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tlie wisIMft > axjpiwts Ills tlilaere ~raiUtkKto M
¥ A tm

A dilm dttrlag t1™ ONinN» 9 f

tit Miibas la Uiaait tiNi ~ioa«l lJiwitloal(4ib«rat«fy
for tM Nit>r««i U Km work*
tild atitaor wU”™s %9 «K|=ir9ts I"«UM a«iat ia

Ur S« 0. liticitaN"Niirdyo> tteDd «f t~ &ts«ailal OJU ui#iti™ of
&iU« Lab”raioxy tm Ms val®lw  st™Mg«$ltdd mi im %m 8ii% of

O tIm «tth«tra&at.

in ia (Ei»a]] la par&l«iliur % O« Sttatm*
lilt iiifaliMUl« iMilp 4itrl«9 tiic o«MrtO of &M wxfii tmi daring

fcM pfopora&losi of iIM r></NiM«ripu

nke«alc ««« 4imi 10 % It]i>tl %11« for Pil ">"«iro,
C. 1* Joso, Wu ~ & asowN™ mtUh» Mlaivatnt aiki
P. f#r si>ttotra, % ™ N Hial«r«o f<« tbo
ttUr«riot«»& »po«tra »id tIM ~ioroa”al/ois Jootio™ of (Uiit Lsboraioff

f«r! ~Nil.a f%orf<N la &bosiP«

Hm mtmr «iii*s io tiNiak all M» oollda”tiaa aaa frloada
»{=aoi»lly S. P« 'Wlutrra* ¥»e i, Wadla, i, 17MN9t, i« 3m

A, & >jdilkdKitt a«i ~ & Smmmm for valttabid telp «wl
Naaooiragianaat roi™“r«4 bf tiMRs. tliaats aro alto ««M to % &= S«
AsAmm  for t"pin0 ia« Bb«jalt«

tb» aaUor Is i“"sbt™ to kB Cauaell of Joioatlfio aati
X/Nastrlal Utmattim foif »naN of « /uiasicHr ifa™arob rollOMstaijp

(lairlitg ootirsa of Um I"«™os(igsUoa*
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Him Idv*s&lgaila» iMwe «= UM ir «ala «&|«i8(lv8

tfc« tiocir of tin md «M r««ctii«RIdiil fratar<st ljivol««4

in mi hf WIRH ia« «i<l of
bfarearwaatla ma”l suiMira&di, at m il «= a faw (“wMUrpeaie
bydrwarttm 8» im irmttM mtloAg ai uirp*-
isatut ~ 1™ ee o {pQoUl o«f«i tn ik» goMral b»ii«ri«ttr

of M«rooffcaiac>s bounrttt ~irm ~rboaa, H ni™ tm Vb
ru«apUdlai«ii ai Uui mim i briefly tm iroaat ttkm rvd |«

ibti fttrm nutUm of fgfaro<»iri>oita la Mitli

A awro iMiallw]) vmmtit «»ill tmllm m alorob&oloNjloal oxldatlwi
of mrpttiiot, oaiii «d»loofc of tHia dla»arira&ioii«

tMtgradatioa of fetjrdrooafiaciH iy laAaro”rgaatpM

Hm ability/ lo iitiliso la/iiroaarboaa at oarboa asvl ujwrgy
soaroot la a ~oa”sral o&aramorlsito of a «iiio harlot/ of «loro#F*
gaaiki>t« It la a oooaoca «rik»aoo lo ti94 Uat baoiori%
yoatba a«l Ittagl oiicaoca at rfrtdoia oaa iiogrodo MMt of iHo alkaodt*
I[ttoalM iM i olofiiM t. h ttriiti™ig p~aom”ott tliat ta r«p«ataUl/
eaoouatoroU ia tiiit fiolti la tkat fiamr or~aiana, altMoo”™ Mm%
orlgiiialtjr aolaoirod fwr OMir a«ixdial ability to atiliao {gr<im-
aurliMMS, aro footia to bo sv«4 cion* veraatilo la titair ospaolty
lor notol)olis»|iO airora® eabttratoa, tlia4 t&oao
aro i~ olall/ i8oUto<i to Oo”™railo ii“rooarbofit by «aridbt»«™t

aulttira C™MMakita at si. f&mtstr



A ntviuw of wtttia iohiiealU (wtaboligai
of fafdr~rbdts In &= httm stadioi far (Im» pan
g«v«tai/ faari fr«s tltrdrta %m mASsminm
of (kigra(Uit,ilMi af « jMurlic«lar ecs™iiifW ly « tp~«|fto atralit,
to U« possible# u&ilisatioa of byarooarba-w - «m «f kte eiioi”si
cstrboa toarcat = for proMlai, oarl»Mi]f<ira”s, foit sail

oiteer antrUiftiall/ ii™oriwit ov™poiMUs ttarooglt mlor«I>lal

<Z«tfloll |910] UiMr»c.tiotor« tlagrft™ UKt
Umrlt 1947 aKl m i{ fatia Od|t CPpx({»et,
N11# tifc «S»1 ™M1 fao»ick n% at 4a0% |<”™| imrU”™%m

19641 Pillar at al 1 7°).

?1» aiNSi9N of lar”™ <|aast&Hiat of ityUraoarbo-is aooafi
tka ilaibris «f pimu 1% a fm-iati. mwvidmVm tb»t Umm
oa”~oa”ia aadNrgo iiadv”osiiiaa ia iiaiara la all «x@ap»ii™® “rtala
p<«oallar «affir<”™aii sa<i& aa toitraai IMNI of potrolaan wMra
dOiMKloaa favour ifetalr prOSitx9aum$ f<:~tteiall 19 catllKiall aad
TiiMr 1~ ; 3ad™» | M« 'fhia it «f «Mtldairal»l« iinNipr&a<tat la
£INi oarbo!! tsyola of aatara* Hat. Uila tla™iiBipotl&loa of
U broagbt about ™ soil alorotN*9}*a« lao”™ aaiablUMI laag atjo
ana t»o cepmiiy of iaolatoa oi™“4i™t lo attaok all typwt of
b/arooarb«it = tllpftatla, all™jralla, olofliil® aromaUa mi
napDttioaie la all physioal aiatos « mhi™ llgali aai (fammt «

liaa iIMoa dmmgtmtmi tHrmtgU aataral aaaanias of I*/aiil™atloa*

Sagaraiif ua aloroblolo™laal daoo”™oalUoa of liydro-

oarllkka< (mo a”oalig (iraada ara alaar* U> It Is a &&mm



M find &{ta( Um iUgIMr ptiraffiat «r« awn

niftiilljf atuoktKt Igr « laf™f varl#if al siaf««rfaMIs”s (It*
IOMtr Qais««tf paratfi®i. tha HtgINkr exlI4i»al>llitjr 9t ilia blggur
paraffins luia baaa atorlbd<i t« uia faotars, wist* iU praaaiiwi
la 1IM iiiiggsit |*"raaarba”™s a Uwg»r «f tral»i»rai>l0 potatt
af nlarablal aita”™ a«t Ul) iiNi r«’Nit«ad fcteraad/aaflsia ttabllKjr
Midi ifinmm la slaa la ttmt» ompmmit

Jaluia«i 1961)«

ia) Om greawr oxidisaUlit/ of iiw Itinitar Hanelagaat
is, m tim atMr luMd, parti/ afftat w (iM Ir iiweraaslag soXabtlitjr

witli iaaraMing oliala Ittagta aoti «asp|axlijr 19N> #

H regards iM si«p]a«i byaracarboo, uaUaac* lusplM af
1&S ahmndmi, famifcim ia a«])s« poatbe>ia» sails Ue attffaa»
plwria aMaad&rafrkai nw”ias a( a Im iw@l« Uirl»ai% as aafl; as
l«<n ~Orbaia past.«la&«a vtot fiwstliaao was aKiier itsatismi by
azan 1st llia tpfwr a&¥¥Y"IMure ar pr~bly ly baatarla assoclatad
WS$.A pitttts. Mis 4™Mvdrdirali«ts <« [M»iiMps titflaiBa<somwii | f
lita aatUar 4ig&wé&T” tte& a stralii of imrtilM
stilarea t"raiatts paraffin ~raoarbaas. A faw yaavs latar
italia damouslraiad tbat u8a soil iaaiadiiag a strata
of rtiii<sAiliar™ al<"oatft aottld aot aaljr dao«”™»o»a paraffias,IMtt
alsa atillsad tteia as sola saaroa af darlwa far “rawtti*

Sjrsiai»«tla si.»il«<s m Uis sabjaoi wars laUiatad hf
Taasx aiKl fAte? (1M91 wita «N8»»atira&” tliat. a scrat»;<laslfaat«ct

allpfetafciogm llc™aefaoie.” ..attagitad saveral olafintia

«itd aaplitlwsala draafflrbastt Intl. failed to atiUsa beaasoai, tolaaaa
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«r this orgasiispijurmmvit grow profnMljr ow igruroaroralle
or aliordlio &mpwia™t auoh as <ty«l<ituixaiis, iy&kkemiufim
i,5-dIMtiQrl ~/dlotiuxa«i aict ],\ I-trliastturl ojfalktMijdiae«

ttraia adii a>tata» ~*oaataylap «ltprtatt«Mra**. a<wi»d to pr«for ib«

iNdroo«rU«ia d/ryt«tic«™G|(;]jiliaf*™ oaiotMb Cr|U|™io

ttw MUraMKi oapr««i«cvM|Ni|2«™M-i4 03tam>/"jM|3,as subtirat««*
tt it a t& findi Otst %m »| a a€Hil»l«
bdWM ia U« NfUrooarboii maltdt it ««rt) st*to»pUbl« to
filioroblal oiiaok* mag aotioad tUat ctw higkor tb» iodlaa
Aiasibor of paraffin *saf« readily tftuy mm Aamm W

* Yr«»Naotoyiirva sp» a« masarwl liy oarixKi dio3dla« produetioit*
La.itjMOii (1922) had warliur proaositoi] %om ttviU«io« tiuit tbit wag
aat trtitt of i™alio oo™pou™aa, cinoa a strata of -W.tAA<y~y-jB.
olinooarix”biiaa Mbio™ roaiiilfF aas|f»|latosi alipitatio Igr®irooarboaa
failaU to attaok aranatio oaapow!iU« taabf\?Maaaaa*

Tho d«ooiatiti<M of arotsatlc b/iirosarboat fay soil
I'lorobes ia»IMwavttr» Igr Od «ua.ii» a rar«i tSS > attivwiii

TM torafittlii ii92T), Qr” and Tteratoa (1923). M<EX>» (m i)

aa«t *kia 0d>ta <1931) roport™ m tiia oaeiirroaou of baetorla i“ob
coaid oxidlao roadily Waaoao, tolauiM, i~loaa aoU ot&ar ai™atio
I“ro(»rbaas« 4otwill at al (19431 r®@p«?t™ m IMlaU<” foots
nari.M aaUiiwfita of baot«ria «hloh grow oa arooatio lifarooarbo/ia
«30li at be.iad tolttado, a~tftal*io ami aatbraQooa, bat
not at roadiljr at on Um paraffiaoilU ~lirooarboat of domparablo
iHoloaalar «iig€ita* :»inllar rotultt Moro alto reportod by

Nitrawrl.tski aiKi Stoat (194)) for «arlohr«at oiiltartit of toll
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wftidti atiaoi™ bipiidajrl, wirallsw i~oaltla
attd tHitjfl biitiadiM, but not e« fast a« tiicy tit* aoyollc

pdraffiij*

ito «9(l«lUabiiity of iMg obaia b]NrodarlMiitt,

iiOf=iiicia aaa caiilKiall (1™2) »wik obsawaitoii that a strata

T »<irsiaol«r simad good 8rm%h m a-trtootaittt
» fair ~jrowlii m stoft”stisoiaiMi
aod o-iriaaositaaa, A faniMr iaoraaaa la tha

aitaia laitgui ia tba sabitrai« (s"alaattla ratardad tiM grMibfat

itm wgaaim 7txm oa iitetrai,r |l ao»aa.Mi» but nat

«t a-"aiatrlaaafita<icit

la ttM olafiaio lijrarotNirbo™ic tlia pasitloa «f Um iiaubla
band ia thw ml«oal9 alta iallutfoaaa (« soraa mfcant tba «ffaot|y»»
(Kita of tbo cac™oaaM at a oarbon tmirao, a»I»P«aiaao
=titpportod biM qgiroMtb of a mixod oulturo far mt9 «ff«oti\f«ly (baa
a-a-pa«t«M. ulj*ONOiaUjin iStriMvinficic 1943« (o tadi ffitmtrali-
satlosi ooald tm »ada about alt«*oUo or aramtio aoiif>o«<ada. i*iiilo
aa”btbalos”™ waa fotiaa to ba aatabolls»d KKra raadlljr il»a tbho
aataratiid dooallo, o/alobdxftw oa aim otter hami, protrod to bo
nMOIi fiiporior to beMaoiia at a cartel Mmm for tboaa
(citra»irlASkl«19<3K la goaoral, tI™ imroasM sus”tlblIH tjf of
aasataratod bjrdrooarbo»a to ailorobtal attaok eay “possibly, at
loast ia part. a@oo«iat f«r tbo abtoaoa of oioflaio I"rooarb”i la
potrolIM* 42iMll« 1942, t949)» iktmvm, otbor oigplatiatloat ar«
oqaall/ adnlstlblo to aooouist for tbls laek oi olofieias, slooo It

if tmom tbat IgrirogojtajN»prodttol)ig mmrdb”a cm satarato doablo



boodt la a«p”cwdua s«o0* as and ttexaUaoe.i*,

It l«,toMswonr, aat potsibl« li« wr«fy &«rroU(«
oa ite tfrtt«t«ira of a glvtta «iiib H«
at fubstratd by alorMrgstitoa id jaa«ral« Uue to tix
otabl* Naifioifcjr of osigfraca in fijrdrooarbociMZatito eMioroM™
Qaaiiitb« A data la {=olai M ill bo dltoiiasod la ooiKioaUoii wlUi

ed4orob|(il*]loal irtnafon»ilo4s of

Aaotber Noooratiaadoa IAloli atrpuart (O (Mid tnto la
a lar™u aat™Y of oa»«i It i&at Uio InraxiolMKi ohala Myarottarboa*
ara aaaall/ laaxo aatdopfclbla to mUrobial attaok m a Ueir
= traiglii tUmia iaoisert ii(ra»latftl« 1941l« iiMovor tiM data
™MaliMHI 3 MilisOHi 3«i 4 »lllla9»‘io tTrloa U969) m &kl» polat
aro ooiiirrii<u.oiy to Uila lio&avlottr. fottadtfeiat a
ttt>ia*iarzaiiea grat>|(t*} «k)11 «t a”dtaiia did aoi aatabollta I-neUigrt
paataiio add foaxaw* Xaoroating tM obain Itititgtii Igr oaa
nora oartxm at la baptaaa, ftoMOVor, ri*«r«l tiM ~ro »
aarbois aoodpiabla to  tftiaorgaaliN® aa a gm»$k sviNitmo.
4atilMift 41934) olaiaud tfiat la tHa aroKuitlo ™uroaarlMiia taatArl
aabatitatloaa ot tta baaaoiM riog luaroaaod tiaa aaaoaptibllity
of tHo odNpod\Kla to baotNirial presumably 4iw t9 tti«
groat<*r potoatial of tte sabatltat®
Followloti tbis argaeaoat* fi »oa toaalUii0 of tbo arosatlo rlag la
bud3toaa jri«la« nkmP la <iik™arlk»OQ to 1409 iaal. glvoa Ijf
piaanojlt is oMjpoototi tbat |»laaiM » ill support gntatb aore roadil/

tbaa beaatOda 19k}).



patimBys lor &i %m
rliHf» mMmé&l%”™ of inforfaQUo.t is ev«llob]o itm im utady of
U<igr»iaiio« of pMitollo ooiftoooMs aal ar«;)aiia s4lds* lit oil mm»
kaoMO so for™ fes (MIdatloiei ts aolo”silar oiqr™o as an
obligotoiy oatiilaiu Tm oiaroorgasti™:* aro boliovotl to olal=orat«
by liidiiotioit a n”olo aogtMiiou of Weelofa o«titfon arotnailo

subttratoa first to ortbo and para aisat»siil.tiioa aorlf«tlirca

folloMOd if a dloatrago of to alipbotta aolds iUippolii
19!H ~toaiar m % “aghk”™ «& aj FIA* m u logoff PH>U
ilayaism ifaas 19™% iiar«Ulil, VM)« 1%o” rliig~flasioa
prodaots ar4 turtlM t iikitalM ltae«i tiua laaaoll#«l into tiio

i(rol»s oi”oltt tbroogk a variotjr of patbMays cNnoadi*g oa iho
orgaals® as mol! as t<w otiltaral oo«litioas. la fflost of umm
pat*antfa ttia cloairago of tM aromatio riag ca> bo ooositiorod to
tia a aistiitdily® st4”™» laitaams* ar™ also kamm wh&m
rioroor9ft«isi'« aal/ »oilif/ ar«io»tia ooi>"wids olttor \$
lai.i«i4 or Niinlaatiati of sulistitwsal>= g*mp witfiiwtt daositif r [
fisslott. A ooceamM la aas”™s is ito dil*roaQflsttoft
rtiootioa t&rottr|» a part®iir<sgrlatioEi raaatioa astialljf loaiiiog to
tb« Leaaa, <iiii“ro «ilols «Aiob tteti 40MN4t"m iim to
oatooliols Mitb or witAottt riag fissIM aa”rtlii™ to tito toN<«
sROMii iaoloif ii~afif 1*M3)S
g ¥ =MV M tt9 M aa 0S m
eO* C e r-'-"M1 - X J . —
g riag {i§slm
Tkia *a(JiMaoo of roaotiosit i»s hmn d«aoaatratod ia ooll«

froa oxtraots froci tojNroearboa «moo(™osI<9 9tgmIm9 (iMaglojr ot al 19/



M ef iIMtMitltiie-iti m 9r««iU<i riagi bat b«ea

th« tttbj««t of and iita r«taUa nava
baaa s«P"«rifad fay Maat follaNlag mm ~AmrtmAi
laatlorl atltorf tiNiaiii.laflai™® &« ftw« um tufiiraiQr aai™dttiKli*

grw”s ato «tidla«d i,a oariMMQflla aaida but, aailorab aitra aad

aalpiiaiio Mi«i rwaala aaaffaa&ad aalasa itoir tmmml is
Nllgataxy far rltig fittlaa. «a<HirbaKrlai.laa af oarbasqrl fraapi
aitci axidailvo aliislaa&laii af allpltaila sidM diialaa ara al®

obaarvad.

It ia i0 aaespara (Im ~ioraMolaglaal axldatloa

med i 2m il axi«iatia<t of jNrUrdoarboat wiwra siton uat.a ara airallabla*

a
is Scaawi ibafc tim tim rm | axidatiasi of a paraffia at

Mittds ito iaitiata a( a te&a oarltio™ ata™* la tba aliisflaiaii aapbfcualaMSi

bawatar*&M targat af this axidatloa is asaally (tta oarboa af fcha
ring to wiiieb Um sida abai™ is avtaai™ bat ia allgrlataa oaaaa-
aai4 aanpoaau tba attaalf is asaalljr m (be positloa adjAoaat to

ri«0 (42«idai»a fba initial axidatioa praUaat is prasamoU to

ba a MurifHiraeei™ ia all n”droftarboax sacOi as:
u d=QuU

Paraffia tV«ir<H>*roxi(te

i~ is aaa asr>" ii961) bava tiasoribad Aa iatorastiag
eaaa \Omf a spaoias iriiiaii akMrm«lly graws «i aliiat™a oaa
briag #Msat tba aaciiiatioa of alkyl sttbstitaiad alioyoUo or aracaitlo

byarooartK»is only irbua ttia lattar ara praaa”™tt as oo*sttl»tratas
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wiiM Cls™all/ aliiarl ~NVOo*r
0arbOQt «r« «lci<iikMIl to all™allo aaiUt* tiamwmt, aoiapMiidt tucii
=« i*a<Ni9r bsaafiw «»i »”«uhiayl w iiii tuXfldleatljr ItKig

N la s attaeliad 9O ™ rittg mmlimt

ffroaitb, of tills org*xtisa ia oiaaral salt suKItiM yv«n ia tum abaoooa
«f alkacwa* la ttMae oatts O ->oxidatloa «f tiMi aiiqrl eabttlioaais
was follaufiMt bf a prograsaiva/l«™(liaUd;u Oi pariioaltf im.tir«8t.
la iiila doao«B4ikMi an» l&a t™r¥atim 8 tMst MolalMjQrlaokia
and plM»dgrla«itio aoi«4sttit™ a rt»ai(ial tida ofeaia «r«
raata%a;ti & tartimr axidaUoa ligr fctUls .~aaaniAa™aith=iti™h ajrelta

aalcti wiib am, ikrm «r oUiar od\-oarbo;) alua aiwiaf m n readily

axldiaed a”™ atllliw i Uw ms mnmrmd \ss tH it
»0ttid io (Rpiia aftlii 11 8KM«i m mdim along with a>alltaaiui.
Whila It im Ifly «trtala nm t&at slicat™s aft

oxidiaad ty &)»axi«iatioa folloMed % jfirdxi<latla% thb» natam «f
primary att»»ic at tto tti*rnlaal ewti™l Baga™ la ttlll m dpsn
gooftlott* HMre ar« igpparvistly Uio i"eohatiisBtg far t&™ prinaty
attaek »t um t«n»l«ial 8rmp af tt»« alsia*ii)s. Una first of
ti»asa lisiralvds tba adtl«a af a eiljwd faaotloa axldaiM aivd %m pafw
ticlpatl«i of aolaaalar <w7««. Isotopis st-tHiios witH O** hmm
ilanoAStratad that Uwro la aa lioorpor»»tlo.i of labollad ojgrgioa

la t)M protittot (SMMfart «t al g i@s&or a™ F««tar 1°>. tum
partialpatlo4 of a ijffdrop«rOiKlito at aa |iit«fw Niat« iias also b««i

su”atod iFiaaarty at al 19MN)*

2a atiklltl«i to aaroblo oKjrgaaatloti™ti“ro satMBs ta

ba a Moona i.tvolvlag aaanrobio t“uraaqflatloa of tba
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alitwMis probably via iMtQiuratida aaU fegfUratioa. from Uw oba«r»

vatioa (bat tgraragaa was iraatforiwi foae parafflaia 1""rooarboa

to HMUyrloaa blao la VUmimtg iube ojgparioM”~tail ~aa baoa attianad
p«rhalint tb« first sug™ la iha aogradati®“ki of alkaoos Is

forsiatlaa of aosattiratfKi I»/urooarboaa iraaaa a«i ao™atb 193(\

vtoblay aoU ieifoak 1953, M m z »mi Aaoaltiy 1961, ~oatoau «t al

172, <Iemlagr al 1973, Obdi»iHi m al 197™)« ikm m f, tMt

m ~m im of aiiacr<”i« oottvoraioa of tIM alka:i«i to;\ggrr«4(>o«idiiig

alo«”™olsU s till cyMoaro a'il aabj~ot to oMtroir~riy ifoliiifoa 197)*

ttm fstaroblolotjioal tradsfortvotloas of st<trolds wblob may
bo ro™amliHi as spoolal oatos of <MtldaUo(t of oofap<tvVHds of &arf>@aold
origin htu9 boon tbo «tbjoot of «x(oasivo stodllos la tbo last
tblrtoaa yoars* |hU stibjeot » |Il aot bo Ooalt witH la prasoat
tm mry as naai/ oxoolloat roviows ara avallablo oa tba subjoot
iKriod ot al 199S, i“atota «t al 19S6i, Talalay 1937« “Isob”r and

vfatistoia 1937,19S4 tmm 19M/M943; Pasqgaallal 197).

%=>oradio reports aro avallablo la llteraturo on tba
aabjoM of otlon”~lal aotioa ™ slt™lo <we0 and sosciaitcr!>@os
60irori]30 a period of fifty y»ar$. Altb<Mi™b nost of tboao in»ports
doal MItb oagrtjia™atoii vitpam s as saNitratsat It Is aaooitary to
protoat a Iwrlof r@d<iw"a$ tto startiil»| ~t&rla! for &boi» sta«ilot
eay bo rogardod as latartnadiaMs la tbo dogradatloa of torpoiio
byarooarboas.

iatyor aad >fed»?3 U9IS> obtalnod oi&riMiollol la S9X
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yl«Id | Na«t»

siiib«rtl (1910) wir# abl<it to o«itfw»ri difrral to geraiiit»l
Id 30% jrittld bf i&o t«m rasitiMti* t~alooUral «ac,b(N«tfV«r,
aff««Md Uu ttrala* pl« of sn™ twmmivtmtim
is t.~ mavntBim of aoniftifyl alO«lyfil« @mli%Tifl al<»ltol
iIPaal/ awl Fa<t«rtixla, 1929K % 1i9»rl Cl1929> O«(saast™atou tlie

oooveraloa of oliroaoll«il tooUroaollol aad oitroaalllo aoid Igr

sLUaas*

la oora raaonfc /«>art <daBbwg U N> wMila sts«ijrlag
pliyioo2Mf«ioal rodaati®a af oai™oaiilUs milh Baker's /aast
obsanroU ifeat 43 aiiNfcooac™aaa il> U r@4aofiKi ia 63% /laid to

*/>birdro3ly a™>bar ca>*

Tbera snes totm twraoaalaadvii/ la Om caUaatioa prooasa, siooa
tbha C») s»'flii97<|ald«»a ~wra yia (w=> "ajranarav-pitCNr, uriilla rasa—
nltt fU. gmihmm mm iso. vama & tm koatforotai»oi™ fiyrdrtt]Qriext<kia*
inraacftmiiaUttts of »fim ~~laacial oa”isaroial lai®“rasi Mra <ils»
Govarad by i“loka ai al i<955) igho foxtitti titat iba ftir*ni>a»lon of
oliroidallol* palwgal m¥ is™~alagol W ~ mt™ala of PofltailHaa

dlIfiliatam jrlaltiad maat=bol toad jflalas*



TM tin t sy«(imta&t« ebwittfi oa mioroblotcgloal
RSfciot of a larpastoia U»iQm” oauwphor (3) wMr« isU l«M ii eovorsi
y«rort ago bjf Gtmsalus «»i ooMoriwrs ("ihisliaH «t al« at tlw
Ujtivorait/ of llU aolt. Savaral tiraUs of bao&wria waro f«i«t
to {logra«i«i QiiRYpbor* Of iteto im P«aMiaf;rtmatia ClaiKl ~ i»ola<M|
frois autmmd slw I Igr oariotawat ouUaro fecechai<|»a uillisw |

aanpbor (31 at a »ol« tg”roa of earte* Bui paUwf*s of tlograaa*

tim ott> tb«9a airalaa Maro ain|lar™al(lio«iOii soma atlAor difforati*

o«a la Ub} aa”~taticw pattara aod tbt ralatlva ooaoeziiratioaa of
tM  tvtmn%a*i prouaoit Mara appareafc (ljadagaafd ot al 1961,

Conrad at al 19«6a>.

Thm aaatral prodaota ~talaod £tm fotiaaaiaUoa of sarapftor

Mara idaatifiadi aa ~S'diicatoaacipiMKia il)» 3Hixo*aa4 5-&nd&-iijf4rOity

cm pbw i5 atkl 6* t~ aoidia pfoaaati 3t4sl-trla»tbjrl-V
oarboigfeaatliarl ~yalfl*ataaoiia ifi mm isolattod aad idaatiflad*
Co”l«ta axidatiom of tills aotd faf tte rastlag bacterial oolls
waa ialilbltad tiy % a*«b3p/ridliw wltli fdoa aootmlaticMi of a
laotoaio aotd iatttmadiata ia). CFig.X)

ffea patijpa/« of dogradatloa of oan”bor Mora p artially
forf(>alat«U at followtt
U(r)v:;ag=iojr — c$Opkmt —— & (4) 47 —

(3) iXh)

tb» rlog <Jjttavag raaatlo”™ of t6a oarbecyfdllo rlagt
of o«™&or wit atadiod axtaativoly CCoarad at al I<i™a and
v«ir«ii at al 196a» i~ rtl”™ at al 1963, 3ir»aalat ot al 1<Al, iikKirafd

at al 1965b).

*?
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ttm tAo I"Midorsoiiad asiUis«Ni o« [»o(Mr
t« 1,2 oat™“hoUatt 191 nm 41 9 im imMmp&mA
it) wilte .1" airi 1A at ackiMt fofssaii™
of o«r™<Hi»i IT> ttm i4) app«ar«a lo pr»3««il via Uia i«a laatasNi
il)* Tim ~K™oatft*tA%oam§ ilICV 12) «ire «lIto abiuiwtA «e
profuota. H> nafraeti®aiad ttxtr«oi« alto rav”~ralbl/

i«(i aoRyHMUKIt U=3 aid 121 ia if) iiroufft (111 (fig *1).

