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A.ÚSlRÂCT

Various reported s¡iritrietic sclÌ€¡r€s were tried. iri an

o."ttenipt to find a teneral. rLethod for the preparation of coÍi-

pourrds analogous to ire.ns-9-oxo-Z-d.ecenoic aciû, whicn is
coruionly kriown as queen bee substance. lne nretiroo. of choice

i.lras foi-mc to be tn¿,t of Barbier ¿'¡rci nuge]- (ZZ) " A series of
1-alky1-I-cyclo a.ikano]- s, 1-ali<y1-l--cJ¡ c]-o aikene s, e::ude oxo-

a-lder:.ydes, crucl-e ar¡.j-rrnsatu-¡'¿,"ted. oxoacicls anci- tlre purir'ied.

S-benzylisothiou-riurr saj-is or t.i:ese acios h,ere prepareo-" /r-Lj

of tirese s¿i¡s, e:;cept tr+o, gàve acceptable a.realyses foí tire

S-benz¡ l-isotniouriuüi sa.It oÍ' tire o., fj-wrsaiur'aiecl oxoa-cid-.

Iri tirese tlvo exceptions t¡ie lj-benzyrisotriior¿riu¡ri d.e¡iv¿.tj-ve

an'al¡zeo well f'o¡' the satu:'aiec o>lo¿"cio- i'¡¡dch woulo be fo¡'i-'ed-

as e resul-t o1' o;-,ictatioii of' ti:e oxoaldenyd.e useo as startj-ng

riateri¿:I.

S¡mtneses "'¡,ere ¿Jso carrj-edr ou-t in the i3utler, Cei-Ioiç

ano Johnston reaction seqLrence (L9r52) ¡ut this r¡,ethoo was

everituully abancLoned because it r.¡as impossibre to pur'íÍ';,i. s-oae

of tire interlire<i.iates by ciisi;iriatiol oue to poJ-ynerj.zation.

Prelirrinary erçerinentation was al-so carrj-ed out using

the Oughton synthesis (27). Expez'ineni"ati-on ,rsing tiiis series

of reacticns was stor¡ped it'hen tne Barbier and ilrrgel syrrti:.esis

began to procuce ih.e desired acid proclucts"

Curr_ently, purificatì-ori of tire crud.e acj-d. products
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obtaj.necl frorii 'che 3a.rbie.r ;.nd_ ¡fç"geJ- synl,nesis

ted- by gas cirrom¿r.toõraiJny. If separatior) iJ¿.

accomi-rlj-sned the ,oure acio wiII -oe 
su-br.riiteo_

testing on the ili'matu.re aquatic s'oages oT' tire

inosc¿uito (¿.ecl-es aegy,oti, l. ) "

is being a.tteriip-

tiLis r. etí.oo- is
to ¡:h¡' sj-ologica.l

yeÌJ-otr fever
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Ir\'l¡¿ODrl C'IIOf\

Á.s ttre sociai- organizatiori or i;he honeybee, ¿.pis

rafllifera, i. ir.as d.evelopeô., the norieybees irave acqu_irecL

tÌre ha.bit by r¡¡tricli a.ctlir-t v¡or¿iers feed oi;her a.ciult bees as

well- as feedirrg the Larvae. rn ttris !laj.ur_eï' a material
carled. orueen substance is passed aroi:rd the bee co:;i:üu:rj_ty

from rEorker to l.¡orker. 'rhe sharing of this subst¿,;nce

a.i.:ongst tne worker bees is probabry 'che riost ir.rrortant
single factor rn ihe sociaJ- orgattization of tne honeybee

colony. The 'urge of tii.e i.¡orker bee to obtain qüeen sub-

stance is so powerful that q-ureenless wo:rkers v,¡ill so:Lretines

even desert J/ouJrg broocl" in ord_er to join another grou;o of
bees wnicir. ioossess a queen (f ).

Queen substa:rce Ï/-as originally berieved. to have tvuo

effects on the social orgzttízatio¡l of the honeybee. Firsi,
it ro¡as considered to be responsible for the attractiol that
queen bees have for rv"orker bees as i,¡ell as the attraetion
tjeat v¡orker bees frorn the saJrìe colony have for eac.ri otner.
Thj-s keeps the colon¡r togeth.er. Seconclly, t.tris i,laterial_

was beh-eved to prevent the ova.ry development of r¡orker bees,

as well as olueeri reerring by uorkers as long as a satisfac*
tory c.ueen was present in tire irive. rn spite of ttrese con-

troJ-iing properties of queerÌ su-bsta::.ce the coÌony is altowed.

to replace its queen by a yoluLger one (supersedure) or to
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reproc|Llce itself by swarming ìì;.nen conO-itions are favourable

(z)"

queen substance is ciescz'ibec. as being a pheronoíre.

Tiris word- is derj-ved frorl 'ulr.e Greek rtirherej.ntr meanÍng to

carry ana- rrhormonrr nieanii'rg to excite or stimuiate. Phero-

üones a.re sr¿bsta-rrces r,vhich are secreted- to the outsid.e of

arl af}ina]- a.nd r',¡irich cause a specific reaction or response

in a receiving incì-iviiLual- of the same s.cecies. Tire metkroo-

of acceptance varies and may be either oraJ- or olfactory (Z).

Pl:.erornones have two ch-ief activíties. They tray serve

as socia]- substances of coruelation between iridividuals of

colony builcling insects or they may act as se:<ual_ attya.c-
-bants in the pairíng of sone uiaJ-e and f e¡rale insects (+) 

"

Butler, arr JÐrgJ-j-sh entomologist" ÌIe observecL that on rernoval

of a queen bee froiu the hive several pirenoniena "cake place.

There is a general ¿'estlessrless of the bees preseirt in the

hlve a;rd sorne of the i,¡orkers attach themselves to other

colonies. Secondly, ceJ.J-s r¿irich contain young l-arvae <ies-

tined- to become r,¡orker bees are chalged- irrto emerge¿'Lcy quee.ri

cells bJr the worker bees. Butler postuJ-ated. from his obser-

vations that a conmurJication takes place beiwee¡r bees by

neans of [Xrt e a substance whicn J.s produced by queei'].s and.

d.istributed by workers from one to another by feeciing.

Butler referued. to ilXtr as queeÌ'r. substance (5).



À. SguLrce of Queen Êlibstance in tiie Colon;y

Experiniental results have o.emonstra"ted that queen

substance is obtained. frcm al-J. parts of the queer'Lts bod.y"

Ihe aho-uurt of this material- necessary to iniribit a coJ-ony

of a given size fro¡:L constructing energency queen cells is
obtained only if a colony has access to a certain minimum

area of the body surface of the queen (6). Other workers

have reported that queen substance is particularly abun-

clant on the queenls headL, althougn bees do obtain it froro

all parts of her bod"y (7)"

PaÍn and her colleagues feel that queen substance

is prod.uced by the queen bee fro¡-L precursors fed to the

queen by tire worker bees" the recent findin6 that royal
jelly, lrhicÌi ihe workers feeo to the queens, contains tra¡rs-

9-hyd.r'oxy-2-d-ecenoj.c acíd. (w-nictr is very cJ.osely related-

chemical-ly to oaueen substance, trans-9-oxo-2-d-ecenoj-c aci-d.),

suggests that tire queen cannot pro<luce queen su.bstance wiih-
out ihe help of v,¡orkers wiro bring one or rùore required pre-

cu-rsors in royal jel}y to the queen (g),

3, Di-stribution of Sueen Substance

Queen subs'uance has beerr proved. to be present, almost

exclusively, in the nand.ibul-ar gland-s of queen bees (g) ,
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Tire queen and thre nurse r¿orlcer bees, ldro help the queell

¡¡iih frer grooming, clistribute the o;ueen substa;rce over her

entire bod-y " Sone of the r¿orliers obtain qi-reen substance by

licking their queen. Part of the nateriaJ- thus obtained- is
then transferyed" io other mer¿bers of tlre colony through

feed,ing. This process is a continuous one. The yate of
distributj-on is sufficient for the najority of bees to re-
ceive shares frequently, titus preventing the constructioir

of emergency orueen cel-J-s j-n the colony (6).

c" Biological ¿ctivities of Queen sr¿bstance on l{orker Bees

.â"s previously stated, tlr.e teriti queen substance was

first used by Butler in L954. In the salne year d.e Groot

a:rd voogd- foun-d that queerr subst¿irrce suirpressed. ovary d-e-

velopment (7). In L955 Pain d.escribed an attractant sub-

sta::.ce present on the cuiicle of the çiueen bee i,.¡hictr niight

be ioentical to queen substance. she observed. that worker

bees sought out and l-icked a piece of eld-er pith containing

the substance (B).

The biological activities of crucie aJ-cohol, eiher,

and- ace'cone extracts of qÌreen bees were investigated_ by

several r'¿oricers (rr7r9). These activities Þ¡ere originalty
believecl to be d.ue to qr;"een substarrce a-l-one and- are as

fo]-lows:
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(f ) attractj-on for worlcer bees

(Z) inhibitrori of caueerr rearing by l,rorkers

ß) inhibition of the ovary d-evelopment of' wor.kers.

i{or,¡ever, it is now knol¡n tnat aJ.J- the above biological- pro-

perties are not iiue to queen substance alone" For thris

reason tliese activities r,¿ill- -be C.iscussed urrder tv¡o iread-
j - ...^rriE; ¡Þ o

(f) Attraction for Worker Bees

liorker bees are attracted- to cLrj-ed- ethanolic or

ethereaJ- extr¿:.,cts of queen bees" Pa,oer or gas cnroarato-

grapiry of the eru.de extracts nas l-ed to several rtifferent

substanees. 0f tirese the oiae first isolated, purifj-ed- a¡.d

identified was trans-9-oxo-2-d.ecenoic acid., often referued

to as queen substa:rce. this chellical- d.oes not attra,c't l,ror-

-trer bees by itself" Pain iras sfiol,¡n there is no attraction

observed. v¿hen synthetic queen substa:r.ce in varying concen-

tration is ,oresented to workers (g), Si-rnpson has d.enon-

strated- tnat synthetic tranÞ-9-oxo-2-d-ecenoic acid- present-

ed on filter paper d.oes not stabil ize a honeybee swarlr. In

ad.d-ition r,¿orker bees shor¡,¡ no response to'i'tarci. i-'c even ir¡hen

they are artowed. to touctr tne filter paper (ff ). From

these investi-gations it is obvious that the attraction tire

queen bee has for the v¡orker bees is not d-ue solely to tire

presence of o,ueefl substance on ti:e o;ueen bee"

Pain a-trd- her llrenc?l colle:igues believe tlre attraction
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exhibited is C.ue to a ririx'r,ure of several- coriìI)orlents of the

acid i'raction of ihe etìrerea.l ex'ûract of v¿¡io1e qi-reen bees"

The¡r observecl that this attr¿:c'r,ion ?iÐ.s ]-ost i,¿hen the acid-

portion of the crucle extract was subjec'üed" to cirroriatograpir¡r.

llowever, it real:peared- ';¡hen the several fractions t/ere re-
irixed after chroraato graphy (J-Z) 

"

Ihe !'rench workers al-so carried. ou-t a comparative

stutiy of the mand-ibul-ar gJ-ancì.s of queen anci v¡orker bees

using 8'as ci.Lromato¿raphy artal¡rsis tecirniques. The¡r trave

arbi'crarily cÌÍvidect tire si..Lbsta¡.ces obtaiired frorn the queens

j-nio fractions lrlricl:r they caJ-J. Pherorrrone f ancl Pheroijione II "

lheronone I

Pheromone II

(a) trans-9-oxo-2-ciecenoic acid-

(") three volatile substances not

identiriecÌ
(¡) phenylpropJ-onic acid

(c) phenylacetj-c acj-d.

Neither of these two plieroúrones by i'uself attracts worker

bees büi a mi>rture of the tr,,ro is attraciive" 'Ihis has J-ed

tne l-rench r'rorkers to the conclusion that tlre two ,.-rheroruone

f'ractions a.ct sJrnergistically to attraci worker bees (A).

¿riother e;<planation of tir.is a'afraction iras been set

forth by Britisn en't,or¡.ioiogists. In f96f , Ge.ry r:iad-e tiie

follor,¡ing assessnents: a) attractíon of nonla1 virgin qu-een

bees towarcts lrorker bees; b) attractton of mated- laying
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qu-eens tow¿Lrcj. worker'bees; c) tire a.ttractton of ala"teci lay-

ing queens r¿ithoui ¡Liand-ibul-ar gland.s tol''¡ards r,;orker 'ifees.

Fie conclud.ed that a quieenrs ati"raci',:-on Í'or workers conres

froui a scent procLuced mairily in tire ma:rd-ibuJ-ar gla-rtds (11) 
"

Îl:re British l.¡orkers cto not believe th¿i'u queen substairce has

any attt"actíon for r¡orlcer bees at all- (14). In other l¡orcls,

they feel the attraction r'rhich the o;.teen bee has Íor worker

bees d.epend-s entirely on rrctrueen scentrr, a subst¿nce wirose

clre¡nical id-entific¿',tioiL is stil]- urtd.eteri,iineci but rðricir is

proclur.ced in ihe r:randibu*Lar gland of tire qneeÍ1. bee.

(2) Inhibition oÍ' Queen.n@
Develoiri:rent or l''Ior'ker,s

Generally, the ovaries of l¡orker bees ren aiil unde-

velo¡red. liowever, when the queen bee is absentr soi.iie of

the r'ror'lsersr ovaries d.evelop quicicly and to sucn an extent

that tiie inrorkers riiay lay unfertilized eggs" It appe¿rs,

tnerefore, tir.at in a noruruf- queenright colony an agency

which inhibits queetr rearing a:rd ovary d-evelo,ouent of vror-

kers ruust be obt¿iined arr.ct circu*Lated."

In I96f Butl-er and- iris colleagues (15) discoverec[

the presence of volatile substances otl:rer th¿,n queen s'ub-

sta:rce in 'uhe acid- fraction of crud-e al-cohol- or ether ex-

tracts of whole ciueens or queenst lreao-s. One of these

subst.:rces rvas call-eo mated- queen scent or queens r inni-

bitory scent. The¡r lcelieve tiris scent partialJ-y inhibits
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qr¿een rearing frou eÍiertency c1Ì.r€e[ ceJ-J-s encl ¿Jso tirat it

¿;cts synergisticall,v l'¡itli tra:r-s-9-oxo-2-decenoic acid (queen

substei:rrce) to inh-iiJi-L ovaty develol:r:rent. Under ercperj-Lental

corrd.i-tio¡t-s ava.ry cLevelopne¡1'r, iras beetr =,arti-al-ly iriir-ibiteo

ìn queenless i^¡orker bees b¡r syntr:-etic qLreen s'n'ost¿Lnce.

I{or.rever, tir-e extent of inhibition produ-cec was less 't,}talr-

that caused- 'by a-rr alcoholic extr¿:-ct of queensr ¡eacÌ.s. ffris

suggests tnat ihere urust be a-n active substance ir.L the

etiianol- e>rtract other than queen bee substance" It is tiris

fa.cfi 'ctiat lias J-ec the British researchers to posiuJ-ate the

presence of rlated. quee/1. scent as tire other substance lvhich

preven'ts qu-een reairi-ng fron eiiìergency c1lteen cells. 'Ihe

chenical- j-clent'i'c]¡ of rnated queen scent is sti]-]- r.¡nKnotrt.

I'iated qrreen scent or inhibitory scent is wictel-y dis-

trii:uted over tne o.ueellrs body, probably by grooning. It

is most liicely not ¡trociuced in the cìu.eents ::oano-ibular Sland-

since the scent of queens i,rho irave n¿rd tl:iis gland renoved

for several C.ays iniríbits queen rearing as nuch as scent

fro¡-r norr.rra.I qrieens (r5).

It is also possible tha"t otirer ph¡rsiel.gical factors,

SuChr aS tire SOuncis procl-uced-'oy a queen or the v{OrKerS cloSe

b; her, affect tire inhibitiori of ovary growth (15)"

It has been shrown exi:eriraentall¡r that queen substance

itself wilJ- inhibÍt einergency queen celJ- construction wiricn

in turn inhibJ-'cs queen rearing (15).
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D" I,techarr.isi¡ of á.ction of e\reen Sr¿bs'uanae

Su"tler and Carlj-sle first tirougirt iirat queen sub-

sta-rrce acted in one of tr,¡o nl¿^nners. lirst, it coulo_ affect
the tj-ssues of the r¡orker bees cÌirectJ-y, li:.icn ii'r turn in-
fluenced t.ae behaviour pattern or tire insect. The alterna-
tive l'ila-s iirat tra^rrs-9-oxo-2-d-ecenoic acio set complex pily-

sioJ.ogical- mechanisrns in i:rotion vi-a the eentraJ- rlervor-rs sys-

teri-1" 'Iiiis rnecha¡.i-stÌi was believecj. to be 'urÍggered by taste

or soÍie obir-er sensory stiurulatioi-r (f6)"

ft i,ras founci that ir¡orker bees pass along queen sub-

sta:rce l'¡itir ttre contents of iirej-r honey stomaclis, thus d.ilu-

ting its concentration consÍcLerably. IJol^rever, tire a.niowrt

producecl b}t a single queen is stil} su-ffi-cient for tens of

tnousarnC.s of Ï,rol'ker bees" i'rom this iÍre id-ea tliat the sub-

stance J-s received oral-J.y ancì then acts via the central- ner-

vous s¡rs'ceiii Ìras developed-. It is believeC tli.at tire brain

then influences tÌre benaviour of tne i.vorker d-irectly, a-nd

inoír'ectli' irrfluences ovaria¡r ci.evelopment bJr endocrine

rüet]:ods, perhaps b¡r neurosecretion (;)"

l+ore recently anotner tireor¡r regardÍng tne üecna:risu

of action of olueen sul¡stance .L':.as been pubh-sired.. It d-eals

l;,itn tire ¡lh¡;"siology of tire ovarÍes of the ferral-e worker bee.

Tne corpor¿r aJLa.ta of tlte ovaries ircreases j-n voh¿üie di-Lrin6

il:e firsi few d.a¡.s after renoval of the queen fron the itiv'e.
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Tiierefore 'üne presence of tne qrr.eei'1, inhibits tfie g:roivth of

the ',.¡orker" beesr cort:ora a].]-ata" This suggests tflat the

inliibitron cf' overj,, d.evelopnent by the l¡heronrones present

on iire queeil J-s brour¿1irt about by an actio¡r upon the corpora

alLata r'¡rich is tirereby prevente,l froL,r secretin6 the insect
Itgonad-otrophintr irorrnone (17) .

l'.liscell-a¡reous Bioloåica]- Properties of Qu.een Si-rbstance

(f ) Effect on Srvarmiri¡l anci Super'sedure

Queen bee s'+bstance, or z"ati:er the lack of it, is
responsible foz'tire appeaïance of a ilerd CI¿ueen in botri sl,rarn-

Íng and supersed.ure" In suirersedure, the c1u€efl. is producing

too l-ittle queen substance arrd is consecir,iently relrlaced by

a your.ter clueen. In slra.ri:iing, al-tÌrougn the qu-eerÌf s produc-

tion of qlreen su"'ostarrce reuaj-ns nor¡iaa, tire v;'o¡'kers receive

too ]-ittie of it due to their vast n-rri:ibers.

