure, consists in henting
the ketone vith approximately equimclosulsy szounts of sulphur and
& dry anine ingtand of aquaous aumoniun polysulphide. 4 thionaide
is formad as She pﬁm&pal yrmiueﬁ and on hydrolysis with m&d or

alisali afford the amwm scdd, wusually in good yiold. Ushorally

. @ seeondary aliphatie anine bub soae Hioea A primary aaine or aven
snhydrous aunonda 4 used. i{arp%oxégn iz well suited to the Kinde
ler varsion of wwm mmﬁm . Itis chwap, and Mza

boiling .aoi;m (m") nalws poantilae tho uss of open apparatus in

L
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place of an ,au'i:ocz;fa#e or bomb tube, Further this modified process
generally iead %o the higher yields of the desired aeid or seid |

Qur attonpt to convert 4'-mothoxy-2'.mathyl prapiapham
(CDLXZXIII) to 4'-1&6@510&?-.2'_@%!131 phenyl propionic aeid wﬂw /S
through Kindker's modifieation of Willgerds resstion showed that the
reaction is highly dependsat on the remtim tempopature as well as
‘on the ratio of the ronvlantiused., %The use of the ketone, morpho.
iine and sulplar in the ratio of 1s8:2 followsd by mm&m By dAroe
lysis lad t@ the formation of dogradad aromubic acw {CDXCL) fepe
176, as a sole product on heating ob 160.1609C for 20 hro.
Whereas by haatlng the 1:l:l mixture of the stme compsunds as before
at 130.140° shrough the same pariod of time (20 hrs.) Pollowed by
alikaline hydrolysis resulbed in a aixture of seids (as is evident
from i:ha 210 of the methyl aater of the mixtura§, ot the
ammatie aclid (QOXCL) and the propicnia mzm (CDLAKAIV ).

/‘:\/ QozR ( : /(107_
CRIAXZIV _ COXCY :

lé = MQQI He

Fursher more the mm&ﬁ.@m Lanperature could 'be lowered
and the resction period could be minimizad by using dry benzene as



| n‘iBQ&

solvent '.me,z an 80;@ x?:i.ﬂlld oi‘ the aromauie axacz wrs-v e,pb aine&d ai‘f;m?

subsequent almﬂ.:i.:w 51:3?(213."03,3 ai 3a

Phe apid x:aizmra vas aepo.zmted into i%e eons?:itumt
(CB‘({‘:}., R= xi) ::smi wz::mwxw, e kﬁ) by eswrii'ymg uha mWﬁura with
diammes*zam fau.wcﬁd H;r chramats%mnhi over 5:13. ica '*’@z.. | ’ha s@awa-‘
tod egs;u:s s.(AJKL}., R = He) and (COLGXIV, R = ¥%8) wews fnrthep puri-
£isd thr'aa;gn aiiat 1iieblone mai:hglaaﬁxk tamotis fmr-ﬁ'-memj}, idh@r*v},)
preplénate gga:wumv,' B o= HMe) had Bepe 156 69710 nm and wag hydeoe
1yzad %:i%;h 106 @%i»mnlﬂa sodivm Iydroxide solution to tika ﬁm‘*r@mﬁam

4

| ding mag%()i wﬁ“‘“"i&v H},ﬁc‘m’gtallizad from wabelry Dele %a @%"
(L e 3.%0}. Codn apibe »éi""z@fzs«.ywzmafcz eryshballisstlon the nele

Bing ye:ut dm ao% Lz@?m\m. C However saﬁigf_acnory slemental. onelysis

Por une acirz U‘*léuﬁi‘"ﬁﬁ R = ) vop obbaiunsd and i%s a“x’:mwttzr@ ig SUPpOT.
-2 )

tad ?Jy‘ m;a ““ollmﬁ!zr speekral- deba o dap Cﬁb’r) 1 3040 « 4320 en” 3‘

| (broad) 7910 euty 2700 - 2540 enr?, W e s 1685 o™ (smald band)
(Pige :m - M) n.nur @.wé.;}. 2} iy .,.1;35&33-3,‘ 5)5 e ';ﬂ - 25 5 (8H, )3
2486, = .3.0@8&‘333, m)g 383 & (i, s"}'-'s.,m - B3 6 {&“@i',m}‘; 7,11 and
2,20 8‘ £'ﬂiﬁ.d, F = 8.1 ﬁa), 1%3.-33.8" ﬂl...n, u?ﬁ&(ﬁ}ﬁ &"’A.g ,gx.m,n?. “3 )

"’Ia%..}ﬁ - (d:’am tizo ..;'u »mtuyl) hz“-anh..am:ﬁ [unxez, B ﬁs),
‘bq.;;a. 160 - :s,‘ff)@f 10 time. WAy w&“o‘.&wmﬁ U}H“{}\lﬁi’l the sude procedure as
tha’& with a,?m 3?:;@10:11@ :astez' iﬂbm;{ﬂ k‘; e tca ai"ﬁ'em 4.9&3*&&9.4:!
b@mal& aam (Cw(b Ly B = %:3, w?shdlzlmﬂ fmm "éa:mzexze, ZePe 17EZ g
TN (“"‘r): 2860 - 2780 o™ (brosd)s BHEO - t.a'am on™t, 1630 cu~L
p.m.r wm cw; a. ? e m@s § (@ a) - 7.8 ang ?.m § w, &




J = ;;3,1 Hz) (Fig Deniel =4 o Rbhe otbsy two t%:%zma ab 2,818 and
ab 3.86 § vospectivealy wecaiep m‘fi ra;se:igned as the ;épec%m was Laken
using RSO dg ag sar::é.ven'&z | ‘%é‘nea ba:és que to avematie hydrogens
revasl 1,,‘2,43: aubstitntion pattern in tho avematie sucleous and the
sbgonce of mettaﬁma bydrogens are notabie., In ovder to mmid
4ifficulties in seperating the meid sinture (CDxCL and COLEKXIV)
thirough the nethod desedibed ahove we fell the necass;;i‘t;ﬁ’ 61’.‘~ using
Gelete tenbmique in the sald seperutions As we 6o nob have g.il.c.
fagilitles in our laboratory we are conbaching sister labovratories

abroad and ops to complete the synthesis in due coursd.