Hm | }«iro«tldg faaiura la ibxe> dltslfillatlaa of “pk<al
by tiila orgiaalae la t)ia& bot& aarboo/dlis rla™t ar# ol«avad
liy a lac(aal«i® moMulm* fm ceigrtna. gjrst«B Iraa

ftarlflad aad tias baaa sbowa to axaaUt of it*o tiiaiiaot «aaofetaila

aativUlaa* Ttia overall r#«efloa te 78|irdiVetad aa followst

1) ;mb * u* ¥¥m im*" t

2a) Nig 2R — > * N 2Fe**

2b) -—-V % «2®S

3) AON * (4)— 4 f(7) o

IAUKI t a*'fOj I (4) t (?) * MPO = sa« (I«2»t3)

Uotli frbu aaagrsoa wiiloh ao.iailt.ai9 laaitM Islig Miio
eo)M«HI oxUatd 34d tjac itm ao:i(@L™5ig Xa>3(oalaict3 ftnngfm

itm U (Sj~at™o”) tinr« highlf purlflol (BorUaad at al, 19"

vkfdral at al 1921 ain™ stiKtloi] i« d™tiidarabla 4<»taU iMMtuivalas

el al Nrx»a mt al 19ft],19M1b)*  tlotH t~ mkf~"9 »m su™poa™d
to axUt aa a Imrn 402"1lax,so t6«t tiM flavin ia Uia |[>raparatliHit
Is m% 3iitoaxliil™,»i<ia«i It Is m% a™otslbla to wsmwm,
la proaaioa of aa lahlbitor aaoh aa 2*2 dlp/rtdiylftba flavla b«oo»ea

aatooxldlaabid, laatoalalog <=aigh« Itaelf la a slxad faastloa
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oxlUaaa of a n™naiog agpat aUag mith
stfiisiraie* U Uat b«93 p«s(ftlat<ki ihai ilid laoio”iisatloa Is
bto=jQht about hf = »aalS(aaifa Q»tai™|9tts i>air«r»i/llla”™~r 9}ddai,i«Ni
«f fcMt«™s ta <AtOt» t»idiau4 by an oaaarou-tioaiKi paraeM aaloa

<M tba earlifttyl «4rb«i af oaf«liar C3),X»11<mou ly « fsl*ratloti of
urn brid9«™awi <»rboii to fdM p«r«xidie wjfgna of tli* addiMt
(Flgi.X1). Itt tkis U ls t« mmuUl ibat mm
niaroor™a”IsRts aro iUKiMri vo laatonite ri®Ni™ O of XT™mm sfcorotiis

Igr = siRNilur  (Ta<soli<o» ot hl 1961)e

Apart trom &t oa™pitar botft L and Q. oaul)lior suf*ortod thM
growth of auKiiirftajax C| (La Gall at al, 197) yloldlaQ tcleatloal

proU«ots bat wltb dlIfferasit ap”elfi® rotatl™s*

jagyA%aii§«. IsaLjL.4iRHjr=>i«yti<i MMtifu*

A diff«r«ist patlkw io <logradatioa of oainplsor iiivol-
vliigi tha ItttiimMKltato "Miitit9d« Np}kdii«i (131 b«s bo™ foomi to bn
prisoat la a ai“t&”fold strain, Tj, tt<>lat«™ & onriebrneat m
t«rpiti tArato*  This strain ~as bo«a tmmi to 8rm m t*itla
iit/iirato™a-ttirpidiol as holl as ow|)Da>« this orgatitim aaaimlatos
iI“tAMAroxf (MRvhor (14) and aeiattals of «>aii(»p{Mloiiio aoid (15)
iFig«I];i> lit M) mia]ii»u Al O;i;N» 7«i™:i9lbl« fot the tioii/droao-
natliM of u»ia™aacy to In p?3M40« of
tWi* was ofotaitiod ia a or/nttllloe t"m ftm tills lilfi*tb~roid
strain (Sma ot :il 171)* ~1Is m n” exhibits tami latarosilig

sterid rs™gairo«»«its. (Baum & Guasalus 1962; Kay et al 1962;
Chapman et al 1963).



FIG. I,

BAEYER - VILLAGER OXIDATION OF CAMPHOR

CH3CO3H

+ CHs COOH

FIG, Il

INTERMEDIATES IN CAMPHOR METABOLISM BY A CORYNEGACTERIUM

OH
0 0
6 -HYDROXY CAMPHOR 276 -DIKETOCAMPHANE K-CAMPHOLONIC
ACID

(U) (1a)




IS

M lilicr«sii™ o«t« «f orMs »iipt.«U9a IwMeea torpoMia
ajd si«roiiis b«r« btian obaorveii la 90m JInmHmM «t
«l (i1971) immA lybsl nf»i.»»iagoii t« al«o of

m %H »ol« so«rt>t af oa?boa aitd QasQrae
=fcadidi kwfu nair«al«*( iliav tiw InNiatOiiialsg s/sian Is iadiit8Iblk la

tbia baitm tim m itk <ir oM lisr us l.idaoara*
ster<rt>tal aKiaafctaa 9i »iir»aailrtt

Usiag a>allitre m9kal%m» mtmr 3«aiwn U9”™»
iaalBtad a l'aa«id»8a*i sa/ia aavttt'ial JyfcUii «osttdls«(l
oHraittillal aiikd far*«al™ as mU aa a aaralMr af aihar soN“anaa
wbioh ndly te proi»abi« la tk» tlagra”™adiKi of 9ifiro-
iMillal. ~iaadiag aiadlat af iiwtalialissi of a«»ta»a la »riacl
ealla aad aaiag laballa4 aarbaa ba waa abl<; ta daeaastrata (bafc
tom aaba»ra(a>aitraa«llol, la parilalljf oaavunad laia aa atl«r-

aolabla fl?arasaa’\t plgnal aad a m ftter af minn aalda aad 9tMw

pradaata. tatara af bba flaoraaaaat plfp~at baa aat Iaaa
alttaldat><t<dk
rya.iifar- af waaa aad a«mr.tttoTpaat3 ba”moayb”/at

Nataaaiia iav/s&iga&laaa oa ib« Rlorablal traitsforratloaa
of iarpaaoiU tordrooarboaa wera ataftad la %bla Labor”ioi™ six ytiara
ago* Ibiiaa laifdailaatioaa Mora a&imilatal bf tba aarllar obaarva*
claa (bat bite **%ar*opratdlael<™ plant, % iilarta a”™1l0aii% aoreMilly
jflald |~ m»grimvpi™niQ Msirairoaarba-ta’prailaaad dark patals&s af a
aweoi-analliag olaoraaliik*~ar** af iraltia foo parfamar/ lauaatiy

oal/ iriWii Infiratad «iitb iuagim (Bose 1938; Sadgopal & Vamma
1952; Jaio & Bhattacharyya, 1959; Maheshwari et al 1963).



Pr«llstaar/ sarMiiiag si.wiic« wltli il6l a* a

sabsiraM (= Uto aalaatioa of « atraia af "Unlm r iiaiM "|t>
m ifia teait of Itt praflolaiaa”™r ta iB«i,abOlia« tftis ilfdraearboa
i it~ afyya at al Praoa ™ Blratiaolniiffs™ 1%
was faaadi U «i e*plaafia was aotriplawly tiagradkKl bjr Utts arga”tim
ttiili praloiidad far»oaiatlolic tliMavwr 19 arrattiag Ur» fBtffieaiaUod
at aa iat<iiina»«ilaM a™aga anclar aaitditlaaa af partial atllisatlaa
of ttia acidad ai>piaaai™ tliraa o}Qrfaaatadl lataniMdiaMia «ara obial ied

aia Cir); iti mwh™mm ii9> md (t| tr«aa»a<”r<Mral
4i9)* Taa fap”ati“a of varbaiS#! aa4 vertoaaane oaalu «o«o«ttad
far fay aa all/IU ajrgeaatiaa praaaas aad tba farnatlaa of »o£«aral
was pvobablf ssadiatad tfiroaab a* attaoic af an alasiraphiUa
ajgrguA an tiw daabla bond and tha apaxida latarM diata (39) was
paatalatad to tMdargo a protatrapla raarrai™ii®it aad hjrdratim
to fore sobrarol ii9> ifig*Wm 'IM m-pimsm ai™lo/«i ia Uwisa
sfctidias aorrai“}O»dad ta a of 7(fi 4 aad | la<P«rt« tm
prodaots* hmmvar, wars apiioalUy para aiid prasamabl; dorirad
axalasiral/ fra» tba 4 Itamr. |llia IrisaoNir was also ™araatljr
natabollsad”st;iea ao a<iriabMat was obsarvad af mf of t*sa

isotaars ia iba imraaatad o-plieiw raooi™arad fraa ttwt farowfilatlon.

3tibsaifiaatly« t”~ sam strata af A»|(mr was foaad to
axbibit a sarprialag dagraa varsatilHf la nataballsia”™ dtff«»rai3f
ttirpaaaid lydraoarboas« e>Saat.aleiia (21) wai aacidlsad by iba
Roald ~laljr ta tara-saatalla aeld 1Zt) aad to traoas of taro
saatalal (23) aad a tartiai®™ ala#bol of %m probable

straatura (24) (ProAo d Bh«ittaobaryya» vim k) (TiN,IX) e



F'G. IV,

MICROBIOLOGICAL TRANSFORMATION BY A NIGER

CH. cH- CH.
A NIGER\
= -CH
o> PINENE t"-VERBENONE d-CiS VERBENOL
(16) (18) (17)
(19)
(20)
A NIGER
'COOH
oC- SANTALENE., TERE-SAIMTALIC ACID. TERE-SANTALOL.
(21)
CH20H
CH- (24)

SANTALOL
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Aa iaM>n»stis»g prouaot, ;*rtQmnO™2*Vdlaarboxyllo aeid,

whieb «Qitl<i ba is9 l«i«l only as tiw a«iqrjrid« (25), ttraetiiriitljr
ttnrttXaled to tIM t~rpanas asod as subttrsius, was foantl f aooii-
mala(o in tim mwiianv csaptooe (26), Nealtt,al«ii« (2T) and
loaglfoleiw C23) «fai« iiKMbattMl with Ualaar oellota (BbaUvshar/ya
«t al 19M). Sltioa aoomilaun &f aaliapUrtaa C2SI
plac« at a raia parallal to tkat af tl» iilaiif*araiifiMi «f loogi*
fal«(W i2Q) trm th« madltt™ tba spuattlation «iat nada wtetfaar tiba
i.)xraariHMt fra<l]fp»ijt eviyma to all tile attl»stratda ooalU givo riM
to t~ <«>*arlcad oltraocoalo ml4 csolaty ia tIM aalijrdrido, A
f~obaaian baa™d on tM rl4g-oioava”™ reaotioa torMgfa upox/-
datioa llica t™a m» wbioA to so~rdl Eorfictioa itm
U611, waa adifanoad ky ¥rmm (i9a> for tiM» formation of
t&0 aaiijrarido i:i ao”rdaaoo witk t~ ubo™a i“otbeait* Lator
It Haa donoaatratod Utat fafewntation of imo otliar hyurooarboas
of aa.t-Msaiiaaoid straotar% cai™apitylloiio 29> QOiid ~eoadiiHNtaOCd
also gaira rito to tiko aittqrdriao (25)
aoaaltitfo datootloa t«ojMilg|ttss It twea poaalblo to doooistrato
mu an”~drtt™ tiaa prodaa™d «to4 la Uio oontrol ajqgierliooata rm
witiK»«t tiM t4i|Niiioid «yibatiktos* Hadloaotlfo traoor atmlios witti
md aalal™ilod loo”ifoloM iM } flaally ostablisbod
tbat tbe a™tbydrluo oolooulo la its oatlrety tm dorltrod trm
Qlaocoso oarboaa aod Uat ttaifo «»e ao «irld«<=ioo of a prolaroatlal
iao«r|>or«itlOii of aigr partlallycdagrad«d oairbon afeolatoa fran'. tM
toi“aolda l4to tbo oitraooiio aold «ol«ty of tbo aaliydrido
OMiattaoliaryya and a”™ allkar, 1965). From tbo eta™nitado of UU-

i“Maraaoo of tbo tuj™tratoa diuriag tboaa foxiM atatlaia, It »at



¥mpcunds stimulating Iif xcumulation of a’hhydride
cf - CADINENE 28)
27 26 (
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/
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/
t
0 b
H3C—-— COCOOH
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@vid«4t UViIKNoti INdr9«4irb«lis do taii* pan la ih«
ayaUWfTli of Um sflife]ria« | «xMpUiig p«sslblsr in tom «if
or twof*rboa fragthiaitts Mere all tttllia«cl ligf t>tix fuagaa*

iiov«ral t«rf»iQisoias taob aa <»raii9 i31>«Atvoaww 02) "
atid tiiRtilttna CS3), Howavor, prawNi ta Im iar]»riiiligly rasistaat

ia atiaali bf (Proisa $ atettadiuiry/a,
yarmaiatioiii of tanwayjid iiydraaarlwMi Mg twcMtria

A soil PFa#1"«NMiad W aarioiif*tai diiltar«
((H» miik anpidufw as ttm aarboa aatiraa, a aarisin “Nagraa
af v«y»atilliy bir §tming mgmliy mli m limmm <34>, an”aena
llhpiimM  (%l>, A C34) aiid pMajhaa (37). Tl
piaaiuh-"~rawtt (Hills sioMd ai<iMlifti<ia*ta atia”“istiou to iba oUwr
hjr<iraaari>«iia»  ikit liisajwaniiifrai®i aalla did not aUt™i to tk»

piaaaas «titlicNit a Im |*alEl% 196 SK
Pa>I»«iy« for i~BaifadatAiii of || »8aawast

Ifioabatlaa af limmm (14) wlu tkis paauiiaecoaad reaalt/ii
la the famadaa of isrga .laofet™r af aaatral aad aaldle tfa»sl«r«
auitl<Ki pr~daats vmng nhiQh tba follawlaa Mara Isolatad aad
Idaailfladt dlit/Uroaarvana O J), <t| mtvom W ), it) easveol
140), p-TOtpN.a-«a*-l, a-traai dU!| f4D,

142), p-e«atb»”tia*49 dial (43), i¥i petlllla aald 144),
p-«etttb-S-aaa-T-elo add 443), /)<'Uaprapa4|fl plmtilio aftld 14" aid
AN 1lyrur«~p™4UKl««aa*/'-olo acid (47) iFlg.tfX).

«gjgfKta stadias ravaalad tiuit a«4™ af tiia aaatral aoi™aaila (Sa)

to 443) Mes faritMtr »H*tabolis«a iif ilakM«jUK9row4 calls «ad ara



FIG. VI .
"BACTERIAL DEGRADATION OF LIMONENIJE

LIMONENE (34)

,OH
DIHYDROCARVONE CARVONE GARVEOL 1,2 DIOL
(38) (39) N 0 uo, OH (41)
HYDROXYKE TONE 2,9DIoL ™
COOH COOH (42) COOH (43) COOH
OH J COOH
V o H
AMNCHgOH
PERILLIC AC D HYDROXY ACID. DICARBOXYLIC DIHYDROXY ACID
44 (45) ACID (46) 47)
PATH WAY 2 FOR LIMONENE DEGRADATION ( FiG. Vii )
CHgOH CHO
(32) (44) (45)
COOH
(49) ( 50; 0

COg-I1-HgO-I1-CELL MATERIAN<-—— (46)"

48 A



PATHWAY |

CHs CH3
Uo

LIMONFNE LIMONENE

) (IDE
CsiA;

DIHVDRO
CARVONE

(38)

p-MENTH-8-ENE
1-2- DiOL
(41)
'f

CHs

CARVEOL

(40)

p-MET
|
1-OL- 2

™

CARVOT,f:

~39)
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prertMbly Oarlvad llo<m " It3»9Jau« at »a lat«r«udlaM &
I CFig.VID* Tim aoidid i44-4d), m tM atlioOT
tiawt« aro ail wcldiaad uiiblt aad aOdad ohlffira~beflieol* 1&

Mat tbits posaibla to formalaui patliwar 2 Utiiate”™ bf piraax'Otsiva
oxiaaii«t of tto grottp ftaally Ittadlig to the alaavaga
of tiio oarlimyollo rlag tiroagto a basa aatalyaad cleakfago of tiia
>B*iiwto aeid latiifBiBaiata Fartbar «vid«;ioo la sstpjvHTt of
tho pattMajr % «faa olbtatt«™ ~ f&rmattag llm m m with Qjiaeoto*
grsMi oallt wtiloli acaaemi3t«Mi p arlllia acid aad anall afiiMats of
tba intarwKiitU”~perllljrl alooHol 4l9>. Faraaatatlwi of perlllio
aeld (44) bf oallt growa oa tbIf aabttrata or lin«ian« lod to Uia

aoatmalitloa of tbo dloarlimxylio aaid

Iba I"droxjflsUag cagjma™ Milloil iaadt to tba ojgr~natloa
of ll»oa@ale la proaoaoe of and O"aa,«fat foaiKl to b« atsa-
olatad ttitb tba KK™OfXI 9 praolplttt# froR ttta oall*free so”loatat
of Uia”ioao-droifii wills. Sm solid)* Ulw »i~raatajtt
from tto abo™o praoipitat«]i ooavmad purliljrl aloo™al C49) nmeA
poriluc aldaivdo C50)ta p<«rillie aola (44) la pr@siaao of auidod
NAD aafi a fflixtai:* of fASi, Fm rtfipaotlroly* la prasotiea of CoA.s™
iig™*; AW aati tiik 8tm oxXxtra«t oxiais«d p tirllllo aoid C44l to

/|-]«™r~VI plnolte aoid (4i)« (Bhattacharyya el al, 1964).

Pattemaya for tiagradatlon of » aad/O»plaei>tt iI<”~35) ami

X-p"g=a’itacta

Tha pr»i«et patterns otttalaotl aftor ferm ataitoa of
« aad tto $ana ttraia w»re tofy simtlar, altiHsit"h tOViy

Koro alc™oat totally difforoat trm tliat frw”® llaotieoe.  Aieoag ttta
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liotttral proiiitaii, at boreal (91) aati aarrMaoX (32)
iMva ‘> a«>idt« Craot>t#«s isontaln”™ traistt «£
dria aoid CS5), (ujrrMalo «oid i$4), al«4r«paio aold iSSI, 4 &dr<Mor-
I>>«iafctiai»««f*«io aoid 134> ifyao; *a7 91 «p<-r4iift6i(»k
«k»7*0ia "W 071 aad jS-Utapra™iyl aelul
IS3>*  fa addl%t»] IUM o&Mir primiiia&t ixm um Uaaar»ad i*ra™a*
tiaa « parillia i™ia C44l »ad ijm UKkjfdr&isf mid (47) mt®
also datdo&«d la traoa <|ttaatifclka* Basldaa tint aiffarataa af
Orta tiodlilu iKNti i.i (54 and 37) iba prautiots fran c¢ aad
/O-pisi*4ljo Had dIff«r«ii4 raiailo”™ «*a* iHplaa™ #tva rii« ta
(lb«ra«al aadC/laiifOfiaia said yanra carirai™eii*
difig aptioal acitipaOa*. Oariaaaljr aaaagM, tua ipaalfie foiation
of Uta aaturatod dlaarboxyUa aoid (~) was &wa f»»O plrrajg”™aiiya

of itba ««rifia ttm mm

9heimm-gvma oulla fail«cd ta oxidise baraaol (51)
igrrMiaal (92)t aefr&aaia aaid (54), olaar”ia aold (5S)« ikMovor
plwllaaaffia aold (53) aad all Uia ~ai®aaiiUs i.i nlui linoMtio
patriiKfa/ (/ 19*ifli> 13 44) i~ra axl«ila™ wltb or
aalaraMpaaaiaal* Fran (aaaa data It. ms aa.iatadaii ihm ttaa plaa.faa
ara aa’“raiad Bf a aa«™ax tarlas of pai®a/s 1 to 4» la pailnnyr 1
(Flg .irill) #.iljr 7-inNt A aetiflaaa) Is mMima pro-
~rasslvoljf thrw/?™U ioe aloohol (32) aaU Uia aldahjrdo (59) to
Nrtaula aald (S4) MUioii Is r«Eslstaitt to far& ™ r onidatl<»t« Patbmyg
2 to O aro trid™rou igr aa iaitlal pra(o»atioa siap on tha 4
doabia im>i loadiogi to a sarIMMiiP™ laa (~)* la patlum”™ % tinla
oarboaiaa i«i (1 aadorgoas « i“aaf«”~v»eia mwemn”~mnt to

ylald a mm tmim (1) ~iili jri@|ds bor»a«l. Umi cjral*"taaa
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riag in (IM I»i osn alto « oldwage ta ylttl4 621
Mbloii la paUMHQF 3 aUs4s»ai«» a pfstaa %9 yi@Id llr.midsH) "ltafe
midiirgaes ftirUwr ttmn£9rmati*9 iFig.VIIX, psiHig™ 31. A
anittraliMUod of oarboaliiK 1 mf Inmk t% im)

wblaii aooardi™ to pjtilway 4 is pragragtWuly «xldis«a at iM

7-muitgrl gvot™p to f ald«ro{)tti@ asid i~ | Uia al™ ol
aad ida alU«lyr«i« Ti» aarbonlam ioa ma alto
tt™argo law raal iifuriao salft ttm poaiiici 4 io jrleild a ami

oadaa
lteo padMayg ar« posstbla {tm (tb la pa&gwi™ S it

Is it@it&rall»id lo 8m 4 t#i™|sttol (#7) aililoa jfl«l4t tm k" drosgf
adlds i3«» aftl 137) or la paUiws/ loa i(t™) It suruospaoi-
floailjr r«la«ittd toA.|™.|>.rf))aatltaa(i C34) wtUob follourt a patte»ar
parallal to that of llsiOMaa Introlvliig t&a tattiratod sido obalas
ttitlsataly to ylald yS™topropyl p I llo aolii iM | tiMi

iatortMKilato i*>, C”), m> a4d ilQU

Aitiioiigli ~o(plot« oai~r~tla 4tiao400 la sttp]=on of itia
abava paUMatya Is aot avallabla, ™Wita ilw ii bm foOMa tM% tte
sam» ald<~”ol daiiyurogtttiata ttva tbo ottlt-fra™ axtraott froi» placaoo
grattfd oalls oxidise porlU/I aleoftol (49) ptolla™Irol 469) awl
oaayl alooliol 174) at tIM tmm rata mitk 'W . a«idatloa of
olauropoyl alooIMI (14) It fattor, t~llo cyrtaaol (32) It
(tot OKliiitwti« ranter, tfta rata pattarn witft tiiota uiCfaroni
alao™ola la ~“roxIm ataly Uiu vma at tltat «xtilblt«<Hi bf a pttriflod

fM irlllyl alaobol doiyfuroD™aaiii (k~1llal at al 1~ ) £rm limoiMiia-
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groam d «lIf«

ald«kf«io >.alyar9g«Htat« alt« miais«it p«rtlll« alUefagrdt
iSO), pMllasidral ««sla i75) ami swrprlsInijf
iIS9) to tk» aorf*«p»»Uilig acia« l« pr9«a<M of F-W a™d
aiKt MIfk aet™lemi blw at tho «l««troa ad<xqi>¢s at ooepari™la
rataa* ikir™ agaia alaarapsla altiadiftja c«T)) is oxiuiwd at a

fa«l«r rata.

Patiiway af ;«ciraaatio:i af p-gytaa»8i

~Ndgratb&a «i al H9”) tmmi tbat t<a ftirt™atailoa af
pe~TBum tiy ta« sw« P««iiladoe™aa laada to tlw aoow«latl«i of
9ltyUraxy p-ayawna (71), onpia aold (72) aad :t3-=dit)/v.roi™® oamie
aeid (73) la tiM mdlm, p-C|ftn«.i»*grotfa oalU «ci«liaa oaeie
alookot (74), cmI9 aoitl (721 anti JiJ*rojgr owla aaid (73). ™
tiM baaia of Uiaaa data uio aittlaot patiMaifa ara poaalbla
(Fig. XX), I™ito adl<l tto badtari>xm follOMt 3 assMi patitangf
as uiitti li=»«»iiia iKigm Jit, pai&«a™ 2)* »>KMw@r« frara tiM data oa
baad, it tomt at tte anld siaga a aijHCj™waatlaot
{Qitas plaost. Tbha aro”ails ring ~puars to braaM ap ba/ooti tiMi

atsga of tiM dibydrajgr aaiti,

~4aa9,uUUi&L jfetU fti*

Fran tiwi “t>ar<tad iMAavloar of tltii *»*t~aaikiad tc™Mnirdt
tbe twrpotioid owi™oaais mti iatamedlattts tt ia apparant tbat
oartaia baaia straataral f<»atar«i, faaotloaal groups aad starea*

a”™iaal factors ara iiaaasaar/ in tb« sabitrata aolaaala ia oniar



FIG (X

PATHWAY FOR DEGRADATION OF P-CYMEfVIE BY A SOIL
PSEUDOMONAD
CHjOH CHO COOH
P-CYMENE CUMIC ALCOHOL CUMIC ALDEHyOE CUMIC ACID
(37) (74) (75) (72)
COOH

DIHYDROXY CUMIC
p- TOLYL PROPYL ALCOHOL ACID

(71) (73)



23

f misa |& y> tM tte min tiarfsis <t
ohamiwH mta (1) T«<®iEGrl 8rm” ta all ili» Nr#E>
<Mifboji« (Of mtHArUmi (8> n bAlia adjg“smt & &Mis usit/
gr«Kip 41f2 ia &t lisiddtfwi nmmk e»$ tii mm 9i «hplaw«> and

(3) <1 is«H)ro|}/1 tliiO ogiaia &Umw iwm mt toukl la %@ »pwt» of
a N/ @I9to£«a9 tm %m Insi® mt

potUl«n 1 yMi rliig ia lIR«fm « tiidAi*ph.malta»a9 to N”~ak

apttit MrIM ayalla riiig tiy ~raticMai* la m» =«! b~ pimaag
tim aam b«ad ior i&» «x<id/aUa wt») it nUIIM xi <=M

i“nitig up boUi oartxM/allo rictg« = ayolobtita™ia wimi Isf
proioaaiiod iMt rt~saliidg by iiyuratioii at liw 7-

oarboxylio aald siag*.

r

41 of ail/ of (hdio ia««o.ifcial foadirai rosaliod

Iis’f‘illo«s of 3r«wia-»app«rti»g aaiivit/. lioodOiHi CSIl a«i
06) me» oi™ablo of tt“portiiig Um grouttt of

tUls oxianl» iteir sattiraUNi aaslogya - {=";ttaQao iTal-fail™a o
do to. PSaa-w iTT) a»i p~fiialljr f«lsirsl««i™-sHP-®«iatiwf3« i7$)
also IwhavoU ia a slrdlar «aar iFif«4)« ikMNb<«r, a aix(ti?a of
pffOilttsbs (7S)« (79) m i i30) abtalaud \af dol™railoo of diigfdro*
torpitool (1> sa”iporwd a aim growiii* MN*7>p-=>%iii“"oo id3) arKi
N CH3I «Qiw fo » b» fo«i siitratr«™3*
fiw dotifctiiflafc«d ooRipouiid™ai=><MNara« (MMwas to to Ino™a-
bio of siipportiiig itMi <jri*itU of tiiia orga”isn* C” twao
I* ™t~ | «yfolonoxun#»| and”™-pltiio ap«ctdo CO07) ajid i<i|>iate
aold 4iM) alfo fail«id to tOM a posiitva ir«ipo.'tta.fti“~cP™ia«.lo3 »%
poaition-K} ia tao p~\Asttioii* .titaltta«,as la ai™toi“tlwol (61) aad

olotirapald aold CSSs™ado %m m m Iti™ aoKNannitla mac”oii™Mtalilo



P-MENTHANE LIMONENE A'PMENTHETr
LN (341

79)



(O tIM iKiar™3Kirgaiiia»« mmi ««(™MloUKi i&9> or aOta(i/laikd C3 8)

4«trlvaUvo« dtd tiot grw ili. A*3-0«r«i« (52> alto failod to
sot e« a gtmtk i»ratipafeljr of mmm »
(Flg«X>. tS2), «arn«ial 43™M «f wgrneal® aold tS-I) did

not torvtt as grawtla sub>c.raios pr~*su”bly iMoaiiaa tba aaorgy
raqttirckMaiist for profo«tatloa of fdHh UMDbId iMuil la Utaao aaopoooua

io brloQ al>out Ui oyalobaudo riag 4loava9» was ratter iiigti.

<Ys«™ ttM aromatio sal»sifat«s toatod (fig. X1) im
orgaalMi fatlod to grow m buijwi»a, toluaaa (90), atfa/lborjj»io(9l),
or ocaaea0 "2« iivoa did aot sY>{iijt grosuth.  tlw
orgaalar; graw™bowevor loa p-Mtirl talstoiaii (9-t) after a lag pMaa*
Lag pha«4y «or« alto obaorvod nitli p-1140profwnjritol<*Slie (101),
_p-is"tjrl toloeao (104) aad P-tort*tMt/I tolaeiitf (JO5>» It qrm
frool/ liotMVor os pKO-"~rop/l toliisiio (i~ 1 and tolatsao
C 1n), Fitrtliar oxtoiifiaais of ttw aldo citala 8wk as id p*3-ti p«dtyl
toliba»(I<]6) il-aatdrl-i> (I**Mt™M=prO{)/1 lioaaiM), kNgtiN->4-
iiopr<ip/l bo.taaiio (97) a/id i« *-dt«ir”* boa»»« |% ) tuaro not
aootfptabla to tl» orgaains, Haro also Introdaotioa of aa oxyg™a
fimotioa at tbo forblddaa poaitioa 3 as ta p-ooti®l “mtvpSnstum
(95), p-»atlvl propiapttfnswto ill4 ) aad p»tdlyl dit&BtlQrl aarliiaol
(103) rusttlitad la a total loss of growtli-ti"PA<ti<t9 aotivity
initiaKla 1963t ibttlsla at al»i9a5». Ottiar ccan>oinks tastad m h
(99) mA (W) to (116) m n also |taottve« Tim orgaala« beitamt
towafds tiiosa andol sttbstratos as if It bas a ebictai logio for
a«gradi.ig tbosa oo/atittds. It fails to aooapt as sabstratas
ooR>foivids la tba dagradatioo of Mbtoli tbis I»:?to is aot aaslljf

appUoabla.