(Z) Distinctioir Between lrtated- and Vj-rgin Que-eg-Bees

lforker bees àTe o-uicKly able to d-istinguisfr bet'¡¡een

virgiil a.rrd. mateO- o,ueen bees, ever,l- r¿¡Ìre.rr tite latter àre deepl;r

a::aestiresized.. fhis distinction is probably clue to o.iffer-

ent t¡rpes of queen substa-rtce caused bi' dÍet oifferences

bet'¡¿een virgin ancl mated la¡ring queens (6)"

In 1962, Pain et a¿" ¡reasured- tne relative a;ilounts

of ciueen substance present iri the rnanciibular glai.Lcis of qLleen
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bees of v¡:-¡'ious ages. Iiie; observect ti:at olo-e::, raateci

ciLr.eens proiuce fat 'nore qLreen- sulliit¿ürce than cio vírgin
queens. lhus tiie d-is'cinction betr¡een ihe tv¡o queen types

llay be alr-e orily to tkre a¡iou:rt of qú-een substa:ice prod-uced.

rzitner tit¿.n to ihe type (fO).

3) Cherrical- itating li.tir¿ctanis in iire ¡ìone.vbee

Drones r,iere four-nci ì;o ¡.re a'utra,cied- to the etirereal-

e;itract of tiie rirancLib.uJ-ar. gJ-a:io-s of c¿ueeJr bees" å.fter

silica g.'el ciirorlatograpny of the cluci-e ez-iract tr,¡o acti'r¡e

fractions idere fc¡uurd" The ci.rones uere attracted to the

fatty acicl fractj-o.rr a.rro tiie i:iiospholirrid- fra"ction" lhe

f atty aci-ci- fr¿iction Ï¡¿rs id.enij-fied- b;v 6as cirron atograrrhy as

tra:rs-9-oxo-2-d-ecenoic acio" Syntheti-c o,ueen substance was

fou:r.ci to be attractive to C.rolres i'.1 a coÍlcentra'çion of 0.1

niil-ligra.rr ;oer assaj¡ tu.be" Jîow'ever', the reconstituted- l,Ðr¡-

d.ibul¿.r' gJ-tLnd coriplex r.ia.s consioera:bJ-y rirore attractive 1,o

CLrones tha-o eitjier tl:re fa'ü'ù¡r a"cic| fraction or' 'uhe phospho-

lipid fraction (fA)" This s¡r.ggests thaì; tirere 'Llay he nu-l--

iiple rnelting attr¿icta¡rts wiricn liave à sylergis't,ic action.

fsolation of Sueen Su-bstance

(f ) Ëeparation by Paper Chroiiratoérraphy

lt

To uate, two s,",ecific

trans-9-oxo-2-o.e c eno ic a.cicì-

i;ietirod.s for tire isolatÍon

froi,' queen bees by peLper

OI
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ci.Lz'oiäatoglaçh¡, irave beeri re.corte<i (Arf 6 ,L9r20) " I¡i bo,r,iL

cases, a cruce alcoholrc e:rtz'¿ict of l;riol_e qi.Leen bees l,¡as

prepared alrci i;le acioic ,lortion r+as se¡;ar:,.-becl by paijer chro-

matograpiry ancl iso-LatecL. Pu:_re qu-een suì:sta.rrce, ij. _û.

52"5-53oC., was obtaj-ned- in e-àc'rL case -b¡,. recr¡'staJ-]'ization

e.jter i'ne cltro'r:,¿-aograi:hic seilara-tÍoii. lne coriplete o-e'uails

of t¡re r.etiroi-s a-nci" chroinatograi:hic sy-steu,s usecr are given

in reference (zf).

(Z) Separ¿¿tioir _gy_Ses Cr,xaqato rap (B)

In L9b2, Pain carried- out a coriparative anal¡isis of

tire ¡rand-ibul-ar ¿lanc1 contents of .oauleen anc-¡. worker bees uti-
lizing gas clrroina-tography. 'Jlie anal-ysis or workers t inancli-

bula-r gJ-and.s ai TOOOC. shov¡ed- tire ,oresence of ¿:r acid. desig-

nated as tra^ns-10-irydroxy-2-d.ecenoic acid.. lL.hj-s acid_ is
also present in roJ¿¿il jell¡i. Seba,-cic acj-c;- l¡as also fourd

to be irresent in the worirersr lranciibvJar 61alros"

The a-nalysis of queenst nano.ijrul¿:.r 5l-ancls at 2OOoC,

produceCL an en'uire-Ly d-ifferent resr¿It. It shoued. ttie irre-
sence of tra:rs-9-oxo-2-d-ecenoic acici, nol.r coiit-monly ca]-l-eo

qi.reen subst¿'-nce. In ad-d-ì-ticn seb¿:.cic e¿rd. azelaj_c acid_s a^äd_

nethyl p-hJ.droxybenzoate rde:ì:e fc-rurcl present.

Gas cltro¡-iatograpnic a:ralysis of tire queensr ma-rrcli-

bul-ar ¿la.ncs r\r¿;s repeated at a terperature of 150oC" lne

ge.s cii.ronato3Taî. siiol¡eci- tire irresence of at least five vora-

tile substances" Two of tnese \,iere icLentiÍieo. as -cirenr¡l--
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ace-úi c a:ro- 1-rnenylpropionic acicis" t'he other 'r,irree su-bsta.nces

r¡,rere no'r, id-eni-i fi-ed (B).

FIGURE I

GÁ.lS CllROI!ÁTOGRAivi lrr\-AIYSIS 0lì' !]'OIÌKER,S I

Ai\D QUEEIJS! I'i-*rrrDISUlÄ1ì GtrAlIrS (A)

ir'lorkers Qr¿eens

À" At 2OOOC.

(r)
i{0- (cH.2 )- (cHZ ) 6-cH=cu-c00H
'Ifqan s -1 O -irydr o,xy- 2 - d- e c eno i c
acid
(ti)
c00H- (ca2) A-coo¡i
Sebacic acid

a." ¿.t 2oooc,
(i) o

il
Ç.È.5- c - ( cnZ) 5 -crl=clt- c0 cl-I
Trans-9-oxo-2-d-eceno ic acid
t l-f,
C00H- (Cn2¡6-C0Otr
Sebacic acid-

çiii)
c00H- (cäe ) 7-coorr
A.zeLaic acicL

(i-r)
i{0-crlr¡ -cooci{<
i,, e thlJ- -1¿-ny dró:.yb enz o at e

ts" At i50oc.
(i) Vol-atile substance A

- not iilentifieo.
/..\(ii¡ Vol-¿.til-e suT;sta¿rce B

- not ioentified
/- . \(iij-) [olatile substance

- not id.entified
(irr) Ç5,i4Çn2crl2cooll

Pl"reá¡'-i.þrop ioni c acid.
(n) C5H5Cii2C00H

Phenylacetic acid-
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G'" Str:¿g'gg4_ ël"ciciation of _@e*eji__Þubs-!.e4ce

lire sti:ucbure of c-¡Lr-e€il subst;:nce, -v¿hicir r,¡as isol¿-bed-

from the ethanolic exiracts of queen bees, trràs Í'ounC to be

tra:rg-9-o>lo-2-d.ecenoic acici. Ihe structure Tdas ci-e'çeriLlinect-

by tne use of cireruical er¡ici.ence (eO), infra-red. (f0) and.

ultra-violet absorptiori clata (t6 rZO) " Syntnetic trans-9-

o:;o-2-deceno-ì c acid '¡,¡ers founci to be icLentic¿l- i¡¡ith the

natural qLr.een subst¿.nce ¿rncÌ hence the structure r{as proveo-

co;rclu-sively (22) 
"

;F'. Syntheses of rJueen Bee Suþ_gl_s4çS.

Ei6i1i ind-epend-ent s)'ritlieses of ihis subst¿:.nce have

so far been reporte<i-. I'our of tLrese are very sirrril-ar in

th-at tirey j-lvol-ve the ;orep¿Lration of 7-o>looctanal wiricii

i-s alua¡rs converted. to qr.reen su-bstarlce by iire Doebner mod-i--

fication of tne Iûroevenagel conciensation 'r¡nich u-tiJ-ì-zes

nalonic acid i-n pyrid.ine or a pyridine-piperid.ine r¡ij-xture.

Trt eacn cese the alcieiryde is obtained j-n a ciifferent n,.anner.
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(f) i¡iethod-s Involvinå a I'rroevenagel ConÄensation

(a) Ì:ietirod- of iSarbier anü fìuir^el (21)

(r ) cHstitslr
(z) Hr,H2o

(f) I'iaJonic
acid- in
pyridine

Itr
I

IQ
oJ
$i

CfiT-C- (cue

0
fi

CLiS-C-(CItz) 50I{=CH 12 ) r-leat

l'-Çtrj

)v)t
CÈi7CAo

) zn, tt2o

) 5-CI10

COOi{

Cycloheptanone was treated- r¿ith rnetirylnagnesiuli bromide in

a. Grignard reaction to yield. I-methylcycloheptanol. This

lvas d-eh¡rd.r¿¿ted by refluxing r,tiihL potassirm hyd.rogen suJ-phatet

yielding, accorrling to tlie a-u-thors, pr-lre l-rlethyJ--l-cycJ-o*

he1:tene which wa.s then ozontzeð- to yielcl 7-oxooctanai-. iiialo-

nic acio. in anhydrous pyrid-ine at 3OoÇ. r¡as addeo imi¡sfli¿f,sly

to ti¡-e 7-oxooctana^I. 'Ihe mj-xture was heated to 50oC. for

fifteen minutes and then broug'ht to a boil over a thirty

i¡rinute perioo.. Finally, 'che nlixture was r'eflu;<ed- for one

hou-r to yietd- syninetic queej.'L substance.
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(¡) þíethocl of Jaeger an<j. Robj-nsorl (z+,zD)

0 coct
lr

ca3-ö-(c¡re ) ¡-coos cocl '
U

.ll
) I-CCI

luu, ur,,ro,
L$0

il
C'H1-C-(cur)5-crlo

0

cn5-ð- ( c¡re

0
ll

s L\-c - ( c tt2) 
5 - cH=cll- c ooi{ (f) ivialonic

acid in
pvridine

(z)-íteat

-/-0xooctanoic acid dissol-ved. in r),ry benzene under a nitrogen

atmosphere was treated r,r,ith oxal-yJ- chloride" After. heating

and rei¡oving excess solvent and- excess rea.gent ín vacuo, the

resid-ue was fractionated. to yieJ.d. J-oxooctanoyl chl-oride.

lhis che¡nical was disso]-ved in d-r¡r xylene and r¡¡as heated

with 5% pallad.iurn-barj-um sr-rlphate in a stream of hydrogen

ts^aso 'Ihe fil-tered. solution.uias evaporated in vacuo and. the

residue fractionated. to yield- J-oxooctanaL. /i sol-ution of

rnalonic acid was d-issolved in a d-efinite vol_ume of pyrid.ine"

Ä sinilar sol-ution of 7-oxooctanal- was prepared. 'Ihese two

solutions r{ere cooled to OoC. and- then mj-xed together" A

small amou:rt of piperidine i,¡as ad-d ed and ihe mixture tras

hea-iecl to a 'uernperature of 5OoC. for forty-eighi hours to

yielcl j-IApg-9-oxo-2-decenoíc acid.
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d-er Plas arrd- Persons(") i'tethod. of van

;---ìqt", , I \ i'ia,
CCl-¿' \ o./-'Br

}J
_t(u.hl

(26)

/l
\ .",/-Cri2C;I2OI1

Ð

zot
It \ cLtz-c'z,
\*4.iss"

/(ct4co) 2a
/ F'=PQ n

/)+
O '1---I L]ioxarre 0 r-n 0

cu,5-1(*.)-r*r, a2en rrus-8(*)rnrr u"2o-lð,c:n3

/-È
/lr1l

/Raney liicìiel

/ (-n2s)
0Fi
I

c:nZ- Çg- ( c i.,2 ) 5 - c H2o n

o+
ir

ÇH7-C-(Cnz) 5CII20I1

0
1t

^ ln;;^v- \ v]-rz

t )tttalo
¿ ) raear

CP.,.=CrI-

CH=s_

k

J
(cnr¡,

) 5-crio

ni-c acid.

c0olr

A sohrtion of bronrine i¡i carbon tetrachlorid.e was ad-d.ed to

a sol-ution of' thj-ophene in the same solvent. the mixture

l,ras kept at room te::rperature for tv¡elve Lrours and- the sol-

vent \{aS reaoveCr Íri Vac'u-o. 'Ihe resid-ue rvas treated. wi-th

potassirm hydroxid-e, lhe solution w¿Ls filtered a:l-d- frac-

tionall¡, d.is'oíllecl to yie]-d, 2-bronrotliiopliene. Ðry ma"Snesium

turnin¿s, arnd 2-bromothiopirene were caused. to react in ci'ry

ether. Eiirylene oxid-e v¡¿is actdecl and- 'che reaction mirture

then pu::ified- to yield- z-(z--t:níenyl)-etnanol, which was

U
II

z-C-

SO¡.t

a"ro,

CH

Ë'
"-¿

:=-I\a2
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ï'eacted witir acetic anhyd.ricre anð" BJ7à phosphoric acio, to

yiet-d. 2-(5-acetyl-2-tnienyl)etnyt acetate" The latter was

trea'oecl i¡j-th 2N aclu-eous sod-iun hydroxJ-d-e in dioxane to yield-

2-(5-acetyl-2-thien¡rf ) etha¡o1. This substa¡rce'!f¿rs refl-uxed

i,¡ith fresJrJ-¡r preparecl Ra:rey nicicel in etÌ:.anol. lhe reaction

was purifj-ed- to yield. a rnixture of Lr7-octanediol a;rci 7-oxo

octarr-]-ol. This mixture was oxicltzed- io 7-oxooctanal hy

thre use of' sulphurj-c aciä and potassium d-ichroilate dissolvecl

j-n l¡aier. the 7-oxooctana.l r'ves converteo- into queen sub-

sta.nce as in reaction (U)"

(¿) Se_!þecl çf Or¿sþton (27)

O0
It o^ l¡

+ cll3-c-Br -'n ) tsr-cl12-cr1'2-cÈ'2-crt2-cl'2-o-ö-cn3tt'\rl

ÇH3

0li 'ra0ä-c- ( ciI2 ) 5}n2on <-,,,s%

t00I ll ll

lcrtq-c-c.tI2-coc2H5t- ) L
\t

0 l0rl I tt
Ç85- C-c n- ( cu2) 5 -o i c - cu 5/". i

COoC2H5

0
ir

CL73- Ç - ( aþz) 5 
Cli= CH- C 0 0H

lw2c"2o7

lcHrco0H
0
lt

CF1-C- (C,Tz) 5cI{0

(t)lvlatonic acid.
( z ) t'ieat
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å,cetyl brouide r'¿as aodeC. to 'r,etralryd-rop.1ry¿¡1 a-rra zLnc

ciust and, -bite irrixture tr¡as ireated to yj-eld t-bronoaniyl aceiate.

3th¡rf acetoaceta.te irr¿s ¿¿d-c-ecl to a solution of sodiurn ethoxicte.

Tire 5-broriroari-iy]- acetate l¡¿,s aäci.ed- to tnis sol-Lit'ì on follor¡red.

by stirríng and- refluxing ov er a four hour period r )¡ielding
octan-l-ol--7-one on iryd-rolysis ancl purification of the re-

actj-on mixtr¿re. Thi.s subst¿,nce ïi¿-s ne¿.ted i¡i'uh povriLered.

potassium dichrornate in glacial. acetic acici at B5-90oC. for
one hour proclucing 7-oxoocta:ral. 'Ihe 7-oxooctanal was then

cond.ensed in a pyridine-piperidine soJ.ution l¡itir riraionic

acið. at TOoC. for twenty hours to prod.r,,Lce queen substance.

(Z) Other }iethocls of Syn'uþ*gsizing' kueen Substance

(a) [qthod. of Ej-ter (za,29)

C5li5

cHO- (cnz) 1-crß + o6II5-P + cli-coocllt
c5Ii5

(il)
'l,li +¿i ^-l/il-L tr UIP

Reaction I

,t

cilo- (clir ¡ 5-cu=cH-c00ci{5

l#=r-r"ro"
I

J(-rter'l)

o tr 
i{c=c-cJiz-c'-(c'2)5-cli=c'-coocl{5

,, o"
ÇÍJ3- C -CL!=C!{- ( C:f12) 5- e t!=C E]-CO 0 Cä 5

ls"
Jrã-c"co5 Autoclaved 0

I hou-r ", ., "
Ðioxane JI15-Ç-(cnz) 5-CI1=ç11-COOH

0
li

cn3-Ç - ( cHZ) 5 -cll=s¡1- cc 0cli5
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f'reshly d.istilled- glutari-iatclehyde was stiyred in a nitrogen

at¡nos¡here l^¡ith proportionate addj-tion of d-ry pol+dered- tri-

phenyl'pþophinecarbomethoxyrcethylene. îhe purified' product

T,ras a mixture of methyl cisrtqans-2-heptene-7-al-1-oate.

Aluminum f1axes activated r^¡ith mercuri-c chloride and'

a tyace of iod.ine l,iere stirred in anhydrous tetrahydrofuran

in a i,¡ater-free nitrogen atmosphere 1fhile propargyl- broraide

uas carefully ad,d-ed d-ropr,rise. rhe methyl 2-heptene-7-a1-l-

oate t^¡as ad-d.ed '¡rith vigorou-s stir::ing. The mixture l¡as d'e-

cor0posed an,c, tl.re resulting oi1 on distillation yielded nethyl

7-hyd-roxydec-2-ene-$-yneoate"'jlhis v¡as d"issolved- i-n dioxane

and. stirred- in a nitrogen atnosphere u]Ìder reflux r'¡ith basic

mercuïic suJ-phate. This, i^rhile boilingr uas treated '¡ith

2O7,[, suLphuri-c acid. 'Ihe residue was chroroatographed- from

1:I petroleum ether-bet:rzerle on an aluminrrm oxid-e colu'mn"

Fractions L-J yield-ed methyl 9-oxo-Zr7-decad.lenoate.