FIG. XI 4RCMATIr

P-CYMENE

O o
X.

toluene ethyl BENZENE CUMENE
(90) (91) (92)
:00H
H3C-C»0
p-METHYL 1,4-OlETHYL CUMIC ACID
ACETO PHENONE BENZENE ( 96) (72)
(96)
O-CHs 0=C-CH3 CH20H
n | ]
X.
p-lsopr.ACETC- CUMIC ALCOHOL
(98) PHENONE <( 99] (™)
OH
DIMETHYL,P- P-SEC-BUT so-BUT
TOLY% %g?HVOL toluene (103) TOLUENE (104)
1

olo

APOCADALENE
(107)

2-METHYL.P-

~OH

O O

0= C-CHs3
P-ETHYL, ace-

tophenone
'113

carvacrol

p-METHYfc-PRO
PIOPHENONE

(112) (1U )

CUMIC ACID ( 73 )

CYMENE (IOP.)

0=C-CH2CH3
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*METHY 4-ETHYi,
BENZENE ( 97

p-xylene
(93)
:o0H

O

X

ETHYL-p-1 »<pr
BENZENE ' 97

2,3 di-hydroxy

p-n-PROPYL
toluene (100)

p-1S@PROPENYL
TOLUENE ( 01)

p-ter, BUTYL
TOLUENE (105)

I-METHYL-4- (f
ETHYL - PROPYL i-

BENZENE (108;
OH
3-METHYL-P- THYMOL
CYMENE (110) (111
o ~CHC,
0o=Cc—~

2 CHLORO MET-Y

p-cymene

(116 )

rSOPROPYL-p-
TOLYL KcTONE

(115 /
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frm abfmt rwfikcm It is dl«ar (feiai mi&tmoFgBstimf
am capabU of brlagiaq about oftaielaal i<t a

tfarittt/ «f t«™*<oid ooffip<tzds vitb wi<k2/ diff«r«a( »traettir«t*

XtMM roMtioa* ladlwltt at dtfferaat oiirboas, igrdrft*
6l«i wUImit &e wttki «id4aU#$i df
fa<teilfSi«(grewp«aarlMHagroll« rlag and «iirli»i-»»arlKKS b«ad
olttaira”.

la ttm mm «f ttm faagal ih« ojf
fcbit tMo ra%b«v app«ur<i(itlfr aoairadi«tory tr«ads ar«
abtarfMIli In first placki tM tgrurax/iatloii ami otiMr r~aotiuua
appaar to ba it“raospueifle a’iti la th« a doatld”~rabla

latitiKia it poasibla rttgaraia”™ iMs baald atraiatara of tha sabstrata
tuolkd4Nla, liitoa a varliit/ of ®oiilioii.iaa »im Mtabollaod by tba
aa«aa nhoalci. regardim tim suooni paiat aotall oai~ouada are
aaoaptad ™Ui» BMMId aiitoa caraaa, oarouia ami hwaaltiae Mwrefaaad

to fm rm»i8%mt to aioroblal attaoii.

Fitrtfearviora, altUoa”™b «rltii > data avatlabla It Is
posslbla to olassify tbo basio r«aotla,ix, tba davtflapR™ofit of
a NoaraX IMypotbusis froRs sibioti It w ill bo possibla to aatieipato
tba babavloar of tba mmlid toManls a §8inm sabstrato uoia«il« bat
to far »ot boxt piwslble* la otliof mf4% tito o”sorvad triMsfoim -

tioaf M«ra aadorstaatiabla, bat at tba samo tiMi ai“rodiatabla.



la <Hrda to OMHi = ffaotlv«ly Um si<3roooa«-

»Im 1 fe«taru* tiKl ih« aiiotiaai s¢s iafoWwi la fitagal tirana-
vmtm «ia(l4r(@wW!i wlu tiople b/droaroistatU moa«l

otth8tratax at awll «« a im r@talta

of saodi natiUi «;« pr«ttdtiired in Uis (baals*

w I™Niar 1l daals wUIi ma&erlal* ami isuimda as im Il

aa ijXpoJrizant.al prMflKiaraa iiWol<roU in tto itdfnatitatioa aAd

axtraofctoa of ite raa”abollMs*

TUa ira.'isforemtloa of nodal oonpooiKi, «”™olox»
httxaae, i»ilagE £ of 1. Vbran cajor
iraniforesalUaa produett ey iaol«>t«4 mi idmtluUmi aa
i* 4irelo»»xdX»-i<»otta, ««| ifl 3->o0/ai0lK»”(itt*l«

~Noit UloK ToO alraoiara of ilia Ulol haa baoa arrifm i at tf
pkftlao~atmdm | »mi d«Ora(tati«i atiiaiaa and ooaflrflHid Igr syatbdtla.
A Bodal roaatloa tratiftlispn pa»&«clla Joy<irof«n p@roxil«ia
wé&lob ooayi™ns >a/aloh«nM:i»*lk>o0l to tito Ulol haa boim dat"ot<™NOd
aodl tom aaalogy of Uiis iraaoi.i<» wUli i£» hytirragplatii™® of

a/olo&oxa”™ kas b««4 dUoata™*

la Gbe”™xuir IVa %rMm%&E9rmatim» of
boNaaif a tm]ml b% ite smm to &/nlelmwmm
mid p-iaaatiKiaa, la dlsmaaod. Tnroo »ay]or sytaiiallMii, a by4ratloa
prftittot, aad Mm osidisad pro”/iusti
iti l«*wEiyfl» -2 liNi»a«-Ni-al ami |-*s®tM-i»®yalolkacaMH-«HW «

bava bmti imIMMti aiti I<lot&ifl«a*
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In atafbunr XVb It hsm dm m ttfim ii I-«atM3rt«3-

it«N»rlc mith I-neti**k»4Qrolaliaje»rw, l« o«wvwrik(l bf
tM tawild (= two mla (r«ittei«i iMi raawntfl* *6w&lgri<»3-«yol»-
wiA tiM o<(Mnr«™\(KKilag iCOtOiMi

OSM.

winpiar V Ottals wlili sJhi $%wii99 m “~agal tmmiatm—
ttdn* «f tiMi aticirdilo «aa<ifttri»Stiib tm
prttiaatt from ftirMiitai;ica Jikro tMMU |j««»in<Ki at 1*1 $anr«dju

ifl sartoia® (#1 o > e - mA it] %8B

Hm d«(« pr«a*4t«l In Quptmt U tluit leee
plotta* als« tt»i«ri«es &x tan* tniasfstei«tIM u iwf« «ftrl]«r
rg™wrted f«r pr«s«act ! dia-
verbeao! ««t (r«as»8c”™M«rol lum IM«a ilicisMttrat«<i aiioiig tIM
formaiation prodsoti. th« procitiait, tn« <r«rb«}ol iug

b»«i it»iax«dl md IdoaUfiad aa (-> 4la vinrlMtiol.

n» traasitan™a&IMi af A*pii)»aa aa daaaritaod la
Otaptar ifXl, laad to Um fonoatlai af t4iIMM main prodaata»

C->pliio«anrati«, (-lpitMaaivaal a«i

A ganaral dlaaaaaioit of ti»a ti>«ruaoZie»iaal t«pUoatlaat
and tom patalbla s»«amla«a iavalvad la im bio«gfg9datlaa
prooaaaaa ia dtffaraai aabttmaa kaa baaa iaoladad la
Ottptar VIIX.

la tita aaaalsMliig OMixar (x> a ~lanary af cdm raaalta

la prasaafcad*



i S ahraoai



d™or«s of A.alowr CltatC™"M* %«4ia> wtta sHiltiUliiM I
ia s&ttril# soil M6 stdali esiltttf# »«l ini» poia(«

itttxirosd agar ifOA) nedlum bufortt m« for f~rMsataiitMi stttdlos.

Px»iaiqat4.att af ,tan jBilMurjt* ~ caltaro was propa™aiod is a
mtHm oaitai”™i g potato, itoxirooo, agar t™ioli luml the

folioifliig ootspMItl<Mt

Potato oxtraot w/v
UoxtroM 3%
A«ar n - m

pfi »ijiift.oa to IS«a

thm obovo raoditmi o to e al> was ttsod for tto proparatlod of

tiw glaats tt««d for Um growth of tiio oalturii. Aftor ibo ewdiioi
hod b«04 preparoil aad stowsod to for*a tewsogoitotis nalt®*5 to *>nl
allg«9tt tuoro p««roa irtto pyron tost itilMis Cpr i«tsljf starl*
lisod at 39 hr) «itooloira4 at IS p.s.1. for 20 aiii,
Thotu wur« ooH slaatod aaU o llo ™ to solidify. Ibtit sloats

m f laoitbatod as soo6 at 2a®« for 2 to 3 Uagr* to «nsitro t~ Ir
storilUi'* Hm slaats «ora ioooolatfKi «Itli t~ spdViros

of 4ialatiL flio<™ U>0 stooic otiltoro a«i iaoitl>«tod 29°C for

6 to 7 iia/t init tfeay oxhlbltod a raaxim#s grorftli of Um aporos.



\Mim m A ifmaaliia?

Mx»iin<iid Jsapak Qo* mdim tisod U timvt kmi
iMi followliig ew”/™otliloQt it*r«tooit » iima, 1959)
Clceos« C« iviiiiiiiiiiiiiiiiieeeen, .
«bl<nrid« (Ht«d«]} eeeeeee %0S%
QasgA«siwa ttilpiial« ecsccss  U<XHN
sviim altrat* Ci3*u»u») ........... . a.2s

PinatsliiiR tliuMrogea plio«pbat«
iiim ptia)*.*.. xm t

uipotaitlw tgnlrogmt
%tm %

F«rrcat talphat* Citaplta) eeeeeess
Cora sMflp liq(iixr (U«4.L*Poo«t).*«  %S%

U«9tariol»}ioal jNatt «xir«at
iOlfeol..,. 0.09%

pH ttdjiiaMd t« 4*3 ta 4.d«

The farmes/itatiovia were oarriad oat «Ulwr la taak favffiaa-

tori or la s&alee flatlet*

Hw ferEx»aatari aaad for gt™~hh wara Cbaiq typa
mtaialass staal aquipmats af <*»lltra oapaoUy prwld«d wUIi a
stirrar aad air lalat uiba and tbraa sOdUloaal apaal™t
ip4AMrt~alat) aa Um lap of th* fanwatiMr la ardar ta faoilltata
tua iaoaala™lati aui additioa of tba substrata. tli«k famaatars
nara praaaio6l«rad far 20 p«t»l. far 1 fior bafara "ao. Ha
BKTiilam (4 lltras) wat a>idaii aad Uia f«tr»aa(ori oaatalaliig tba
madian aataolava4 at iS p«t*l. far 29 ttla, Afiar caalliig ttojr

Mara laooaXated wiU a taspaasifKi of tM sparaa la tw rlla

2f



30
wat«r <6 f»| for oaoli Mbt) trm a N Bim%
as«ptl9 oM (iltio3s. tIM iaM ttlatloii m8 OMVediiiifiitly dooo
wifci %t» teli> 9t « rabtwr ttite mummd to a flasic, N

«Qtlr* ottoalimK was MtoolovtiNi ai 2™ p.s.l. few 1 br h»i&m

Id 0300 of 4-) eeplsM™o aod/l-piisooo (lie f«aCer>-
tatioat u«r« oorriod oai « stialosr at 220 r.p*n» mll>
50) nl flatlet ootttaiiitag 190 al of Uo madliwi.

t.ijgaftatoiiiau

Qm ioooalatoit fon;nsat.ort MOra placod la a Uunn”
ataiio h»th at aad agliatioa i7"~} r,p,m,i mi aaratloa
a vol/mla) wltii a oitrrocit of tterilo air Moro ttartod. A
good was usuall/ obiaiittfd bot«ia«a ttr, Attmr tbt
ogroalla laati attaii™ madmm srot™tii, tbo ttibstrato uotior stadly
wat aiilod« Vm of addltioa of tito tubttrato varloU witfa
Ita aatitro mii la Odo& m$a tiMm# OOi» ili.i™ twro osiabUaftocl
altar ialtial triala. Utaalljf irola&llo tabtiratos ivaro adkiod
dropMiae Mitb Ua telp of a stUirllii iMfotto to a o~ lllai™
9lat« rod (storlliaodi hAloli wat attaoiMd to tiw faraaotCHr
dtpptag IHil®» %m s™dlam turoagk of tteo 9pm”™mi9 of tiio
fernot&or. tki$ natliad was adoptod baaaaso of iba tilgh volar
bility of mmt of tbo aiibttratot* ihtrliig tba ooaraa of tbo
foipaa?itatiM ibo air supply was out off aad tlto furiaoator
flatiMmd for S eiia Ci vol/aiM at i<itonrala of 31 »la. tba
ratos of oaddntl”™ wiro ttadiad for oaali of tl@ sttbatratot

vntfiaq tba oo.'ioaatraiid”™, titao of litoabatloa «ikl ur™~raturo
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ia «»tabllsli nfCdat of variatloa of (iiffursat par«»»i4irt
oa of produatt. th« And of oaoft ttxportoaat
fertaoaitd {trodnoig won workad ooaordldig to &b« prooodor*

aosoribod Ituir. Porlodlo MUMr»tls of d II™ ts txm {to
fe«=>a«aMd fatroUi <«wx» front tisto %9 %im dturl49 U« fer”™aia*
»l«Ktt aid m80AmM4. im m$ IMMt«7lal <t«ti.«@laatloa*

~ay ooataatiaaUoa oottld b« asaalljr dot«oidKl gr Um ostii“tloa

of pU tfliioii koMKl a sbsrp riaa ia mm of fiwo&orlal Mtaia*
«laail«t aad Igf oialat”™ inroih $marg i.itt naadard Grm
*&«laiag taoMaiqiiios* U was i m d ibai oomalli’ ih» pU

rtkal«»d bati”a 4nt io '1*9 darinf tiM fo<mia&a(loa»

la oattt of |-4»>"iikao aad I<#-piactie tIMi fatnaatatloa
waa oarrtod oat la 30" ad i“rlaamajfor flaaka oontaiaing |[(K>«!

of tttfrllo wxapek dox Bwdla»* Hjo Xlstitf mn$ inaabaHnS oa a

rotarf aMfeor (220 r.p.0.1 at. a”r itt#arlai.lig ttUH
dry “roa of iKIM 6121 for a4 to 29 iir to eaaaro good
growta aftor labatrato waa addad aadar aaoptio ooadi*

tioiia. Slaalt oigparimata m r* oo.uiuotod sido bf aldo witbottt
tiM ooald in ardor to aiiidy tho aatooxldatioa produats formed,
boaldoa tIMao blaaka/ooittrol oxporii®tat* mrm «Ito raa wittioat

btko attbatrato* bat o&bontlaa astig Ildoatloal ooadltlosa

a»toiuatiia>
%ololtoilaa« Mat oHaiood jgr dotyrdratloa of eanaeroial
o/oldliaxa.}ol i™ a ti «itli piioapiiMio a«ld ICM9«%at.Vol»I*
aad "NF.JoftaatOiMi, parifiod by raflaxiag ovot
ootallio aodims aad itta fraotioa b,p.30™«31* at TIS mMmwaa

oolloot«j» Tte aats|ila <sea foattd to tovo all tita p&graioal
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propsnids aa r»port«U la ll&«ratitr« far dyslomiX8i«.

ifraifctelffi.ITiajKaliatomsai

ttas b/ ihe aotlaa of
nsUgrnsgtwitiH™ ladIti* n
«i(b ao««riii™ io dsforiiboii by Usmnt H9i3h

Tim prtnittat obtalmi iWp. 110r-112*a) ghomd all tm p~sioat
pranrtl«s «» Mp«r(«d i« liMr«ur« iAaariMa PtftrolaoiQ JUistl-

&»»«, I7Nifrtfna ~}«>sir«l oaialog ffitotrdgirawii ooiiirlJBuMd

kr JalffartUy

I-NM L h/1-3»c™M«leb«™N<i« w4 abiatiioa itm dairatida
of i->ra»ilvl- Ka/oloiiaxaial wltli p~oaphwrlo aold iVogal
Hm pkygloul prop«sr*.lk«* of vaa prouutst abtaiami (b.p. i102**-iaH"v;)
99r#U witft all titaiw r«ficrt.4KIl la llckra&ara« Ibs IR sp««tn«i
ma iil™atiaal witH ettftiMeMd la ll»«»ra(iira i“"Mrloaa Beiro*

ka@ Xiaifrafad spaatral «at.ala9 apwotragram*, 39/-<)9">.

aaad far Um f~Arcmaiailaa «taa alijter praparad
N Araa&l™atloa of oratg™ oil a ItoKaii t&rinNldg ii|s£ || |a (IOt
proaaat aacter t,oial rajTlax k«lilt a fmmwM rva«ll<”~tl«kM so D)»
C&ba ptfaradt «*at radlsailad aftar rafltulag war aatallltt
99dim, b*paTaf*»IT4*C/TIO fiw, patiljff Wt I» ~0. “Mwraa-
iivaly H i»at Malnad itm Flalct GIFRC [Mirlt.y W i) aati r«ils-

tHliM | oY tnatallla taaiaa.
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MNis ~Noretlwtloq witli
gm rotl™i far 24 lur cj© pitrlfl#d faf friMttartatlosi of IM predA\BiC

«ador i«tal r«flex fg t baiQlt strf™l<tg dItU llaU M, [i*p,i33*»

154*U/7U iRV « o» IfPS gUMVKI ~ pmwi™U
~NELW SL

tka »anpl« of was pr«>?r<id froci um
sloal gtm”" (FIttlta, 0TS VPa txard Igr
tftrottgii m bead o«lw84. frco»I>it ™ il*
iii9 Mat o«U«9»«d | ckaxi J« te 99»S%
pitra iffC, * 1} *

Cf)€arv#ait Hit* t» cmrtm” th
Hr S* C, tissodtial Ollc DIvItiM of %kI* |jib»»
ratiury. xif (4jU. varte««a« snkl IPHtmn

<oiurtirol mw dl*al»ad fay f*riwdi«ti«» si (i) m—plmm m”~mc”?
Isig to etom 7 BiiaitaoUaryfa U”2a)«x <rl ftirlllyl

=fas hf m H, fU aalltil of tkla

a<v»rafttl»i aa) fpayati— af wataboHntgt

Aftar Ua ifta faftijal mat was fiUaiwd
m4 o(Mtv«rv»d wtifk k»t Matam attl %vi» ««S oOaeaatod
afi«r Bia df stirriati* Xm axiraatioa »a« rap«aM»d t«le»
ifomtt aail u» p«lldic m t* axtraoi;ad w iu «tlwtr iiterioal*

into filM rtK|l br«tli waa <d](iradU«i iitnNt tinaa wiUi 1/S votai®

of tNi liStt"Ada a”™ min m ttm %» Mtra i™oailed tofstHar.



FERMENTED

MYCELIA

ACETONISATION

MYCELIA

ETHER EXTRACTION

MYCELIA
(REJECT)

ACQUEOS LAYER

BI-CARBONATE LAYER

BROTH

FILTRATE

ACETONE EXTRACT
i\

ETHER EXTRACT

ETHER LAYER

NaHCO3
WASHING

ETHER EXTRACT
EVAPOJMRATE

OILY RESIDUE

CRAIG DISTRIBUTION

30% METHANOL LAYER
EVAPOIMRATE

HEXANE LAYER

EVAPOURATE

EXTRACT HOT CHLOROFORM

CHLOROFORM LAYER
EVAPOINRATE

UN-REACTED HYDROCARBON

OILY RESIDUE (POLAR FRACTION)

XTXER EXTIAST
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8»d wlU H voltfw «f St tmiim la
afilttr t« rexxNr« of Um Mt4ie at tIMiv iodliffi
saUs* Tte blaarboitata liyrar wrat itea w liii «0ao«iiCl
a™ m pradaafci isara ta”vavtd «xirao (i«tit

w itli agtaal WO9Imm» ol atteir. o«ttt.ral pradasts abiai”®

afiar atafioraftiaa af Um aatiiral et8«r lajr«v wtra
lad i»a a BKMiflad fatir iraa«t«r i~al9 patralam

a%twr ib.p*407"*4i0"c) aad 9 aqtttaaa ~tlusMal atlag 100 »1 af

aaaii talvaat. Al ti» patralau”i la”rs mm paaaad
WuroiiQli fa«ur iBetii»iali3 ligfara ia sadoaaaloa aad paalad awi
avifaratad ta gac Um aaa<n=alar tlia {4i&iisaal la/art

tfara al«o aa«iviisa(l« evt™arataO, 411aMii Mitti watar a” axttrao*
tad witik </aratoimi ta tfHain iIMi palar fraati~a. Far tHa
(eara valaiila aaNiifaias tShs tnf~Aparatl™® Mat "Niaaa tfaraagb <«
/lgmaax I/p« fraailaaafcioig aalam”™ »a mlaiisiaa laaaaa «aa to
avapamt<MU aaa«”alar anU palar fraatlaaa <”aiiiait froai
&ba abava taparaiiaa iwfa fars”™r parifiad hf oiirosaatogri®ljy
4AWar aia”™aa, frMfcicaal <utlatllictika aad/w praparailva tbia
ligrar ~roetaiagraplv aoaofdiii™® ta t&« praaadara UasaribKi for
«aab sabstrata la tba <sora*p<militig <ajg>ttriHwatal s”otioa. tba
aaparatiad af tua aac”aaaats was isaaitaraa bjf tLC and tiPCi.

H»a fi*roaarbaa bIMita aasi tba aaatrala rtta witteiat tfea
bjpdroaarimu sabatratat mtm alaa praoeasad la aa idaatloal
(saaa«r. iitra tha axtraata Maira axamI™® m HC ta uetaat

aataaxidatlaa pradaata a«i aar™l f~ al mtaballtat*
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r&yalfifil fflifciBftli

Him tafr«r«d speatra m f r«aord«dl altNir la
M«ild a2] we JUtfraoonl 137 « iU Mdioffi elith»»
rld« «pi;IM eis.iwr «« a llI<~d @iXmm la a«]<»l 211, Ultra-
tfioln a“tatptim t~otra mmt r««ard«d la « u«cCiiB»i »0(i«l ~
tpe«tr«pliatOE»»iar 1« «tticaal «= solviiat tMilots dilicrwi«»
BttadOMid. Op»lft«l roUiloat nmtim d«t«r«liW(i «a a Mllptt
$»antt«ra palarlmoivr atl”™ i m tm ratatloitt of
wara aliiHir talna as saoli or la ai™lorofora ar «ibasol
aalttUaiit* ilMi Spaatra wera reaontad la o«rt»M t«ira-
oiitarlda salatlca at ~ a.0 wlib a Varlsa Aaaaalata Mooal A40
Natraowtar tiai:ag Wiram”teorUilana a« Iwuiraal rafvra”

tianciiani*

Axajaasaaa”™.”n.

IM 1 lagrar «&ratfai,a9ri”™ 6r wac asad far dataailag tba
parltjf af tba taPlilaa as Mall a« far sostltarliig Uia aaparatiwt
ot aiffarant dar™aaaat,s. Slllels aalu i“Maraii) 299 ta 4>=i»ili
altd Plattar af Faria itii.Meraitl ia (iwi prapor(l»”™ af ta 19Y
Mura asad, Hia aptt"liq rta”at itaa aftteantratad aalpi”arla aold
ar a oixtara af dltrla aald am aalplMtrla aald la aana
a»aas« %« i|>ra3ad plataa «\bxa baavad la aa avaa ai HON-IM~w
Cor d«¥alptatrai af «pai$. Prajraratlva Iftla La”ur
m» oarrlad aat m 2" x 33 oa plataa* A (nixtora af platiar af
Faria aaa alUaia aald 04 to ~n) »aa paarad a» a slwrtf ~

to laa plataa plaaad M laaitally aa a s<)aaffa troagh at« tte
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pUut aU«wHi 19 s«t. axyiitg la «tir um plaief «Mm
aottvaitiii la tte «viin for 4 9 hr In#Cc. ~»

ttmtd for irfti d«fal«p”it( af tM pl«i« w&r« f X 3le» x ~Om
o»bi« iKptari<» %»ik» U w”ak um salvtieit {POU9Il«m
ettetr > 10" «ii3sfl aa»iat«= mm pmma | iir p>ficr %m t1™ M tril-»
m m  »tiii tivs oticabt»r« 9ll«aHKI t.« sa&araitt wUh i>k« of
iM» e«lvawat. Hm pla&«s M«r« &ivaa ttraaiiM| witfa Om

«acikr 09dsld«r(iii9t) wiiH tk» iMIp af « fIM aa”lllar/ awi
pla««(i ia fdix oftart™r ad a glass tmk tikmm &w

aod alloM4 to tawraia f<M 1 Iif Mism Itetisg at}»p«tf la
eolvdot, tm talrasfc irm% was allamid t« rita a ulat«»da
of 20 0A« th(s plat«f m n iirimi md «miok agalt <ilpp*d Intu» tfiw
d«<rai®isi9 aolvaat. niia ap«ral.l™ «*at rttpaatad astoa aofaia i«
ord#r ia ™ oanipadt bai3Kitx ia(&«r r«sol«tldas mra oa”ialljr
obtaia«d foy ml tipi* nm»*  nt« plates wtm »Iw» ariad ami
portloita «f tiM plaM om) aluUMir tlda Mar* i™riHid m i,

Tim miiiitil p«rt|isrta » | Ui« plaMit «Kir«i cav«r«d wltk r««tad”™lar

glaat piaMta mti ttw t&rlps m tidaa M« "U ti
oo Na* asilpEHirk« aoia dttw#lop«a «araf»l iMiati™® & ai<i«f
of iIM plato «r«r a *m a fua a”rlps «iM»d Nir#*
lap«strai of oolMtroa oorr«apomili;ig %a«aa vMiro mnremi

mt la tiik aad«ral<”od miadiM p ortly mi%h ito tealp of a floo
rtdodla, ciMia t©="Ypod tmt aad aiutiod mitk eWer to gat tuo
iioairod aoopoA4«iit.

Gas ohroaaiograplQr «taa sarrlod w on a c” Iffla

tiillooiE siojol 0 M«ric 111 or a ~ritla-"Iffiifr ifi“sour Aarograpls
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Astal/tIM | ~od/i iitiag I™rofaa u sarrt<sr 9«s.
lIMi ttttlaras iiar* «f tM P (yps isnotiaia paly«sMir of

pttl/«iiiQrl«»> g jli/oal>»

Colaaa otewweaioarapty

1%litral al«iifiiui M« abiciacd £rm th Fim OinHBIdalt

i*roltt«( of tftia ti»ra&iK3r Is&» atada t mi |l
$ m%kmi C19I1)* la tm
p«i-atiHir > ttiiMr, p«( *>I|gi atlwr* » i<
eitor* p«t (IS"Mr #* 1<K otttar, p«& f ISt
b & 23 otkMt, |wi >a*ur t dtMr* p«( et™r # SOS
U~ «ilHirt «t™.wr » 1*1 cfeatoaaoi* t &~ amu~gmlf

minm itl «iaar =St MViia.ial,



ctm m m
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Krac? %m obwrvad b«xdf|<Mr of 4>iil3A£ iCl» 612
towftfvit diIff*r*at ijrp«s of t»rp«a»l<t t™aro«arboat ee

(imoa«t*d In iij* iatrodaoiorjr C3ni™r Cl), U I» @vld«a% (bat

tIMi bjNroJorl la iat» gniNitriita mimmimM

bf bitiTM <tiff«rei4l (a) antralisailon of a

Ida, ih) «jgr|™aiitl#a la a all™tu a dikyybt« band

a«d i«| <imrfl«ftatliva «i a d<iab2« bmA m m IIf a r~amagsN*
Th« (Jat% aoald £i9t i» rai.l«iali»radi 14te a

warklag Hjrpotiitttii )if tmiok U ba poaslbla tn praiilot

aaans «i “rox/latloa la a ulir®i} doi»paiiad la iktt

(aagal systaa.

Za onlar la ataMjr fajr&tor mI~Ntala a«ii tfta
afcaraaolMtosloal faetara I<t#alwd la Um ~aroblal tijrdrwtyla&laa
pr<»aa$s«t, all”™falla «Obbl a«™aan<is mm aa
salMit.»t«s«T&a praaaat. obopter daaia with u»> rasuHt

aliimiaod «rli& tlw ali“lost »adal osripaaad, ajrolcNMNaaa (U *

TSttt okoicot of ajraloiMijMso aa a oaitel ooRspaaad lattoad
of (IM aataraLad o/Qloboxa>)«, Maa aiotatad £ron two sajaar ooa-
alOttratloaa* la IIM tir»i plaoa U m» ovlikiai Aron (Imi
axp”rloaaa wiife (iiffaraai larpaaaid sa&«trataa Uat Uia obaarvad
fiM fil UrUroiQrlado”s «iara arlaat««i araaad a aa™blo bmd la
tiM molaoala i«UIMr «( alljrlila {~oaliloa ta a( tua aoubla

baaii Uaalt). ta ik& aaao”, aoy sidi*$«I»at.l«lijf la ili@



kjfiiraxylafcl™ prooett util ta mm easily la iM
cytAolmmm maltttis «t all &ox oyeloDowii™Mi” ttallici

x»aol,»r« esNidstle of «3il8i<i»}i9e la m tifm

11w a«Kiaitift9s tm %m Sdwmmm%bim of il
mrm lit pnliislitlafy irials. tM El«sk

Mirv t“"md to h9 m M tittm ttatjf f«r oariylngi otifc tm
irftisf<iKM«U”™ tiWwaawsc of ilw r«ady v«lai,lliiir of &te ett"tirat*.
in IMf« fiaalljf la syamm la
uiiaid-t/pQ 9tainl«ta «unil farsMtaiars of ~li(ra oapaoiior witk
parlodlo dispUaaaaal of A aaaloaad air. tPrliur i« Uw
atkiUlaa of t&a laaoulw” itawovar, m8 for
39 iir oa iiio Manfiod “ss”k mdIm la Um immof WIEM
fall aaratlan and agliatloa* It was fkatad thatiba Mtl™Mus

lava! of c/aloiicncaae far o”~ulalag Ua laaximagi mwiat af

~anatati pr«dtaoit Mas araaa«i CTntlo XI aadi iUa( «i%)i
a»5t salastrata I1#f@li tim of MySttNiil™ wit 2 hw
CTatila 3}. tsiis inflad b««i at M il as
hBO ocaontaMKi proat™ts aits™araMi fran mdla@«

irig.1I=>*

traji»far»alUaa prpdaets

tba prociaofcs afM r faf»aatat.laa wara axtraciod la Uto
asaal Maatimr idsptar |1) twltii sonai addldoaal pitaaiitl<Kis to
latair™sa lassos *iaa to atraporai.lM aad Maro i“paratod I»to
aaatral aod aoidio fraotloits. tm aaldlo ~ra”~tl™ did not
/laid aajf natabollta. tbo <iaatral fraotloa was partltlaoalil

la tlio ii”aimr tlosorlbiH} aarllwr (“i“p&or XI) lato aa>*polar mi
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polar bjr aUtribaUda teu*e«i Ufbt |}dtroi«iiB
«iu«ir «ad Twt a<m<paldf s<ti>*fraotlofi jriclct«d aftor
md esotiia Upid. nira«

cala stmspimontt mtm aet<aot*d la iiM polar sai>-"r«ct.loa isy
tLC. AUaoagh ib» imtimr oNSfiigf mttpmiani (21 ao«<) tw Mpft*

rat«d trm ttm slamtr mristg riixtttnt i3 siid 4) Igr «Itter
S

06rosatQ9r«plQr 4™ «a mIm iw or lar bistilpHIM t.rtalu”™«(it
whieli c«fnrart«<i 2 t« «a attat« tIM dORipoiMai* 3 Md 4
Qol b« r»t»lirsd g w {MiZaia«l m tludt, Th«

<afMrabtoa of all tiiraa catiipCNitati was filially aattikv«d bjf iba

of p7«parai,iv<i (hla I<Ufar oiiroma&ogrjf~™”.

2 saal/aMi for ami aieUibitad DV ami Itt
%h8<np%im ba”t aorNigpotidiitg t9 aa ansataratad aliieyrclia
toitoiiai cCA™N«C N «S cmi i mm V r«c okT~I*  Si
90V0 a 4 4»alai&roptea?l <o« Fran tb«aa

praperdea I( mm pa«sibl« to ott™aoii«riiNi ooKpon™ 3 at
2»0/alotolcaaB*I*oiia«  IftM moalil mtabollfctt (2) and aa au&IMiatltt
aa”™lo of ~olod«j(aaoaa aad at"ribposaiila fs{ spootra iF|rj.lir>
»m &iw mixad m liiitgi polat of %m aorro~omiii™ :44-dtaUro*

ptiofiyligrdrax”~aoi aliowadi 40 rataloa.
VIOOIiioA 43>
WoB|=o4a™ a miaal™r«3M4ttOil «eHpo<@)ii

aoaiaiai;i9 a 4o0aM« itoitii iIH2)xaM SS'li™N 1IN0 Flg.tf)*






tina @KinT apeotfiiin df a &im%4n
di»ttbsLU»&iad bmA (a sigital of %19 pmtm
lamnMitf «6 m allylta pm»tt m « sarte “tj/'lat® tM
tijffutwgfl Ugpiiit sifiifti at S#97, Qilmr mllfU& ptmm™*

Bigaail at a.]Y), imge pmtmt ibtmd at a>"} aad
« iyrNrajQfl pw9tm la msagp ilgm | at dita~artd aitmr
ta» adidltloii of i)« iSI »«e aptlaalljf mtitm

N * ik7«  ftm tm jj~atfal «lata ml&~™l 0) itss Moati-
flati «<» CN a-"jralaiigieiM*#! a«l t&lt t«l««tlflaatt«a waa

cMiitmd )b a wr9%r»l a~aritoa aitb a zintMmtH ai~la af

ai ntli aoitfiaiiiia waa eaalljr awiiylatad ta
giva a i®i“asatata wiltidi analfaad fime <"\ N latemeM
ap«atran sHauad imm* at 1719 nm %zm (rig./1) 4sid  tiw

praaaaaa af tba aatar gratiii* tba ttkar indIfnt”™ tiw
pmmam af i@ amumy a™rtiMl (a siriMif flfaal at IS »f
tmraa pm<»i iataaaltjr} CFIf«iflll>, a olsalit filaai*ttitatad da”la
baati coopldd tigaal of ixa i“fat”™ littaatlty at 4«3sV|
a protm m ti»a eariWM oajnryi™ tiw aaat/la(iid i"jfarosgft at
Tm mm alljflla mt&fUm praia9t «])|Nxead at ItrMd
at a«| ima atilr mtAIlm U Hm i*rataaa at 8 .~
Oa tsaagaauaa diasxlda aseliiail™® tM alaatoi (31 »aa

ooatfurtacl to a/olo”™x»ao<i« (2).

v~otMd 4
io™poaad 4 mm also N&lsalljr attltr% rid.?* it

aaalysaci f«r atvi oxiklbltati a atro” absarpUoa
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ia M Ci iIFt™ IX. Ymm 373 amth Ni#£i ctlil oo& thin

m dllaUoit i»iim titkg m la&riHi»=al<jdakor “rogtn

$p04t;ii@ <Flif«Xl Im Im tM n Mmb-stin“\mmd
bMd ia It=i«ly «igiial »f Gii.«fi*llIN at UMM>,
two ai»9ia pr«tdiis m «iJco@fit mtUmtB mrtfl(® ( «

jflacly»d«b*pl®«i sifatl &i tm&*r&trn inmmltf at %9 -

two ailytla pmt™m ibt&m »t 1«K> 3«1 imp «@tlgfl#ala

prot«i« M « rlap at H»3y)* UitlfiftttcKi of acs|><Miaii

4 Mitk ciki%|cto y i« I M «|i «statii?al«i fe'drisacr

k»t.«a« i5) 2~ m, mod 11 1S"Th
ladioatlag tliat ma al tb« is aliirlie ts a

aotible bxKiKlk mw”™h"kS 1 mm mt& «f p~Aritlate to /i«M

Ojrdl0{i«4t«dicdsl |7> i«i@sttIfM mtm ™ Ittt 4i7st.«!lia
<iltiitr™Mt«sijriini{ «a«#l, I\ mx mo€

|irasdOftbljr ihrmfih tka iia8&«blw> atald<iigfii« lai«3ra@4iat« (ti).

Ftm; 44@ OIKC>% d 4 «tas oiiaraet”
ritMt at |r| Mlrlc3»7tdl i4l«  Um Ma.
tlca im tm pM/aie™ p r™rtits iit™ as irolstilit/,
Im p#liirirf Um th« «lIsdia oo”iilig

at S.f - «**3Tia a-«-r Fanrtiirf, m <”"sa-

lyti« roatiotIMi of G 9pi.i#al/ inmtim
fllI»1 C9lI nm | »rridtdf a «te:]iMii ptmt £ux %m
aJUlr«)«>ifi<itirait<M 9t tto ailjaeant in 4«
tim oaljr l1S4»»&«ir9 rAtrt m tt» syatliislt #f tli» aiol 44) Is
iid<i«f aa” 119361 »M ai»taidiMi lietfe jalA »« «s
XMA dials bf brm™aiio™ »t |i3 e/4]9lidXiMji#att
fay i«ltftlyfis* tills a#t™dl Ol t™Mfic satlsfaat#ril|r
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ta iiv» latfvf&igailcKii itnu«riai(«3* A isetiiod «f«s na» lIf <«oriicxd

ott( twc Ili syattosit lavdivl.im «
gaoaia oxlUaUoa of |«br«fso-i»<ijroldliviet»« witik = tf»i|t8iiNawi
(ittlgnirobromltiaiiodi to /ImIU itm r99m=>H form of dlol i4) id a

iH9l« tt»p* li» spite of ftrtet mih&mm to tb« r««otikM aaadi-
tic™Mt, t&« yloldt, iioHtairar, wiro <axtro««ly tf«riabl«, infI*lug fro«

15 to IS par o«it«

A aeaovid MMtiiod of iyatlw tit of Um diol 14) was dovo*
le ~ as a fAtult of a aftaaos ilt8ad4»"tfr. WMIR p?«|iari™ a-
«yalottam ;i»-I*oti« tgr teto fiMtiaotl of ~lae.ibratta (19M) W vatiicttaK
poatdxldo aiid filydrogea poroxitto, m oxi®i“atlo™ of tho roaotim
prodaota isf tftta Inyrof anr™\vtinfapin itot alo™™ witii
tha featoM {ZA"mv9ai9bl9 mmmts of tINi m”no-"avoiqr soRi"oaod
(3); aa Noll at timo diol (4) ttero prodaocad. rollonri™ tbis load
it was possiblo to sjfat&oslto Uio dlol 14) by ttx) oxidatloa of
ojrolohttxe™ol 13) Hjr ti™t vtm raagiedts* this sjrat”sis, liasldos
protfldlag a m m mImi e«tbod for oteaiai™ tho diol 14);proirl
dos a olao to tho prt~blo mofiMalstn iitfolvod i« tto foreaatlwi

of t&U oonpoaiKi la tiie biolo”jioal syston.

Aa oxamioati >a of Ux form ttatati® pr»i«iets tbia

layar oUrwatograpii/ at iatorvals of 30 ain itpto a  poriodof

2 br rovealod tiiat t» iiot"™poittid 17) is prodtiood at
tbo tMgiiiai.tlj, Laiar oonipa«ids CD 14) aodottxilat™ at tlw
tixpoas* of ocotTottid U) IFIg* X). B»f«foin of

Nalobmmm ia Um if  ai«i tiardrogicdi paroxido s/st«« foU«iMs e



parallel pathway %& that in bioli“tloal sjfSt«B.

la tita coe™oumi (3) th» aloo&olio witygea mgi provide oa*
of ligttttUa Mhleb aoordiaats witb t&e poaiairalaat traaaditisia.
dKidntim «fitli &fdrog«tfi p«r€wide pri*My Qmmtts t™Nis cH»|»lex
to ttm bigliljr idealiaad piZzaxlid|e lat#m&diat« (10)« la faot®
tbs trsiiadlya pmaioxido-Igrdr*a p™ro%idQ s/s$«ffi be a
0a0, involving tiia polyiv«urio toxavaaadiato iM attiaei
& XriUila, 1~1). tte Jsutifioatioa of tiM pttroxI™ straotas*
sboiva la tm gifitlifiod aad idoalisad «)g”re«sloii, X0 tjr Im
providod from tb« polarographU boluavioar of » ~drogea
poroxtda syttaei (Itobltoff & Parry,i<”l). la tte expretaloo, 1%
tit* alootrgqshilU poroxitte i™drojQrl witiidrwtfs el«otr«tt fron
til* dotiblo booci, Ib« rasaltitisF @Is(troa dafioiaooy at potitioa 3
oa™ ba eooponsated bf tb« witbcirawl of oleotr™s frdVa tba Z-H
bond at position 4* ~ a«t outooino of tiMta probable ovoatt
It tbo latrodttotloa of tM esooad bydrojtyl at potitloa 2 aloog
ifitli tba migration of tba doablo bond from poaitloa 2;3 to
poaitloa 3,4. tm traatlti*™ steta, |(\ Is coasis-
tftat witii tlio obsarvad ni™ dispasltlioa of t~ seemA by4t9xfl
group witb rospoet to tbat at posltloa 1. It also provides
a reasoitablti osqgslaaatloa for tte of a bIndroa™ faa-

ctloa ia a smslaglf iaart b$~idaliylio positlaa ia aorspaaiad IV

OH



U It ustimiim m five
bjruragNK) p«troxidi* mg ba i4v«|y«d la Ue blola”™loal (Md#r
statist ti>«d« m aoiko6abli» a>a«fil( of tr»a»liim @714 b» dmimittm*
tmi In tm« tsftMtm iJ* H. ifaltll 4 4, mrnumMt/ya =
aat«). 4&M|3*rla™ of otiiof ~orii#rs la aaalofjiotu HjriiroiQflailoQ
r~aotiost MiUi fwroicii would iadioato titat froo tiyiirogoa p«t«xI|(f«
mgr isat bo liiirolvod CUorgiiroav It Is i|Olt« pW9imhlk,
ttawotfor, fcita% tom otU«r ooiol «woH as Irod, bo |R|=iloated la
tiM filagol Ivuro9(/latleii mi4 fem tfio aisoopiioi* la ttw
totfod of tin bydrojgrl gr«~. From iko (sodol roaotloa only
ififoro.ioo iiwt msi im oxiondoci to (&0 A.algor «/t(oc It tIMi It
It voiy llkoly iltat la iko too«»i ~Urooorloiloa witii tiM moald
toBo Q7ollo fiva- or slk»> mwitatM t>rantliloti tia&«a aro alto

jairolvod*

A oora dotailod aitoatsloa on iboao polad w ill b«
pr«i»iiod la iH» ooaolocllag i»kaptor of U It ttetlt*

Tin oxiraolt fr«s blafluc ojgp”riffleou raa wltli t™oloiftoxaao
at a 9Ubstrat<i but wUitoat tbc iamild» vxhibitmi im ionmtioa of
th»ail axMiafc of o/okiVIMx«aosM C2) a«l traeot of o/oloMijRadol 1S)
QM TLC aaaljftitc liM fornxjr prtKtomlaotlag. fho forrsotloa of Uto

<ilol 41 wat aoi obtorvod.

tta data, iiowotfur, tic aot «t|fforo4tlato I»tMO«» two
probablo ssodiot of f«r»«atloa of tuo mo>to&r<r«>Qrlatod prodaoi 0 )t
ia) iv « tnw all/lle OjgfdOiaafclda aad (bl o» a dowlilo

bmi follOMoa €Fm all/llo t~Ift.



was prranhl Igr d«”~m i03 of <;Jrokdb«x8:i<ik

rile pigrtl<»| propatiiot mt9 wlitb t&oM r«tport«d la

llt«rafc(tra, li.p«90™«d3*a/7iS mo. tiaaalijr « |,1403.
4 |

1IBVir«x 295" m% im, ivut, imi, bt% na m iFi9.11>

«« 1f19.1U).

t-iraiautl,aa»

ill ttHi BBiliia .far .fltealfilflfl aaKiirMa tri.n fan iflilfIB
iiMdaati»

M tf of ttxporteMiiKt m r* «arrt»d mi la six

litr* tt««| tttma%9rg varjrlug ««Mid8iitraada of
o/diob«xQa« la tiM mitilam ai (bath fc«Rp.I mIU grttiwl
of o/dlotexaiM 0»4\ O™ 0,&% balC iv/v>. TI*

ilraa allowaU for laoatmUaa was malaial<Md o«iai.aat ai 2 br aftur

wl)iob Um CttrunfiiaUttas w»r« tioppad axd tiM m H«r« axtraoiad

ifantar (I>= tho «xtr»ofc* «MfQ s™araMKi ititd «/ol9*
»xant« aad «Ng<taat«™ el«rivatlves bjf partitlaal™g
p«t.«&b«r and miasaol as dttaerlbed aarllar. Thw »«Uiaiiol

lajror »aa eiri*ava(«d to snail valmm aad ax&r»o(«i «rlta obl«ro*

fora 450 «1) ibrioa. Tha oblarafofa axtraots war* poolad/aad)
cud

ariad (sadiwa salpbata), «*vificr«tod (br<Higii a fraot.iiiai.iifig

oalaoMt MU Uia ratlUua iwtgbad as ox/jGMUni prociudU



4T

ttCliifti A'i tiC iiynlateMiiMi
m tled faypigttoa of oxygttgatad proawtt

itffi"Mifcy 9t Ooorat. of oydlo&onMO OxfijomMi
fninWiKof (6 1> trol./y<4« prodiioMt

4 lit. txn

4 1it 9.950 g«

4 1U 0.«S um g»

4 1it %m 0.700 ga

4 111 urn <%soo "
Hra r««iil&s D omtmnl at ax~gomttA
prodaoi «ii laarstiwi t™"to aa laiiisl eauM”~tmUoii of oyol»*

B3Kds« is tM Mdlum ap(o (Ktg, UlgfMr oo”iaaaimICMit of eyolo*
mxiam *o«sr«a to r«urd tba foroatiou of oxygt}sta*U prodoati, «id
of. « f«r/ ftigii ooitodiitrailoa «\»/ IU U * cmvmraim »mt ol»iorvad.
rtHi twmUm af axygoaal><d at a finattoa of tiwt

Fire tots of exparisMMt* wer« oarrtad omt in ite Utmn»
lovu tfiiH I9«r«ls of <ui99 4ittmrmt p«riodt of

|.io«latiaa« Tim msuHs «r« ubtilatod ia ttblo a*

fAig4 ~

NVIBXQA al JBSE e nikitfirtitt ta Un
Mikmmm, .iltft ute

Ciapaoitjr of l_bntw> UMygeiiaMiid

for(Mat«r | 0> ptmimu
4 it % B 0.300 ~
4 U% 1 0.3 %S03 ~
4 lit a 0.5 1.31” gn
4 lit 4 0.5 0.S90 gs
4 lit a 0.3 0.400
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AN resttlis yta» »i%i 0i 4=8
ilte fiiaxtIMira omi/er»im to UfO«aat«d prodttdtt «at 9N.3li«Mi in

2 iirc  4fecf d M &mm m$ wix™ llti.l« dl aM«}i8t,«Nd prMttOt
Ittfl In Y8ninidltiii. OMir«l rwM witUMi tiHVild tkamd %%
ib« lots «id to M8 «f tis« 9tnka «f 50% aitriag tiMi

9 faf p«ri«i*

aa.te AN3Bar.afei£&

tWa m%8 of lauirflmaiki mr» o»jrrika mit at

lo«y>ttr«tar«s 280 3|0C. UMi fon~atloa of O«™Ng04«t«d

prodMts ar« ia firitild 3.
tm A a
Ttoa C«ia« UeNBrgraaikd\t
fam aator itel % tam prodttei
4 lit a k$ aaa 1.373 9B
4 lit 2 QbsS 3I»C 0.39(1 gtt

Hm m altt (7abl« 3} taiiMt# t&at iXm mmM% of
a«t«i pmtiiot shiwwd « tieoltiM with ia t« r»»
taro trm 39® ta 31**. 4t lowar t«ap«ra&ara tba groxtia ol tha

mottU was alaw, tim auba«t™a( uxpvrineriit war* raa at

ttut furM atatlo™ wat oarrlad out ia ataialoia ttaal far*
Rwatora at <i«ioribad aarliar. was adaad f
30 &r “rmth of t&i fiiagm iiloitiail* ~12) a”™ tMt fort aata*

tioa ooatiaaad for 3 Ur witi iitt«r»itt«iit a«»ratioa at ™ ¥ol/fi“ru
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far 5 mia «ft«r *»»ery 30 mla. Tiw of Um furiNiatort
tr« filUM d UTMgH - alk&bb »

fiu m « Mem proovtMd «»p «r«£ «|™ attforifaect «w rllar«

A pswlissiaaiy 7LC examiaa&loit of tIM &tM t oxtraot
rttvotlod the oxlttoao* of at loan Otroo cwtobollo prodMott.
TM driod otbor oxiroai m8 tv«g>or«UNj to jrlold ill.O of
total oxtra«( whioli ms aopwratod Into tM no”~~lar aod polar
iteatrui fraotloat fay partitioning botwaoa poi.atimr t40®0*»0®)
and 9<K agaaoaa Bi“tbaaol (as <Maortt>0d o«rllor « ijtaplor ID .
Hm pot.otlior larors mm pool<*a t Wtior avd distlllod
a fr»stloaatii™ isola« In wndNir to provofit vo latilltjr
losMS as far as posalblo, tbo pot.«ittor oxtraot jpiol4od
9 =5 of tte aoa-polar fraotloau oa fraotioaal dlIstlllatiM
tb it portloa /loldod a low bolllag tQfdrooarboa b.p.30°-31®U,
Tito volatile fraotioa was Idoatlflod as oyolotittxeae fag c-pxf &sf
tivo lafrarod ~>ootro«oopy. tlw rosldm aftor alstlllatloa
iiX7 git> was passod t&roagli grvio | alaeilaa (79 gial «td ol«to4
witli ttM ttsaal solvoat e”~xtaro, Pa»roloxm t»tb«r olatod laostly
(soultl fat. ~ diystallliio aloo”™ol m«p,134™0 was olatoci la tbo
put«t:téor-5% otiwr fraotioa «ad oaaraot<3ri»«(l as or™oaturol by

a oonparlsoa of Its lafrarotl t™atrask

TiMi notiiaaol l«™or o/ taitilag tte moro polar traat-
foraatloa proUaots was also oarofall/ ov™oratod tbrougb a
fraotloaatliiQf oolans. rie iarbla ac]MOQiis rosl<iao was ropoo-
touljr oxtraoi“d (tiurloo) wlitb 50 nl of oblwrofons.  Xbo

obloroform oxtraots w»r« aorablaod, drloti (sodlitR salpbato) a«t



50
egaia oarttfall/ a«itOBE£iirat«(l to a $m Il A fy: oxipiliiatlda

of tftls rosicttao rovaalod im of tkrma m la tpotf wiiioii

war« tbma to te proaa«i la ite oarllor oiim oxtrsot*

A ootaBHi cnrofid.ojrapfty of siw rtisidu«r (U2 gi8> onfar
aliitalaa (grado 129 wat afcteosfifi(od la orsior to rofolvo tto
Tiixtaro. Poiroloata atear aad pf{o&a«r olaM tiio faatatt soviag H<C
ooffipoiiant il> ifblo» ana rooovarad aftor «¥apovatioa of iis tolvaat
Uroagii fraatio{iaU;ig ooia»”™ aod pttrifiaa Inf atctUlati«Mi jrialdMI
40.1 f»l m, roaa™ 4 74.4% U % 7n* Oald.fof
C 74«91r% U £i4.Si9uEtn «ia3(H™ hXH mm im
i40(|‘<uiK 112%*m, n no, m <ar™ ingq,4u ti» «'ottad
gtvo aa oraaaa»rod or/stalllaa 3i4 diisUr*teiifll*draasN”

(r"ponod far It 4 dialt.rt«aijri<»
IgrtirasMiio «.p« 1617*143%:) J»oyol6”0j(“l«>oiia C2) »at prepatad
aooontiog to tiM ~tIMd of i&isaabraiia, 1943} lay tte aofMoii of
t«l Ir™*ogon p#r«cid« oa i|j>. !l
IK t])tfeira of %tm staaltt «atai>ol|t« mmi t/atltotio s/oloMsaaoaa t«ar«

ictoatioal. Hm Rsixad «>p. of tM 2»4 dllaltraf»iia{gflfeyMraso<iot

Fiirtilor fraotioita froa tto alaoiaa oolam f»soarad to bo
esixtaros of tba slouwr EMVing riX md soald aot bo
rofolvad ly fmottoaal 4lttillatloa.

Proparattira thin Itermt oja’ataataqrapiBri
riM ata of tlila lagrar oUranato”ratiiv ~ e proparativo

aoalo telpod la tka aaparatioa of all tiio awiipo”™a la paro foraw



i
Cldts plains «w XN w > wUi a «ax(«r« ol sllislsi

eaid i«C,%raic) aSt aswi plst~r ftf ™ rls IS tl wr<» njlid ('14.0 gmh

fm mt&nii af prap&rntim tna of t"« plsit«s bat b0&a
lie««ribt»(i [* 'Hd <f UKftct 1#r nmt
iidk mon tiUMi 0.1 m di]3 p«r sutraa «e» ittmd IS
e««li P»«< "fiw 9Imwsg wfter mrit

t.~ atrltod o«( «4d Um tiBgirml ar&m mrs »&ra” ait aad «iM«d
witu tk» «t,mr »imm§ mm «y8p«rat;«i Uur”ls a irifraaox

o«lam ia e»aii oaaa*

tiitfcftrm .g>.*

"N fa$(sa& (1~ Il ma id«atifl«di as

fil iit dni»fllw«i mfUmwU

Alaaiiftl ,,iai.3

£ma |l 'Hit Ni.Mf alca&»s gav# «a oily rttaidsia iOiil
Mtit™ dtad lin (mjg m i©?»a, ',rol,
ftmi C 72»9% U i0.3%. ~Id. f«r C U i%3X
B3N m% iiM, 0o Mm% WK m m& ais* m
IN*™n aaa Midk aad a<Niao
aNMiyruritia a M EtE (L0 (tot trti 1Mrg«jrl «aa

ptim itf at a™aasKiary ta Miarw. b»p. 6076t*yiS nm fooaa C

M O.TX. Oald. far CNr54% Ha,m% at iT4%
1243, i@idi» m ,n% m, rm MmAnu. 'Mm «»» m8*nuu
al#™~1 m i"%9 MS tatei la oblwrararm 00 m

aiid a\Miiaa ndtlt aotiva Natjiea<»i« dlaxlUa i3>3 ng) pr-ipmmd hg tba



Sa
mvhati tkisoribed kf tatmr ii934). tim mmUm Mas ailoMKi M

prooaoxdi twe M at at rooQ tM ~ratar* » lu  og;i&iatt«)t» tNiakiag m a

ffiikroid «E£t«r witioh Ut» mixutrt wat aitu ttet ratiatui
Maatedt with tot oiilarofotra i|O «1 pm loaa) tiurioa. omblmi
fllitratat mtm oattaa«trat«d to yuid (|3 mg) ite fttaailoii pr«ia«

UV spttatran aftana4/Ni™ ZtUS5 €<% ”00 ladtaatlii® tM prataaaa of
aa IhA ttaaa(«nMcl aarbaa/l tmmtim iMmh~ sii«4:i§ tk%%Aih«

Hyiir«Qrl atljrlia m &Hs d«ala

Tiow aoc™oaad waa i«ia:ttificKi at ajralobejwaol b/ oo”parativa
lit spaeirwa witU aa autiiautio san”la of y~olftbaxaaol praparud bf

tte natbaa «lasarii»id Iltalaw*

>:ydl9&Mtaaatio C2) %% f) was t™m4 fif ailfrlag
livHm alwseitiidR I*rl4a 42%) gn) la 4f/ atbar c,£59 <bl)» Hm
raaaitoa adxtara mm r«n««o(l far 3 ttr* “.xaaas alt™iattiB

waa tiaaaff>aaad i»/ lifcl «ialti<M af 2.0 al aaataM.
AfMr »iaitlaa af i»7 nl af IOS laOli tba taixtara was ax&rao&ad tdtfe
patralaas aiiiar TUs |»ai.aiiMr lar«r taa arlad iaadian
aalpliata), avaparatad tiuraagli a fraatiouiailag aalamt ta f laid
IO»S(K> af tiMi alaa&al. Hk» £ ~otrup af (Imi alaa™al icifala-
haxaaol) i3 | was st*"ri“asabla Miltis that of tao aloobal Rallied
frae tho fax»aat,ailoa.
m ftl-UJuU

Zam I1l1* Tha'atliar alath@ Mas aarafally fraa&ia»ai™ (=
jrlald a irltaatis ntsldaa g&> parlflad IJf iils&lllalloa

ro/*/i4 DiqQj, * raaad G a
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, u m i;m » loso™ 147"

lars* 943, ~ obT™ (FI9.K') aad m (F|g,ll,

sJL,,hh aul w

tbe dt«l (41 (2S mg) iat Uioa® la oUorofofn iSO nl> and
stiatott wli& «otiVtt aaag«a«s« dloxiiM {tOO «g) itmtmt, 1934) for
24 at at room wiMi M stiiaiiaiti 9.1 a tiitarald
tbaiwr aftar vkioli tto Mtxiitra was nit«rtt4 aad lia raaitiaa waateMi
wiili panIM a af aot o&lavafam al) utma tlma* Tte oaRibload
oiilarolarra axtraao Mtra pooiod (ogtitiwr aad oiNioBittratad (fraoiio-
aatiitg ealmsa) ta /laid (30 ng) of tiM raaatioa prodaou 1lm protiaet
abialaad shwad taa preaeaaa of an m-fi aasatarauid &gfiraigr Icatoaa (5)
la Ua Uif aad X3 aiwatwjn?«ax 225, 6 mV sm
16T3, 1393, iiaa, 9 A 97a(i 733 oaT” |Ft3..il). m Qat##

al««alf at 5m7~ 4.05{C 2*17J i.9%aad |«43ITiFlgJlll>.