Ihis silbstânce r^ias hyd.rogenated. r'rith J'¡i paL].ad-iu-n-

calcium carbonate mixtu-re and the d-istilled prod'uct raras

roethyl trans-9-oxo-2-decenoate. ['he methyl ester of queen

substance lres placed in dioxane and autoclaved with 2i\

aqueous sodium carbonate. ilþe nixture r¡ias freed from d.iox-

ane in vacuo, diluted. with r,¡aterr and the nethyl ester \'Ias

fêmoved by ether extra.ction. lhe aqueous la.yer was satu-

rated with sodiurn chlorid.e and extracted lvith ether' The

product received. from the ether extraction rdas tr?"ns-9-oxo-

2-decenolc acid-"
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(¡) i{ethod- of Kermed.y.- i'rcCor.kind-a,]-e and rÌapha.el (-lO)

00
I lt

,Br-( Cr-i2 )4-CH=C'{-COOI{ -cti3-c-c1i2-c-0c2Ï15

0
ri J

ntr- -C -CH- ( CiJ2 ) 4. -Cf i:Cri- CO OiI
I

C00C2H5

livooir
I irpsozI'oi ,i

oH, -c- ( clre ) 5 -ch=cu-cc0H

lqang-7-bromohept-2-enoic acid- was ctissolved- in ab-

solute ethanol and sod-ium (2 moles) was added to form sodium

ethoxi-de" 1'o this solution was add.ecl I rnole of ethyl aceto-

acetate. The condensation mixture was d"iluted-, acidified

a,nd concentrated to yield, a yello',v oi-l. Thi.s oil r¡¡as treat-

ed- r^ii th 5% sod.ium hydroxid-e soLu'uion and. ti:en sul phu-ric

acid. The ether extract olcta,ined. was extracted i¡ith satur-

ated. aqueou-s soclium carbonate solution. This extraci r'¡as

acid.ified and exiracted- l¡ith ether to ¡ríeld on ether remo\.r-

aL, t_ra.ps_-9-oxo-2-d ecenoic acid "
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liethod of Éihisiiíd-o et al-" tra/

Hc=Ç-(ct'2 ) 5cr i'laf ,r l{c=c- (c*2) 5r

HC=c- (cttù5-ctl=cll-coon 4P HC=c-(cH2)5crîo
i_,.lHsitu/
Iti-coöir

^.1¡
lí

CIl.5- C - ( CtrZ ) ! -Crt=Ç"1- C0 OII

8-Cnl-orooct-l-yne arrd- sod"ium iodide l,¡ere reflu-xecl in
acetone. lhe f i].tered ;¡olution- on evapora'ulron J'ielded- B-

iod.ooct-J.-yne. This rnaterial ,rvas trea"ted- witir trimeth.yl-

ni'uroso in cfil-oroforu in an ice-batn. lhe i¡ri:itut e u'as cì-e-

conr;oosecr ¿nd. tl:ie organic Layer wasired- and driecl procì.ucing

oct-7-yne-l-al. Thj.s licluidr was ad-d-ed. clropl,ríse 'oo rrialonic

acid. in pyrJ-d.ine. Tire reaction yielded tra:rs-dec-Z-ene-9-

yneoic acicl. I'iercuric sr.rlphate tn BO/[, forrriic acio- was

stj-rrea witii t.ire trans-cÌec-2-ene-!-¡meoì-c acid-. The wa.xy

prod.uct received orj- er/alloration of the etl:Lereal e>ltr¿ict of

the above reactÍon mixture r1/as recrystal-Iized to yJ-elcJ- sJrr-

the-b-i c o-ueen substa.rrce"
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(O) lttethod. of Callor,.¡ anci Johnston (zz,32)

HOOC- (cttr)r-cooc.tl, -soc12', ctco(cnr¡7-coocl{5

-v,!=
,:'- 

\t--'

ill
cH3 :_- -/ c?'s'\'-N -/ /

0lI500C ( CHz) 5 CI1=0FI=C00C¡r3'i

I
I 1KOH
ü

H00c- ( cttr) 
5 -cFI=cH-coocr.i 5

O
il

Çrþ-C - ( cu2 ) 5 -CIl=s1i-C00H

'Brz

cHl0H

cI{]00c ( cire ) 5 - cir2-cH-c0o0ir5
tsr

SOCl:
/

HCl

cr-c0- ( cu, ) 5 -ffi=ç¡1-c00cti5

lCu=ugli"
i @rry\ 2cd0.t

i:

cY3-c - ( cH Z ) 5- 0Ii=cH- c0 ocr-r5
CTLTÇOCIf1

Whil-e methyl hydrogen azeTate and- thj-onyl chlorj_d e

were being refluxed- bromine was add-ed" The resulting rnix-

ture r¡¡as cooled. and- poured. into metha.nol. i.ddition of water

ancl ether extraction yield.ect d-imethyl bromoazelate" rhis
procLuct was refl-uxed in 2rQrí-eol-J-idine to give dimethyl

trane-2-nonened-ioate. the monomethyl ester was obtained_

by partial hyd-rolysis r¡¡ith potassium hydroxide solution"
This nonomethyl ester iz'eated. r,¡ith thionyl chl-orj-d.e yield.ed

methyl tfap¡;-2-nonened-ioate acid chl_oride. Reaction of this
produ-ct r^¡ith methylmagnesium bromid.e and- climethyt cadmirm

procLuced. methyl trans-9-oxo-2-decenoate. The r,rethyl ester

of queen substance l{as treated. r,rith concentrated" hyd-roch}oric
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acj-d. in a-cetone at rooin teûr,oeratv"re yielairi¿; tra_ns-!-ot:o-2-

d-ecenoi c acid-"

I. Siol-oÉtical- "¿tctj-vittr of S¡¿ntiietic Sueen Substance

( s¡rntlietic t-fgpg-9-oxo-2-d ecenoic aci d-)

(f ) .Atlllaq¡tqi jor i'lorker Bees

Pain has cIearJ-;v- c.enonstr¿ited

trans-9-oxo-2-decerroic aciCL rras awy

worker bees (fO).

that neither cis nor

at'u-r:action for femal-e

(z) rnhibítio. oÍ' ovar'.v Developnent of liorker tlees

Butler (fg) has f'ourrci that sJ¡nthetic qr.ÌeeíÌ su'bstance

anii its uietiryl es-be:: bo'ch inhibit the d-evelolrment of the

ova.z'ies of queenless worlier bees, and tirat these substances

inh.ibit ova-rian growth to a l-esser extent tira:r ttie cru-ae

extract of tire qu-een-rs rread-.

Pain has reported-, iroirever, 'uirat tirere j_s no ovary

gro'¡th inhibition in hrorkers in the presence of queen sub-

stance alone (15).

ß) Effect on Ener8enc..¡ rJu-een CeIl Proouction or

Queen Rearin¡<^

Butler (f0¡ ir.as snoion that trans-9-oxo-2-d-ecenoic acid

a;rrd- its meth.;'l ester inþibit tþe construction of el,rergency

qu-een cell-s. lÏo'rreve::, since ihe enount of synthetic queen
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substance requireci is mucn higi:.er tnan is ever ltreseni in tlre

qr.reen, tirese compou:ros inhibit to a I eÍiser degr.ee tlran tire

contents of tire çi.ìleenrs nand-i-blúar gland..

üa1low in.d- Johnston (ZZ) have reported- tttat sJrnthetic

orûeen suJ:stance inhib-its ihe consty"uctj-on of cau-een cells ín a

concentration of O.IJ microgrârri per bee,

Pain (fO¡ has screened. several compoixrds for tlie in-
hibition test clescribeC. by Butler (16). flihe iias found- tire

test to be very specj-fic, since on-ly natural- ano- syntheiic

Queen substartce ancÌ j-ts cis isoiuer rrere i'ou¡tO" 1,o be a.ctíve.

O-bher sinil-ar fatt¡r acicis'birat l^/ere testeci and. foumc-L'üo be

in::.ctive idere trans-B-oxo-2-nonenoic acid., trans-8-oxo-2-

deceno'i c acid-, trans-!-hycl-ro>ty-2-decenoic a,cid., 6-oxo]nep'ùa-rt-

oic acicl, 7-oxoo cta¡.oic acici, B-oxononanoic acid", 9-oxo,Jeca.n-

oic ¿rcid., i;ranÊ*!-oxo-9-phenyl-2-d-ecenoic acid and. 9-o>:o-2-

d-ecynoic acj-d"

lhus sJrnthetic queen substa;rce tras been fo-ur:rci to have

no attr¿tction for r,.rorKer bees" Ilowever, it cloes inhibit the

d-evelopment of worker beesr orraries a:rd- ilr.e ¡rroouction of

ene:r'B'ency o¿ueen ceJ.ls to some extent.

J" j'ietabolis¡: of tra:rs-9-oxo-2-c[ecenoic acid by Worker

Bees (Z+)

Trans-9-oxo-2-d-ecenoic acid- (z-c]-+¡ \^ras prepared in

Tlrree malor fattyradioactive Í'or=n anc fed- to rrorker bees"
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acio- metabol-ites I','ere fo'u:rcl ii: iire ¿ut ¿nd- abdomen" Tirese

iricluciecl 9-o>rod-ecanoic acid-, !-rtyd"roxyciecanoi c acici and

ir¿ins-9-hyclro xy-2-d-e c eno i c acid.

3iolo..ii-ca-l- Äctivitl¡ of Queen 3ee Substance on Other

Genera ano Species

K"

(f ) i'i'a.tu.ra]- ùueen fiubsta:rce

(a) Effec'c on Crustaceans (i¡i i;he pral.ün

serratus )

Leand,er

å. single injection of q.Lleei'r- substance proouced. a strong

but inconplete inhibition of ovaly ctevelopmeni in the pravir..

Similarly, in the i'rorker honeybee, ai'I extralct of the lcralm

sinus gta:ic} appea-red- to inl:ibit ovår)¡ development" lirus a

reciprocity of action has been observed betl¡een queen sr-b-

stance a-rrd- the ovary inhibiting irormone of prawns from t¡re

sinus gland (t6 r35) ,

(2) Syntiretic Sueen Substance

(a) Effect on lri-am¡rals

Synthetic queen substance nas been tested ì1or physiolo-

gj-cal effect iri various :,na¡ï¡als. It has been fou:rcr 'r,hat this

corapourrd has no activiiy on tiie gu-inea-pig ileuro, tire rat

uterus, tirlre ra"i colon, ca.t blooci pressr"lre, cat respiration,
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bloocl -íJ-or.v through 'r,he cai nil'ci- J.iuib, nervous 'uransilission

throu6h the superior cervical- ganglion in cats or the per-

nreability of r¡looc'l- vessels in the skin of 6uìnea pigs znd-

rabbits (r0) 
"

-Bfu-rtheruroree the substance ilas been shotm to have no

d-etectable effect oia ovary activity or reproou-ction in fe-

male rats or i¡ice ¡ or on orrul-atíon itr the rabbit (rc).

(¡) Effect on 'uhe Ànt (lti;t'r¡lica ru.bra !. )

Syntire'uic irans-9-oxo-2-decenoic acici ivas tested for
j-ts influence ol-1. tire brood. grolrih in arrts" In the expe-r:i-

ments carried out it l'¡as fol-*rd tlra.t qLieen substa-nce d-id not

preverrt oviposition by worker ants" ilowever, gueelì sub-

st¿nce v¡as found to stinulate brood. groi,,,tn in'çhe ant in
/ Ð- \soitie ceses tr//.

(") Effec'r, on the House-fhr (t"iusca clouentica L. )

In 1962 Dr" J" K. N'ayar (¡g) of 'uhe University of

t'ia-rri-toba" Entoniology Departrnent shot¡ed- tirat the continuous

presence of synthetic qr"teen su'bst¡r.nce ii:r the fly itrsect body

wil-l callse inhibition of the ovary d.evelopnent in ti:Le ieouse-

f'ly. Uncler tl:re experi-nental- cond-itions nelvly-energed fl-j-es

were injected in the thorax with 5 lnicroliters per fJ-y of a

d-ilute ethanolic soluiion of s)¡nthetic queen subs'cance coil--

taining 2 rniJ-tigrafls per rliilJ-ilite¡'. It lvas denonstr¿Lted

that higner concentratíons ï¡ere tOxic ¿urd. lower concenira-
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tions d-id. not shou any alliireciable efÍ-ect o¡:r ilÌe inhibition

of ovary oevelopmeni in the nor-ise-fl¿r.

(d) Effect on tiie rrquatic Sta¡les of tire Yellol¡

Fever i[osquito (Á,edes a.e¡t:¡pti l. )

,Lecerrtly (Zg) Dr. Quraish.i ¿.¡rcl Dr. Thorsteinson of

the University of litanitoba have conducted a series of 'uesis

o1'r. Ìloscluito lar'vae a:rd- pupae i¡¡ith synthetic queen subsia*,.rce

and soLÌe simil-ar fatty acic-s. Tneir results irave stror',¡n that

queen subsi'riånce d-oes not aff'ect Aecles aegyi:ti in its iu¡iature

stages, excei)t during the larvaJ--pupal molt, when the nos-

quito larvae are raised irr a 0"011 nolar aqueou,s solution of

trans-9-oxo-2-d-ecenoic acid. If this is d.one uuring tir.e

larvaì--pu,oal- mol-t a d"elayed toxic effect takes place ou.ring

meta.inorl;hos-i s of'the Iarve.e cau-sino them to sicken a,:rd die in

the puparl stage"

Using tne same "i;est trans-2-d.ecenoic a.cid, 2-oxodec¿ì-

noic acio- a^nd 2-oxooctanoic acici are letha-l to botil aciuati-c

stages of the moscluito (larval- anci pupaJ). P::elir.lina.rJ¡ evi-

d.ence ind-ica.tes tlat botÌr tne unsatu-ratecL carbon linkage a:rd-

tlie oxo grou-il influence -Lire modj-fj-catÍon of toxicity tha-lb is

observed..

It is irresr,med that tire toxic effects of clu-een silb-

sta'nce in the noso,uito àYe closel¡i associateci witlr rletannor-

phosis, whicli is a cnange pecuJiar to insects. tlence, since

queen bee subsiance has no d.en.Lonstratecl physiological effects
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on marrdtals, tiiere j-s an e,'rceflent possibility of utiJ-izing

queen subs'üa,nce or one of its !-iore acti-ve eLnalogs as a toxic

agent tov¡ard- irrsects sucir as tne l¡ioso,uito wítiror¿t causinS any

h¿;rn to aa.r¡nrals.

t" Äims of This fhesis

Queen substance a:rd- sorle of the otirer fe.tty acids tes-

ted- irave been found to exhibit interesting rnetabolic effects

on- mosqlritoes" Iney canrse o-eformity of pupae fornation a:rd.

introd-uce 'uan:firlg oíi 'ühe larvae, r¡rhj-ch norrlal-ly t¿rices i:Iace

i-n the irupal stage, aJtl'rough tire Larva.e clo not contract to

form a normal pupa.

fn the tests ,rer-ílrrr'mecl. -,,¡j-tn the satura'ced- fatty acicìs

it was found. til¿it the toxici-ty increased l¡ith chain J-ength

fronr hexanoic to nonanoic acids. Froin nonanoic to d.od.eca:roic

ii d-ecr'eased- 'üo -blie exteni that d.od-eca:roic acicl r,¡as nontoxic

to tiie larvae. 'Ihus the nine ca-¡.bon a,cid- was the Lr-Lost active

of the series. In the J-ight of this observation, the purpose

of tiris t¡resis vras to sJrnthesize soijie erþ unsatura.ted keto

fatty acids rt'iricl: Tdere anaLlogous to o,ueen bee su.bsta:rce and

r¡ririch luouJ-o be suitable for" bj-oJ.ogicaJ- testing by Dr". Quraishi

a:rci Ðr. thorsteinson.

0f tirese acid-s only three itad been sJ¡nthesize'1 '¡¡hen

th-i s roork was begu.n. These

acj-d., trans-B-oxo-2-nonenoic

includ-ed- trans-9-o xo-2-o ec eno i c
Ì ^-\acid- L2i) and tra:rs-B-o:ro-2-
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d-ecenoic acid- (Zi) " Recently i t has been reiroried- iLLa.'t, tirree

irore ir¿ve been synthesized." Tnese incJ-u-cle 7-oxo-2-octenoic

acid-, 7-o;:o-2-d-ecenoic acid- a¡¡C.. l0-oxo-2-u-rrd.ecenoic acid.

(+Or+f ) " Iiiese corirpou,td-s r/ere prepared. '-Ls-jn¿ tire Barbier

a::rci ï{ugeJ- s¡arthesis (23) 
"
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À11- nrel'cing poi-rits l:ere cì.eiernineil -uisirrg a 'Ihoi:ras

Hoover capillary cielting point apparatus ¿mcf are u-ilcorrectecr.

fnfrareo- spectra 'viere d.etertrined- on a Beckraan IR-B instru:nent

using carbon ciisutphioe solutíons or 1:otassiuir br'oInid.e pellets"

,L11 carbon, iryarogen, anct rttro¿etr microartalyses r/lere

cleter¡:ined by Organic i'tieroanalyses (¡r. C. Ðaessle), irtont-

re'¿L, P" Q. , Qanada."

B.efractive indices lvere cie'uerruiriea l¿i'r,ir a Zeiss v'efrac-

toureter a-i; t-le sta't eci tenperature.

Tnin layer cirz'onratography r,vas car"ried- out l,it¿ silica

gel G anct silica gel GF (fluorescent) uia-nu-factured. by ifarner-

Cjrilcott labora:tories ¿;nct E. i'r.erck reslrectively.

I.

À

BÀR]]IER AwD IIUGEI SYi!'',r¡,åSIS (23)

Genel:a-L Pre r: arA! ig:r_ o :!__l¡49 - I-*Iky]--l- c.v c} o aJ-karr.or s

(f ) Â solution of alkyt iraJ-icie j-n 250 L'L" of' anhycirous

etirer lras aildLeci O-ropwise, witkr frequent shaXing, to a ilii>lture

of magnesiun filings in 100 nL-L. cì.ry ether" 'Ine raie of ad-d.i-

tion was su-cn tri¿rt tne reactioii refli"ureci gently " ¿Lfter adcti-

tion of the alkyl iral-ide tÌre reaction inixtu-re was refluxed.

for fifteen ruinutes ano- cooled..