Tha dial (5.9 aag) la a oaplllaiy ama drsM*ad tislda a flask
oocttalalag 2.0 «1 of « ~al lalptiaria aald aad UO ml of Owl aalar
pariadia aeld. A blaaiE ajiparliaaiU wUftoat tua alaofeol waa carrlad
oat <iRtaliaaaoitalr andar 100 «aao coaditloas. Th« iwiipla m» allowod
la atmd for | kr aftar waioH 5 ml af 6»a% naa addad
Wiu aiirrlag, to tlia flaalt waa »m addad 3»0 »1 of 0.11 .1 aodiiMi
araaalta salatlaa aad tixa drops of patasalivB iodlda aolalloa.
nia raaoiloa ailxtara waa allawod to stand at tom taaparaura for
10 s4a aftar h”loli tm drapa of starafe solatloa was addad aad tiM
soltttloa titratad arjal®st O»iii lodlaa solaUoa to a dlstiaot Ida*

eolaar« A bla”k la wi”l” ao dial was add” was also wm



siO« bf sid«. Tte »«”™la took up (0*9 *11 iaeiiiMi) iU tf« «f
ito tanapld = of Mw w il dorr™MioiiKMi I m<il/is<=l@<uk¢
df (aaldalat«il ag* sample tatoa S«0 @) tk& m m tim
oixiar« mu issto a «i«™ 3atar«t«d sol«t;i9a of 2t4 «tlaHro>
pto4jfliiQf(ir«xiiia 4a alooltal «&luuiolt«3 sitlphiirld aald, 5«.9al).
pr«dtp&(at« « | th« 28 4i£il&r4i|»w!|fifi9r<ira20!i8i «««i and

rtiovystalliviMi ttm agMons <»titad0l f glv« a*p»1417«I42°C. roaiKi

H 2KI.3X <MId. f«r 23.43%. /N 366 mm.  ai,*9Aai.

syattojiiA j=>f ym 4iaA_,U)j

Tiw Ulol <&4> w«« i/ali>3siaca g tte aoti«i of aotttral i™iO|
in a-brotso-l-oyoloiidjwi# (pr~parotl iif aofci™® of .~hrofio saooialmido
lit oyoloiMUSHtM I« iolttdoa™ {~ag&U (no* p«g« 936)*
A dllilio ioliil.IM ! a-H"™-osool-tifslj*seei™s (I'l IQtQ gnla
9m litr« of aoceeilOM »«= atillud in aa ioo salt ImiU to «iO*C» A
aolilUoa of pofcasaia» poi“soagiaiiaM iiOQO si) mm addod to tb« roaotioa
ffilxtiuro ffiaitiialdiag oigoroot stifrl“a* l|Aueiag tk» addiiioa earo was
tatea 80 tiMt Uto u”4oratttro did 40t rIM <abxo Tiio uliolo
adaltioo w«s do<t« io oxaoil/ fiftoe”™ <r.oittost aftov Mhioli tba roaotioa
was stopfiod a” oxooss of potasaloa perKaag».iat« aaoowfosmd laae-
diatoiy fag salpitar dloKloo. Hia prooipltatod isaogaiaMSO dioxldo was
filtsrod off aod tte oloar filtrato wts ootiooAtratod to =« s ||
volisao tMroogli a Hgfam oolama. Tim rosidaw was oxtraotod tbrloo
wltb 29 al pttrtioiis of edlorofwrm. tbo ~lwepiwtm Is/ors wsf«
poolod, wasiMd witk watttr oiid drlod (soditii sutpiMto) aod tnraporatsd
tUethtgh a fraotiaaati™ ooliv™ to givo m olljr tosldtto (1.S ™ I{

pariflod tgr distillation b.p«63”™"AC/14 an. It sbowwi a siogls



S9
epot in ilM ILCwitb nsobilti/ with iiM aiol «t«aia«d
ttm Uw forawaiatiom of cyoloiktx«iM. Hw diol obialtMKi by aymtiis-
ils alM Look dp I {ml« »f mm m» at4
liyiiraaoiitt «f tb« p«riods(« elkav«g« protiadt did ao( atgr d«pr«*

=sliKi ill a*p»l41™»142~ Mifch iiw 99ricspoiidlag prodadi froa thx diol

obtaiaod bjf tH speaira of fijio dl«l« mm
a&Aliagru«jgM #..m At u>,
s”~rolo”™xaaoi (3] I5#0 ia S3 wl »at Qooloit idU i

ioo salt @ixtar« to *111”™ to lim M il ednrod golaiioa m» adOod
ib« oatal/tt, proparod kr aUlag a «1 of ~ ajrdfogod por<»cid«

(209 vaaadlum po™MndOo (50 ag) at S to ICa aitd dilittod to
10 nl witb proooolod (=10*S) aoot«io. mt aixitiro was fil&orod at
roNidly a« p«>«sibl« so t&at tile to”~ratant did not rtao abovo «a*C,
rsw flaait waa aow iMpi oa a wator baU awl 5 ml of 39% bjrarogoa
poroxldo waa audod dropwiio to tba itirm d soUtloo. Iteesporatafo
waa malnuitMd at Aboat 3 isl of itaMrogoa poroxldo «at addod
and ttei ooloar ofe«j|fed from oraftgo to grooa* tlw elxtaco waa lo ft
avarjtigbt. Hm roaotloa salxtam was tiwa roflaxad oa smtor hath
for 1iif «9d oxoota of aooi™ diatlllod off tbroiigfe a fraotioaatiag
oolotaa. Tte roiidao (3*0 ge) waa drlod ovor aitfit/urous aoditm sal*
pboto, fliterod and dlistlllod Cb,p*lit"«*®C/14 aei) to givo tbo
dotlrod ooMpoti»j wmoii oa tU abowod Idoatioal nobilltjr witb tbat
of tte fxnoaatod sa”lo of tbo diol obtaliod from tbo fSarmatatiwi

and bad idositioal W ai»i apootra. la soma botobos oontamiaatloo
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Mitk wat la tymh «Mte« a eliiraiHatograiiiv

ov«r aluffilaa was rotortud
Mytlrogattatl»4 of Vm UJot ii)t

riw 4191 ISO Big} ia alooiiol waa lyrUrogeoaUKi ovar platiaiw
oxlO« iia bqgl aanaljfaU i mm tmml tA»% U taok m |
byarogM Indimating praaaooa of am d&oblit bovad. XIm eatal/at M«a

filtarad off asid tM aloobel oa nfi*oraUoo gavo laaao ayoiotiexaao
|12 4]ol £%a eA/ir-"ac.
£oi. y B y $0-6U4,unxtQir™ . i
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fttm tm pr*m Ai™ oHapittr intm i/po« of chomtoal actlvUy

of Uhi siMIti «i ayolaiiaiM4« baoott tfv|dO)i(t (a) ali/lio ~<ir93</ki-

ilaa, (b> «igqrfaa&i«a <n a a«ibl« iHKidi and (91 |>rovthtd <iMi<iar
iloa 9t aa ailjrtla Hr<”roiM (a a froufi, U was aoaslilanNI
itaottsaaily ta si»ijr &M affaot af a m

bomaa ring panloalarly aa ilM Uodbla bo”™ tlaea all iba obaarvad
obamiaal astlfifc/ of (te app«arad to ba oanrad araaad tlia
Uoabla boad, A f«aaod raaaoa iafliiuriolcig &m aisaiaa of i-=ewilgrx-
*a/alab«xe:ta ill) as a madal tabtlra”™ »at ibai ibif ®a”oiiiid

oaa ba ra<frd«d aa a almplo aaalagrtto of aansa of ib« cuiaaiarpaa«a«
tiiab as eepioaid a»i iivwiiwaa wilUoai iM iaraa aarboa slda obaia

la (ba 9rp9»iti<M

thas« as ia tb« aasa of ayelobaxaM (1) tba oaadUloas for
ibO Urmnt*%im of I|-«allyfl»I-9jrol9baxa.ia ill) wara astablUbad
pralloNiisaly trials« It iras fo«iid Uiat tba OfXieiHi of naihtfl*
ajftflaaaxaao for abtaiaiog ua »axisae> anoitat of o”*gaaaiod prodacts
was aroaad %,S% bat at tbis laval of tiM sabatrata tba iaeabatioa

ptirlad bad to ba iiioraasod to 4 br at

Tha prodaats aftar fornaatatioa laara axtraotod la tba usaal

taaaar aad saparatod lato aeldio aad aeatral fraotlaas <as dasarlbad



TRANSFORMATIC €XENE B/.

CHA CH-
A. NIGER
I-METHYL-I- I-METHYL-I- I-METHYL- |- CYCLOHEXENE
CYCLOHEXENE CYCLOHEXANOL CYCLOHEXENE . 6. 01
(11) (13) - 6- ONE (12) (U)

CHEMICAL SYNTHESIS OF I-METHYL-I-CYCLOHEXANOL .I-METHYL-I-CVCLOHEXENE

-6-ONE , I-METHYL-I-CYCLOHEXENE-6-01
0 CH3 OMgl CH3 OH
0
Se02 CHgMgl _.HYDRQ DEHYDRATE
LYSE
CYCLOHEXANONE I-METHYL-I -€"
HEXENE -6-
CHgMgl
L AH
CH3 OMgl CHs
I-METHYL-I-CYCLO-
HYDROLYSE HEXENE-6-01
(14)
CH”N OH

i-METHYL-i-CYCLOHEXANOL



> X
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itt w&aptttr !)e 17" «eiaie did flttiti apptiHila*

bl« of a»v sMtabollt*. ttM iM tiiral fraotlodi was panUl"swMI
ia fcvi tsmmt (J«tarlbad «arli<»f tuta aoo-poUr and palar

bf ilifi.rilMiii>i9 li# & p™Mmimm «Bib«r «id 9 sqtt@o«a
{~thattalU ~  aoopalar fraoiioti afuir dittU latiosi jrieltlkeNi
itar«aad#d ill) atid r.aiild llplii at a vmalim,
niraa «saia oae)p«>tulia wara (kt«iaUKI la (b polar sitb-fraoiloa by
ILC. tmmi fMfspmmta ooald IM assil/ 8a»paratca bf aArofs««,ogra{it™

ov«r grad# Il altialiia.

itotoa* IW i

0 fasu*si mavitg o«fflp«t»8ai Hhloli «ms alvMKt from tte

oolttRutype&ralettm «(iMrr ¢ 1% a elagld Mot m HA It
aiialyatNi for Mt tp~MNirm (Fig.ir/) of tAia ooef<smid
shmmi a sir«;if edbh<K||d al™sorplinti at k7% i~ ioattiif thh

existastou of oHA aaaaiatatdd oarboajrl N ation I» tlw soiaoitlo*
tm of aaofit a oiarom”iioro xat also oorraboratod

W ap«atr«™ (Atr»c 233" « Co”oaait C12| ga»« ft 2M di*
ai6r4™w.ii/lllifdra3mt lorait™ o«lfstalsl iIM aNtorp&taa

Aaax 373|i€ aolcld(> s”raoi#fls&lo of m mifi tt"sNitts'aiod

2« irops5w«/l liytiraE«™« "1™ ikem4 (Flg.Xi)
a sikjurp sigaal of 3 protoa at BAST i«iioatlaf] Uto
profoaoa of mtbjrl froiip m a dooblo Ii™ . tm alljrlle eetb/lano
proton atid tt*d mr™ protmt == io oarbo/fl «t
a broati algtal aronad 7«7 « 9*7"« N tme tm tflurl prot®
ia tiM /V>=pasUiai of aa inisatttratod oarbo”l aysiafn tboMod <p

at 3.35'r, iiosidoa itostt, thum mm mo rld™ (satt“luaa protoat
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1-METHYL -1- C/CLOHEXENE

CHs

1-METHi~L-1 - CYCLOHEXENE
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app«arl™~ M a ma~lm signal S.l «ih&fmglm. fwm %m
eIMbir« igrli»trd propanl«s tha atily sirtidtaM Qii»lt«lbl«i 1&r
ooripotiild Is I-mativl-- oy c I C i a ) .

nm Koitldi ratabolita il2) ami aa autlwafci® of
I-«atlgfl*l«™olabei»a«-*»:i« pn»f>arad aooordtig ta Uiwit «i alil™T)
b«(i tig>artt:"\03:tbk¢ ta i~ofcrt ami ilw mlw4 oup* of tiM oorrotp«i«

dicg 2i4 iiUUrapiktt*lkydmmms m 4("r«»sioa*

rUaatol iaiLi

M .iox« fraotiott trm Ut« dolam wos olated wlt6 petrolo«i
otter *~ otdtttr. DNi «le(»ias axf onal/sio @ori"S{»a.'i(ioil to m
06 »irlex»il Jtoi™lo %il]40. It ««t eptloall”® inmikm, Ilm H
tfMotram iFIg.Xifi) taajeata4d Um |>ottao8 of a ~irtiaTy IgrM r/d
groi® la molooolo C 3323 IfWOtrttB iVI§,mfU}
govo a tifJial of 3 praio.i iat«a«]ijf at 9*9 T'liidloatlAg tbo
proaotioa of a grotip m a utttl*ty aairt™ mrwflttg m oaqgrfoa
ftMOtioa. Tm ring mikfUm pmooa appoaroU as a liroaa sigaal
at 9.7" « ~tMN”ts to aoat/laio tte wliM aootia
pyridl.'io aaa«}r tfoa osoal do™miUioas failoti Itidioatiag t~t tiio
tor>"Yeigf goxg[> was tortlaiy la aatara. tba aGt"Gii»i mas I0oatiflod
as I-=>(>tiaDr2«l-o/4lolt3xaan2 (i3l« tim M sp»«tr«pt mi tlils aloo&ol

was Idttotloal wit& tiiai ropartod la lltoroiaro for I*swtiiyl«

oyolOtolfiai«ft»9I*l.  ( AAS J. AW soc.7ji (13N
gttftiitti .a iif

N tBijst polar ooMptm”st t]4l «as ttm tte aolum witli
imt &m&t. It «a”i/Zioa for «|>tloalljr aatlt*

W p *»-*-






1- MET:.,. - .. i ULUHEXANOL

FIG XVvn

CHs

1-METHYL -1- CYCLOHEXENE -¢- ACETATE



1% skouNKt a lypioal ar<»Qrl la %m M s~ mtm

if~c) o> (Flg.Xi/IXf) and s ulsab tilitti® i

fm fMMidl INi @ atily i«UJi nott&ls «dl9] [Mikd« and
pfwidim L.Kil««tiiif] {tirar««fl «jrev «st la a —m—-fkimmM
p««lifciaa. Hm of tkii aloouol aialyiwKi far

Hitt £t «f tlU.» <l«irlvatliM m «$
3Ma ™ t OI3rftMiMMrisiLI3 #sSMr Inuti RN

HMi »>9(riam (F]<j«;(U) of tM » sterp fasad
at O«IT#f Ummitf irnNirntim A pritmmm &i
fiwiftyl «t a &fiftiiiit&lt.»««»d bmi 9mi m&ilmtt « i»9

id ite afaiat# m ™ U Ch rI™ Mibyls™ pfo&#a» m a

ootilvx signal at i}«!3T» 4 tltigla wiafl pmtm §bmi” nMNa
dONMIsKI «Uii atijaotiii wih/Itt»a pm a » ijg=a\i at 4*35™adil th«
pr«fca} m Umi aarboa mtrfler tM aat»rif]jad IMiN«grl i*arad at

ftm t&« sfr««tral «lata tm t#.uatlv« ttrtsietiiira i-i otmld

bo aatlgaeti ta tJlla dw™Yoam.

A a”~Bloal 9mtim%Um af t™u itrM tara m$ w

ttxldatl«:i af tba tx~ alaaaal ta ti™a featkaa CI™ w Jaaa*s

It it af latiaraat to aate tftat <m ai tiM t»ata i>iiiatl<iiit
abtexvad la tfta imrmMmtim #1 a tmmim lata tabstrata
Nlaaaia «!%e alljrila <"ga«atlfiHi la
al«a abvawad la tfea traaatar”~tlaa af ke <t&flokaFaiai™aiG» ia*
'mt alkMol (141 was a”iala aas»alataa MiI&h tlia

wi«atiurataa kNmm  (X2).  tdiie t~ all/lla kydt~ U tim
abaarvad aa tlw ajralaftajtaia aaalaai, i“tiraj™’ia&la”™ at pasltiMi #

la i»IMtayi-i-a/<iloixix«ia ufat ataraai”™alfia laadiitg ta tiM alitl*
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ealljr M (iv« aleoiiol 114)* «ItH fowi
a I™ralldn f««raiika t«satar~UKt FsMiLiQric«e™dI9iM»»sa»»
i-ol 113) amt also airid«it,

U i« intatHBiing to flNid thba «liigr<iraigrladioii reaotiM
Ittadliig to «:elob3Wi«i, k3-aU iiiol 44) from o/oloiMwa.io <11 eoold
AOt iM dORontfcraMd w iU I*fl»Ugrl-l«arolote»xOri« (ID presumably dtto
to tiM »t«rU liiodraetoo litroduaod by twd nwityrl group, Uowover,
it Is alffioiilt to julgo as to bow im ilm i>»lttotlvs offoot firoB
tlio attiiqrl fir™® HHmMmum» tltord r*sotioas. Btat. saab aa affoot
is i itfolirod may bo do<istra«ti from tiM faot tiiat tbta position 6
ratiior tix«t tlw altoraato all/llo posltloii 3 In lim rlag was

I<itfoly«i lit tIM ii|fur«iyrlatioa proooss.

tM solistrato blanics raa witb Uio oag”rinsat protiaood tte
ktttoao iW a3d tbt aloobol (14) la traocoa gaaatltiss as Jactgod isif
oot/ ratltfo ItC. fart™atioa of tlio tiydratiosi prouuotioq was
aot dotaetablo. O”re also Iim ammx. of icetonoobtained was

far ta ox«osa of t&at of tiM aloobol.

It isetIM™fore, ovldoitt titat Jast as witH ayoloMjcaaa.
tiM primary sito of fatigal OMy<|«aat]oa la I-Hmt I-1-oyelt"exoiio
is also idoatieal with ttto most roaotivo i.tf., tbo aatooxldatloa

sito.



aiw M IAU

I-Mi(iN*1-.iN(SiaiMi»a{i0 yr$ ptitpmmi iigr Um tmtUod (KisoriiMMI

la olbapuif XI. It t««s purlfitfa bf nflttxing over m tallU
tdiiiim Slid b*fM»«UO0N*112V7ES sb* » U4SCO
D « tM plI™»iml prArii»$ 9i «WIr«

idtadoal wiU itMse Mporikd in lltartitffo. & Vmm 34>
2990. ttwx i&r™ 1441, 137% im , 130 m”™ m % ii4i, im ,
1052, IOaRT, 9i>t, 916" m , 3H w 760 (Flg.Jul.

:m (Flg.Jul>.

riMt &oi3Uitlaiix for tjM faitatiiiailtMi «ad t.M «Xir«dtiaa
prdao»d«ix« lusre) alr««d]y b»«a iyfcininr > 9nesit@ of
i-=>outtiyr1-1-a/olouaxi94os It iict immi AUmm
MSS dtSt atd UM (™MIMMCi itsw of i <diibailoQ 4 kx Miih tills ooaoei-

irailoa.
mitinayfltiifta;

ttm (vttttral Mtiwr It)cf«r «fMr (Oiapwr ID was
drlad aad tjvaiporawii ifiurottgli a fraotidnatiag M flalii
(14 9«1 af m al ax&ra«t ulilolt m» »»pafa%*i i«ta Nala? «asi

nojipolar aautrai fraotlaus by ptni(lkN3lag betweaa fHiirolawn atbar
actd 90" aetlMusal iCAi~car lll«  Hki ttanpMair ttm lim  ip«u«t./Nr>
aa atr™araiiiKt ~ava a raaldaa (12.2 gn) Mkloii alatllind tA 110"

I2*CIl/71-i »=  THi valaiila <mpm9a% ttas IdaatUlaOd e
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frm ii8 M 8p«etire» (FItf.M). 13m

t«8idm itkm w«s eltroi"M»Orajplw<i «ir«tr altieia* (66 gn)
aix| ttliwd wiu ttM iiMal «o|v™at* cd«florib«i ««rli«r ia

1) 19 fitiu em tljf «oitl«l md imt%f mHKorlsl.

Xtw {i«l«r frttaiiim “bs-aimi aft«r «vnfyoratloKi a£ IUM eseiiwiMI

N «r a /igr™mix aalti™ io « skmill volutw ifax dlivMd
itltk wat«r »«} wili 43 x 39 ml=> «bI»r«foyr»  r&a
dblarofovM «»r« paolttd togat™r, driad and otr*>«raUKi
to jrlald aa alljr ratldaa (a.31 00 sbmad tba praaa’ia*

at ai laaai 3 «@gp>Ntata ia 1LC<

MumjLW*  tl» 9imm8 any ia  wat

Qirapi™ ovar gratia 11 alani'ia o> a;” alafcail hlili a ttixtura
aC aalvaaU aa datallad la ~lbaptar 11* Pairolaan atbar * 1%
a(iiar aumt™i trm tha aolaoa was avtntaraiad ta get a ragldae

iISN3 «9>wUaii $kmmd a ilagla apat ia aa”aaad raa
faniHir parifiad & dlatlllatl™ b.p.dO0O™«?#/lIl m. "ialkk C 76»6"
a 9.16"~ Cald. far Cr<i|™, Q7i».3a\ M9.iS™ IE Vaiax im ,
136\ liat\ 1103, IflISN 966w irif.11¥). A itaic 23Stn™
n m i 9s™MtO%tm iFig«jS™>. It ftva a Si'S dialtrapIM s/
Nrasa«ic «op*2™M«a09*v U«™artad far l«tw titrI*l«ct/ e l9iupxaas»»ii-
«»a 2M diaitfsplwajrlle~ra™aa, »#p* 2|3Ma>« i asw 313 ‘w/a
6 xJ7«ISai» Hia 2i4 diaitri“iaiyflitdraaa”™ ~taiaai txm t&a
am aaiailait pr;adaat did aai ahaa a«v “rasal”™i la tita a.p.

wbaa alxad mlU i aa aatbaatio taf*la iw” 3a872107C),



64
For iii«stlfiaaiio{i 1.)i« wat 8jra&tetta»d «<taoid|{i9 to
&li« datoributi id ilam li, 1947).
iUaalttl i O i;
TIm p«irol«we «th«r * 5% etb«r #l«&« tras frsotioaalljf alt-
tillad jri«kM a r«tiilac 1S93 tubioft s&wiid a tlagla i|i«t l«

tLC. tlw raiivtiM urat fancier pariflad by aitfclllatioii® b.p.oO°-al™/

9o~ A»«l. fMiMIt C U Ctald. iMT ~ 4K C 76.32"
~9.1370 m \ 143S, 1377, 137~ U7S, iiaS, i05<\
192% 97~ 913* m\ 729 »ri, m hastd8 m

iFlg XtfX1)* 18 spe«tra |[4«aUaal wim that r«»poriad for x*ikittiyl»

I-ajfslaiititaaoi,

M atM i aoafc/lafc* prodaci wlib a<K»tio aalgrtiri<i« atid
{i/ri<ilsM Mas atid gava tli« dtnroaatoti aloohol.
MftaHal .(.l1iM

™ «%te;r @Uatc fr<diN™ « i «fap€Hratto«

gw»% aa oiljr tatid”™ % T gm) wlktoii sboMd a siagla ”™»ot la HC.

am Wos dlittillod. i».p«™*«i7VH an* Nal«
C74.05% U val<i. for C 74.9S% B Iow78”™ it
Y«a* 3m im io0n m m 303» 310 ort-iirig.itV fll}.

TiKt oo™owQd 100 ng) «faa oaaily aotttyUtod wim aoatlo aahjrdrltf*
11 drop) aiatl p/ri>ilas (2 <4) to givo tj» «u»iicaaotato iSO mg)
b.p.69®-T<I7i4 WI. ~al. Qm ~rt, CaWw. for Cyij402»
CTO.1\ a9.1fSt uHftmx 174<\ 145% 1375, 1245, 109" 99% 9«X
941. 929 m "K «  CFlg.JEK).
gicyaaaft,«if al<wt=al .UilJaJ8 8 M ytfiffiff.a}ca=>i>«miiir(™ (Hh
TU alj~ai (130 0g) U 2 al af <lo« oold) i«aa
tUratod witk Jkm*$ mmgftm %» st m4 ooloar. 1~ mijctmrt Haa d9»

oonpoiad Mitii Matar, axtraatad ttlili atiunr i3 x 25 i4) ana tha



etter ttxSiraob was aricd IMOdIm sttXpMU) aud av3porat.*i to giv*
a llgttid m» It. mt a*
c/oloAaxaao-"0osM by tpostral aw/aififoa MItlt t.to «ttU»iitie

00S[}J0«<: 1.



m m
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tim rusaUf mIU ~olobuMiM ill aad I-iwHijrH-«ycl»IK(j<etHi U Il
liKilca(«d Iftat flIrt& tlic(f M lufdrcMlatidn W mtm
allylio to dottbl* bood* HO9MV«r, la o«i« of N4/0ol9-
iMiic»«irl<»ol <3) wat fwrtiMtr «xldla«l tIM i“oyeloIM »i(i»»-1,:"«ls
Ulel (4). ftm firttistioe of a m ti™l «l belig po1co>
b«bl/ inc#Hrisr«d iii0 se>«a™ figrtirojtjrlaUttt prooet» withii
loyolai}@xOM (U> wtiidli yi»i(icd ail/ tiik B>"a ox/cfWaatod d«rive->
tivtti $mb a$ I*mihyl-i-a/4ld&u*x349*~ol (14) ad I-i%jtb]fl-I-cyolo-

iMiwilWNd-oilo <12) b«sid«f « lyrdrai®i4ii prddttdi il$ ),

U MM, ttoroforo, donsiaorod sittO«ft«i'/ & study ib«
b«b«rl|iliif ia tiM 9t Fe»tinN*.%>cgralalH»i«it« iIS>wb«i«
tMi doablo boiHi was Midaly taparaiad far tba m Lbfl gr&” aad t'ui
etarlo UadrmaoB i« tk» diiiytin~yUtiM pra”~9« ma$ l#ta prosaaaaad.
Jtt»i at Mlib tiM i8omH<i il tbha
Itfval af (bis bjMraaarbaii (15) inat %5% and tba «ptloae
p«*rlad 4 lur at tbis sabttrata l«ral ai a t«H”ratiara af
Tha oo«iltloas far tto f@r~ataU«ta «wra aftantlally tba ta«a
aa tbasa datoribad far l«aatb]rl*I<*aydlaboiwM«
toiafM pa~ti® nrwiMfct it'ig»umt

Tbha prodaots Mara axtraatad ia usaai maaaar at (iataribatf
(Cbapiar 11) aad taparatad iato scidio aid iiaatral Nyert» Tbha

aeldia liirar m avaparatlati did mt ylald a<y sjotabalita. Hit
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iMitttr«l layer ylolded polar sbid ao»»p«lar fraotloaa* ofto-
pttlaf Irs«ii03 yioldcd taaiaily uar«aoi.«d i«aMtfi(ir*5-cardlo»x#/ie (1S)
aMl MoalUu fat* Th* polar fraotios abiaiiiod froR Ib« toetliaaol
pf«iltia]siafy I13V«sUf«t>]i® W «le« SOMKI iiM pr«i«ciio*
of tMO is™or atud oiie oilsof mtspman* mm vipm*

raUKl Iv olnromiagrapMir owor al«i»iaa ataxia XI.

attaaft ilftl;
tiMt patroUwa titter > % atfiwr frce ti« o”lam 8avo
a proiittdt wnloii ataljfSiNI for ui» I»frar«ii spto&ra of

tbia oonpoitad i<iLiieaMd pr«a«iika of 4hS ttiaatarataci oarl»o”l
fyuiodon iVniBt oiT™ ri9*jycir) a fladli™ vdiloli wu msw9»
baraVHi by at 22&mn,mn * 1% W k It garo 2t4 d]aith>»
pbtiflijrliisrcirasoaa, ra,p.13”137” (/\nn 31" »% f «se « a7,120.1
froA tiiO above piilJrtlso-«ilitoal prapertiot ft m% lam itlifted aa
I*ni»ti9 I->o0/0loliexeiio»d-INM a.«i (M* ideatlfloatloa »raa oodfirRvd
bf itt sp”otrai to~arlioa with %a ~iN”"atie si™le, teltlag
poiat of 214 illaitropb««]rlii9iiracoa« of tiM ayatlastlo n ~ lo at

well aa tIMft trm tM moald cnatabeUte did not sbau m f depreatloa.

Aiofltei .tm *

ttee etbet wliat<is ttm oolivsa m fiv# a
Mbieb aital/aod for cyii“rO. Tb« IB i~etran of thli
ooopoaad axOvbd IQrt™myrl abaorptloas at 33/ aal”™« iJa oxldatiofli
witH -lode's rtitfiiit It wis ooavertetf to abovtt Clli>«

U «iai» tberofore* eatalilliiMid tiiat tfte alooliol (tag l-a@ U»rl*
3»ayalO{iex0!fe*3-01 (17). om of ttw astrprltl™® flaai™s about its

p~aioal prg”rt/ was t&at It mm aptioalljr iniMitlte*
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aould aot be ItolaMd la ancNMiit
ejiffialttat far urwMr olumleal ttivlittt* liawmrar, Kt
ia ILC carr«ig>oiid«a i« tliat of a «dap9« ™ i ««

U motfitd ttaa <ir)«

It it also aouwortbjr tHai la tim oat« ofNaethjrl-S-cralo-
tittxaiia iJw fmotloa aatarad «( Um inaotiva poait>l«a
butMom doitfeltt ba”™ aad &M nai™l griMp. thbit poaldM la alaa
ibe aiu for autMocldaiiai at tb« «xtra«i from sttbstrsio blanks
alao gava twa ItC if»ata MiU etablUiiat tdaaiUisl wlife thoM of
ih« fcntoiia Cl4) ao4 iba alaoAol ilT>. iknmr~r, tk* of
tboaa oo”oaafia foiwod la &ba ttxporim.it »iib iba a««14 appaarod
to ba aavaral bwiUradl tlaaa groatar* faribar, la %m aaiaoxlda-
tiott oxparlfittatt tb« it“oao v«a prviuood |a ovartbalt7=iligl/ Urgdr

iMinottitta bat la tba faogal sjrstan Ib« alaoital »aa tbo «aj«r pro-

(iuat. nia i/po of dlIffarait™ la {iroOaot fr«M auto-
oxldatloa faagal traa«lox«a(l«» baa also baeo obaarvad la oaaa
of vortwaol and ifarbaaoiia ttm a« M il at la tba oaa«a

of ~olobdNsato and 1-BwtMyl-I-oyoioftexau*. Ibara waa alwagrt
a of ite ilo«™ol ov@r ipfa»o la IM fv”~al mtabo-

lltoa.