The cycloalkanone, dissolved. Ín 100 mJ-. of anhyclrous
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etner, 1.¡a.s a"cLded cj-rorrv¡ise r'rit-n freqi.r-eiit s.r.¿.k-ilto to tJ:ie pre-

,careci ürrigna-rd- rea6eni a1, a r¿t"te sirfÍ'iciei'rt to mairrtar:i a

suootii reflux. 'Jne re¿ction ii1Í:{ture vlas refluxed- for tnirty
iriim¿tes foj,l-ol¡rng tire ¿id-cLítio¡1" 'I;re cooJ-ed L,ri:cture w¿is pou-red-

slo-wly int,o a stirreci ¡rixture of -l5O g" crusled- ice ailcr- 25 írA.

concentrateo- ilycLrociùoric ¿,cicl" Iire ethereal layer was sepa-

r¿l'üeci. ¿,urci. the aqueous iayer eictr¿¡cteo i.¡iin etlrer. [ire coirt-

bineo ether solutioris ì.üere l¡¿rs¡ieo- vrj-t?l IUió hyoroclloric acicl,

lrater , LO"/" aqueot-rs soo.j-'urn carbonate solution, a:rd- finatly v¡j-ih

wzter ¡-r.ntil neutraj-. Tire ether solubion was cj.rieci. (a.rrhyo-rous

sodiurn sulpir.a.te) anci tiie solvent lras rerìloved-. Distillation

of thre crud-e ;oroiluct yj-elded tire l-al-r<yl-I-cycloal-kanol.

Cor,r1:ound.s (¿-f)-(¿-Z) r,ir-tctr alrjJear in tlte folJ-owj-ng

table (taUte I) t"rere prepar.reo- by this proced.ure.



REACIAI{TS, YIIìLDÍ] e ANll PHYSICAI

. Name ofuomFouno Prod.uct

(l-r¡ 1-itfethyl-
1-cycIo-
heptanoJ-

l-j!'jethyl-
l-cyc1o-
hexanol

l-Ethyl-
1-cycJ-o-
hexanol

1-]r'lethyl-
1-cycJ-o-
pentanoJ.

1-Ethyi--
1-cyclo*
penta.n-r:l

2-Chloro*
1-ethyl-
1-cyclo-
hexanol

1-Propyl-
J.-cyclo-
pentanol

(¿-z )

Plagne-
sium
mol- "(s. )

I,O
(24.4)

TABI,E I

PROPERTIES OF

À1kyt
Halid.e
mol.
(e')

lviethyf
iod ide
l-. o
(r4e.o )

i4ethyJ-
iodid e
r"0
(r4z,o)

3thyl
iod id.e
1"0
(r5o.o)

i{ethyJ.
iod id e
1.0
(r4z.o)

Lìthy1
iod.id e
1,0
(r5o"o)

EthyJ.
iodid e
l-.0
(156.0)

PropyJ-
iod.id.e
l-. 0
(r70" o )

(Ä-5 )

(.q-+ )

Cyclo-
alkanone

mo]-"
(s. )

Cyclohep-
tanone
0,89
(roo.o)

Cyclohexa-
none
0,58
$7 "z)
Cyclohexa-
none
0.58
(57 "z)
Cyclopen-
tanone
0.58 I

( 49.0 )

Cyclopen-
tanone
0. 59
(qg. o )

2-Chloro-
cyclohexa-
none
o"57
fi5.a)
Cyc1-open-
tanone
^trQ(+9,0)

r"0
(24"4)

(t-¡ )

TIID 1-Alt{YI-l_-CYC lOALKAi"t-OI,S

1"0
Q4.4)

YieLd" /"
(e. )

(¿-e )

1.0
(24 

" 4)

95.6
(92'e¡

Boiling
Point

oC. /- "

1.0
(24.4)

(a-7)

92"4
(61.5)

76-so/$ tt ,.4697

Refractive
Ind ex

L,O
(24,+)

(a) fhe breakage of a funnel d-urj-ng the reaction v¿ork up was responsible for
the 1or,¡ yield.

(¡) Due to the low yield received from this reaction, subsequent propyl, butyl,
and pentyl Grignard reagents r¡iere prepared. in a larger excess than generally
used in an attempt to increase the yields, It is l^¡elI knor¡¡n that an increase
in alkyl ha-l-ide chain length makes the preparation of a Grignard reagent more
difficu]-t (42) 

"

76 "5(51 'z¡

56-65 /L5-20 nî1'5 r, 4609

ro0
Q4 " 4.)

86"g
( 5o"T )

36.eG)
(24"0)

6L-63/Lo tt t" 4639

44-5o/LB
I[.n po 26 ,5-

27 "5

5g-6o/LL #ot L.45+2

¡

u{
\ñ

I

+4.øft)(tsÕ)

Synthesis unsuccessful

68-7L/L5
otr Ãni" ) Lo Air3
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(Z) 'Ihe above .rlroceuure l'ías niooirj-eo. sh-giLtly Í'or coü-

powLiLs (;r-B) to (l-]-Z) i¡i lab]-e II" A iiìecna:rica.l- sr,irr-er i,¡as

u-sed, to s'r,ir tire reactj-on contents continuousry a:rd. irie 'cíûes

rec-iuirecl foz' 't ¡le reactio¡rs irere reo-ucecl- subst¿..r'cialty . lLie

reurainii'i5 al-coirols (¿-U)-(¿-eO) were rio-b rristilleci- bui r^Jere

c.ehycirateci. in tire cruc¿e lorli. lhj-s proceouïe \¡ras Í.irst usecL

for l-¡,retnyl-I-cycJ-ooctanoJ- i¿¡rrich began to spontaneousiy clehy-

ð-rete during atternpted. clistillation. 'Jhe dehyclraition of the

crud"e alcoho]- irrorked so su-ccessfu-Lly a-'rd saved- so si-ì;-c-rf tine

tnat tlris procei-ur'e rllas subsecr,uently usecL fol' 'uiie rer"aining

alcoho]-s.

$) A fur'u¡ler' -i;ine-saviri6^ mod.iiication v¡as used. in tir.e

synthesis of c-r"ude aJ-cc¡iroJ-s (¿t-f e)-(a-ZO¡ " 'Iiie reaction

flasir l¿as i:imersed- :i-n a coJ-cl i,;ater batir (f5-ZOoC.) throughout

tne reaction" 'Itiis d.ecreased- tle tiile necessarJ i-or tne re-

actions by'an frour on ttre averate (from fourr hor¿rs to'r,irree

hours). lrris i:.rcrea.se iir ra.te was clue to tkie fact t:rat 'tne

atJryl hal-icles a:ro i;he cycloalkanones coul-d- be adcled rlore

ctruickJ-y sirrce the i¡ater bath decre¿:secl tire a¡lor;nt of reflux-

ing.
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REACTÄI'ITS, YIEI-,DS, A.i\iD PROCEDURE USïID I'OR TH.E PREPAR.{TION 0F T}IE

RITMAIN TNG 1 -ÄIKYI,-I-CY CIOATKÀ1VO IS

Compound ltlame of Product

(¿-e ) r-uethyl-1-cyclo-( a) O.98 Iviethyl iodid.e c)rctooctanone 86.6octanor (24"o) tiåã.ol ?;.33.0t ßt 'e)

(¿-g)

(¿-ro) r-Bthyl-1-cyc1o- (a) o.98 Ethyl iodicte cycloheptanone Bg,6
hept anol- (24,o ) t. 02 o 

" 
89 - 

( ttl ,6)(roo.o) (roo"o)

(¿-rf) r-rropyl-1-cyc1o-(a') 2.oo Propyl iodide Cyclpheptanone 82.B
heptanol ( 48"6) z.oo o"B9 (lj-j.3)(34o"o¡ (roo"o)

(¿-re) r-nthy1-1-cyclo- (a) l-.00 Ethyl bromide cyclohexanone 82"B
hexanot- (24.j) l,7t L,oz ( ro6 

" 
z )

(:-43 "o) ( roo, o )

(,t*r¡) r-lropyl*1-cycto*(a) 2"00 Propyl iodide Cyclohexanone 75.6hexanõr- (48"6) z.oo- r,oe (n6"e)
{i4o.o) (106"o)

1-Ethy1-1-cyc1o- (a) O"98 -uthyl iod.ide cyclooctanone
octanol (24.O) 1"t2 0.69(r75.o) (87,4)

l4agnesium
mol.
(e. )

Itlkyl Halid.e Cycloalkanone
mol. mol"
(s. ) (s" )

(¿-r+ )

(A-15 )

1-Butyl-l*cyclo* (a) 
1"oo , tsutyr iodide cycrohexanonehexanol (4e"6) Z.Oia f "fO( 57o "o ) (l-og" 1)

I-Pentyl-1-cyclo-(a) ?"oo . pentyt iodide cyclohexanonehexanol (4a.a) e.oO- L-*23(4oo"o¡ 1:.zo.+)

1-l,iethy1-1-cycro-(a) +,20 i,tethy]. iodide cyclopentanonepentanol (76 "j) t,5o- L",47(zt3.o) (rzo"o)

(¿-ro )

(a-rz) r-uthyt-r-cycro- (a) 
+" 20 iithyt iodid.e cyclopentanone 7e "5penranol (36,5 ) 1.6i +-"43 

" (ri4. g )(zil "o) (reo"o)
(¿-re) r-propyr-1-cycl-o-(a) ?,oo . propyl iodid.e cycropentanone |.7.4pentanol (4e'6' ?;?3"01 T,"ltã"or iiói'o)

Yield %
(e" )

(a-r9 ¡

(.¡'-zo) r-pentyl-I- (a)(¡) 
?"oo Pentyt iodide cyclopentanone Bz,Lcyctopentanot- (4e.6) z.oo- r".43 - (ie]"0)(4oo"o¡ (tzo,o)

(a) Sinee larg-er.mol-ar quantities were being used a greater volume of anhydrous ether
Ï¡as used. in these reactions. 'Ihe alkyl hal-id.e r,¡as dissol-ved in 250 mi. ether and.the cycloalka.none in 200 ml" ether. The magnesiu:l was placed in 2jO ú.. etherin the rea"ction f1ask.

(¡) the crude 1-pentyt-1-cyctopentanol was later found to contain n-decane which had.
been formed by the coupling of the pentylmagnesium-iod-ide Grri-gnard, reagent (+Ð,

89.6
( 92.0 )

J--tsutyr-1-cyclo- (a) 
?,oo tsutyl iodid.e cyclopentanonepentanot (4e,6) z.oo L""47(l1o.o¡ (rzo"o)

I

\ñ
\n

¡

79 "g(t37,ø)

72aB(tiz"z)

64"4
(gz "o)

75 "A(t52.5)



Þ
JJo General- Prepara-bion of iile l-*,'¡,Lkyl-l-cycloalkenes

(f ) Deirydratlen l'¡ith Potassiu¡r Þisul-phate or Pyrosrif'pirate

Tlie l-alkyt-l-cy'cloa^t-ira¡ic¡J- lias refluxeci- with fresrrly
pulverized ;ootassir¡l bisuli:h:lte or potassir,l:¡r,oyrosuJ_pirate for
thirty iriinutes according to ihe oletÌioci. of l3arbier and iiugel
(2f) " 3o11o'¡¡ing tnis 'che reaction nixture was d.istilled. at

wiricn tirrre an azeotropic üiixture of lrater ¿i¿rd al kene was

usua,Ily obtained" the crì stitlate r,\,¿rs extr¿rc-i;eri -r.¿ith etfrer

arld- the resuJting etnereal solution wa.s o.ried (arrhyd-rous sod.*

ium sulphate)" Rerrioval- oi solvent Í'ror tire filtered sol-ution

anci d,isiiJ-l-ation of 'bire resid-uai- IrquicÌ. yield"ecì. the l--allcyl-

l-cycloalkene. Cocipound.s (¡-f ) anii (¡-e) rir 'Jabl-e IIf i;'ere

irreparect 'by 'utiis nethod.

Due to -b.i.re J-or¿ yields of procruct obta.ineci in tirese first
two reactions ilire procedi"rre tras al-tered-. I'ollolririg ctistilta-
tion of tiie prociuct i'ror.r tÌre re¿iction vessel a grilxny iilass of

potassiurm LllrrosuJ-phate r,ras left behinci" :liiis vras ext-r-cteci

tlioroughJ-y witii ether a;rci tiie corrrbineci extracts l\rere bi;lkecl

witn th.e etner so]-uble o.istillate of tire reaciion nixture.
By distiJ-J-ation of the oriecì- e:rtractr âs ciescribed above,

a]kenes (n-S)-(¡-e) were obtained..

(Z) Ðehyclratj-on iuj-th .l-odine

Since d-enyara.tion r,¡itLr pota.,ssiu-iLr bisuJpha-te or pyro-
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su-l-phate prociuced lorr¡ and- vari¿:-irle i¡ields of the l-alk¡i1-1-
c¡rcloallcenes -bhe reüi¿-i-rrirr2: L-alkyl-i*c¡rcloa.Ik¿lnols were cie-

hycJ"ra.teci in tne presence of a'brace of iod-ine accor"d_ing to

t?re proceclure d-escri-bect by Diaper (44) " îìre cr.ude alcohoJ-

was used- in each case ¿ind- the alicene Ivas reclistitl-ed usin¿:

Ð,36 crir. by 2 cm. Dufton Í'raction¿:ting column which lvas in-
sulated with a heating tape"

The syntheses .i¡Iere carried. out in 'che ap1:aratu_s il,fus-
trated in Figrre II lvhich was d-esigned to al-l olr¡ the removal

of l'¡a-ier formecl ciurin¿¡; 'ih.e reaction, îÌre 1-alkyl-l_-c;ycloal-

kan.or r¡¡as reflu-xed wi'ch a trace oÍ' iocline for forty minu,tes

to three l:ours, cLepencLingi upon the rate of clehycì.ration. When

no morîe r¡rate.r r^¡as coll ected in the sid-e arm the alkene r,¡as

allolued to distil-l and- bias coll-ectecL. This d-i-stillate r¡as

d-issolved in ether and dried. (arihydrou-s soctium su-lnhate). lire

ether r¿as rernoved. ancì. 'ühe prod-uct fractionally distitled- until
pure" Á11 of the crude products except compouncls (¡-f5)-(¡-fg)
Ïrere d.istil l-ed. in 'uhe presence of sod-ii;¡r meial- to remove nois-
ture. 'l'hese alkenes ha.d been d-ried. (anhyclrous sodiu.m sulphate)

f or at least one week and showed no -br¿Lces of moistltre o 'l'heir.

physical cJraracteristics agreed- r¡¡elJ- v¡ith those reported after
the second disti]-]-ati on.

Compounds (¡-Z)-(¡-fg) r,tere prepa.red by this proced.ure.
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FTGURE II

DIAGX.AI'I OF APPAzuTUS DESIGNED 1O

W}IIIE DEi{YDR.ATION FJACTIOI{S

Al]-,Oi,c IdATER REI'1OVAL

i.trERE PROCEEDII'IG

i
l\

.

'i ./"''

-\

\,ì' 'ì/



Conpound i,{ame of Procr-uct

ZOq
/Jq

TABL.Fj rrr (coivt'D)

I-.\lkyl-l-
cycloa^l-kano1

aol .
(g. )

t-Etnyl-1-
cycloperrtanol
1.01
1n4.9)
1-Propyl-}-
cycloptenanol
0.8L9
(ro5"o)

I-Butyl-1-
cyclopentanoL
1.07
(ry2.t)

J--Pentyl-}-
cyclopenta:tol
L"L'I
(re5. o)

Catal-yst
mo]-.
(s" )

Iodine
0.00197
(0.5)

Iodine
0.00197
(0.5 )

Iod.ine
0.00197
(0.5)

iodine
0. 00].97
(0"5)

Reflux Tine
iiours

'lE

2.Q

2,Q

Reportecì.
b,1)", oC,/run"

106. 5-Lo7 Gl)

0bserveo
b'P., oc.

LO3-6 "5

Reported.
Refractive

Index

,'frO t, oorr(+l)

0bservecr
Refractive

Ind.ex

7t\ tr
trtì"" r 1.4188I-Ethyl-t-(n)

cycJ.opentene

I-Propyr-a-(l)
cyclopentene

I-Butyl-t- (u)
cyclopentene

l-Pentyl-(¡) (e)
1-cyclopentene

._ty-LeL a 70
(c" )

(a-ro )

(¡-rz )

(¡-re)

(B-le)

55 "8
( 54.0 )

48 "9(44. r)

38 "5(5l,2)

I31. r $n) Lzi-B ,r3o r .ooou$5) nl5'5 t.4+27

r57.5-8 (47)

(5bJ

'.lo .. oouu 
(+7 )

"19 r.44+g

,r3ot , +5t1$6)

L52-4

2,O LIg

(a) Potassium pyrosulphate (Fis¡rer $cientific Co.), wiric.rr is a
mixture of potassium bisulphate and. potassiu-m pyrozuJ-phaite,
was used as the catalyst. Th.e molar concentration rvas ca^I-
culateo by using tne nolecula-r weight of pota.ssium sulphate
for the reagent.

(U) The alcohol-s in these reactions were not distil-led prior to
d-i.stillation.

(") Since the physical- eharacteristics of this compouno have not
been reported. in tire literature only the constant boiling
fractj-on of the distillate was used. Tliis compound was pre-
viously synthesi-zed. by Khromov et aI. (fl)

(¿) On the d.isti].lation prior to the fÍnal redistillation the
physical- cne.raetgçistics of 1-pentyl-t-cyelopentene were
b.p. L9'l-9oC., nf+ L.4591. The boiling .ooint^of 'che coiÌ.-
porxrd. ouri-ng th""firrnJ- distill-ation *tã.iaO-70Q., Infr9"5 ].4581] 

"fne refractive index rer¡¡aineo constant (if tne d.iffeíences in
teriperature of the tr^¡o d-eterminaticns are considered.) and hence
the corlpound w.;s used for ozonolysis although the boil-ing point
recorded on the final- distillation w¿s nucn lorn¡er than the
reported,

(") Upon fractronel- Cistillatio4^or' the {e?g!+oq prociuct a mixti;re
oî n-d.ecane (b.p. L74oc., nfu f "4L2o) (fe) formed-.?R a b{-
prouuct b¡' tne èouplíng of tne Grignaro reagent \41), and
1-pentyl-1-cyclopentene was obtained"



Compound. idarne oÍ' Proouct

19

Tr-Di.,E lII (CCrt:tt¡)

1-tLlr¡;l-1-
cycloal-kanoJ.

nol- "(e" )

t-ÞthyJ.-l-
cycl-oocta¡rol
Q"62L
(92.0¡

a iì¿l^ --a Ir--Þ LriJJ--r-
cycJ-ohepta¡roI
o.834
(ne. o)

}-PropyI-l-
cycJ.oheptanoJ-
o.739
(n5. l)
I-Etny}-1-
cycJ-ohexanol
0"828
(ro6"z)

J.-PropyI-l-
cyclohexanoJ.
0. Bu
(l-16. 2 )

1-Buty1-1-
cycJ-ohexanol
o. B8l
(tiT.ø)

I-PentyI-1-
cycJ.ohexanol
0.894
(t5z.z)

I-l;iethyl-f-
cyclopenta:rol
0. glg
( 9e.0 ¡

Reflux 'Iime
il:ours

1.0

2.O

2.O

Retrorteo
b.p.l oc o/n,rr'n

186.9 (51)

0bserved
b.p., oc.