Qio raaaoa for laok of optioal aotivit/ in tba hydroxyUt«KIl
proUaot ia aoi ol««r. Perbapa la tbia oaio a raoa@ isailM prooaaa
may aooooat for &ba laok of apfMuront ttttraoaalootlvUjr la tbo
bfuro«flai.l«i prooaaa. miia « ill ba diaoasaad la »or« datall

la (bo 004QINliig obi™Mr,



AfloUMr la ite «f iftli Infilr9««rtoa
i8 iiMt la inpUt »f soa”lU»at f«ttfoursblk f«r Uw dilrdrwqrlatlsm
r»«dtloii «s la a/dIdiMKMiMI, as 4l«B(/"stttUii prodttot eottia be

la tto &d|ttK. m» Mability at iii4 tiaia«»ettificil oos™xmad

In XLC was Rvaii ili»a «ihat f«r » 4i«
lyr~rosqgrlai.*! wspmmim  iNariupt fhifttharl cUiiOiigti
froR ttM d«it»l« hmA, mti stfcill protrida for H@ ri«
madlraaoa to pr«r«iii Um tho truallioQ

siato*



TO

:nm m juh

tm pr«par3tlo.i =t I-nwiNl-'W~2j/olohawr.'ts; fiat hcan O«sarlb«4
in Cfaapt«r It. Ti» iiyar<»d«rbQii nas p«xifu4 Jy r*fl«xiag «r«r
ioGtim imtal ana raclistlllaiieei a
D m\SKOH* fm SB j“mtrm iNi «at ldaa&ioal i»iU
tliat i«kp«ma la IlUtm art f«r i-taat™l-'Veyola&exaiia CTItfAXXIt)*
I-"iUt/X- Wceydlobaxanal waa praparad aooariila”™} io wiekar
(1957) fiyarogaaatlaa of p”~tsraaol Mitb tiaaay*i ~ai™l at

oa&al/su

EftBaaauiiAa*

flu ooaciUlaisa far faxwiataUaii an™ axtraaUaa
prooadara nwra alraady bdei oaawribed iOki~tar 11). Pr«llmlriarf
trial «jg”rikMNt&a ivlitii 9ra>iad I«irt»la of d/akjU«iiaa@ Minl
diffaraat itattbailaa parlaiia la Ua ioaaaar uaaaribad far oyalo*
tMixaaa etlaMisiuki Uia( 0.3t iw/f) af Uls £yfdr#taarb(M waa
attd tka baat gMrlatl af iatsalMitlaa 4 kf» mi Z"»3%C la gat

ntuciawtt jrittM s df aii“ftilakad pfatlid«s a™ IM$ laval of aa™&rayi*

AMtOfljcaUoANC m kaSM Aim M iiM m M lili

tiMi aaatral ai&ar la/ar ab&aiaad aft«r axtraailM Mat
driad a«l dv~aratad ta gat a™ all/ raaidiaa il3 «t <gg) Miili™
oa<ifcai(id both tiw palar and uasi-palar fraotlaos. fhata i«ar«
"™ aratttd ty a "alg-tgrpe dltt>rlbaUa« baimma agoaaaa

mataaool aad patralaiim attor. Uta petrolea* aUwr layat m <ra»



p*>r«<4i(Ki qw/9 aa oily r«aidiM gffi m»% ot wbidii Uls&lllad
at laaio«tl40 titat Ii was ariraa#t«d Ar~"mthm
w&loii «wrax loaatifiaa W™ lu sp««fcral pra|=artjr. Tha ™ a I

(OQUN gn) «aa tsliraiiograp”™ «v«r grada 1 alunlaa aad tliitod
with «alv«ats at cMaariiMKi aarllar (= yiald mAMI$ mml4 lljpilda
and fatty aatertaU* Thb« polar frsoiioii obtalsad aftar avapara*
tiaa af awtdaaal Im v aa ally 1t~id bwrl™ a

oUaor fpB). Oa prallelaary i3t#9Btlgat.la;i witii 7LG it “mmi

twa inalii <imp9mats aXl e mia«r aaa«

JteatU iftaU aiii

nte ally ratidaa il«6 was aiurtfaatagrapiiad ovar grada 11
alaalaa gta) aad alataa with tha salvaat syst«» as dasorihad
aarllar.

jutafli (ttth

Tha pwtralaara «tiiar * it athar alaata frotfi tha oolarat aa

av>aratioa gaira aa ally rasl™a« IOb”™ whlah was fitrthar
ptirlliad by distlllatlaa lihp™ am, Aaal. C 75*9%
ti 9.3St, Calit. fav C 7639, » %m * m 1A

ldS<lV 14T«\14C>,14 n im la”™ X2i% 113~01125,102933 .~

770 adad 735 ooT”™ crig”Nliof). IAf inatrafiAaax E2SiyiEIWK « 17M4 7,
Tha cargp<Kititi g«ra an araaga »d 2t4 dlaltrapl™ivihIM nisoaa

tt«p JIM**«*04 X aax 362r'wYH=> 27,1" iicartad

oyalahaxaaa-a*~ 3t4 aiaUraphaayllorttraaaaa («.p,I"*IS7TNC=>.

It «tid aat ahaw aay <i“r«tala<i la »«p* mixa«t with aa

autbaatla awtyila* tlia ItW~/itlty was aatabliahaa ly ttia syathatis



T2

of »a autlmaiio of ililt ii0i.ali«x m« U«t«uritwd lilom iiro
iniisaUi 6( «i 19™). rm m mgmXm »mi4
fiIwWiabolU# ite «fatlwae fafwsrirstMd.

nw IOKPt ttttMr irm m  «vap«ra<»

&I(M gavo 9 mtbiiM C%73 g wkiok*Uamaa slagltt S|»oi in 1LC.

U MM fitnlwr fmriflod foy aitUlla”~lon, b.p*661**70”c/IS ob

- %k Anal, aT4.n a Ciw. f«r
C 7U95\ » 19.7tr%. la )bax 332" IOfH w
90% 912, m , T15 mO9O*um ,

flm al«oiiol iioo ns) ia S al of iioo tetii) was
ox&tiiMd fg f«se*t i0 « 4«Fi»l%« r#d ool«H«r. fHi
t»ai woele&d aft«r iltaoapoaiiHP ™ rsaatloa «lict.ttr« « IU watar

lgr itxtraoiio!) wlUi ailMin tm 4tl«4 isodlws inNlpfta&a) dtlwv
axtraot aa avatioratloa gava m oil/ raai«lka C73 tag) wHiaii «af
idaaUflad aa [*«tit-3<-«jfal9b«)eB=>i«N.;;i»ftaa fran lu ai™oiral

prapanlat*






TS

Htitiw JL

um % M

This mo.t»itfip«”™ ooiHirf ffuiy Mittol/ dltirlbtitacl ia aat™ur* ami
slsixy* Ui»M«a« iwtm tm ci®ia af fraatiaa

af a aonlMr at alli saaii a* ails af lonasi, arao”tf, aia*

tka diialaa of Iln~aa as t sa”strata «ias <”/|chis» slaaa
basitios telii9 slirlasfc isrp»<<te It alsa osit ba WVH as
a cM | oamp«at« la ndiiaii m addltioaal isoprap«ayt rm~”

bma sal™lttttad at liMi ig~hasUloa la I<»astivi<»lca/dlatMxai)a fl]).

It was aajsldarad daslrif*la to lavasilgata w”tiior Umi
fuogal raaaiio tg obsaiYad ml(li X—&Kjfi>PF</~<>loIMajtxaa do also taka
plaoa la Um p-saaathaiM aaalaas* it eair ba raoapltalatad UMt
kBMxtiurl-I»<3i/ololicjaiae gava atie ~aratloo prauuat aod t»a

allylla oxldacIlM protiaats.

rnm aaadlUasts for tte faraaatatloa taara I™atloal mtlUi tliosa
rapartoil for a/alal»x«iM U )« Xba tgrdrooarb”™ was addad at
laval aail laoutbated for a parlad of 4 lir at 27* 1,0 25*U. lh«
prooodaro for axtraaiiaj «Ht aopara&loa has alraady baaa dascribed

ia tto (larllar otiai=Mir.



XMiuXttBMiUafi ntftitiau iri3 «m ii)t

Tk» pt9d99ti afunr Inr?«iital«xi mp» «xtraoi«d la Ur» sisiittl
R«aa«r tt d«tarlbOd 1> aoidla «iid Mutral layr«rf«
Tim mid £e»9tim did oot yiold aity iwtabolitQ* Tim fwatral
fraotloa Mat p «rtill jg®tl beuwwt aqgttoous r«ftiuiBOI «iid UgKki
p»trol««M alter to g«i loa-polar atd polar fraaUoiit

(proeedurs d««erit™ ia Ciiapur tX).

frao(l«Ki dInillatl™ yialded t«iraao4«t
(ii) a«i ooftild lipids. 9m oxamiaaiio4 of LU« polar
fraation obislsMd itm tM iwifa»iol i r thr*# ftajoar
aad a fitM mmt tm sMNit ipulling » il mm

MOW okroratogtiqilMd «r«r alw«lia grada 11.

m m ajjai*

tM patrolaaa afcter *it atbar from Ui« dolam a
eicmla aoffipoaaat ITLO). tIM ow”otud aoaljraad far
aad wat Qpiioally aatiirc« *(} ™ ~*1* /2~ XS sp«iatra% tbcnod
a ttraag abtarptiaa at gb"” iadieatiag XM pra»@aat of
ohB iKitataratad oarbotirl Ow altraarlalat
abaorptiod alaa oorroboratod tmiatotiao of tao”™ a tum xim
hmoi 1% 89t» a erjPitalUa* <B(iBia Bp«w2/<2«
frm liwao data tbo ooppomd »a« idNtafclfidd aa C/'laarv~ia, Hm
oxim did not shou aay d«“reasi<»a la Uta mixad awp. irit.it sa
aa(M«a&ia 8mplO of oanraaa oxiw (a.p.72*). TM idantity of
thO kvtim waa d«i;at»l|»Aed ot».]Jalatlifol/ by oon/affakiva
aM (siMd \IM » |tli aa aatIMado aanpla aappllad tiw ~stsntlal

iMla uitflslaa of (Jtis Labora(«ty*



FIG. XXXII

TRANSPaRMATION OF (+) LIMONENE BY A.NIGER

CH3 CH3 CH3

A. NIGER

IMONENE CARVONECARVEOL o0<-TERPINEOL

(18) (19) (21) (22)






MXt fraotioa ttm fcdM oolam wiU poirolwgi
«ltior * 2s% atter «icwved a tiaglts Is 11" mA «
pvalt in /PC. Ttw oonpoiMti aaaly*ed for C*lo *
Hw J3 »UoMid = [i3rdri«s3rd ~rovp 1370 4 N«
bond 41670 ana obT™l a«i M isotM tyl«tiia 4€mM@
(890 Tl» ipaofcrM «| t™ts alsa”™| ti»
prra»aw of a taninry u»&”™l grat™® m a @arte» mwxyl™ m
OKjg™i fm stim  (almrp tigaal «f 3 prMoa liiik»”MtUjf at 9«74"»
fottr risg pnHmM$ iditiam $igmU S*39T|, «
Igr«lraxyl px?NMo”™ ia»/N Tiiisi|i{»iars m mitk 9~ a
tartlaiy pntm allylio ta tm dmbU baads (atraiiglr oaaplad
aalax slnital arotutf S.O Ta siaalil dliml>stli,tttad daiUiia bami
i a i9ilt alfital af tua prataa iataaaltjr at 3«iTV. Hm mljt

gfcruotara Mtttoli flit la wliH tte abovo Uata is r~pracatitad hjr

7S

i20), pitatftaiilaaa 2ta*l»al« iia”*var, aafartsiaalaly tia ralaraaaa

<aiapla wis availabla for aara|Mrativ# tfx<otral aiw/iat* Aa

afctttmpi to aoe&jrlata tiia praUaatt by aaatio aaMTdirida aad p/riaiaa

gav« baak tiia aaraaatad alaoiwl iadiaatlao ttof itv» I™“urojiyl group

«aa tartlary la aatara.

IUfiabaU U U a«l uai»

TIm aaxt Araatlaa obtaiimi trm VXK atbar aluata waa foaad

to oodtaliS MO aaopoi™a aa TLC aad /Pv axttniaatioa. Frora ttta

tLC data tte aoiapattaat ml™aii «Mra aaaiMiatad to ba prataat wtra

earvaol iai), e>tarplaaai (23) aad porlll/1 aloa™. NNarativa

ifPC of tiM mlixtiiro wai alitaia«i attar tbe acidltioa af tiMaaa

ooK™oaada alattfi «fitli tlia farmatad pradaat, Tim data praaaatad
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jauioa&od timt eejerpiwiol 1221 odd oanrDol (21) w«r« prucecit
la tIM fliixtttrd* i@ par«ll9a of tl«i mo aompontiUt was oasil/
aobloirod &y Om tsixtttro of ttm alootols* Canrool
batdg = aooowlar/ aloojaiol waa ao«»(/latoti raaaily, witila tiMi
iijrtiroKjrl la mt b» amtyIMUtd mime
rsLid oo.itiitio.ii bacaaae of iu toriiary aataxtt. Th« aaatjrlatad
ailxtttta Maa aoparauM lijjr oluraee&ograpi™ av«ir alui®“aa gralia Xl«
tlia pat>rol«iia otidMir fn~fctoct a:i aat«r aftar
sopotUfioaiini jfialdad oorapoiud, C«lu ™ 23*9

Maa ooaolaalvol/ laiMiiiflod aa C~Ictai“ol U Il Mr oo™ ritin
of lia M wlit Uia( mpwtM £m oaaraol (ai)

Tim Idaaiity waa fartter oatabiialiad by tsmiramag um aloi™ol

i) to il9) lir IMa*a ~"daUoa*
Tiwi oibor oltta&a from tlia oolam fallaw iia aootylatad
dariva(iira /laldad tonlary alooiiol %«o(ral

oof™aricoa atnl aai™arafcifo InPC mlU i aa aaUtoaUa aaiopXa eatabliiliadi

lit m iaa> (%™ & iFig,ji;ix>.
It la liatcororil™ tliai all iaaalo reaotlodii ar*loyod la
fomaUoit of tIM i“uroxyl fri™ W mmid mm otomnmdi la

tHe ftradsformai.loit produoia of It(™«i»aa ija)« Tho foneatioa of
ahi.erplciaol (22) la raodlai;® a dngpNo i~aratiM fO inNIN
attalogoaa to iIN fwrtr*tloo of I-mU~I-l-oyalolioxaaol CI3> firoa
I-coilir*l«f3/alolioxaao (11>« Hof of oaryool <ai> aad
oanroaa (19) omM alto tm asi&loljiato«l Igf allifllo

prooasMs. tlia atofiiootaaalatry of iiwta prouvMs w ill iauioata

ttiafc tootu are lackiod truly allyllo oxlaailoa proUitatt, aa Ua



ro

oo

ooV

o]e]e)

iLi

in

00036

0008

ro



ro

oo8

000

o002

0003



attaolc © iMMd foU«««di hjf m allyllo ttiifi
hava l«i to tU« foraatioii af (-)aarvo90. Ibii t/p« of

ob»d»nr«ii ia tin* for*>alUoa of p>r~aiilUNi«ti«

2-9-al-I iitilah It if m «ti»9fc af Um
filcoir«|=klli9 nr™roxyi m d«Ntblo follom”~ W m ally*
llo thlffc.

r

X ] ]

Aoovaar sl9<>lficadt> feaiaro «f litesi) iraasfartr<a(iofit 11 &lia(
agaia taia a" ta iw oriaai*Ni «t a<4tooxldatioa
= jt«t 4s bafci a«nr«ol a,jd oarvo.m «ra olxaiied hg automidatloa

of liaoaeM*

7lio i»laaic« tm aloag LIM foraataUoii tido
bir *id« for«*l anrvodw as ovidttaood filv™



B

Limaom (13) waa fros aaAQO all Uooally
bf frsatiiM tl ditiillatioii igr tirlpfilag mihmi
awi«r ta”ai r™fliix ivuiebta <), m@ txm tim lialUag
[72”-i74*a wst This was tuttm t pttriflivd kf rtxtitil-
llirtg ov«tr miaUld iodiuflv ~ of ilie distillate I:}JUioaiotl Uiat
it Maji VO«S% puftt, riHi p~alaal proportlas of «<ie"ottad

ajj « 1,47~ S ea N | «~ N 4948,

ffirBMjitaUaa?
rt» <Mii(iitiaa« for tiM f«rwii(aU” tatl tiia «jcttactlan

proMUur* M«r« Um sipm at dasorlbod btifors IO« 2a
oaaa af limo=aaiia it wa« looiia Uiat ao>-3<kiiftiralo:i was
tina al 4 kr at t™~a aabttrata loval. mbs

twapvratura was m iat»imd at 27/-ai"C;.

~"RmvA<a»
tim aaatrai atlidr extract ™aa dfaparatad i« ylald
ild 9°) &i tatal njitfast »0s iNipv~satad I?ita tits a” ftiilar

aad polar ooatral fraotioaa ly partlti*Ktisig ttttwuaa 90" agaaoas
tE«t&autol adU {Mftroloaa ethax (Ohaptar U). Hw nc«-p®©iar
fraotioa (pdt.otliOr> »aa avaporstvd to ylald a ffosidtio 114 gR)
mUoH aittiUaU at I72*VI74~waad i»as id«?itlfikd at Um MM (18)
trm Its ip~dtral pf</fti<is« tMfO thaa a& fiaofoaao la t&a
retatloft of Um rtfOO<mxd sx»”M«  « q « rotidiia

iObS g») waa paaiwi ow«ir grado | alttB™na 00 agirii altitad Mfltii
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potrolttiiii otter t

rw p«trol««s «(iMr fraoiija from iM ooloan
taottljr Bould lipid «Wl tatty oM erial. Tim irisooas o il (2*6
rraomiMti froe tte polar fraoiioa tiuMaU tIM pr«»«ao« of at lovat
S (0 4 oorap«4iiati m TLX t/PC of Um proUaot ii“iloaiod th9

proaciioo of U r” raajov oonpOitottia ami about 3 r4£ior ooopotidats.

Sop«ratioa ami itK»atiftoattoa of oo™o>wita iFig.JUXIDt
TM viaooas oil (2*6 < from oiitilaaollc li“or waa chro-
tnaiOQraptod ovor alw iiia gratia 1( (2M a<dd ulatod with a siixiaro
of aoliroats aa doaorited earll«r. Ptttrol«p» otiMr It
froa tl» aolia™ gav« a fri*tioa a siaglo tp«t la

TU and ia /PJ,

ifcn.oflo 119):

Hw aolvoiit waa ronovod a-id Uto rocidaa (2()0 iRg) Maa far»
ttiar parillad tfjf ai$iHU U m b»p, m &6(9,1.
™Maodid C 79.2i% a 9.11%. ~Id. for CAMN4X N 79.95\
a9.39" momx IMB 14H Im lan im low, no ober
ifigum i) . a/Amm ia,M% it gmn aa oxiae m,p.7i®
iri*portod for aanro<ic oxinal* It did sot aitoM &Yr daproatioa is
taa t«p. wiiaa sixtfd witii aa aatiIMntio aaR|»lo of tim mUm
proparad fron oartfoaa. frm tlw aboira data It waa idoatlfiad
a« oarvo.io alao iy its mljemi »Itli aa aatteatla aasipla.
illataatl«Kt tima 4 mia, to”. 123% ooloisa P, &»tri9t aaa Uljr

flow rato 9 Pc/lO i«l).



=iSEESSalAM*

tom mxt frM llaa aliis.«d twm tIM eot«rai p#(7al«iia alter
* JS% mik«t m lurottgli « Iraotiafiaiiagi oolurai

M mBldm CO.S pa mMoli was {artM r puriimS lyr d Ittlllifilo ti

t}*p.61N-42/19 tm 22.4. rnaef, Q 7B»74% ii 10.30"
Caia. f«r G 7a.39\ 1X39™ Si mx im% 167%
WA~ ISk 130" 1160\ IIA  im 3V 94% 3i% 74%
690 (Fig.a)riii=. m cn;i.jQuu. tim mm

reootrarcoxd iMdliaxi” aft«r attdgpMKi «o*>t/l«iloa wlih a”tlo

aad p/rIniM «i r9«R

a»paratloa ot aoBipoMrit 4211 atid i™=> i

Dm frtoii»t obtalied froti ttM ICO™ otfwr @a*9 <k
of ttM ool«mi was aiaowa t« be a of y«9 ais”™teols Isr tLC.
Tiw eoopdoadt suspuoiod to be pr«s«tit earvool (21),

wtarpi-ikol (22« tMtiU/1 alo«b«l. A f3J«oci iflPC of fdoo nixttor*
Mas ma MItb tIMi MiUiaatie saitiplas add i& was stOMt t»bat oarf~ol
and M-MrpiiHiol aeooa™UKi for boili tiia o«i.ipoiiiias* (itotoailoa
&iaait ixarveol 4 min M aoes a-torpliiaol 2 s4a 24 s«Oi 129%

oolwaa P* oarrior gat flow raio 9 »aa/lO ml).

Tha alvVB=ti mixtaro of alooliol (0.7 n”) was a<”cylalkd witb
2.0 «1 of dry p/ridi.to aaci 3 & 4 lal of aoottio &%
room t«™p<irafcaro oiroraigfat. Tim roaotioa falxtaro was poarad
iato ie« oolU wator, oxtraoiod witb oUar. ttM otMir oxtraot
was wasitod wUli dlla&o iigr«ireoblorlo aoid, PHta mek m~tm*
tiaarboaa&o aMd wat«r« driod aid a«ri4>rat<»d to giro a fisootts

lItftiid it3»a gm).

30



Cbrofmtojsrmhif of tae ooefcviat,iia proagot;

T preiiict trm tm an® priviMiaro ttionid Tk
of ttto uUtlsiai ™9t« ia Tt™ «M 9f wiiioli ocorn»fpanKi«d » itk
U mm aiircim&agr~™fcad over XX altiE™aa
mmi «ItiUKi {Httroioo™ ~tbttr »mi dib«r.
ftM «ttMir trtM tim  (A) att&r «traporafcloa ga<r« tIMi
&Bter iOwS itiii&t Imd « tm «i mmlh H> was

1~ 5ii aleofitallft 8GM 0»O ml) ia s, tauai tnmmu Ibe tna alooiiol
waa maavanKi bjr atiwr axtractiai aKl parifl<y by 4i$m i9tim

b.p.iai®-ia2*/i9 an GpHjj *zi»9, Aa»u cm if% a ix™n,

Oald* forC 73.39% tl |%39% £3)1 nax im ,
VS9% m \ 12~ 11" lom, im 9)Q, %2, 931, m , 3/
845, am m g~ uix),

ajtiblaULm jif itw titt it wyytw m>«

alo«itot (211 C190 mg) was traauid viUi lo<w*s rean<i»t 13
rmtom toltitios la o™ bat™ till ooloitr of ib« rcageai por>
irsd) asid ttopL ovartilfiii. tka rasotloa mixtara was tiMm

pourad la watar, oxtraotad »;iili Qt&mi (50 nl) ilirloo »wi drlaii

(sotiiHMi ralpbab«>* QOa (IM oilior lajrar a
i¥3 «g> »«e aia&illin attd iti#afclf«Mt aa (“loarvoii™ wliiali
imi Iciontloal IH gfuwirm witb of aa aattoa&io aanpla*

Gonpotiad (*2)1
Araatloa (fi>t Tim irm iim I» Ua ICKH &dmw ulm tO

fran tte ooltirtsi was pttriflod by dlatlllailda b«p«1017™13 ne.
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6] - IOXS. AanU C 76.S@\ a U .~ for

Cn.36\ tt 11.76%. m oax 133\ loS(\ 1452, 137% 13»\ 12

iioo, im ifaa, m w m at] «T~ ifig.jojo.
rM «=e r«ooir«ri(l iioota*vd «ft«r (reatflk nt witli
a«Milt anil pjrritilia at raoks tanperalLara*

nta Id«i}lit./ of tm oonpoMi»i witli OHCYWhpl:iaol (22) wes
bllfilod tff a ootJparailVtf aoU rtilxoii iPw a»i FLC Miiti m
aattMotia aatipla (Hataailo™ ilma 2 nl4 21 iNios mp* i;B%

oolttRa P, oarrl™r gas tim rata 9 s«0/10 mIU.
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irrlffcrtXfefe

U h«« boa mniloMd In ilM iiiir«iitatory ooi*tars that
earlitr uKArimm Uw Isifatsiida with e>piaca« Ci*r«”
6 Ubatfcacibar/ya 1962a) with ib« tarn ttraifi of Aiatrfllilii* aiaar
ifidUatad tiuii bMh Umi ji aad I*far<”~ In a emnoiarelal aanpla of
==pittfiHi i231 o~taldltig Itlti 4 ai~ SOI 1 igd)mx» wtr« OKiciltad*
Tim prodttota, teowav«r, m n optioalljr tmn (i>)«la vttrtwaol 124),

47) md Oltran* soliitral cab) a” pr™aeKably »

thair arlgta la lLiik 4 Isi™r. i“~alfid matloa of (Ho
aarttaotoU plaoao roow<iml afuir fttn~atatioa »aa praotloalljr (Im
tmm aa tlio atar»|{ig natarUl latiloati*g tbai ao oariotoaai of

at™ of tIM itonors liad lafiOii pIMMt daring Um form atatioa*

To dotomiao ibo fata of I--«-pliWlio (23) la tiio faagal syctoK
for«aata(lO (ia «ward oarriod m | with tliis taliftrata aador tte ooii*

diitona dovolopod for e-pl.-wto.

Timi prodaatf aftor fornaatatioa woro aoparatod la tbe aaual
naaoor (Pro«« ™ Btiattaoliaryy”™ 1962a) into aoldio aod aoatral
fraotloas, tlio aoatrai fraotion waa alao aoparatod iato polar aod
noopolar csatorlal* TIM a<Ng~olar watorial yloldod naialy aaroaotod
I»«*pifao VMim Hm oxaffiiaa&ioii of tho polar fraotton ft»
I*aHpliioao foraoiitatioa by o«aparativo TLCwlili t~ oorrotpoadiag

fraction fr«n WaKplaaoo rovoalod that tUo prodaoia la both asm*
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TRANSFORMATION OF PINENE BY A.NIGER
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04
(«r« i<tod»i«al (flg.XJUXIX), tar«# af Uii i“cNr apotff war«
Idttatlft«d as v«EtxMoiw (25), al=>*Vttrb8!fol (24) aid umMr
lobrtrol Ca?®) fg « sofapmwativ™ lI«C widi
p«lar tra«tioa waa ct«b{ooixd to akrmatogre”™” over aluctfaa*
fte tNijor jfraatliM w ltii 100% otlmr was parlfiad &7
liaUllat.1~. It aamlgtad for andi ftad a ™ o Ifio

rotation ofjjijjy -M. nu* oocpoand Mas Idontlfiod a« (-)els-*

rorteaol 424) 1™ a i™pootral aoe™arisod wim f&I$ tarbaaol.