L82-4

Reported-
Refractive

-Index

"35 
r"orro$t)

0bserveo.
Refractive

Jndex

"?ro 
t.47r7l-Ethyt-t-(u)

cyclooetene

].-.iÍrayt-]--(u)
cycloheptene

r-Propyl-(¡) (c)
J--cycloheptene

t-Ethyl-t-(l)
citcf ohexene

t-Propyl-t- (n)
cy clohexene

t-Butyr-t-(o)
cycJ-ohexene

l-Pentyl-(b) (d)
1-cyclohexene

t-i,ietity:.-t- (r )

cyclopentene

CataJ-yst
uo]-"
(s' )

Iocti-ne
0.00197
(0"5)

Iodine
0.00197
(0.5 )

Iodine
0.00197
(0.5)

Iodine
0" 00197
(0.5)

Iod-ine
0. o0].97
(0.5)

Iod i-ne
0.001-97
(0.5)

Iodine
o.00197
(0.5)

IocLine
o.00tg7
(0.5 )

fieLd /"
(g. )

(s-a)

(B-e)

(¡-ro )

(¡-u)

\É-L¿ )

(B-15)

(B-14)

(¡-rr )

55 "7(+z 
" a¡

7L"7
fi 3.9)

26 "5(27 "O)

58.1
$i "o)

60" B
( 67 .1)

17 "B
( 46.0 )

47 "8
( 65.1)

15.O
(26.4)

2.O l-56 $t) L46_B ,,fro r .orrr$l)

o.7 L5s-6L/ 7 5o$2) L62-+

3"O L7 4.5

2.O L16.1 (+g ) t32-4

"fio t "4646(52) "35 ,"4626

"?r5 
,.4629

.rfr,o r. 46oi$3) n?rg'5 t.45gt

nfio t .41oo3€' ) nî3'5 t.4zgg

,.30 t. orru(+l) "15 
,.4i5L

"?o5 
r.+i66

L77-4 "lo t .4i68$4) "lu r.4i65rTB_9 $+)

/rz\203.4-5 \))/ IB6-7

2.Q 74.5..6.5 (+e)
72-1
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tri.b:,.ul III

IìÞeCLüi'rS, YIEL,Ë, ."i-r,,i.iJ PdYSICA], PF.OPþiì.ÎIirS (r¡C;Ui¡:-r

Aiilr RlùP0Rflir) 0-d' li1ji 1-A.Llif-LJ-l-CvCiÛAl..,i{Eri¡S

Compou-nd- iVarne of Prod.uct

(¡-r) l--ìviethi¡l-1-
cycJ.oheptene

(s-z ) 1-i'ie'crryl--f -
cyclopentene

t-irietnyr-t- (a)

cycloireptene

]--rEthyr-r- ( 
")

cycJ-opentene

t-Iuiethy:--t- ( a)
cJ-clohexene

]--Ethyl-r- (a)

cycJ.ohexene

Ì-r.rethy}-t- ( b )

c¡rc]-ooctene

(B-i)

(n-+)

t-AJ-kyl-1-
cycloalkanol

mol-.
(s. )

a " - !--_ -.-t aJ_-I"Ie UIrJI-I-
cycJ.oheptanoJ.
o.L7 6
(zz 

" 6)

J--i,retiryJ--J--
cycJ-opentariol
0. 506
(5o.T)

1-l'ietity].-1-
cycloheptanol
o "702
( 90.0 ¡

l-IJtnyJ--1-
cyclopentanoJ.
o .2L5
(24.5)

l-Irlethy]--I-
cycJ-ohexanoJ-
o.574
(or.o)

I-Ethyt-I-
cycJ-ohexanoJ-
o "446(57 . z¡

l-i,Ieti:y]-].-
cycJ-ooctanol-
0.696
(97.a)

Catal-yst
¡rO1 .
(c. )

Potassium
Eisulphate
Q.O734
(ro. o )

Potassium
Bisulphate
o "220
( 50.0 )

Potassium
Fyrosi.i-Lphate
Q "44r(60.o)

Potassium
Pyrosulphate
0.110
(r5. o)

Potassium
PJ'rosulphate
o.294
(40. o ¡

Potassium
Pyrosulpirate
Q "257(55.o)

f od-ine
o.oQ3g4
(r.o)

l,r-el-o iþ
(s" )

54"6
(ro. o )

20 "4(e.5 )

7L"1(ii. z)

77.1
(l "l)

37 "B(r9.4)

4L.9
(zo "6)

Ê.eflux Ti-me
iiours

0.5

0.5

o.5

0.5

Reported.
b.p., oC./^n 

"

L55.5/lzo G5)

0bserved
b"p., oC.

t54-6

Reported
Refractive

fnd.ex

,r3o . "or-,r(+>)

0bserverl
Refractj-ve

Ind.ex

L"+566'n24
]J

0.5 L57.5/lzo Ør) L'Jj-l "io t .orrr35)
"?o1 

,. 4i7r;

74.'-6"j Ge) 7L-2 "30 t.4^ss(46) ,oî3"5 t.4zgo

106-8. "ão t .ourr37) nl''4 L.442r

rz3-4 "15 L.4iru(+s) 
"?oo 

L.4i6e

,rii' 5L. 47 zo(5o) "'r4 
r.4688

(B-5 )

(s-e)

0.5 l-IO. I-LLO. o 
( 4a ¡ LO3-7 r'3o r.otto(+a) "14 t 4491-

rc6. t'-7 G7 )

L36.3 (+g)

158-60 (50)62.4
$3. z)

(B-7 ) 1.0 r60
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3) Àdditional Deiri¡ciration a:rci CIoseIy lìefateci

Experiments

(a) Pre,oaraiion of l-lrrethyl-I-c:v.clopentene

liagnesir,Lrrr fJ-j-j-ngs (1.O uole), L,retliy1 iodj-cie

(l.o ii.ole) ano- cyclopentanone (0,¡g urol-e) r,rere reacted. as cte-

scribed j.n irrocedure ¿{ (f )" 0n ati;eüpteci- d.istillaij-ori of the

al-cohoI, dehycrratiori occurred. yielci-ing two alkene fractions"

Both gaïe a posi'r,ive ultsaturation test l;itli tetrani-trorneth¿rne

reagent. The first fraction (7 "ZO g. ¡ b"p. 6L-2oC, ,

'/ /l Lr

n;-" I"409-l) was not io-entified" 'Iire seconii- fraction (It.9i
JJ

g. t b.p. 74oC,, "34"5 
t.4Zgg) i.ra.s id-entifieci. as t-methyt-l-

cyclopentene. Since tl¡o proctucts and a lolv yielcì. liere ob-

tained a:rd the al-cohol deiqycJ-ra.teo ciuring ciisiitlation, à nei/,i

::ietnocì. of syntiresis was acì.optecl. Tirrs is 'ü-,.'Le reason ì;h¿it

al-kenes (lt-l )-(B-19) itr 'I¿¿ble III ¡iere prepa.red. ìry iod.irie qe-

hyoration"

(¡) Serraration of n:Ðeca¡re and- I-Pentyl--I-
c:vcf o ilenterre

Iodj-ne caial-y zecl cì.eiiyctration of J--pentyl-I-

cJ¡clopeni;anol ga'-ve ri-se 'úo a ni-xtu-re of n-d-ecane (b"p. I7Oot.,

"lo 
t'4L20) (¡e) a;rd r-pentyl-l-cyclopentene (¡.p. LTgoc.,

20 - .*--\/-,rl;" 1.45:-2) (i0). this nixture coul-o. not be se1:arated by o.is-

till-ation oue to tÌ:e similarities in boiling lroiirts of' tire

tr'¡o constituents. Therefore -bire d.istil-l¿;te (fZf .O g, ) lras



-+L-
d-issolvecì- in chloroforrr (ilO i,ú" ) ano- broni¡ie (60 rr1. ) in

chlorotorm (f¡O mf . ) Iia.s ercLd-ed. c-roi:wise to 'the stir-red ny-

cj_rocaybo¡r sol_utiol urntii e];cess ì¡r,oniiie r.+as present. Tiie

reaction waS stirred- at rooÍt tenpera'uure Í'or nj-nei;y i'iinutes

ancL the ch-Ioroform renovecì- by o-istillation" Durin¿ tne ciis-

tillaiion of n-cLecane froni tne reaction nixtu-le i;.iie o-ibronio

Uerivative of 1-pentyr-1-cyclolreniene decorlrioseo- to a biacic

gulrrny tar. Consec_¡uenily this cieriv¿-tive r/,Ia.s not d"is'ciliecL

with z:rttc to regenerate -ûne aJ-ice¡ie, 'Ihe exiJerlment lras not

repeaiecl.

c" 0øo,nol].sis or "-c4g- l:À@

,Ihe ozonolysis e>ii:erinents were carried out usirìéì a

Gallenka;,,r: *li-I50 ozouLzet. 'Iiris ilstrtlrLtent is ciesignec'- to

provici-e ¿ continr.lou-s suip;,ly of o zontzea- o>l ygen (up to f 7C

r¡l-"/ninute) contaiitins 6--ll;, ozorre" 'Iiie laie of oxygen floro¡

i¡itO tiie ozotrLzeT waus reguJ-a-bed- at leSS 'titan one litref novt.

(f ) Preliminary Ozonol.'/sis ExperimentÉ

(") Quariiitaiive Dele'ninatioir Q-[ Ozone ]-or¡nation

Äf'ì;er tne ozonLzer riao- been aJlor'¡ed- to o;oeraie i-or

fif1,een ruinu-bes tire Ol.ygen-ozOTLe :iiix-l;ure prOdu-ceci was bubblecì

throu-gn a soiutio,i ci' Jli, aa;a.eous potassiu¡¡ iodi-ae (fOO ml-. )

for fifteen ilinutes. Tire solutiori l,ras e"ciciiried by 'cÌie ao-d-i-

tion of 5iá sulphuric acid. (fi *1") a:rd the liberatecr iod-ine



-+2
titratec wi'cit ciecinorrilal sod.i-r.¡-m tiriosulptia.te sol¿tron"

Afte:: nul,rerous trials 'i,i1e ozontzet was rouno- ¡o del-iver

froti 0.0286 to 0"209 L'.oJ-es o'f' ozone ìJer .rr-our. lhe avera1e

val-u-e oÍ'sl-l trial-s r,ias iouno- -bo be O"O97 ü.'ol-es of ozone per

nour.

(U) Ozonol.vsis of l-Methyt-1-cycl-oireptene 4ccorcì.inÊ

to iire iviethocl of Barbier ancl- Iluge]- (Zl)

(i) 1-l,iethyl-1-cycloheptene (¡"OO E., A"O27 2 no].e) Ois-

solvei. in glaciaJ- acetic acicl was ozonizect for ti¡o irours iorty-

five ,nii'rutes. TÌre ozonol¡'sis s¡steril consis'ued oi 'uiie reac'uj-on

vessel, tr^io solvent traps (25 r"t.) anrl- a tra.p containing 57o

aqueous potassíum ioclioe (flO rii-l-.) in seríes. Tlie ol(ygen gas

idas passed- through concentrated- suJ-,ohuric acid and- a inechani-

cal. tra¡r contaÍning glass l'vool before j-ntroci-ur-cticln into the

ozonizer. Fron tiie ozonizer \tie ozone-o7.y'ten lii,",ture lras

passeci throug'h a-n eriçty tra¡: ¿uro- then into the re¿-c'rJion vessel.

'Ihe comirlet.j on of tne reacti-on lras irid-icateci. by the potassiurit

iod-icle trap solution i'¡iricir d-eveloped ¿ cLefinite brol¡n colour

d-ue to tire tiberatic¡rr of iocline. Tne re¿iction vessel ancl- first

acetic acid. tï'a,o !;ere coo.led in an ice bath (O-5oC.) clurÍn6

the reac'ûion.

0n co:apletion of tire reaction tire ¿-ce-cic acicL trap

sohrtions T.,iere bul-ked, r,rith the reactíon rnixture. ,Uther (fO

LrJ.. ) was ad.decl ano tne uixture was ccoled- to Oo0" in arr ice

battr wiiii stj-rring, Powclereci zittc errd- .,r,a'cer (0.05 ix-l. ) uere
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a_c-oecÌ a]-'üern¿:,ieiy i,uit-a s-cirririg url1ii_L one ci.rop ot' iri>ltur.e o_io_

not ce-use col-our forli¿ti orL orL st¿lrcir-ioo-iae test pelrcer. iv'ater

(go n:-.) hras adc.ecì- ¿ni the et.rrerear Layet r^ias sepaz,aiteo. lne

aqu-eous layer i,r,as extracted lvitir- ether ¿incL iire coubirred. etirer-
eeL ex'cracts I'tas¡retL thorougrü-y 'wit?r water to rer,Ìove tiLe acet; c

acid" 'lire e::tracts r/,¡ere furtire:r wâsriedL ivitir lOlá aqueous sod--

ii-r-ur bic¿r"r'bon¿ite solutio_n ¿'m.cr ïina_Lly r,r=itir l¡ater i.m-bil- neutral.
After clr¡'ir:.¿ the e'c-iereaJ- sol-uiion over a:rhycrous soctiu¡i su-L-

plrate, r'eiiiovâl or' 'ulre etrrel: i:r.od_ucect L"47 Erarns of crucie 7-

o>rooctanal wirich g¿"ve a- lJositive alcreirJ;de 'üest u'itl1 ËciiifÍ't s

-^.-, '^.^+J- Ulrõ(:il] U .

¡Iire ¿ì"'oove procecl"uz'e l,,tas repea'ueCL anio oir tÌie seconcl

trta.L three hours t-,,';enty i¡inutes were reciuired rou. 'çrie ozorLo-

lysis. Oru.de 7-oxooct¿r.nal (f.7f S") T/¡as obta.inecL.

(ii) I-i,¿etlryl-l-cycloheptene (fO.Og., O.O9t Lole ) r.,'a-s

d"issolveo iii gli..cial acetic acid (ZS 'nl") ¿::rd_ ozonized. as

ciescribecL Ín (i) above. three such iriaj-s r'íere ca.rrieci out.

'Ihey rec¡uir"e<i- 'cen hou-rs foz'ty-five liiinutes, twelve irours fif-
teen iuinutes, .,nd. eleven ho'urs five i¡inutes respectivel_y.

liie solvent 'craps i,.ltd. reaction a.iixtures of al-J. th..ree irial-s
were bul-kecÌ. ntner (f5O ,,f " ) i/¡as acideo. ¿ncl the re¿ictíon rriix-

ture was hyo-rolyzed. as describeo pz:eviousl¡,. 0n eiher re-
¡-,ova]. L7.6 gr¿nÌs of resioue uiere obtairied.

the resiclue was fracti oiraily ci-i-still-eo uno-er reo-urced

pressure. lwo d.istiilate fractions were obtaineci" plus a Lar6e

queu:tity of residue, wnicir lror-,1-d not o.istill. Tiris resiaue
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Liacl- been f ci:n¡:d duriirg ti:ie d--i-stj-l --l-ation and ,;¡as be-r i¡;vecÌ to
h^ ¡ r-.^^---
iJV c: ..lUI ¡llllt-a .

I to"*ion ï of iile ciistill e'¡;s -u,rçi ¡,,¡r,...ri 2.rL Éìr¿r-n6 (i: ".c.

7C-4oC "/t-j .:n,) , It shoi;¡ed a nei;ative Scliij-f 's test, denot-

ì-n¡: the al¡sence of an ¿rlc.l-el:.JC-e. It li¿c-1 rr si,te (;.-1,, s.r:i,=,i:-uly

s:icllenin,'-, cd-our: ìclen-cic¿,.i- i;c tl::¿¡-t c:î c;,ci-o]re ,''c¡,i.,-r,ore , i.he

r-ar¡n-aì-¡À lrni -lr(:.tiu-r r,uLi uurring tloint o-î cJic:l-oheÞt¿rnone (f7g-AfoC,/leO r¿n. )

( 59 ) a,trees fairl ¡,- ire]-l- i;i'cli ii:e observeC " CJ¡cl_oheptarrone

disgolv'eCL in cp,rbon clisr-r"J-phide sll.oried peaks at j.tI l:, (ne,cir_

¡rlene ) a-ncl 5 " 9C ¡r (ketone carbol¡il ) (64 ) " ?jre -i .R" s¡-ect::Lr:n

cf the rr:rknoliil I'râs ir:ìentrcal in arl res,rrçs-fis to tiia,r, o:î

cycloliepta:rone.

.ilrac-i;ion i]- i'rei¡::lii-n.g 'j "50 gre¿Íìs (b " l_, . l1e -5OoC . ¡r,' r¡n. )

rgave a strong,l;r posi-tive .schiff 1s 'test. ,jljre repoi:teci, boiling
Ìroi nt of 7-o;<ooct¿,¡.nai is 5Z-4"1. /O.Z ttt. (ZÐ " ihe rellor,r,ed

infrared spect::r_r_m had, Lrealrs at 3.6j p- (alcie?ryCic t_Ij) and

5.79 l:" (aloìeÌryd.ic a:riì- ketonj-c carbon;i,l) (24). Th.e i_nfrared.

sSrectruìr of 'uhis subst¿rnce in carbon d-isul phiäe shol,,¡ecÌ a-bsor*

p'cion ba-rrds at 1"7a /-1 anc-ì- 5"8'c ¡t. Ìne slight dÍfÍ'erences j_n

T/Iavelen,gth r¡ere bel-ievecl tc be d"L''-e to tire cli.iferent iustr.uments
u"sed".

:/hire o-istill¿-ticn r,'¡as pr"oceecr.int e ranid a;rcr i:.rol_ong-

erj-:r"ise in temì:erati.r-re took lrlace, u:r'i;il no a.ore r:is,crll_ate

r'ras obter.ined. úpon cccling a gela-tinol-r.s se¡nisolid_ i,¡a.s _:::re_ssi::it

1n the o-istill¿.tioil" f] as... ,ïhis r::rd.istilteC. t:rod.uct r.¿a,s

believed- to be sone sort of polyiler.
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( c ) O z o n o I y s i s_ __o__Í___þl! e tiL:v L- l- - c yç I o jr e x e ne i n
;¡,cetic A,cicl

ì . ^ J- ,,r-iierrr¡rl-l-cyclohexerie (t0.0 t. y o"to rrol-e) was o_is-

solved in gliicil.r]. acetic acj-d_ (25 jt,l_" ) and_ ¡r¡as ozontzed to
cour:letio,n (ti;errt¡.-four nours). Iire reactio¡r irras Ìiy d_roLyze.,

as expla.inecl in (¡) above. rire sod.iu.r¡- bic¿.rbon¿;te ne,sr:.irigs

of -blie ethelee,l so-Lu-i-Lon j¡ere acic.Lifieo wi-¡¡i coilcen-tra'úecl-

tiyd-rocrúoric a.crd. 'liie res'ul-iing acicij-c r.,ixtu-r'e ues ex-i,r'ac-

ted. i¡j-tn etner, ¿!iro- i;he ethereetl_ extr,¿.c,cs !..lelte.i¡/t:srrecr wirtri

rrater uniil- neu-r,ral. lne etnereai solutiorr =v,rtr:s o-rieci over

anhydrous sodiuir-i sulph".'ùe anci the solv'eri'r, i¡a.s r,eiÌovecl_ to
y]lelcl 7.Lo ö-rairls of a-cidic substarrce, pro'ba.bly 6-o:<onel:-ba¡oíc
o ^ì -raV_l.Lt ¡

Ît:-e neutral rr'action o-otairieo- f'ron tiie liycirolysis or

iiie ozoi:ide iir tire usual ü¿ì,nrrer. consistect- oi' Z"zj óralrrìs of
cruo.e 6-oxohepianal.

Tiris experiment ir-ioj-ca'r,ecL tii¿t oxid-atio/l i/¡å'.s oc currj-ng

when ii:e Ìryd-rolysis was carriecl out ciue ì;o tiie f-ct ihat all_

of tÌie iiyciro.;-en peroxid-e f'or'¡iieo- was not being cLestroyed by

the irietallic zLnc. In several oÍ' tne pr.elininarJ ozonolysis

experiuients tire acetÍc acio. in ihe reaction vessel L:iad- solid_i-
fied froni trre coolíng su,cpliee Íron the ice baih. ,Jhe sub-

sei-r-Lent ozonolysi-s re¿ictior-Ls Í/ere carriecj" out in cr,*lorof'orni

u-sing a oifferent r¡:ethoct of iryarorysis in an atteri.,pt to over-

come inese ciifficul-ties.
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{ d ) Ozonoly.si s of }-1,Íe_tityl--,1*-c:'clgi:exene in

CirLoroform

1-r.etnyl-l-cyclohexene (3.0 g", C"0l *ole) L-as dis-

solvect j.n ciL-Ioroforcr (35 ol"¡" Ozonolysis was camj-eo out

Í'or eigiri nou-rs. r/hei:. re¿ctior] was coui,olete tire c¡ilorofor"¡r

}r),s re¡-ovecr -c-nder reci.r¿cea piessure 'wit¡i extre¡re càTe in ¡¡.e

fwie h.oo,c" 'Iiie ozonide r¡as cj-issoLvect i-ri glacial acetic acici

anc d.ecomposed by tiie al-tern¿.te aû-oitiori of s-a}l arounts of

zínc and w¿ter' ås uesc-iibeo previously iri (b). -l'to.urcÍng up

t.ne reaction i¡ixture as cesclibect in (c) yield.eo 1"I0 graÉs

of cruce 6-oxoueptarial a¡.o 1.20 6ra.::.s oÍ' acidic oroouct,

r,¡-¡iich wá.s prooäbty ti-oxoneptanoic acid-.

Si¡rce on hycirolysis of ihe ozoni<ie utiii-zing zinc ano

T'teÍer, mo-L'€ tn¿n h¿Åi oí the ozonide i¿as bein6 coÌrv'erted. to

the correspond-i-ng acid. the renialnj-ng ozonj-cies were itycirolyzeri

using a varíation of the i,/hitnore a¡rci Church proceciure (OO)"

(e) Ozonol.vsis of l-i'jethyi-.1--cycl-oirexene Utilizins

!ìre tlycirqrys-is r're!-hod qf (b0)

l-i'retiiyl-l-cyclohexene (25.C ¿., 0.2o0 irole) vre,s dis-

solved in ci:i-oroíoni (50 mf.¡ and. was ozonízeÕ- to completion

i22.5 hcurs). lhe 'bukeo- re¿;.ciion :cixtur'e and trap sol-utions

Here a.ooecl d.ropwise to a stirreci boj-lj.ng::Iixiure oÍ'40U r.L.

of i,¡ater ¿.nd- LT.O granirs of zj-'nc (O.Z6O uiole) witn traces of

hydroq.uinone ano siiver nitr'i.e. irlitrogen Ees rvas passeo
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i.iirouLgh -uire reaction. flas,ç conti¡iuousry. 'l'r:-e c¡:l-o¡.oÍ'orin o--ìs-

tilleci over es trre ozorliùe soluti-on was acLoed.. i',¡Ìien all- of

the cirl-oroÍ'orm solu'cion or t:-re ozonÍcle ii¿id- been ¿rcld-ed- tire re-
¿iction flask r¡¡as ¿-l-]-owed to cool-. 'the contents were e:;ira-c-

teci l'¡itir cir-l-oroÍ-orn. 'Ihe cliloroform exirac'ü r¡¡Ð-s o-ried (anhy-

d-rous sodium suJlrhate) a.nci the solvent v¡as removed to ;ris16-

25,L graiûs oÍ' crude 6-oxolr.e;ctanal-, ilhicn 6-ave a Ìtositive
Sciiiff I s test irnle diatel y"

Ihe c::'ude ;J-i-etiyde vias fractioiiall¡r cj-istillecl irr a

nitrogen atuosiJllere u::.cLer reciuced ilressÌtre"'r'iiree f'ractions

v,Iere oirt¿Lined "

tr'raction v;cisht(*)
r L"65

rr 2"+o

IÏT r- 50

b. p. oC. /pressure (r¡ni" )

52-60/O "O5

60-64/o "c5

64-L9o/o "05

RefraLctive Index
27^nD- L"4>.l.'o

2i^nD- t"44+)
)^,ri)'I"475O

"{s we].l e.s -ûhese Í'r'¿,ctj-ons (I-fff ) a resiuue lv¿s left
in 'the ciistil-l-¿tion i'l-¿;sr; r^¡hj-cit refi;sed to <iis't,iJ-l ( f¡"0 g^. )"

ft ís believed 'trl"t 'üile rapio- rise in ter-t;oeratirre ancl rei'rac-
tj-ve inclex in fr¿:ction III is ciue to 1:oJ-ynerizatíoit"

ùue 'ro tLre resu-L-r,s obta.ined c-urÍng the atten;oteeL ciis-

til-lation of 7-o>rooctar,a.]- ¿rnd- 6-o>;oher:ta::ai it ¡¡¿as cì.ecicred

to conclense i-he cr'ud-e :JCLeiryd-es with :.iarcnic acicì- raitrer tha:r

to distíl1- theru since tlis led 'co ar. urdesired- polymeriz¿,trorL-

]-j-ke síoe reaction"
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(Z) Geirere.l Ìrocecì.ure r'or. tiie pz,epara_tioü of ,i,i.Le

Oxoaldeh.yd"es b.v Ozonoli¡sis oï tire l-alk.vl-l_-
cJ.g_h_afkengs

(") ÎL-ie l-aJ-rr¡1-1-cycloaJ_jcene (25.0 6.) was o_is-

so-lved in cnlorof'orr,r (fOO iÌ¿.). þ¡L ozone-oxyEen gas ili-xture
lvas bubbled throu5h -cire systerir u:rtil ozonolysis vras co::li:lete.

l¡¡ís sy'steui u:.-s ttre sarjre one used. in (o) (r) (¡) except tltat e.

trap containj-rig ligirt lic¿uLic.r- lretroleuuu (flO nú. ) ilas inserted
betv+een -cne secorliì- sol-verrt trap una- tire pota.ssirm iociicte trap
a-rrcl bhe solvent traps eacû coiitairieo- f50 mI. of cjiloroform.

'Iire cor,r.oletion or ozoriolysis l¡as itetec'cecr by 'ciie d_evelo pcreni

of a dar"lc broun colour iri 'üne potaissiur:r iocÌic.e trar-, soi'u-ì;ion

d-ue to tire liberatiotr of iocline. Du.ring ozonolysis tiie reac-
tiori vessel con'caineil a, r'¿iri'oe c-Louci .¡hi-cii o-isairpeaired- r,rhen

trie re¿ictiori- i{as al-¡lost com,o-l ete. 'Jtr-e re¿,ction vessel a.nd.

tiie first chlorororiii trap were coorecL in a-n ice-batn (o-loc")

throughouLt tire ozonolysis. Ori cor.,ipletion of ozonorysis tlle
reaction i:rixtu-re i,¡as bul-keo r',¡i-tri the cirloroforir in tire solvent
traps at:ci- 'clte coilbinecl sol-ution ivas stored- irr the refttgerator.

'Inis ciil-oroforil soluiion i¿as aCoeo d-ropilise 'üo a stirrecj-

boirirrg ioixture of lv¿iter' (z¡o Írl-. ) 2 e)icess rretallic zj-nc a.nð.

traces or ltyúroquÍnone a.r:cì- sj-]-v-er nitr¿.-Le" rr:i-broaeir Eas wà,s

passecì. iirrough 'r,rre r,eaction fl-ask cori'r,inually. Iire ra,re of
ad.o-ition was a.ajusteo so 'tÍ,¿'t the c¡-loroÍ'orlu disiirleci over

at tire sâiire rate as the ozoníde sorution rn¡as aod-ed.. upon
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coüllJlet-i on of ozonide ad.cri-cio¡r arici nycrroly sj.s 'cÌie re ¡;ction

tilixture wes coolecl- l¡ith s'uirrin6 a,-Lrol ¡ne conte¡rts or tne re-
a.ction vessel -'íiere e;ri:::,cted- ';tit¡r, chloror'orni. *r11 eri,u-l sion

forioeci r"rìiich l.l¿r.s sepåre.ted- on a ceirtrir'L;ge. ,Ihe aqueou.s por-

tion obtainecL on centrifugation i.rars í:urther exirac'üeo- r¡i-th

ch-l-ororornl" 'liiese extracts -!,re;re bu*Lked- l,¡itn the cirl-ororor::r

fractiorr ti'l¿'¿t irad been leceiveC. or] centrifur,a'r;1on or tire eir:ilrl-

sion" Iiie cornbined. chlorofc¡r'u sohr.'uion i¡¡¿Ls ûriecj- over anh¡;-

ci-rous socj-iu¡r suJptta"te" 'fire cri-lor'ofor'tri was rerroved rror¿ the

filtered- solu'oion witfr a llinco rotary eva,oorator. liie cru,cte

alo-eirycì.e ob'r,¿¡i¡red g:::ì-üe a rlositive Sciliff rs 'best irr ea.cn case.

Î-te clude aJ-CLe.iry'rle tras condensed v¡i'cir ilalonic aci-d" in pyricj_ine.

Colrpounds (C-f ) arrcÌ (C-Z) in i;he f'o1lor.vin., 'u¿ble trere

pre¡:arecl 'usin5 tÌri.s 6eneral proceo_"ire"

(¡) À further rnociifica"tion i+¿.,s Íntroo-uced" since aJt

el,iulsion rorriieo. on cri-lorofori'i e>;tr¿Lctio¡i o:l the trydrolysis

re¿icti-on niixture. E'üheriri¿is addec- 'co tiie coo]-ea iiycÌrolysis

rixture, viith neclra:ric¿,l stirrun¿ ro¡' f if 'reerr riinutes. Ît:_e

la";rers r,rere seili,,r;.'üerJ- Li:.I a sepi,ratory i'i;:rnel . fag aqueo'Lts

J-ayer i,vas extracteit v¡itir ether (S-fO tirnes), irie ex'ura.cts

acl-o-eo to tire eti:ereaJ- layer auru -btre coüibined- sol-utions riez'e

clriect (a-'rhycirou.s soc|iu¡r sul-plr.aite), ,Ihe crud.e aJ-cteiryil-e T/,ras

obtained b¡, renoval of solvent in the colcl, us"ìng a Rinco

evaporator.

The aqueor.r-s layer tnat had- been sr-rbjectecl to ether
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e;çtraction ltes ¡'u-r'tr-Le::' ex-br.a.cted- i,¡itii c¡ùororor':_,i since it
stil-i ò¿,ve E; r)osi'üive ¡cj:irfrs test" ,-,r¡,i.,- of tt_is solu_'r,ion

alrd- evaporation yj-e]-cied- 5"j5 Eräls of po_Lyinerized B-o>lononar-ral.

'Iiie lrrod"uci r.¡as a sli-5trtly yelJ-oi'; senisol-j-d- wirereas -r,iie aloe-

hycre tras a ft'ee-floi,iing lj-o,uicl. Ine polyri;er stitJ- g¿ì.ve a.

posiuive '¡cj-rillf 
I s tesi. 'rriiis irz'oceoi-Lre rias on]-y uLsecl for.

cor,rpou-ncì, (C-'l) in ttre rot]-owin6 table"

( 
" 
) irro ceo-ure ( a) above v¿a-s r.ep ea.teci for conpouncl ( C-4 )

0¡i c.rrloroforn extrerc-bÍon oÍ' tire aqLr-eous la.yer L4"75 gra.ns of

7-o:rooctanaL 'chat irau be6un to polymeriz-e rryere obt¿rinecr.

(¿) IiLe rerua.inins alilehycles, compormds (C-5) 
"o 

(C-fO)

idüre p::epareu ¿ìs outlineci in procedur.e C(e)(a) (,oage 48)

u-sing 25O tnJ_. of watet r-n the iiyctroJ-ysis riixture insieact of

500 nl. 'Jhe aclueou-s fractioir lvas not ex'ùr¿:ctecl i,ri'r,-o cir-loro-

fo.r:m a.fter eth.erea-l- exträc'uion si¡rce tilis ri.¿;_J_ leo_ 'co irolyileri-
zalton rti (C-l) ar:.ci. (C-+), Instei-a, a saturl-teo. solution of

sod.iu¡i bisuJlrh.Íte riras added to ttre filtereci aqLr.eou"s solution

obiainecì- from con.1-Jo1-lnrcis (C-g) to (C-f0) iir'ciLe foiloio"jng tabte.

if solj-il ,rr'eci,ci'cate -!.,Ias receiveci iii eäcil ins'r,a-nce, vini-ch strlt
irad- noi mel-teCr ai -J00oC. 'i'riese d.erivatives were belÍevecl to

be tlie bisu-llrhite ¿rcldition ¡sa!-ts or' tne al-o-eirycies. Tire deri-
v¿;'rJive recej-ved. fro¡i 6-oxoo-ec arraL (C-ff ) iras pr.lrified bJ, re-
crystal'ì 1zatton frolr v¡ater (only very s¡:ar-ing'ly solubl e).

TÌre a.nalysis c,eta s;ioweci. conclusi-vely tiLat 'üIre solicl- o-eriva-

tive f'orniecr was not 'r,ite aidehycie bisuJlihite cou¡ro-uino, anci
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tire ¿i1¿.1ysis irrc,-ic¿"¡e cl 'biie ¡rrouuct üiaty be inor'¿-a-iric in na-tui e "

ûr;-r'in. Ìlrc et¡.sr e,.l'cr¿cti.-,-rr o-, -úirc. i e-. ci-ì orr r-i xtl¿ es

¡,vhich y¡.erced. aJcìeirycies (c-7), (C-rO), (C-r+) ¿-Lro, (c*]5)

er¡ulsioris l.reïe foriileci. Îlir-:se t(ere seÍi..r¿',teO- on a centrifu-ge.

llre aojueous f'r'a.ctioi-L recovel'ed :..iier centrifu6;'a'r;-i ozi l'ras fur-

tlier extr¿"cteci lvÍt'r etiler'. ltre etfierea-l extra.cts ìi'ere buJ-ited.

r,r¡itir tne orj-ginaJ. e'¡iier solution i-n ea-ch cese auo l¡ere o-riecl"

'JIe cruo-e e;lCerryd.e was obtained by sol-vent renov¿,l in '¡he

usu-aJ- rúaiirler. Al-1 cr'uile ¿,]-clerr}¡oes receiv'ecr i', ere sin¡eet-srr'elling

free-flol,,ing licru-ici-s witn a colo¿r ra:rging Ï¡'oi;t lrght yeilotrr

r^ --^ì I ^_-uu J e-J__LU rr a



Compound

(C-].) Z-o*ooctanal

Name of
?roduct

(c-z) 6-oxooctanal

1-A1kyl-1-
cycloalkene

moln
(s. )

(C-1) e-oxononanal-

Ì-14ethy1-1- O "25
cycLoheptene
o.227
(zj "o)
t-Ethyl-t-(a) 0.21
cyclohexene
0.180
(r9.9 )

l-Methyl-l- O.2L
cycl-ooctene
0" 201
(25.o)

1-iviethyl-1- O'24
cycloheptene
o,227
(zj.o)

l-Ei;hyl-I- O.2l-
cyclooctene
0"181
(25"0)

l-Xthyt-f- O"24
cycloheptene
0.201
(25.o)

l.-Propyl-l- O"24
cycloheptene
o" l8l
(zj "o)
l-l4ethyt-l- O "3Lcyclohexene
0.260
(zi "o)
l-Itthyl-l- 0.28
cyclohexene
0"227
(25 "o)
l-Propyl-l- O"24
cyclohexene
0, 201_
(zi "o)
1-j3uty1-I- O.24
cyclohexene
0,181
(25 "o)
l-Pentyl-l- 0"20
cyclohexene
o"16+
(25 "o)
l--iviethy].-1- O,75
cyclopentene
o"309
/aq n\
\¿/1 þv /

l-ïthyt-l-- O"3L
cyclopentene
o.260
(25 "o)
J.-Propyl-l- 0"28
cyclopentene
o.227
(e5.0)

l-ButyJ--l- O"24
cyclopentene
o. 201_
(25,o)

(c-4) ?-oxooctanar

'ÅLnc
mol.