Ti»» Rlaor fraotioist man aot axMO¥™Md. Dm /lal4t of
rorboiiol fros X««-pi>iatM wag, IKMOV«r» loiMr thaa ttal r<*portod
Jr & BIMttasHamra for »™) iJU. trm
L

U it, tharofora, a baffliitgt pftanoimiMKi to Umi ttaa( ha%h
i atilt 1 a~Insud ara netaboliiod t“roagb tlie e«» i»tarta«liataa
Mi aritii a «Ix&ara of d aiid 1 aKpt3«.™ o/Njr tlae aom i«ilatloa of
natabolitoa baloagiag to tlio («=) sariaa aaoli at ™Narliaaol C24)
la obsanrod. Probabl/ tto rata« of aabaaqgtwat biotraaaforBsatioit
»f veritaaol Igr Midatloa bo aifforoat for tfta 4.(t) an
isof~rrs. 'Oil* poa&ttlato iy aoooa™t for tto loMNir ylaldi of
i-)v«rlwaol from Fm-pimaO atid tte olMiarvoa optioal parity of
kba traitsformatlsa pro«luct« trv™ a i“xtara of 4 aad 30"

I m-~imm,

*nils ttcplaoat™haifavur, rittsaiaa to bo sapportod hf mra

Hgoroa« ftadiog oa tbo rau>s of axtdatloii of tba lutamadlata

>rodaots aa m”~isana ftrowatatloa.
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[-»>Pia<oi}® 123) »«e pr«par<Mi by isoasrim ioa of I*"piti««i
(27) wicb gum rosiis for 13 Co 24 ar at rafliix tsnptiraiur* ao«ord>
lag M b.p, |927~-134*/711 on wat
eolloet™d aad pariflad Igr fr«OKloMtloii bftad
fooliim (It:™ r«niix ratio) athi iba oaia fra«t,ioa tolUiU} at.
152®-154*%; «faa oallc«tad. It &™oiaad tiagla paak la ¥Va m .St>
«ge a g« 1.4r29* 0 « 0*03~ tim p~slaal propertiag

wara Idaalleal with thota raportad la llieraiura.

ijucaaauuaiv

Id oaaa af ah”itiona Um fartiiia&aiioaa Mara earriad oat
ia aiialta flaaitt ataaa&lalljr aooardliig %9 Ptmm & tllwtiaafearyya
(CW=iar IS) aad ai(&raaticsa ftrooo4iirat «Mira idaaiioal lo iitesa
dtttaribad aarliar. la oaaa af I-*-piatuM tta <" iikan coacaatra-
iloa wa« ObS% , fciiaa of laisalMitioa 9 &r at Utia oo”aaatrattioa,
tenparatara 2/«2S*0. Qm aiUistrata «aa adOad la t»a lots
usiig <XS% aaoH iim at 4 tr iatarvalt aad tte fartMatatioa

st*>p«l after i kr« Dr» laatliail of axtraatioii) nai as baf«ra*

H» atiMHT extract froei forty sluiica flaska ao.uaiai.Tg tha
aoatral o«”™oiwat avaf>«ratiaa yioldoci 35 of prociaot wfald™
was farther saparatad iato polar «ad )toiiolar ooeipoa«Ats faf

partitiMi.'tg batMooa patrolaam etiiar a$ai 9(7$ aqaaotts ew t~ol.
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Tiw aatipalar fraollaii Cp«it.o(bur) m wwapmmhlm 991k « pa8i4m
i2U2 gn) wbioH vat ib.p. 1327-13470 aitd laM tiflvd
at |->*-pla«(iMi BF don™aritoa of Its t™atral pr«p«rtiet witli an
aaitiaiitla aiHiyila* Xi did aioi tiim a«y appraeiablt) olifiKiga ia
imtiaal rotaiioa « D = ftm m8Ildm obiaiiiod aft«r raewval
of piij)oa« frocB (Ei« total iioiipolar o<iiapOiioiif o< aiurociatograptijr
«vi»r grad* 1 alasliM 450 mud «lat20.i of tfta oalama with pau

otiiar /l&14«d fisoatly isMId tlpld a‘td fatty »it«rlal.

tm polar fraotioa u»t&aiol laZorl was acNSoantrsted to a
ainall trolw” ililatod wilt& m ytt aaa ttactraotisd VAIM okIBeoimm
<30 nl X t! tiaag). tm axtraata wara poolad iogat”™«
driad tad ovaporatad t« get aa oily rasldaa (2 gml whioh on prali*
iBiaaqr fLC axamiaatloa axhibitad thrae spots having IldcKitioal
laobllltitts Mitit atttliaatle sai™las af irtQrb&amm

varbonol {M) mA (liusadit t™Hrairei (2(») Cas obtal»«d by
fariaoatatiofi of dl-a»>plIM:ta aooordttig to Prana ~ Btettaoh”ryjri®

197) iTlil.m XIX>.
Xd»atifiaatio(i of -oia yarjaaaol ia4)t

Xte oily rasidaa (2 g») was c”ronatogrig=>IMd oiror grada XX
al™~aa 4300 g*) aad alatad mlih t~ solvottt tystw: doasisting
of potrolaan otiiar aad attiar isixtafa* Tt» maia ettor fraotioa
CiOQ”™ obtaiaad from tba alatioa of tiia oolann oa aviH>oratioa
gava a rasidaa 000 m8) mtd*h m§ pariflad 1™ dittlllatIM
Up. 110®/15 w, ~al, CfT.3%, tt 10.ISIS.

oad, for %ij0. cn.on aio.m x»Wac3IR irn
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14~ i'ISa 139S, 1330 1233, m % XOGCS,
ri% m N 773, 739 <»r™, nm %4»"ti%f m» eft«bl|»b«Ri
bf tit «i)0id iTPC wUH cd «iitlKiaii9 taqil* mt itrisis, vtmaQl (24).
ilaM 4 mla Z) wos oolMmi P, o»rri<ir
gttf XcM rat« 9 sao/lO id). CM la sp”atra «f tI™ii ilw

mm trrinpatabltt iFI<i*U«r)«
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a>fVp.at m
UKRLHkKM
maaiaala.l
A-plmm ia(T>, knoHu «m lopialiMi, is f\/\m la
mott «Ma.-iiial oilf wiitali o<KiMia ahplaaatt bat la micti »<<all«r
propartioas, th« ii>> form is detaotad oal/ la Faralo gallsaatntta
aad la JYaawaoranttoaia a tttallti. Thb» struatara of &tta ooopoaad
ens dadaaad frotr tu« aarra™«idlag satarataa <-Iyurgjy aald idliek
has baa™ aa™ed aapialo aoid 7lm sjrataasis of
/Wpl~ga was aobiavad li™ Baaaat at al (19331* oaaiaif of
/I>piitaaa as t~ sabstrata was litfloaaaad by tba faot taat la
tba oas« of a>pld«aa tlia proUaats obiaiieU mirm m ial/ orloatad
la tb« aataoxldafclaa alias aid It was, tiMirafar«i» aa”saary to
iba i?ioald Moald babava la tba sana manar toaarda

lavastligata If

/f-piamaa. It oigr ba raoallad la tbls ooa=iuatlaa tbat (b« plaaaa
ailu siig Psaada”™ad aa dasorlbad la t~ Ilutradadtory Oiu”tar il)

gava almost Idw itlaal pradaats froi® « sad ~S*plao!)as.

Xa tte oaaa af iS”plaaaa tba famaatatIMS mru oarrlod oat
la sbaka flasks. Ttm oaadltlo-is «ard asaoatlally tba sano as tbosa

wltli =-plaaaa bat tba saooad addltloa of tba bfdraaarboa was

onlttad.



fgiiiuCaamUtti ncttjaftta

WS pr».ittet.s «ft«r mMnt «i«i;rM&«d aad

wpAftmi iaio Midi® a«i mmtrml 7m ml4H Ermt<wi
tlld 391 /i«la mf m iai*Um * tiM frcotl«Ei sfst
partUlwMKi agrkexdia ttid li“bi ptro<aNikd «tiMtr

yild pofb «aa “on“lmc ttmé&timu Tm aa”lar
slur dtt&itUiloa ylkil<tod mvi sMMtia tmu  ‘fom
axi(4«atia-i <f jolar trm tim iB«ikaa«l lagrtfr la tLC
BUamd U9 Ot at Immt

MmilLUssMidmt
Mtam O ‘'iii m» 9ilf maiiim mm akrm&t<$8r*k@d &t»t I

«l™Maa. "IN p«&r«i«al3 «tiNir t*i% itm  tk«
gst« = amii% «ffliiilUar| aaaljrt*dl f»r N
m tpnottm 9t tills doetdMid (ri9.axtfE> tamek « buikl ~ eiT

fuaidftfciagi UM [Mr«s«™o« « T an nfi <at<<irat«d a«rb«”™|
a d<»dtialiod efiU™ wxe isarraborsMci iy (Mi OV "pNidfirvi C A ««x i42isfi,
€72401* nm mm Uwmiimi m m )
e ensrdilve WQ cua w U ast aaiiwatla BsmpU

m§8 abulaad ufAtW tti* aoaoftilag to tiM aaUiOKi of ikaUfimp il941>.

Alttatwt

tim o&hor alaa&a ttm ooloea (J«v« a aixiura 9t im
alaotMli wAlofa m n Mwnptmd t« hn ®yrt«/iol (29) aad pl.woanr#®!
i“d) ttm Uialr b*i»vSoitr la NMC ubaa raa a<Nt9 w iU afiw liiia

ta»|)l«s. Tpx alcobtols mm ««paraiati fty pr«j=aratls>.i af acid
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at
pbtHalatMi. ‘Irrtsaol (29) gwns mcxystallisMi Mid pti&balaM

«*p* 113M119°C (r«tpon«ii f«r AMfvm m | aatd plitilala(« iw f}* UMi a®ld
pb&tulatii wat tap/nifiad t« get itm alo”al Mtoiah aaal/s«d for
* x4 nn_ Jte ItM alodlidl HIMIMIi a iriirir 1 absM>

pUoa in w«» 1a MHdre) 43340 s\« flit eonp™ ms tditntifiad
at far s™etrtl <sxMana(fi wllA Bt s»”le
pvttpami aoeordl’ig intPoat (193S) U='Ig*JUU/III,
ALuAfll

nm nifidaal fraoiloa Mliali waa ttxtraatad ottt of tt» aoid
pittiialata tsixiaro asbor was radoir@rdMi W tnraporalUoa of
golir«ifi>«  Aie <wloaarliary aaalysla of ctila 3oe|>otf™ litdioatad a
solaoiilar f*"mMIla of IA tiM»otrws thoMed a i»a«] iVm X
3€10 coT™N Narao&@riitlo of a gro”~. Tim aUofiol was
IdoaUflod ag (-)pirioaarv«i9l (30) Igr a tp”~otral ooinparlsoD wlUi aa
autteatlo aaewl« ™ flm i igf aooordiifia Nalloop (1941)
(f19 .m V X1).

nw f<ireMitloa of nyrtoaol« piitosarvool aad pltiooanroive mé&»
alaia mebbiu swo tm Imtio iyfwit of ~gfotatlon, aa allylla
oxidation aod oigrgofiatloa oa a d«ibl« toad* It Is olaar froe
prodaats loxmd i&at tte KHtld dIffurs trm tIM Fsoado”™aas <i«sori«
bad earlier, alam It raatat»ollsas « bf different
patteays. la tiio oaso of/I=pl»*ao ObmmwA ™ $4d08 of
attaok aro orloiitad tiMKards Uw aatooxlda&ioa sit™s. ‘Vrteaol™plao-
oarvaol and plnoo«rv«Hi ara luowa to bo aatoaxldatloa prociaots of
A-piaoito. Id tbo sttbstratu blaiiks tiio foi~tldit of plaooorvoM soald
bo dotootod Igr O™ la Uls o«i«i tbti formatloa of soi“rerol ooald aot
bo do”™»astratod. im% tuat attaoit of tbo olti)otr<~bllld Is
orloatod towards tb« doablo bood Is owldoitoed by tba fon«tloa of

{srrtoaol 129).
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*uriMMrboii b« at |<d8placai» C27) from

i%» I™tttral 4sta» Tmf mu m ia Ut
roiatioa «jj * -100311®@* Tt» wsiaa® w.a g8 xaa pattati car«r
grade 1 siti~aa 0O gnl &X alaitta wl&Ji aolir«at;

&i patriiloaB aad utlMr «Ixtax™« tte pjredndtt »ai.tl/

obtaiiMd kor« mUtmr matilu fat of llpiti r*iarlal«

tto polar fraotioa oi>tald«d after eyi®oraile”™i af iwtktiaiiol
la/ar waa a”ee/™raitta lo a «” It volwrn mui axtraatail mlili SO ml
«f eiiloroforai m I). Hie atilorof*rBs la”rara «»r« pool™
fcogotiMr aod afaf>«raid ta giva an ailjr raaidii* C1.8 gn)
was ouromatograpiMKI ovar grada XI alafldaa (130 gn) aad alatsd

wlith (btt saivaat s/statn aa d«aorij»ad«

27)s ~ {Miirolaam * 1M «tIMr elaa&«f
obtaiaad fron %m dolanti oa «nr4™ara«.iaa <iaw an oil/ r~sldtta
(S™ ng) Mbilsb sboMOd a al»gld f|}JOi m E& U nas fan”™or
pitrinad by diaUllailoa b.p. 67<*-"~/l4 me » —NSN.
Anal. Z 9.06” Oald. for C 79.99 U 9.39n
18~ max 172SS, 1695* 1643, 1457. 1400" im  129S, INQN im
11~ 1960\ 102S, 943, 922, 33S apoatriMi
(Flg.&XXifll wac ida»tloal witb ibal of aa attiteatio aacplo of

piacoaryoaa obtai.iod aooordii® to iiaUaap (1941). W/ Max 2-i2 ,

(: » B5Nia» Idoatltjr of ®m oo™oaad mm INrtIMr ~“mtitvm A
rttiial™ e<wapara(iva aad mixed iPC ait aackenfcio asM”o.
(rotoatioii iin» 2 13 aooi %mpm 123% oolilaa P, aarriar gat

Uj, floM rata 9 i««/IN



Hm 10~ etimt OImtM fxm tM solarsa gave m «v”~«ra&loa “atro
a rinsidiSMi (1 gp») mtniah tHowsd two aisila«t ~eis la ILC imviag w tj
eloM Hpvalues* TM 9Vip9nmii »asp«Qt«i) to IM pr«t«at w«r«
N itrte>i«l (29) aooortitng to HIS atnl ifPw
data« 1%» pr«««iO(i of UMmt oon”oatidt wat o«tfif<kNKi bf ruattlim
tiM JPC with «d«d agrrtanol %mi piaooarvool tiitli tbo n»t«baU t«.
(ayrtoaol = rot™""tloa tiess 4 i&iii m9i pi“mmevml « rotositloti
tliw 3 »1« 50 soo! t4Mp. 129% ooltmn P, imrrier g«s flow
rat* 9 800/10 rl)» llte Mo <soRi|ix»ts«tf mm ioparatod propartog
tteo aoid pinbalita osse”tially to i/o”™l iPraotioal Org,
(Sbtm liirf, Niftaiol (29) «raid piitHalato wbllo
pi.iooartrtiol dl4 aot* ~“rteaol aoid phtbaiato waa rooryatalllaod
froa boxaoo ircp«rta<i ra.p. of cyrrcoaol aoid pbtftalato
aad did not atiow m f d«protal«n ia nup. w”.i mixad witb

aa aatlMatio tagplo of ogrrtoitol aoid pbtbalato (113***119*0. TIM

aoid p6tbalato waa iQnclrolysod witti alooiiolio aad oxtraotod
Id «tsttal meanHatr wilk #titdNr« to tI~» &em alao™ol (291

tup, iaa*-ia®M~ii m m Aaai. c rs,on »io»m.

Cald. for G78.a9% HI1% m . IM)}*aa* 134% 0)60, 14"

im 13T2» m u 130S, 116% 113% I<19<% ItKi% I(m 99% 96%
92% 3% 108, 773 oar*, fto apuotnis (FI3,JUXifIX]) waa Ido~tioal
witb tliat of an «itb«tatlo aocaMito of »grrteaol ayatbaaltod aooordli»9
to UoPo«t (197) tar tim mHm of tsloaltvi dloicido oa aKpIMiM.
ijOtitiuOaa0)!

tta rosldaal motitor li<(iior troa tiia proparatioo of aoid

pbtbalato was am «xtraot«ni wltb oibor. Hm otiMr wUi&b m
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eviNiKraiioa gav« - i0«3 gn) wki®™ sKiMOd a sla™~le ~>oi '

in filC* Z& was fartitar parified ligf tiiatillaUoa b«p« 70™M*72714 cn.

[«]* « .72«. Aaal. C 79.71% a CaW. f«P
C 73*09% ii 10.99% IRyMax %Mt uin
im % IOiat 1<10S, 93dk 923, 9 » 773 oaT”™ ilO aatiaal

with &i»( «f «it aatbttafcia t»i™l«i of piacoarvaol (fig.XJCX"Xt)
pr¢jp«rad liy tIM m tluii af Yall<iiap (194U t942> aatia.l af

=tilaaliKi: «kncl<ia aia /I»ptii«aa.



iiu .



AW jm jx a

dxfa a atirs«ry 4>3»@i.isUadi ot ite fitafal trassfor»atiMi« at
iooa«l mJ atttdrliMd ta th® »«rlj#v
w ill reveal ibat (b« prt~ry anti moai pratiomt™aqt step in tiHtiw
bl(Xratisfoi™aiio4t It iilirmakalU«M of <nxf™n INiaailoa In
tmga i“rocarboii aulMfcraMa. fhuaa oagrgena&lod pro«»as«f M ill
ta Uisdaaaad Iii«r« ia tto llgiit of aoc™« provloosly propotttd

moinmiam of ura/itf#r niaetl-NM.
i‘n

Uafm m atel/t a lar~a am”at of liatt it «raila->
bla O™ oaorgaliatitig ca«r<"«t today t™Yoa 1957, t™/ar «i al INCilcil,
INFINO) [N «ixbi 196f4U littla it raally icnow about th« aa”ara
nsaotioat* f£a W protastt 4*aJ*UL ayttoiB tte traaifor<?>atto(it
ooitld aot be tttidlad at uiiagrmtatlo lovtfla* tUoa In prolifslaary
trials oall-frae oxtraott from tint fitagal p «ll«tt ttOKied if«ry
llttla or so iijruroN/Iatl39 aoUvitjr vttft tfoata ooi™ottadi* iaa
B«>tonetrie ttwiiat witli iataot o**lls i«iioata<i that most of ttia
byarocarb«i tabatrataa toiid to irtbibit tin ratli“r p«rtitto (it aNd
lar@a @"<"iiOiis f«splfatiOii of tl» »oald a”™ a lc™ tiM It
aaodad to ovarooew tbit iobibitloa. IWo raatoat oaa b« pat forward
to axplaia tbit pbaaooooM. {A} « t™ «i»to/iioat touro*
let tba ftuigal call* baoautu of tbnir grawtb oa aaargy-rlab Cd»dia
prior to tba ackiitioa of tba igMrooarboat tiofod ia tba fom of

oarboblINratat ittarob or ~ljroogan) It la ~ anoofb to taj™ori

V4
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figdrswt of «ills aid NP - «b0 iofdrosQrUiifta
r«M tloii aiKter otffidUioas 4x/ bit of alawr tigal*
fica:iM I« «i=ald owtabolitsv yUlUing IU&la nmwigf to ite

orgaiiim iiU~/aitbi, 1963).

Ifi abiiiiiM of ajv Informatloa Ot Ut« «x«el. d«ur« «f tb«
ttaxyBWi liiyolriM |1 iii Um fttngal fiQfdroaQfXaiioa tpesiilatloas

= fill iMi oe«i«xr«d e» (.brM broad topioai

A) r&a dOK~ ariiOii of (Hom i~urojc/laiio?} ra««tian mUH ottor
Ndr«)grlatiag «/e(«»e.
B> Hw aot.iva&io.i of aattiro of aotivo (Mao™a*

O Hm probable «iikmloal «vo4tt ia f"mgal oaQfgoaafciodi prooatsos*

siiaoi (19S7) olaaalfloii yte mawfms§ tfirootl/ of i™~lroeiljr
daallag MIUt molaoalar OKfgan into tbfoa oata olakao«x il=> tim
ojgrgaa traatfaraaaa* (2) mland fiiaetl«i asatiatas anct C3i olooirm
tra»tfaratot» at Uaaa, tbo ftrtt (mo afo airaoil/ ooaoeraod wUb
tMo i“troaaotifta of «gr{f<a la sabs&raio taolo<Ml<w». aon
N<=3> &ai fog”siod i&at M am»a *tHoj(ytjpiiia»0™* aal "Vioaoojiy7® laso*
for tIM first aad aaoo”™ olat* of aMNaarMia aora offaotivol/ oatoao*
riae tbolr f~Mtikm a«

Hm *Qyi iraatforaaas** or *<Uojt/k/iaiw** oatal/ta 304~
«i~tloti of o«o nolo of p«r »0l« of t«ik sabatrato la sasb a
maaoor Umt botb liM atot™a of mo oo;itaa»a oagf™oa aoloealo jipoar

la tiMi proauot.

lift 2A 2A0 (aot obttewmi)



Usiially tiw %m 4d»v«lirttd ia %m  <iBU4iat,iiNi
cltt«fag« 9t aro@«Ua tiag** “mem exaapUt teiag f>/iro<MUotetx,
(seiOii/rocaiMdatet 3-"(Irfirgr«iiitoa4ilu 4etU*«xld«»i, pv9t«»
Mt\*oiilo aaid ftxidasdi« t~ptoph»i pjrrralattt, aiii.tura«itlat«
>Qraa«,«te« *i alk19i3)* Hm oNljr «f iHit elke 7~
mhiAk is oa'tormMil milk a «iix«ot axargnAatldit «f allpM atls
potiKKif, & Itpoxidaiw, TIUf ttaaymma ta I<nr«lt«d ta «Kl«lat.tv«
tikgraiiaU<»A of uatataraiad fatt/ soidt o”fcalaing matttylaao

inurrri“iUKi dis-diMibl« bo™i iT~ipal 1IV63).

Timi *~Xxeci«fit«iaiii}i9* oxi™aaat " «f
two dIfl™*raifc iMii oataljrUfl aaUvia««fVls.ia} fvaao-
iloa aX «t«t ato(» «f la Ua (ut"gmt w U
> a «MdIfu tuQT afiailoa of *«tl»«irau wtyi a&”r aia» of

o«ygea. TIlw wrerall iransfarraati*fW have baaa ferssalatod by "~aoa
41937) la two aluraatlfa aata of «g«ailo:is oa whi™ «io
of u« advMIlo aotiififcitta ptmmi& 6Ha olter*
lateat..L {iSm a
t <I*m—» Naa3rM~02
tijraM”NOg w4H — m—» /Ul » linayiw '
<ia«)rBa”"9 e Uil —> W' QM &0 fljo
wbaro la &fte aabatrata aad ia olootron aooia™ier*
g iOfpo IIS. %to3)
felaioiw € Oj — -t Saajrwi~"ON
Laa3fac<N< — -t f ‘D

* AHmm—>» &aignM @



A larg* flttoter of a« &M crooativ rlag

s t»i dxiu«N3Malttt«, th» pk«mlm» lad1*
fom«a «std protNibljr ih« si«iroi«t iMIIMg i« Uiit dlatt.
Th» Itm tm ltiag tfm rlag
laciaalt«(ioa ia im§ 4i8m8g»4 in tte oNt«r
of UM fit) i« attatlwr iat«r«flil»9 «f d&Ajhnl T2 tiM
axiUatioa.

tm okarw friBtU f«a(«rat af tlik niMKi fcka4U” mldatlaa
ar«i (al atm «amHsi0 tM $aba%9m is alimtt
«atlrely di»rifc4 from at«s<?NiMrl9 mygha, ibi t& last
froo iba oadlliie Uo aoi t«k« part to atsy sigalflowit extent la tIM
r«aatlo«i a«i Ul t» of otbar alaotroa aooort stioli at
roi”aood pyrldla«i ad}](otid« rmiumd fl«nriai» t«tral)|f«irofOlate aad
Its atoorHa aoiOt «tax twsliiks tiM subttrt™t It m

obligato ngairmwai tor fttitatioaiZio (SaMU, 195f),

ifatto 04d ooMorltrs itiejrano at al, 1933) i»ira to 8hm
tir studioi Mitk n tgraroxyl froi™ Intfodaoiad
fef tte adroitai starold H fi-~uirassylsm Idto atarold «abatrato« Is
dorivtid almost aattroljr ttm oj» sa™ Is not mmt &mMitg«sa»U
ttitb ttM ityaroj™l la tIM swdI™i to tigNIfloaat uxtadt*
Itioatlaal 00.10luslons Hav« also booa drmm la studios «ritH
dIff«ini]t «ro«a«lo Ifdf«”i«ies i%iio™ #t alt 1I97]» sqaalo”™ss
oxiaiojralast* (Telw”™ 4 Blook, 197M6) ami st«ro|«l 7«/™likaad IIB
~Ndroxjrlasas la tsouias Si»l rats ii"géao at al« 195" 1933: i~rstroM

oi al 19 Contf aad tSvo™orlott, 19M91.
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iibsaliitti fur8 9 Maifi4it/ 9t tm ox/fanaiioa praoett

Id e(«ro|d» IMS iMVti eitablitlkiU bf tte U«p<»ftttr«ilOili itot tiis

eplmrl9 pi ««l illB iQMrogsAS Mora or Uat lataot dvring
bH« INijraxyiatlcNSii al 7« and iJ]« pdslliata *t. «1
1953).

Tim «i~faaiakica proa«s9«ia oba«rv«ta la fcM dttrr»ti( lav«ail*

gattda iKiar a«tft,tla st«il«fU i*i Um
latica iiM tnaaldf (a) ds”idiaoiit t«i9<»saafir
ar« ett«ailall]r «ixo«ptii™t for

ami iAaabation paricKi, (b> tim smfgemnttmat fitscaapilag la iJia
oas« of i*n”at.ii/l-Vo/«la™x«iw-1-ol, ara aiiaraotariaed by a biqli
tiagr«e of star««spa<»iHdHYy aaii farilnsrmra, (dlI tom mtgimwimiitul
=trala al /Uaigttg <pW tea b»«a aHawA m ~4tm flmm aiarol*

Ual aubstraiaa aaab aa pr»g«4s&«rod« (Px«iaa /™ aiiaiiaotiaryya” iV42a)

aad IS-"igfdro”/pragoswraiia afe Uia
11« poalfclaa* tim band, tmm If dlifttm nm okmtwmA
betimaft iIM traasfor«at.loa al &crpdag a«i titafotNi tim

alttts af OV9«4aUaa la iiM stiba(»raui nolaaai<». la («r|»»iittldi asid
ibta laaattt iMr'-t It an tandaftsjr im tiw
ojgrgaa >"la«al« (a a« tM aatattxldailaii attea* «i™ak art
obvlaaaljr tha »aai raaatlira aaaa. Xa aantraat, ttw ll« paaitlcKi
<f tiM a&arolila it If a« mm* a alN»«lealljf faaetlta potltisa.

'fUs paftal {fill I» dliotiateil fanMmr laiar »a«

% lafarmatlaa it available as fm at ta le tter tlwi
&tMmQ wa["M«t i.'Siralvad 1« Iraasftrwi&liiui af «ad#l
ar« aut™Uva or doaa&l&at.lva» iiauNiirar, la Uw aata of ttarol«ia«

lidlraoc aoa4d]cla9 etlUaaoo It avallkl>la «I»aal aaapUvo
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aa&ftna of IOMth tte is
Ps««iiiNiiiid 4«patil# M oxiaifiag aatspHdir m tm plmnm i ttA
«f «ii« 1951 sm ftli#
ItiMAJIti , axirtffeialUsac

tt m» bm~i Mtia&lai™ «ttfil«ir i.tet'iE«alta'»Iffci3all]r, %m %fpi»9
af la tm pmmm sindidt mn te &lmsluU”sd
I(Itd tutm 9iii.«jarl«f«

11 »«icii e*»Eplts, fIOrr»l40a &i
oy«lohti)@™<il trm |«™&figri»lo4/elaiita}(#its£ akd itm

o allyilo oiUio«is « whin la M«axv«” iditii

ail &14 sniitfcrai»«.

31 AV « la im
N 9t tmmtim ma ahmffAd la tM t“*mmim
of N# 1 (41, 2>«

sabreral (26) ami rsqgrywaal (29)*

trii Ht»% iMp# mt &|'()raigfl.sa<i't, Ammim
r<lh««U” d am” im sawms «xo<d|=il.i8 £&t iM
faoi t~% tM$@ mrm »lisarf«!l m dmbh b™mis are teafllf

—ir2 ibaroftirre, meis tm m ptlbU ta
Ttiia iN-imsqrl gre«p was v#r; pmbmblf duriva £tm imi 9i
iim mdiia”™ at » f«siilé «f mMmtroli$Btlm »£ mrhmim

at) s4d aa).
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TM oikar types <f »m trm ptsmsmt

kax»iiig »mm <£ tM dtttrMMrlfUo* af «|J«0d fmotioa ftxidailM,

K if m il JiM. mwimka mmiMw mmatiw ip«i«i9t 9t
la n<»( of tiie {lix»(/"iiata» at «wU «e lIni »”™aoM”™g«i.iaies is m
Im 9f « Ife« railldal. la sai® K&m&® itm yie aa&ttft «f
itM produdts a Is |=#iii|bl<i« 1%e Hpiix I*
dsts, willall aiilis«s Euxkttdl«r wgfQtia to brosk (dowa aiiataraiad
faltjf saitis s«ff3 (a «~rsU tiMroitgli fra«
(Frictovlab add tltaal«r, 19/), af ifta m8% plaittllila mishm itm
prapaaad f«r lip«ciilasa aotlaa {ihtimta,i”™ ffi is Uat Umi prloary
stap oasisisis H a sliigla al«d£r® af eialdaalsr
abstraailag aa alaotraa trm »«» af U»a «ia«™a b*«as. Oia mm
radiaal (39> aaa ajm a m i“m tb« @Milafaxad "™aro-

poraxiAi 04) wiltlab aiKiargoas iir«iraljrsi8 ¥a tha ip(OM.

~ a-KSKb-JU -Cb-C

ols alt dis * H
|
o " Q™M
a-0i«si-ciicai-c- n-0Oi-ai-ai*® -
it (nr< ao i

Upaxiiiasa alsa rapraMSit om af tlka law aas«s «lieni »a

neial *™ars la Im i>tvalv»d ia prtm 8* of'aaiifaiiaa of

TIviIG53
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it tills mm ito aa«|yeHii(i 1f m m liiiei>>
m¥%kmt tkm ite withi twm kd<rv)»
tavnt of a la&«rfwdlat,
Im”~m» rsittfc™d »n iini »0ii<»i9citiai»g - pt foxldai#
>Xdaa<i« « hlil sli M«lF«txjfla&ii «iid d x Itiiit ar™"aiie aiiag

t™UrogeNi p«roKld« «= in* «tlaatr<» no”tar alio i$tv«|v«

elMtroii ttm8(m$ SUITN rliw t« Itm tmiimil$ »»

k
I"t)« 1%t« pfNZat.s imtmd in i.mm mAIMm§ »r«
o tfa IdtttHIdal mU&™ forflo/adiud oxiaailM
itlyrca<ra!a% 193" a prs”as Itawiii. Isivolin Alm tvm  iwm »t9t*
%
,OH

Cr”™ Xt e

iMi/ais&i a wabasls™ tm Mixigfg&mmim p/ra-
oata"axt ;a\id »«f.ap/r«oataa&a«a wtolatk aaialjraa fciw axltiaiDr«i «l«a»
Y m $ta*4ls v'm"sA4 mi4 iUmi t&
als-oia aoi latuaiyraa 37> b/ itoor{>«ratlitg imth %m
9%0m di malaaalar oAcriaii iisi<» U » piraittiiit* mttfmu
ooituii™® Itm as prastfad»l|f b~nci wlili ih»

aalp”™ryl £rMps af tm pw9im»  tai yi# mc™mum pr~aaodi,

tlta iraa la im immm aiam umiHmi msrgiia i» fam
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2 «(Udi »Xxisfc in misocs™ria far™ o<t &»

o~ 1%@ Irda la f«rrid sta&t la tbis tpeslot

wild ito pb«tiollo tgruraxyl fre»ip %0 t™m m~rm tf
ooKiplaat.x 4ft trm %m lo»a pair of pimmUe
oxyga is t>rtd$l«rr#a ito rwlusa tm fdfirla irm, Wb mimin
foiff *n radloil if sim»Ua?Mwi9ljr trm tM amplmm

attMking 4M eeoarboii 9t a«i«9™dl (0 foc> a pramitiQ

midlai<i. Hia protelii aaw diroois %o (Im of #l@d&ro»t
i& rtfiili iIA m Itk 3jf4lla In oiriap/jrdaa”™aebaM tani
I,a oydiio pAriaatid® la aa(««l&aaa «ii|@A dI@ V« %O ma>mia

evmlaltiaiyrda and rsntootiia aolii fuspdativ#!/.