(C-5) 8-0xodecanal

0zonolysis
Time

(rrours )

23 '7

(c*e) ?-o*ononanal

Yield of
Crud.e

Pro&uct /o
(e. )

52 "L(16"e)

(c-l ) 7-o*od.ecana1

il'iethod
of

Svnthesis
(Exþeriment i\o. )

c (z) (a)

L7 "3

(C-e) 6-Oxoheptanal

20"5

30.3
(?"e)

(C-g) 6-oxooctanal

L9 "5

7L.6
(22"5)

(c-ro) 6-0xononanal

o (z)(u)

L7"3 97")
(50"e¡

47"L c (z)(c)
(tj "z)

(C-rf) e-oxodecanal

c (z)(¡)

L9 "5 63 "B(zo'r)

(c-lz) ø-Oxoundecanal-

I

\I
N)

I

f4"0 63"2
(r9"5)

(c-¡.l) 5-oxohexanal

c (z)(o)

(Ç*]4) 5*o*oheptanal

25 "7 33 "2(n"r)

c (z)(¿)

( c-15 )

( c-16 )

22"5 49 " 4Çée ¿ (íålol

c (z)(o)

L5.5

5-Oxooct ana}

c (z) (a)

zL"r 76 "5(23 "a)

5-0xononanal

67"5 c (z)(a)
(zo"o¡

(a)

c (z) (a)

0nJ-y
25,O

20"3 68,9
( 20,9 )

19"85 grarns of l-ethyl-1-cyclohexene
grams s

37 .Q 79.8(r4.r)

c (z) (a)

27,3

c (z)(¿)

L"l "6 64"3
(eo"s)

38 "L(tz 
"7 )

c (z)(a)

25.6 65"5
(zo.ø)

o (z)(a)

were ozonízed

c (z) (¿)

instead of the usuaL

c (2) (d)



REACTAI';IT, CIÈUDE YrEr,DS,

Comporrnd

(c-r) 7-o*ooctanar

I$ame of
Product

OZO}IOLYSIS TIIVIES,

(C-z) 6-Oxooctanal

1-Alkyl-1-
cycloalkene

mol.
(s. )

(c-3) e-Oxononanal

TABID IV

I-fliethy]--l- O "25
cyc1-oheptene
o.227
(er,o)

/^\I-rthyl-]-\*' 0,21
cycJ-ohexene
0"180
(r9.9)

1-I'Íethy1-1- O"2L
cycJ-ooctene
0" 201
(25.o)

l-lviethyl-l- O,24
cycloheptene
o.227
(25 "o)
J--Ilthyl-l- O "2L
cyclooctene
0,181
(25,0)

Ì-Ethyf-I- O"24
cycloheptene
0.201
(zi "o)
Ì-Propyl-l- O,24
cycl-oheptene
O" IB]-
(25,o)

l--Þïethyl-f- O "jLcyclohexene
o,260
(25 "o)
1-Ethy1-1- 0.28
cyclohexene

(c-4) ?-oxooctanal

A}{D i\'IETHOD 0F SYI{THIISIS

Zínc
mol-.

( c-¡ ) B-Oxodecanal

. Yield ofuzonolysr-s crud e
,, 'l1T:, rrðd"åi øt.'nours / (S. )

( c-g ) ?*c¡*ononanal

23.7

OF 'IHE O}iOAIDI'HYDES

( C-Z ) 7-oxod.ecanal

L7 ,3

itiethod.
of

Svnthesis
(Exberiment irlo. )

c (z)(a)52 "L(16,e)

(C-s) 6-oxoheptanal

20"5 7I"6
(22"5)

3o"3 c (z)(¡)
(7'a¡

(C-g ) 6-oxooctana-I

L9 "5

(e-fo) 6-Oxononanal

L7 "3

(c-fr) 6-oxodecanat

47,L c (z)(e)
(t5 "z)

c (z)(u)

\9,5 63 "8(zo'r)

(C-lz) 6-Oxoundecanat

91 "3(5o,e)

o"227
(zj "o)
l-Propyl-l-
cyclohexene
0" 201
(zi "o)
l-j3utyI-I-
cyclohexene
0 

" 
l8l_

(25 "o)
J.-Pentyl-1-
cycJ.ohexene
0"164
(25 "o)
l--luiethy]--l-
cyc]-opentene
o"309(er-o)
1-ilthyl*1-
cyclopentene
o.260
(zi "o)
l-Propyl-l-
cyclopentene
a.227
(zi.o)

I

\t]
N)

ì

14.0 65 "2(r9"5)

(c-L3) 5-o*ohexanal

c (z)(a)

25 "'l 33.2(n.r)

(C*14) 5*o*oheptanal

c (z) (¿)

o"24 L7.5

22"5 49 "4(íålol

(C-15) 5-O*ooctanal

c (z)(o)

o.24

ln rr\ tr ^--^-^.^^.^^a

c (z) (a)

0,20 20"3

zL"L 76 "5(23 "ø)

67"5 c (2)(d)
( zo"o )

c (z) (o)

o"35 37 "O

0. 51 27 "3

68.9 c (z)(o)
(zo'9¡

c (z) (o)

0.28 L7 ,6

39 "B(r4.r)

58.1
(tz 

"7 )

^ ^À ^7 
a

c (z) (¿)

64"3
(eo"s)

c (z) (a)

c (z) (¿)
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Prer¡arati..,n of tÌr_e ct.[]-tinsaturatecr Oxoacids b.v Conaensa-

tj-gjr of ti:e Cr'une ¡-ldeir.vcte i,¡ith ila].onic ¿cid,

lne pyridine usecÌ i¡r a.lJ- condensation rea.ctions was

d.riecj- over potassir,in nyciroxide pelle-t,s for ai leas¡ one -r¿eek

arid uras fil-tered just prior to rise.

The ¡:aloriic acio was ciried in tire oven at 90oC. for one

hour anci. lt¿rs stored. in a va.cuuJii d.essicator (14 nm.) untit Lise"

(f ) Conparison of Yarious ir.eportea .iietirocis ior Cono.en-

sir:Ê an Aldeli:'¡cie r¡iiii irriloni-c ¿cj.d in P:rri-dine o¡'

a P;rridine-Piperio.ine irtj-xture (.Doebner i;ioctijication

of the rúeoeven¿¡.gel Co¡iciensation)

(a) ì,ieti:.oci or A]-len arci r/¿n Àlian (6I)

i'ieiltaJ-o.enyde (t0.0 go r 0.0875 ¡:role) was cÌi-ssolved- in
pyridj-ne (9.tI g., 0.115 mo]-e). To this solution was aoo.eci

maf-onic acid (9.iI g., 0.01-75 uole) arro. tlre ¡rj-xture r.ias re-

fluxeo. for three hours on en oil b¿rth. ltre re¿.cti-on mixture

was cooied, aciaified- b¡. tne ad.eÍtj-on of l]rL hyo.roch-Ioric

acid and. extr'¿ieted. r¡iih etiie¡'. 'Ihe etb.ereal solution was

wasì:eci witn lOjí, hyorocirloric acj.c a:rd. r¡ater a"nci was t.¡ien

extracteô witlr 101å sodiun carbonate solution to obtairi tire

acioi-c et¡ier so]-uble naterial. lire co¡abined sooium carbon-

ete extracts were wasned. r¡¡itri ether an<i. acidifieo with 107á

hyd.rocirloric acid. 'Ine resulij-ng nrixture h-¿"s extrected i¡ith
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etiler. I¡ie cciirbìrieo- etiie:le¿.1 exl,r:i--cts I,/ef'e i,ri-si-,ed -'¡ti'ci, r,råter'

a.rtcL ctriecj, (:m?iycirous sod.iulú suJ¡rlr.;-te). On etireÍ, reÌroval l-0.6

éi" (77 "7-1" o¡ ttleoretical) cruce trans;-2-nonenoic acic.ì. were

olr"baineo" Tne cr'i-rcj-e proi-uct 1.,'as d-ist:Ll_leu -r,o J¡ielo_ _tx?.rrs-2-

noneno-¡c acicr b"p. r49-53oc./t'jruii., 
"?o' 

,.4iBL. ,riie re-

.oOrteC ;clt¡rgiç¿.1 C-û¿.-ra.Cte¡'ÍstiCS rOr t.,.iS COir.tOU:rct a"re b.p.

L35-Eo/ j llii., 
"'o5 L.45aL ((,2).

(¡) lrellp_q___or Rejapìoirqfan Gl)

ri.eptalc) eiry cre (10. 0 g" , 0.0875 i,:oJ-e ) i,,',rs o-is,so_l_veo in
pyrid-ine (4"6S g", 0"0592 r",oJ-e). ii¿rl-onic acicl- (9,t1 L, s

0"0iJ75 mole) was ¿-rl-d"eci to 'üIl,e resulting solu-tion. iiie re-
actj-oir. ilirture wå.s -(ieú--ùeci, ori ¿:. boiliug l;a.ter]:ain for''ü\^io

fiours, 'r,ilen 'ü:r-eet.'r,ecl- a.,s j-n (") (page 53) " Oructe trans-2-
¡ronei'ioic acio (9"7 d'., -lO.'.)"/") 'üLrâs oÌ¡taineo-,

(") j're'uiroci_oÍ' Jae¡,er anci Rob¿_nson (24)

i{eptald.ehyd-e (fO"O g", O.OB75 i,roJ-e) vras cij-ssolved_ in
a solverit iiiix'uu-re consisting of p¡ryif¡i¡ç (fO iuf " ) a-rrd. piperi-
d-irie (t.5 ilt" ). îiie solu.'uion i¿as coolecl in ice ror tairty
nij-nutes. iri¿l-onic acid (9"t1 g., 0"0875 iiiole) l.;a.s cLissolved-

j-n pyridine (fO r¿") a;rci lvas ¿rJso coolea to OoC" in ice. lire

ald-eiryde solu-tion r¡as ac]-deo to trLat or 'vh.e acid. i:.iid- tiie re-
ac'ciorr r¡as ÌreatecÌ foz. i'orty-eight irour.s ¿t 5000. lr,ea-b¡.rent

of ihe r.eaction mixiure as d-escr'i oed" i¡. (a) (,oa.ge 5i) yie]-d-ed-

l-1.50 g, (eZ"77L) cruoe ir¿ns-2-nonenoic acid..
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(¿) i,rethoci of Ð¿rbier anci- ¡ü-Lá-iel (27)

I{eptalcl-e}rycle (tO.O g" t 0"0875 roole) ',ia.s cj-ssoJ.ved. in

50 üra. p]¡rí'iúirie. E>:cess ¡ialcnj-c ¿.cLù (ff "OO E., 0"19b r:iole)

r¡res aod.ed- to ti:e a]-d-eh¡;'fls soii-Ltion aï iOoC. iït a reaction

vesse]- fitteiì- wÍ'ch ¡:n inierne] ti:.erruometer. liie reaction

contents llere ¡ieatecj- at 50oC. for fÍfteen tLiinutesu tlien

tire tei"peraiure rdas slol'rly incre¿.seä to tlie reflu"x t:oir:Lt

over 'r,hit:'i,;'.r l.li rru-tes. lire reac'r,ioit tii.it'r,u-r'e -v¡a--" r-efluxeci for

one i,-ur-,-r', J-l:'e:,.-bji,'eiit of ì,lie r'ea-cti<¡¡r i.ri>lture in 'uire LÌs'11¿ì-I

rierliler: (") (i:a¿e 5'¡) yie]-c-etÌ -/.7 Þo (fo"qi¿) of cr.uC-e 1,r'¿ins*

2-irone.roic ¿cict.

(") r'ieinoci oï*-O-y.6gion (27)

rJer-'ia'ld-ehycle (tO 
" O 6" , O. 0S75 i;io-le ) ,;t,r.s cissol vecl i r.L

r:yrii"íne (fO r¿. ) a.nC. pii:ericlii:ie (f o¡.. ). ¡j¡:cei--r,s jla-lo,iic
/- - - \¿¡,cicl (L3,5L ¿", 0"1r0 iriole) ili,;s tlcicteO-, lhe i:eac,uion nilltu-re

liars placed- in a constant 'ùeäi;oeratu-r'e vra,tez' i¡a.th at 50oC' for

tvrenty hours, i'nó- rti,-s -l,iiLer:- r.'eflu,':ed- fo:c fou'.r h-o,;r-rs" 'r'/r.rerl-

tÌre reaction nix'üril'e ì¡ras trea.'ceci as d.escrj-i:eCi in (") (pt-u

53), fO"5 g. fi6"9/") of cL:u-ile traris-2-nonenoic aciô li¡ere, ob-

taine d-.

lire ci:u-d.e acio obtaj-ned- froi.o re¿-ciÍons (¡) to (") l¡'TL:ij

-itL¿ii<ed. 
al¡-cr- ti-isti-l1ecl- under red-uced- pressu-re. ,1roÌ11 16.2 grâlus

oÍ' trre cru.d-e acid 11. ô !ra,.i,:s of' tra:rs-2-norie¡.r.oic ¿i.citi, b.Ir.

L5L-6)C"ill irìn'. " "?i 
,.4584 T/rere ob'oained. 'Jne cru-c;.e J,ielas
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uere useo ås an inoicatio¡i c¡' the sir:cceÉs of e¿-cit rea.ction

gince a large portion oÍ the ¿icio was lost on f,rzctional

d.is'biliatron of sual-l quantities or -i;rie cruoe acici. lite

reaction wonced successfi:rily i-o all ilista;tces"

{,2) Pre}ininarl¡ Cong.ensaiion ¿xperime,nis iead.iiix

io the For¡i¿-tion of a,. ß-unsatu-T¿::.têo Oxoaci<i-s

(a) Preparation of 'Ira{U¡-9:oxo-2-oecenqic .¡icid

¿gl_o_ryiigg_ Lg__!iiç Pr'oceùui:e 04 - .B rb

llueel (zZ)

Cruci.e 7-oxooctarral (t.47 tos O.OlO3 uoie) was c-is-

soLveo in pyricrine (20 r,-t. ) " Lialonic aci-d (2.0C g,, 0.01:j2

uole) was acideo slowi¡r f,e tiri-s so].uiion wi-tli skraking. 'lne

reactiorl f.ias carrieo ou-t ir.s o-escribed. j-rr (¿) (ptge 5il arrd

IJo ligu. of cr'ud-e trang-9-oxo-2-oecenoic acid i¡ere obtaineo..

(¡) Sreicaraiign of 'lrans-9-oxo-2-decenoic ÀciCI-

Disiil-r eci 7-oxoo ct¿'naL, b. p. il-E-rOoC. f Lj um. ( 5.60

t. r O.OZJJ i¡o-i-e), uràs conoenseo witn ua^ionic acicl (5.00 E. r

0.0288 r,,ol-e) accorúi-ng to J'aeger anci. Robirrson (24). t¡ror:

this re¿.ction I.80 gra;,,s of cruoe trans-9-oxo-2-o.ecenoic

acic- lrere ob-uai-neo..

The infrareci sloectnrm of tne cruae acid in carbon d'i-

sulpiride showecì. peaits at i.O'4.0 ¡t (bonoeci iiyd'rox¡ri of acio)

(64), 5.92 y (arþ-urrsaturatecl acio carbonyl) (64), end' 6.La )
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(coirjuse,ted e'ciL¡rlsnç grou¡i) (64). lne spectr'uri !,iâs ii,eri1,ical

to 'r,-,.:,.t of ¿¿-b,ieltic tra-ns-9-o)co-2-ctecenoic ¿rci ci- obta-inecj-

courtesy cf' G-laxo Rese¿'rch Lrj-nj-tea, Greenfoz'ct, !..id-d-J-esex,

.ilngl:Lno. At'ceuiptecl- recrysta,.L].ization of tiie crude acid. rroli

e'citer-iretroleu,; ether resul'¡eci in oil fori;:ation"

Tire cr'u-d-e ¿;cio- pl'oeLlrct r:rLr!,. the ¿.utirentj-c sa;úlJle of

trans-9-o>lo-2-d-ecenoic ¿Lcirl" tieÍe subüri-i;tecl- to'uhirr J-ayer'

c.iiroi¿atograi,ohy. SiJ-ica. Gel- G ,'-,lates of 2OO y ihicNriess were

usecl. they Ïrere prep::,reci accorciing to S'caLrJ- (65) " 'Jlie i:-Lates

rrere a.Il owecì. to erir ctry overnigiit before 'use ¿aiii irere rÌot

acì;ivateo-. Develo,:nieirt or' tire 1:lates was ca.rrÍecl" olrt iir a

pz'e-sirtu-r¿iteci t¿:-n[ r,titri a Í'ilter*I]aper' ]-irrer utt-1Lzi ag a soi-

verrt sy.stelr of' benzerLe (90¡, netiranol (f0; artu glacial acetic

acid- (S) by volu:-Lre. 'It¡-e solvent rr]ont h¿ì.s al-lor,¡eci to rrigraì;e

10 cttlo frou 'c.he 6a'igin in a]l cases. I'ive cì-r'o-ps of' ¿L sclu--

tiorr coiita,ining 2 li.€ttt.f uú-" i¡i'ere a,;plieci ¿,t -i,iie orÍ,;in frot:". a

äLicropipette (rlaae by puÌJ-ing ou-t a l'elting po j-nt cal..riitary ) "

Àfter develoir',rent tne ciirourato.¡:late was rer.roveil fron

tire ia-irii anC \'ias h.e¿,ted- ¿it 95oC. for fort¡r-five roinutes to

reÍiove all- traces of sol-vent. I'c 
'i'¿;s 

tiren spraJ¡eo- v¡itir O.OL7a

bro:irocr=esol greeir iri ¿liconol (etiranol- f bu-tanol-, 9:I) iahiclr Ìrad

been previou-sty basified by 'che ¿iclcl-itioit of I o,roro soclir:m iiy-

d-roxicre solution (2O% w/v). 'Jire acid-s r,,i'ere d-etecte'l as

yelJ.oli spo'us a.ga.iirst a blue baciigr'ou-rrd.

lire cruo-e trans-9-oxo-2-ciecenoic acio isol¿'teå Í'roi:Ii

ttre re¿iction ,lixture i'r¿rs io-enticar to ttse a.Lr.trientic sai.'.ple of
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the Same compound received- from Glaxo on the same chromato-

plate. There r¡¡as some variation in the lìf of both compounds

from one plate to another, however. The average Rf of
trans-9-oxo-2-decenoic acid was found to be O"53 in this
solvent system"

(c)

Distil_led T-oxoheptanal (b.p, 60_40e./O.Oj mm. ) ,(2.40
go ¡ 0"01-87 mol-e) was condensed with malonic acid (2.2o g,,
0.0211- mo]-e) in the presence of pJrridine (t4.¡nf.) and piperi_
dine (o"25 nf . ) according to the proced.ure of Allen and van
.¡rllan (0f ). Crude ,urans-g-oxo-2-nonenoic 

aci_d (lOO mgm. ) l+as

obtained." The crude acid was recrystalrized_ once from ether-
petroleurn ether to yield slightly yello'rr, l¡ax-like need.les,
mopo 44-goC. (Reported m.p" 47-|,:-oC, (23)) . The infrared_
spectrum showed peaks at 3.0-4,0]^, D"gj Jt und 6.09 p a¡¡ð-

ruas hence demonstrated to be the eorrect compound due to the
ür.p. and the similari-ries betr^¡een its infrared spectrum and

that of authentic tra¡rs-9-oxo-2_decenolc acid (pages i,6_7).
Thin-Iayer chronatography was also carried out on the

tra:rs-B-oxo-2-nonenoic acid using 2oo ¡t plates as described
u¡rder (¡) (pages 56-7)" The average Rf of tra¡:s-g-oxo_2_
nonenoic acid'¡ras found. to be o.5l_, and this compound_ ra¡. verJi
similarly to trans-9-oxo-2-decenoic acid. in all_ cases.