OH o

9« ?

E*n

vJN

-.OH

f-'OH



Xa sitif>on 9t Uilt IM i&m'utim «x tmtlo
staUi iisBiadiateljr Afl#? ikm addHI«ii of s¥b9ira&« km imm
<i«»”"8trai«d in tits $p«dtra ta’oh Otmmd - foar

at t g vmim «f UZ,

N «sed Uik a»«&«iiisa to cxMala otM r #st37sott
briagl™iii ~hm% illoxy~aatloa of «r«»atl« tisnQ titoli at

>*trypto]»&a3 p/rrol»f@ d#gr«liiig ~tirjrptopMM. to I>»fori®)

a»i a.itfiifiiisiltu IEtm a Fisaitiiaaoaad)
vhlok aittirrsNilis a«l4 to otte«I»>l
Tk» mokmIm also oaii t»«rtai4 Mjiooigffo.tattoits

of ti)o mixod Ciidotioa t/po« la tio mm of aalle/lato

IgMiljraiQric«i «ibltk <nmv&rt» salia/llo mM C3SI to sato”ol

(3S) ia prosslioo of UittiaM pottalaws tito rodnotloa
of tiyciri*roxi™u iatoi»i«ll»io <»ltli fci» ««iAtal>io oiootr«i
tiwi«r toon at AN wral mt alto pr*»I»d tr

14 m™oA im laitlal st«p of lativation Is toO);]ltt
about first bf divaSont iroa fomi a toraairy eonplox of
aqrtiia aad ttio sabstratoa.

fa all tmm soboiaas tito aatlv® fora of og><a It «twsatlal]y
im aition radical, .cmTe
i%aisliii*s oftAllo™ Mferta”aioly, te «xtftad«f

to all fciia “motlott i"dro™laaoiia mitbomt



on
alu»rabiot or wwikin»at« In a wiiol« bott. of moiiooxy-

O«aas« raoo&ioitt ptm m tB &d> i~ fdadlvo o~foa
t« lUghly oloairopiiilio la nuiM9 «ad t« dirootod t“onwRit iiM
ttlootromofntitro siioi of mol&otilu* ~  aoaig>eaifio ~dtwqr-
lafcloit brojKiiii  »u( about bf from llv<3r atlorasomt
ai. anit Una a<|aalo<i« oi(|doay$la$e
4 llodle 11”1 wAlob s<|imkii<i to laaos&srol iii
u &mmhM mamt mmftim o tkl* irpo* ojipArifM nts
oa tt99 todiaol otkiUioa to g”iaal™ao lirotloM @t ol
ftboHOd tiaot varjr U tl« of f<]ital9iio wts oboorv«il»
It ia» tboroforo, portitiont ta «Kxwisis fans of tmmt of

elaoiropiillia mi™n by otH«r isvoslfatort*

Hm eatloiilo iifdros™l iat te«a laplloatod la nmyr or™taio
roaotloos. AltUou™k GU™ ia ~aMis io «d ft In tIM maa$ i“otro-
N |to a iias poiated oat from t&«Dor™Mioal tjroaaUa that
«voz |1 lon»»i, mjiM ha atostaiilo la ag$to«ita
s]fst(}«s(Co4ilioi9,]i934). iBmvm, :itm It It rO40«"ralsa4 tbat
iintiar oortala eo”tltloaa itigHIly olootropMUlo Oil r»dloal eoaf
also btt proiiaooi) adi oa™ faaotlofi aa a <iai.|<Milo ap”™oios

(4omilt a«i KaOta™ |94a)»

trorlfArryl mm U ttfl &%i0m

tm obligatory involtiooat of kttmf aotala aaab at iron
In all tbo oa™grmatle WMooKycfOiiatlon roaotlo.ia ia ttlll a tobjeot
of oo»tirotfurcy« to aom oatNS s»ab as Iftotifi> «%Ildat|ir«

lieoarboxgriaiN» iIS«tto% 17> aad aallaylat<i ™ ilictalskl,
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t.I» n»9arai4g ttta prot«ia«o af isntalt Is aot
el«arOttt*  ilnt « wrst eldiiNri&y 9i efttsiMii itm
BKI i4 sm» mm» «s launrtl 9Ndtt«a&s. 1'i«f9d m itM

b»luMrjo«r of itm la sttloaxlilsitaii Mas«ii (iW ) propoaMd ilM

Igrp«4to$la that elaotfofrkllio {>«6iet tit™ as miti
0 Eiuiatldii m tto« @ l«dtro|»Ithi9 l|jr*tr«>qrl«tiig
Nolaa. >#H|udiac i&t sti4ll si.at«i Idr iriMt tea
beaa pr«yld<ad lf i1%t3)«  to» prodtiat «I
Atlo!li 9i aa™»mOmbmmi ir««i witli »Ol«Ottlar aadfgitfa is tte
IMirtf«rryl actl«% ~ alta tddi Jiig»liaat«d
la UayaisHi's $4mm iko tiM
(«tranral«at oesy”™natad |r(»i "at«>s« la «i«rir««t iof
tiIM fallaw iiig 9i
o~ — fa-F«M-0"
= Q
4o0eo0iMiag to Maaaa batli 9«tio:is eait Mdiata
klw oM *r*aatloit ai «l@ etr#™atltr9 oaiitras * 4«pOi»ljii®

»j] nisiak ol ib# adtlvlti*s v~Am iim m {tr*jii'latioa pimaatfe

biw ot&d»r (t~ SI mi ™pm |11

lydr<iYomatly eaiatla aad

It will b6 now Morttoflillo to iitwottlaui m Mb«t ijrpa
at aot|tfat»d ojcygoji aooig tte tjrpes daaorlbi»d abova, posiiblj
ba lifolvad I»i tioe Hyuro”/latloaa abservaa la tte pfasa”™t wofk.
[tt thtt abw»»» at ral*va”™t 4ata I#t it ba «s«tivad, alt& Nli

ratftar arbitrarlljr* tteat tba sa*» w t~ty similar aotliratioQ



prooesstti of ool«ealar wtygwdi pr«<soiik boU Um t/p«a of

ra«3tliM « irla. oxidaiica ttUaniaa oit a doublv boiid.

AatogjUdatiog »t faacMU tw fortaatfitu

It was ol*YVod all tiarouKjbout. ta il M«rit at well at
la tmo pn3*i04* rasalts (Praaa & Bitatiaolmr/jra, 1962 > tAal at
far as i&e tiopla anbsiraMi aalnoalaa ara ooioernad tIMir* li &t

ttfwloa”™ for (to cMygaa @ol«otil« t« asiiar U« ai&«t

for aaiooxldatioa* Ila laat ttM ooatrol ojgpariniats ru wlUi
aaraiioa mud agitailoa wl&Ji U» tubainto bat without u»o ewtilds
9«ro iom prouaott wera laaailoal wltfe Ue fungal tnatabolUet*
cyolotest™ la tlisae «xparioaatt (racaa of 3»o)folot)lexea»»i-oa«
and a-<grololia3ia<sx«->0I*l Itat atat dial, @&b Ma&fagfi ~®to»
toseaaat gave tif ald™ibot aad katoiw itm £7em%im
<C liydrailM proditat wai aot aliaarvaa)* Lt«a»aaa, aKnioaaa awt
~ApinasM balMViKi ta a tiailir sasaar /laldlaig oarv”~ md safvaoi,
trarbaaoiu” ffigrriit«l, plaoaanraol ratpaaiivaljr. T&a o»l« dtffaraii*
oat baiMaa<i %m tm g”i »raasfo«mtioa aad aatoocidiaaUtta ara t&r«ot
ia> (H« giiaaiibiaa af fmgal traasfainaii®~a pr~itiat mofi
higbmt, raaglag fra« fIfljr fcc iiKMtastd-fald of tteosa obtaiaad Igr
atiioaKidailoa tMUar tdoaiioal oo4dtiieiis, (b) (ha pro{»«rtIMs
of aloobolstka koioaoi ara mk&h iilgbar la cm faagal «xp«r|M»ata
aiid (o> itiv» fttitgal axurgoaatloas mr*i ftttroospaoifia (exoopting

la tlio caaa af i<-caoiliarl.>oyal"*xo0ii4Kol-2>.

Qt all tim kurna oi™aaataa Ua oaagm”™ li|»«fcidtiie,

ojor~oaaMs aasatarauiii fatty actidi la a alataly ra@ iaiso#jit



im
of iIMt «C au(«<»cidatliM. U i» lo a Upo*
Xl4«t« (yp« «f moiiaitisa for %¥Mm iaf*lvlog 1.~

ifrop«rexid« r»dia«l*
#0*9 — ~Ntl-~ +0d
\ N
O-GBj «,0011— ™~ 8-0i.*

U».(JU 014
|

ucu.
sou ™M00ti --->

‘o
SBUOOH o ie— ~ *5<0 t ido

U if p«MibX« also to iaplloatd a mixsd
id ilM» aboira ine«vp.ralU” a»l«l n%lm ~«s ititMrwyv
tram or <iO3ai« a™ «l%K3tra] io a fr«« raUiaal te aaarart it, to

e aatioa aaloat

iH o 8* ~ *00H

*ooM i* «-=>aafT

«—N a* <e
a* t
Qotf* &
—>Nnom

T a«o«iiat for tl» elareoai™oinoii/ o<w "aa aaly &= iavalvo Um
tMrav-dinf™aioaal airaoiara af tiia firotaid wkiali ariaaia Um
attbatrai# t~Uotiia la aa”™ a imr «xl(tatlca si(« af t&a

attbstrai™ aaa r«o«iva Ua 0iQr0oa ia a fixad gaawi&ry* As



108

- gsmti wgen trsatCor to» bxdVia
obsanr»i) la aiti.d<MNta&tdaMi af I™aor-iMrolds escdliio
13*«ri) [N3r«ciild ms ob&ali® #1 si, le#lI»

'ftwro ar® hoaw”t twa abjootioat to tbig .-necBHaasm. H) M
l«»tt ia tibe Mta of «wr«|u fitf>irkqrufciO<ui »mI19gm9 %=
ikrpo»8 <ucidail»a tt It IE4a»a &Mt E£r«ii Nraxidt
dMf mt iaim f»art (anat., 1°54; iirmt, » 193%) tad

lai wl|.ft &b« llp#xl«l«s« %fp« am”~miwm m» »ditl<l
pjrttpODaMaaae <£ oarbaiiyl m*tt al99ii»lt la t"«
pr«ia«ti. It U watf ptobt™n iM  aubo««4l«(l«tt
obwtfrvitd ia dO4dir«l« mt9 oasisea li™ a wsiiadlsK I™Mtvolvlag
t"Uroperoxiii#!.

Tailn tanitiiifii«i»

Ifttt adialt radiaal K«ab«aifa auva™otttl fgr Htyraisiii

it MOt ia iitttiIC «NPh«itbl@ w tii obteTV~
Mlam trm tiMt prcKlttal p«6&«ra (1« «l17w«t. «f M
«l«i9trapbilio It mimmi, mmmt, taitk ~NOfl*

aad b» &Mlia«ifcadi ia ib« s#ddad
Nir<ngflaillod at Sf&I9immmt la ssiatiivr.

En-Fe+S-O0-O0" + — EnFe™ - O-OH

PH

En-Fe~” “ah En-Fe' + A + 120
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It sib»ald bo itdtcd Just liici %m irafiadti® ptta&mtd«
IDrariuvlatl<Mis iliit alt« tavdly™s « ai«-nmber«ti

stftM*  tktt drlvisig C«rs« far tiM it tSm
wihdraMl «C tlik ««i«r valtt“oa el™s.riMs ii» tlwll in
ttmtUim mtmuU I» tiw M#Ijr Si«m«

t« «xi»Ulii slljflla liy«ir«3(Qrlaii»d ,U m f be risaalt««i

(b«t a itUNU mak In mmm» §83»%mi) %O kdld a”~I~acMi
ir«4 btt previded tf tit* <il«9irofii ttm baad aad
itaa Nro-x/i is<a i>a oricat«d at. iHa alljrllo patllt»a«

ttm iaalpiftitt ol™~br™~ilio b/drfingrl oaa abairaet a
~iridki frdR> allyitd paaltl to kiitr« a darb”™lan Im
Miiloii legT «® a

Uawitri»r» wil m aliava Coraalailaa i«o probloHsa
artaa. il) Itia tvm aairboiiittR! Im i:c, asq”ot*! ta Mata a graat
tmadmaf io raoa«ica «td toaoo it it dIffl«MIi ta ej™laiii IM
obasirvad staraoapeaifiaitjr. i2) It ia U itim It ta ta#
tk» igfiirfficida iats ia t&a eMdloa waall aat taka part ia tiM
aautraliiattaa praoaca iassamiitg titat tiw aaalagy witb ataraid
Ikf<ir<»Qrlatloa tialda traa la (.bis aaaa).

Tban dIIftiM Ulat stm m% lasiura®iatabjla aad a
prdbaUa aalatiM maf alia b» ap|)lioabla ta tkii a/ateai

w ill ba disaasa”™ ia tM aaxt aaotloa*
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& Is ite IOMd %kat &= OKMOMKIdii

A D00 propotdU bf ficyalt&l it a mum tH t«tm af tlw

p«rKurrjrl p98%mMI»t@4 Igr «i™ Uw alMNr*

tldfta «rtt «si<ililialljr m tim %p« |l ni»oliaal«ai. 1%
am to Iw smi Ii %m ‘thom in ammt&Im .
p»r&tally tm iyl m iim @< Cl& la

b«&&«r «(liji Uia daia ~lal™ad la iii« pilumnt wark. la tfeit
oaao diia to tiio (Ol«iaa”™ ol Uto Mater oxlaiaad itm t«
wltiHiraw aldiiitroita lata %m loan? sl@ Il it it patfllila to
poatalaia t&a folloMlao aaioairla ttraaitairas.

e ra”™ « O<-=iia-ra™ =Q*

It tsgr tia aai”™ tliat tlila farmilatlda It aawaitliat
da.ttr*tllatacy ta iba abaartad paltrisatlaa af sarl»aarl aato*
KMoaads »barfi anygaa tea a gtaatar aapaait/ «C ata”llifla™ a
nagatlM aiuirga. It b» ar*tMd tltat tn« taadaaajr af
elaatr«4i ta ta«nurda tha «sigcldis»sl Iroa 4a favoararf

tfeaa tfta aaaliaatlaa pratMiss la ttilt far™irl aatlaa«

Tim alpiaalaa &>"a=0" liaa t~ «”a»itim« at iuifing a
kigbtjr alaatran aafial«»t aad it ai®atad ta rOaat Mitli
al«ai.raaii”«i.lifa altas. FartitiirMfa, oao aaa foraatlata a o»avi»>
alas far th« aaocaad ~tira~latiaa af afalaaoaaaal liiaalvlag aaa
or tiMf atbar (naaat™wio fama la a flv#*»liAarad traaaltlaa atfcta

la tM fallaixl4g ssaaaar*



At tM* fim ficp la 99ardiiai«ii
If aa «l«oir«i <ir«g tkm laimr stMill of trt%
drivt™® t&rm for (btt »«0it9n"~«4d iH« a»fl4te” it ia6iili«d
bf witlktiraM| of ittr Um d«dal« b«id «f«a(ii«lljr
ratttiu ™ 4a allyllo la tit* «ao™lK (10) ibe iroa
le tfival«a» aad ¥m*»H ma t™Niw i wi&n

of a praiaa.

fa Itjrdirax/Uiiaa «f a taiiirair«di ~atbe”™
epaolaa tut'-Fai*«0™ ocaa parttaipata ao«ordi<”™ M
iM tMo paaaibla a»aa«ait- a* first oeateiiisffi ii»
uicotroptiilia «e/g«ia caa f«m ai™gl* aleoiroa bo’sta alQwlta*
tic«isly viUk b«(ib UM «arb«K} iiyarogea (= faie tM

tr«itait>19ii fta («.

— — l+-a’'-m»*>sa — » 01.° '"'?

Tim C>(} band dnor ftrttn”~iMa at tlitd «3goxas af
boatl rutulting la im isutemm af Mta (ugfgaa atas betiWiM
oarl»oa «»| IgM7«3<9> tfta a««aad f«»ataaian t&a i*fatjm»>
pilllla axyiiaii «iO.raaia a lyfuric™ fraei Uia sabatrai* aad
iMa&antan™™aljf i«ila»a %9 jrtald tiem iii*fia”™ a«i I™rax|ii«

I<ta« UN negitliii® i«ks f«m t pmtrnmmiullf mA
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ecluotitel/ Hitil tom im ml@sm4 itm
im£9f it Iw« a to iktai»ii & tM pr<Kci&lgjf» =
$ii»attda aUtofi It diatattd Ii;® tm m i~ p79IHti3lillty

of ooUltlka Ot tibif iiir(lr9scia« i«a wit«i tte MrhdiiiikK»>ida iit« It
ttxptettd to bo ofon”~Imiagly gf«iit«t ttea ibat of «i|l/ atiMr
i|/aroaiyl frtm tfic aeKljkm« T%U afgipwat oaa bo Jaai>iflo<i ffon
tho oba«<rvo( tre.ida la I<itra™lt>o0alax' oataljrtiic for

tito 6/urolytit of a(™>ria it"opoodont of "4so8»a tea esaoeatra-
tloa MOt a «fido ra ™ of CA<») aid it ~sodomiaaatljr 4m to
ail latrwsol«oalajr attaok bf tiia vialM i oarlat/lato 1m i3«ai«f

197).

fk» partioipatlod of saoh "hot™ oarboalw”™ lonrl™t KHNM

potttlatOGi (to oxplaia tio obtorvdd itoi”™oi™~iflalti’ In tto
aotioa of altroat aolti m prim iy aeii Htt «t al
Fartbar, Um 4ata obtained by IlIfmm et al (1> la titfi ttorold
lyrtlrox/lati™» tbat altbmifli tte dimgfl ~foa la tmm
oaaet bo largol/ dorived from atmaapbaro, tbo ia««rporatioa
It aot <|alto gaaatitativ™, Uvaro aigiit ftwo btoa sooa «ttill
iaoorpaaratioii of tlio bydroxido fram tbo nodlaa aad tbit fiaitiag
la not liioa~tittaat witb tiw oarb”ias |o. wabaalt* propotod
abova. Farter, tba raocaAlsatloti ob”~rv” la tbo pt*mnt wack
la I-R»tb)rl-!l-ayoloa”™ao»dl-2 isay bo atorlbod t« tbo ri™ld
ttablliasitlaa of tbo *K>t* oarboati® im Into a planaro

ail axtoftaion of xotoaaaoo Um to tbo i«itiotlvo offaot

froA tbo |H&»tbyl boforo tte Qaffibiaatl™ witb tbo
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artftoa «i «1 i9<id). It it alts la aoasvafltiaa
io ntHiiwi liuii Mt&ralla givot rlt« to <»>&«tralol la tita
< sjrs»«« ij&astotiaiwiat)! & &m ttaobaFyfa, mps™Hsmiii
data)*

4-1 41

Vim abova eooaliieratlaas would, towafara* | iciioa&«
ttiat ««it af all t&a sp«Qaiat <f a«tiv«e fom« «f axyoan uatoribad.
Y«u«*e farr/l «sa%ld% mms to fit in Metiar irtih tu«

obaarraU igrdraaQflatlcNi praoasaaa*

It tftottld also ba maiiamtd ia tiiis aoiSiiaotloa that
lugrluva (1961) pr<”aaad aaatber t/p« of M«aoai«rio ttraotttro for
tb« porferxyl oatloa ~oios iavalvl™ a polarisatldtt of ol«o»
trona a la *oN, Objeotiaia salil raiaod to tbit
ttruftt“ro aiioa It 4m8 not taiiw lato aooooat tlba Aloetroa
drag fros th»a i/alo too tbollt touartis tM> laaor sballt,a prooati
whniob providoa 7aorg™ for driving tba IQr~*kro>gflatlaa roaotlo:u
Umwc«r, tbe foxmalai.i3a oa-Fo™-0-or Uafslsbi la Jaatiflabla
baoaoao of tiia roaoaaooa of tbo folloMliig t/{»,

«i—Fa*™M L x r

vkuttloa i&asi» iIKMatfur, bo osiorolaod before aosoptiitg

aajf oo™olualoiis nsada at>oat tbo oatara of tfiws reaotlvo oj*gaa la

tua Igfurox/latlo.l of torpoaos »mi niodol ooiapojixia aiaoa la aplta
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of « l«rg« WIMMME »f 4»]ij>0Orim«iiial dsia «failabl« ol ikm iyp«t of
Hytiro”iailoa, <Origormii proof ooa bo gltfoa for O/ of Uio
fornalaU ttis. raalljr doo» rioi icaoM wOQOotnar iho torpor
DjTiiroJoriaiioti a.Kj storota t*aroxylaitoas aro rsi*laiod hjf

taMi or difforo”i rdi«)M«iax.

T6oao i.ivoafclgatiotf mtm twtaartaipa]) wlut U« hopo
ibai ibojr aignt a bettor ttdikivf&aiaifig of itua fuagial
iyiiraa™afclo4S ia goaoral. Alt™Moogli aocao O ofialiivo tr«sda
tiavo booa olMiorvaO, tho dovolopnoAt of a gonoral (iioory to
oxplaia tm biologiioal igriroMylatiOita of tko ntatod fuaotioa
Syj>0 romaint bo/oad Uw iavoatigaior* « roaoii. %®©0iila tlOft» oaa
bo jttsilflod only apio im pSkn% wtoro aftor aaki®ig som
assi™iloat o dooa aot leood a froaii sat of aaaan”iiotis to

<iippMt tbo pravloaa wiat*

Fan&or tiio proaoat ttadiot raiao m n probloiss iliaa
tbigr folfo. For |™Mataaoa tomi ainarbia”™ qattatloa augr ba
raiaoti. maa/ «iayta«*i aro i.urolvod la tboio transfoftpatifw*?
uooa tbo nooH a/nttetiaa a mm m tfm tm oaab aatostrato? &o

aaoio OiinifiMa toiag aboat allylio drooqgrlatloa aa4 OBQftje™a»

tloii m ail«tbla b«id?

itoa tbs Bttt«ipoltt of oootony of tbho oollt. It la
dIffloalt to vUaallio tto of lafgo aaidbar of «niyi»s«
««h» tbotrjp adaptin I=i aaittre, |a tbia orgailsm. Qa ttio
otter baau. It It alffloalt to axplaU ttoroo”elflo ~r<»gr»

latloai of a tdiola boat of aabatratoa ran”lag front oyoloboiBaae m
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(n» iia”™ mvi a(«r9i(if <« itic attixr by a sla3l« At a
ratter awiBMrU tttloologioal explaitatioii baaitd oa a aiaglti-«itxyflIMi
Igrp«ttt<»sla, U sn”™ Ixi aasuaod tiiat actallsr aubs&ratas taoti
a« cyrsldtesMtid ara m I/ diraata”™ (auiartia aataljr&ia tits

w liliaai a Urn blading aa pm aia »meta™ la a oanaia
goaoairjr ao ttat tte «aat raaotlva alto oast ntaaiva tba oxy”™an.
TM tardavy aad gaat“ra”jry airuatara of t&a pratala pravtiala
aajr athar ~raaoli af llw aabalrata ffialuaala bat a<ia. A
oartaia U«qgr>» af fraadon la a tlll paaslbla la ttiasa tQolaaalaa ta
orUat &&a««elf«t8 la aftiar to pyaaaai tIM aiKaagciiiaaaa sita to
tIM aotiva tgorganu la Uw oaaa «f ataraida oa tiw otiwr tiaard, Ua
aabitrafca ia fiarolljr tMMad io %am pm al.'i, aa Idaaliaad la iba
ejQ/ruasiaa b»Im CE€Il wi&li likpa$tUaii la alasa pr«cinttjr to

tfta aotivo oxygai sUat






tt

tim pr«nOst fUKiitt« mr9 mctortaiiaa ia ord«r to

[4ir«til9a(« tiw mo” «f dcgradati®ii «f noiial acapOumi§ suck

«e I-«s»agri»3->«"ol<aiisliie
md Bom tmrpdatia l|r<iroaarb<HUi 0s
I=iM»8 actd 4-p|joia«i EF a strain of 4aoftmilla* alatfi; 412)t

Qilf ttrala wat »«»(! ai yi« t«at srgaalam tikw« aarllar «f»rk
inaidatad tiiai it aoalii mtaimllge varloM t«rp«aaid substrates

wit-b widely 8trmtite 9%$»

iktaoh t««l« tOrmatatim$ usiag b«tb diala tjrpa
feriBaistars aa™ sitaifa flaelcs ware aacfmaitaa in «rct«r t»
Itolattt 9*1 ohsraoterlstf tIM tr«asformatloa proditati. Tha
otb«r axtraott of ta* farwaiad brotb and sroallal polleta
«f«rdi aaparatad lata ael<li« aad awniiral o«n|ka«at;t«  Tha
adiaiQ fraa&iaa dlii aat ylaXxd apf»M«tabl« aeaaats of naia-
boUtas In atty «f tiM farmaatatloat. tte proUaot foraaiiots
Mfat caoaltorad hf tftla layer o&troisatograpiv aad vapaiur pkata

olirotaatagrapAf.

marolaiwwaai

tfta aaatral }Milar laatabaliMa Aran 9f9lolmmm m
ate<mtogri®igr yial4«l « fast«r litoitlflad

aa o/alttiMimaa fcf lit pijralaa«*"&a@ laal pra”“niat amt



OOEDparttiiv* tH sp««trafacpr wHKk «a etitiMtQtta tin

e l«wiir frcoilaaa m f sttpar«t«l lby prMaratl«« tMsi
w9t m i Id~auflndi ™
ana (*e) old 112 diol liy lu pé&Jtsl««m A«8|««l

cfrarao&vrtntiM ««l ao”rauUtr* m i”etresogptjr wil m
MtbeaUa taopl*. [|i was fdwoM »i« ad&loa -t Vftnadliwi
peat(»xi<i« diKl ii/urogasi p«roxli(}« oa la a

hoaal raaaiiosi alia /iaidad Um
I»MBUyX»i«QyQlate»aa*»

1% oaairai adkar layr«r irm
imantatioa /ialdad m atufo*“iagrap® UrM ooffipoaasdtt
urhtoii Mara idaaiifiad at [-ffts 1- I>a/<slotMix«4«i-£>-«iHi,
47N IMN»9rl-i»cM«l™M«3i8™N> .91 and I-witijsyi-I1-sjral™jwal
trm tIMtir pbjrilcMKOIMfflidal aitaraaiaristias aanparatifa

£t tpo#otro*aopy witit aai;l»ii(ia aanplaa*

Frae i1~ faraaautliMi oX
oanpouails aoald ba * ift ajturaeuicagrapMf of ilw
B«u(ral atb»t lagr«r« a
oim, «od «it alttoIMI, trm tb»ir
pH™law«te<M4eal prepaniei a.id 4«s|»aratiy« IB <p«afcrosoop/

witb fttttiMaiU soOpl«s«

Li»O(tdaa aa In~“badoa muUb » aigmr aa»« faar do«”~"a»

wtiloh Mwr« ia«!tU ft«il af&«r parifiaatioa tig eoliaea djir<iH=aia9r<aN)]
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at ir) mevmm, it) mrvmuU ~ aad ir)
tiii»™ 2t «I-1 ky mtbvls «d kf
and & Ofparatif vapowr pkato «bromgi«igrfl;>IUf wiiH ant*nilft

ca«pl«t.

tb If iufUrooArboa oa iaQHiiation w itk W»S
trMst»rn»d m ial/ ia(« 3
mra i<”/aiiSi9d «e= oii-tf*Ob«iial. v«rbetia% «iid trM f
eobrnrol hf oo(*r«tlir« thla l«y«r oftrdrtafcograpitjr. tI»t

y«rb«adl wag IsolaMd and at e\t»iNirIMaol«

in<h£Lia.=>if»

& | io«b«il«a MItil A,alz<ar glv«f rit« to
m U ljf 3 pr#dn4tt mf& in|»arttt«t IdM tiflad at
i»l ark i-i isf phfnic”

olioBilaal m tliadt.

fim abav« data &av« Iwaa dtsaai«<tii ta ttM lid~t af
aoAa krtown «;qftaaiioa «e«6aalt»a dtr«l«rad ia biologleal

iNdr«<Flati«it la tte «eial<adlag aliaptar.
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