-B-oxo-2-



lgælgcl ixoàç;!Èq o)¡.C_onoens¿-tici, oÍ tLre Crucie

Oxo al-cienl¡cle rq iln lafgê]_q*Acfq

;,s previour-sly :ilentiorieC_ the

seO. r¡itir ]ilar"l-onic aci O- in 'uire cr.ucì-e

ilost oÍ' 'r,he a-ldehyile l,¿a-s lost tir-,e

rea.ciion.

o;lo¿lci eri¡rflg g .i,rerc cond-err-

fonii since oii o-L sti]-latj-on

to a 1ro]¡rrüertzattotr-lilce

Iite o>loalcieiryd.e r,,ras cì.issolvecl in iryrid-iiæ at T.oorn ter-

lierature, n.ia-loriic ¿icid- was adoecj- sloilly -writh frecuent sir;iking

to iiiis sol-u'cio¡r ana i;ire reacûion nlxture ri...s refluxeo- fo:r

ttr,'o hou-rs o¡r at oil batir (teuç " I25-4Oo0. ) " ,Iìe reaction
r,ji>liure i¿¡as coolecl., acio-ifÍeu rvitit LOTa h¡'arocLii-oric a.cid- ¿urd-

extrac'cecl r,¡ii;.ir ether. 'Jrie coirrbinecl etlrer e:rtyact w¿is wa-s¡red.

rvitlr water, Lolå t4id-rocirl-oric acicl- ¡,.-r'r.cL then again i'úi,h water,

Extraction of t're e'rJiieleal- sol-ution lvitÌr 10ll ac¿ueou-s sod.iu¡r

carbon¿,te soluti-on reuoved- tne acio-ic ether-soluble nateri-aJ-.

'Ihis extr¿.ct was wasired- v¡itit etirer a¡rir- Tües iiren acioified-

r,,¡ith const¿.nt si,iruj-ng using' IO/L iryA-rocir_loric acid_. Ine re-
suJ-ting r:iixtuve l¡as e>l'r,ractecl- ruitiL ettrer, 'ühe coni-lrinect etit-er

ex-bracts T,Iere l¡asneo- r^¡iti:. wa-ter uniil neuiral-, Eilc'L o-¡'ied- (an-

hyo-rous sodiu¡n s-uJ-lrirate). TÌie cru-CLe aciii v.¡as obtainea on sol-
vent rehovâl-, v;lricir vlas accor,l;:1is|ed- u_sing a tìinco roiary
ev;çorator"

'Iire c¡u-de acicÌs were si-rbjec'red- to 'chin-la¡ier chro,:.ato*

¿ralrlry on 25O 7,1 fluorescent 3ilica gel GI'lq¿ _olates. ,Ihe
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iJroceci-ure rrseO- ',ras icLeniica-L i'i-'r,ri rrrâi e)iìili,ineo- in (¡) (pages

5,--T ) " ;l¿ti:ei.tic -brr ns-9-o;;o-2-o.ecenoic àc-i c. r,;a.s u-seo- LS tì:e

sta"rio"¿.r'n. ,j'ive a"r.ops oÍ ¿. soju-t,ioit- coz:.'r,airiiir¿ 10 jnéL.. /rÃ"
r'Jere airlllj-eo to tire 'il-ate. eil- R1 v¿l-ues reportect a.Te tr.e

arerages of several tria-l-s. On tne såjl€ plá'r,e a-Il oi bne

¿l.cios ra-n verj,' close togethei', rr-oicauing tnat trLe sOl-verrt

systeu useo- i,.i es not a good- one for the sepaz'atiori of these

acid-s. Àfter. dr¡rin6- of ti:e i:lates tne si:ots t¡¿ere cietec-r,ed-

-uriraer' -a-LtravioJ-et liskr'u. Îr:.e R¡ vaúui.es of trre aciO-s are

gi-ven j-r:. 'Jable V (pate b2) "

Tire S-berizylisotüj-ouriu¡ri sal-i oi eacii of irie cnlü-e

iici.Ls ires pret)a.red accor'<iing to fogel (66). liLe cr'¿t e acid-

(500 irigi*. ) i,¡¿ìsj suspencLecL irr ruater (10 .iù. ). Pheriolpnthaleir-L

-i nclic¿Ltor ( Z <troi:s) lrte.s aciueo. ¿-rrii -ürle acicL i¡,,åì.s rreu-tralized

by tire c¿,"refu.l acic,j-tion of nori":-L sooi'uirii iri'C.roxide sol-u-tion.

liyd-r'ocr,.l-oric acici (O"f nor'¡lel-) l.,ras ad-cieo- ultii 'r,ire pirenolpir-

thalein v¡as alnos't clecolourized" $-Benzylj-sothiouriuui iryoro-

ch-l-ori<Le (Z.O g. ) dissolved. in wate:: (fO nf . ) r,'¡as filtered.

into the aqueous sol-ution of tÌie sod-iun s..J-t oi the aciCr.

Ihe crucie ci.erivative forried- inli'eci.i¿:,tely ;nci- inrð"s jJU.r'ified- b¡t

re;oea'cecl recrystaLLtzation fron i,¡ater (three io si:r recly-

stallizations). 'frie cteriv¿L-cives r',,ere analyzed- zncl al-t br.Lt

tv¡o geve satisf¿,ciory results for iÌre expecteci si;n;ct'ures.

lire tl¡o exceptiorls lvere Í¡*+frrg.-9-oxo-2-oodecenoic acid-

.-no- -urÊxrs.-8-o:ro-2-tliclecenoic acici. . lliie S-ben:-yllso'uhiour i'u"r'-

sa-Lt oÍ' 'r,Ìie suiitosed- tra¿is-)-ox:o-2-d.oclecenoic aciCL (c¿',1cul-ate.r

for C2gti3çti2A3]z 67"467à C,; 7 "99'þ n; fou-rrd: 6t "69% C;
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{7.A9"¡:¿ g) gàve ana}¡isss r,¡hich agree very r¡¡ell for ihe S-ben-

zytisothiouri'¿m sa-l-t of 7-oxodecanoic acid (calculated for

C1g,'12gä203S: 6L"331,, C; 8"017¿ I{). this compound. would

appear in the crude a"cid prod-uct d-ue to the oxid-ation of 7-

oxod.ecanal, r,¡hicn was the starting material for the condensa-

tion reacticn i'¡ith nal-onic acid..

îhe analysis data of the S-benzylisothiourium d-e::iva-

tive of crud e trans-8-oxo-2-tridecenoic acid ( calculated. for

C19ä5gti2O5S: 64"2512 C; 8"22i" H,; f ound. z 62"22'¡'" C; 8.61i¿ H)

wa.s found. to agree very wel I witit the a.nalysis of the S-benzyl-

j-sothiourium sal-t of 6-oxouncieeanoj-c acid. (calculated for

C19i{5giVz05S: 62"26/t C; 8.25% f') " From these a.nalysis results

it appears that a greater amount of saturated acid- '¡¡as pre-

sent in the crud.e acid. product than the desired o¿rB-unsaturated

acid.. On recrystallization of these two crud.e products the

S-benzylisothiou-rium salt of the desired- acid. r¡as eliminated

leaving only the salt of the saturated acid.

the S-benzyh-sothiol'rium salts were examined. by infra-

red spectroscopy using a potassium bromid.e pellet r¡rhich con-

tained- 1-2 mgn. of d-erivati-ve in 400 ngm. of potassium bro-

mid-e. All spectra. showed. the saroe peaks at 3"0-4.0 ¡-l' (anion

of acid and prima-r¡r anine as l"¡el-ì- as the possibili'c¡r of a

quat ernÐ.Ty salt ) (64) and. 5.88-5.91 P- ( carboxyl-a.te ion of

orB-unsaturated. or saturated. acid) (64). the spectra were

quite complex and a complete interpreia.tion v¡as not attempted..

Tlre spectru¡n of trans-7-oxo-Z-octenoic acid did not
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Î*-iij,E V (Cu,L'¡t'.O)

Coropoi.mc ifame of Proouct
.Llciekryd.e

iitol .
(e. )

6-0xod-ecanaJ-
0. r38
\¿t. o )

6-0xornd. ecaxtal
0. rl-J
(20.9 )

l-0xohexanal
o.r23
(r4.r)

5-Oxohept,anal
0.099
(:2.7 )

5-Oxooct anal
o.L45
(2O .7 )

5-0xononana]-
o.L32
(eo.e)

lLa^l-onic" .; voJ.ume o-
J|CI_O
ili " -syrr-ctrne
I r linrl .,1\9" /

(Ð-e)

(mo¡ (n)

(D-rl) (c)

(ll-rz )

(D-f I )

(p-r+)

Trans-B-oxo-2-
ffienoic acid

Trans-8-oxo-2-
trid.ecenoic aci-d.

'Ira¡rs-7- oxo-2-
octenoic acid

Trans-7-oxo-2-
nonenoic acid

Tra"ns-7-oxo-2-
decenoic acid.

Trans-7-oxo-2-
u-nd-ecenoic acid

o "L54(16"0)

o.L25
(i3. o )

o "ri5(r4. o )

0. lll -\(rr. ) J

Q.L59
(r6. 5 )

0. ]44
(rr. o)

40

35

1O

30

40

4A

(a) Tne S-benzylisothiouriu¡ri sa]-t of (D-5) (trans-9-oxo-Z-
d.od.ecenoic acid.) an¿Lyzed- weli for tire fi-.benzylisotiriou-ri
salt of 7-oxod.ecanoic acio., which wou.l-c be forneê due to
oxidation of 7-oxodecan'¿J.

(¡) lhe d.eriv;-tive of (::-rO) (traris-8-oxo-2-trid.ecenoic acid)
analyzed" welJ- for the S-benzyiisotiriourium s¡ilt of 6-
oxoundecanoic .-cid wi:-Lch i,¡oulci be fornied. oue to tne oxida
tion of 6-oxor.lr:.d.ecanal.

(c) il.fter tv¡o recrysta-l-Iizations tlrere i^I";s oot enou¿n sa^uple
J.eft for furthez' purificai i on. lhe 500 mgn. of tra:rs-7-
oxo-2-octenoÍc acío reurairiin6 was retained- for atieripieo
gas ciiromaiogra.piric purification (of the iletnyJ- ester) at
a later d.aie.



llverage
R¡ of
Aci.d

o"65

S-tsenzyJ-iso-
tiriourium

Sal-t
m.pnocn

14r-r4f. 5

S-jjenzylisothiourium SaIt Anal.vses
CaJ-culated

"/"Ç 70!\

7 "69

ibn

Found.
J ^ -r---- L- -7bÇ 'ilobL /oLl

62"L6 7.7562"6L 7.74

o.67 Li6.5-7 63.46 7.99 7 "40 67.82 7.84 7.29

o "63 L76.5-7 .5 6L"69 7.48 7 "99 6L.83 7.'i8

0" 68 L75*5 "5 62.6L 7"7+ 7"69 62,29 7.52 7.61

0. 68 t35-5.5 63.46 7.99 7"40 61.69 7.88

0.60 L48.5 60.69 7.L9 8.33 60.84 7.37 8.12

o.63 140-140.5 6L.69 7.+B 7.gg 62.22 7 "3L B.]-8

o.70 l.37 "5-8 62,6L 7.74 7.69 62.79 7.28 7.75
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.IÀbIb V

BE,{CÎfuu'JS, CRUtlt YIEIDS, ."1Ð R-¡ YAI,U¡iS (ft,I'l-lÁYER
CJIROi,i¿i..IOGRÄPIiY) OF TT1E ø, B-Ur'IIIir.TI]RÄ1E]] OXO.åCI]JS A$Ð

lllE i-iEL',IIr'¡G PüIrrtlS Aitn r,rIClìOturlA¡ySbS (C;;CU¡¿Î¡¡
tuiD FOUND) OF ',ri{ÞIR S-lll)i,iZruIS0räI0U8.IUI''i SÁr1S

aJ-d.erryde tll]|1ic vorume ol
Compor.md. lüame of Prod.uct ¡ao]. ¿LcJ(} ì)--- ; 'i:j -^ ^

(e. ) ?3ri 'uiä:i"
\ 6. /

{p-f ) Trans-l-O-oxo-2- B-0xonona::.a1 9.154 . 35
ffieõenoic acid O . r44 (l-6. o )

(22.5)

(p*Z ) 'Jra¡rs-10-oxo-2- B-Oxod.ecanal 0.178 40
ãæãeno ic ac¡.d o "L7 6 (f e. f )(ro.o)

Ø-Z) Trans-9-oxo-2- 7-0xoo etartal 0. il5 7O
d.ecenoic aci-d 0.107 (re.O)

(:-r.z)

(l-+) T,rans-9-oxo-2- 7-Oxonona¡ral Q.155 40
undecenoic acid. 0.128 (f4 . O)

(eo"r)

(lÞf ) 
( 
") îra.ns-9-oxo-2- 7-oxod.ecana-L o.L25 40

d.odõenoic acid, O.lf4 (fl.O)
(r9. 5 )

(Ð-6) Tr¿:rs-B-oxo-2- 6-Oxoireptanal 0.0961 25
nonenoic acid- 0.0862 (fO"O)

(n.r)
(ll-l) lra:rs-E-oxo-2- 6-0xooctana-l 0.120 30

ffioic acid. Q.LL¿ (re. 5 )
(16. o )

(l-a) Trans-8-oxo-2- 6-0xononana-L O,.L39 10
ffienoic acid. 0.128 (l4.5)

(eo.o)



Average
Rg of
Acid.

o" 6g

S-Benzyliso-
thi.ourium

Sa]-t
n.p"oC.

L34"5-L35

S-Benzylisothiourj-um Sal-t ånalyses
Calculated.

þc 7l;t1 lA
FounO.

'i"C %A ';t"i{

63.46 7.gg 7.40 65,32 7,78 7 "L7

o "69 L36

o "69 L38-8.5

o.64 L47 "5

Q.65 L4L.5

o "69 t+o

64"25 9.22 7 "L4 62.22 B. 6l_

6a.69 7 .Lg 8"77 60"27 6.gg 8.28

6L.69 7.49 7.gg 6L"69 7.40 7.96

62"6L 7,74 7.69 62"7L 7"57 7"56



nave c;-is'¡l.rct b¿ncis

ir¡j-ce. i-ior;'evei', l-'ü

are'às or' absorittion

-67-
si;.rce Íi ;i¿-o orLi;r

rras still- o-bvioui-s

I(ef'e i¡re sent.

been rec::ystal-J:-zea

th¿:t -uire saliie ¡rrinciiral

If . SYi\îil}jSI$ BY iru'It ER, CAl.L,O,i fui'D Joi-ii\r$,f0-Li

Ä" Pre.pa.ration of Ðj-meth.vl a-Brornoacti,oate (67)

.A.Cípic acio (ZgZ.3 g., 2"OO iriole), cir-Loroform (lOO ûù. ),
a-iro- e>lcess thionyl cir-lorid-e (¡OO ml-. ) r¡ere refiu>ieo- toge-bner

unti]- ar]- oÍ' 'che aci-ipic acic iracr o-issolvec (for-rr. hours).

Broriiine (>+O t. t z"Lt inole) vras ao-d-erl c¿irefÏl-Ly to the sti-rrecl

solution fv'oni ar" oror,rping fwrneJ- ¿ì.ncl i;rie reactiorl i/¿ä.s ref'lu.xed.

for four hou-rs" þrethanol (:OO n.]-") T¡ras acicjteo- s].oivly, wi'uh

e:;ternel cooling Ln a. ir'ater bairr, a'ü sr¿cLr a r¿rte tTia-t the re-
action ref'luxed- briskl¡r. .A.f'rler ad.d-ition of the nethanol v,¡¿is

corui¡l-eie tne reac'r,ion r{¿:.s ref]-uxeci. an aci.citional r'iftee¡-r i-linutes.

Tire reaction üiixture was tiren coolecj- ¿nd- wasiled. r,¡ith water.

li:e organic solution vr¿us o-ried over amhydrous soclj-u-rn sr..Llp-rrate,

the sol-vent renoved a-rrci 'che crud.e ,orociuct was fractionafly ois-
tì-l-J.ed. thre e -ûimes u-sing a 70 cÌir.o iiisuJ-aieci Vigreux column.

.¿i reflux cÌistitlation heaci ad.justeo tc¡ a ratio of 9:l (refh.Lx:

distil-lation) i,¡as use<r f'or iiLe final i-istiltatron. Pure di-
ne'ulryl a-'bronoacii..r:,te (L4.j.l g" , 28.Zii"), b.,o. L53-6oc"/ti ïïìì'.iô,

2qn;' L"+670 t¡i-s obiainea"

Ii:e infr-areCj- s;rrec'r,rui.:ai, äeternineci- as a Iio-ur.id- fi-l¡ir



shor'¡ed ba.¡riLs at 5.7¿
/ -, \ /(tr.¡), c"IL y (ester

(rrnassigriecl ) "

the renorteo.

are b. p. L4L--4oC. / 9

64-
p (satur.ratecr al-i*ohatj-c ester' carbonyl)

earbonyl) (68) and 7.9S ru a-ad 8.7ó ¡r

p-rry sical clL¿.Tact eri stic s

20i,ìr., n;" t,4c56 (67).

of 'o¡iis coíilpoulid

_k *t t eu:'p t e o- ?r e p ¿-rai i oIr o í li¡ile t-ritÈ l¡p+s- e -he xen e Oi q at e

t- ^ -,^\\L9r)¿)

(f ) Ðiu:et.oy'] ø-broi:noao-ipate (orj"7 8", 47.5 nI., O.2b2

nol-e) l+ais r.eflrrxed l¡itir si¡ili.-coi]-idi-ne (95.0 fiù. ), v,riticn l:ad,

been fresiiiy C.istiJ.ieci :;r'Lt ciried over poiassium hyciro::ide

pellets, for iJorty-rive ¡r¡Í:rutes. ,{ sotiO p::ecipitatecl out

d.uring tÌie course of tbe reactj-o¡i.

,fne r.eaction nixture was cooled- ¿'nci -i;ne supernatant

tio.uiu pourect into r,r¿rter. the sol i O. uas ciissolveO. in water

anC tnis aCI,ueous sotution w¿¿s ¿c.oed. to the ¿-oove mixtur'e.

.Ilie oil in¡Iiicn separateci was reirovecl a¡.o- tfie aqueous soJ-uiiori

extr¿cte<j- r,¡ith etaer. The etiier e::tracis v;ere aciOeo io t¿:e

separa-teO- oil i'¿iLicli resu-iterl in arr ethereal solutiorr. 'Iir.is

solution was r.¡asirea wi1;Ìr ].Q;ô nyO-rocii]-oric ¿.cid., water, LQ!à

sodj.um carboria.te a::ci Í'inal-].J, with ¡,t¿ter unti-l neuiral, tÌieri

driea over arrhyd-rous sod.ium S-ulphate. Uolveni reuoval fron

trre fi-iterea soluiioii yield.ed. 15.8 grai,rs of cru<ie prociuct.

'Iiris oil was Í'ractionaLLy Oistiiled- unoer recì.uceci- pressure

and i.70 grams ¡1.afi) of ihe qesired .orod.uct (b.p. L|r-|oC./
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?2 :;n., nit L.4i8r) ',,ere oþi¡ineo" 'Jhe irirr,¿reii specir-r¿.trÌ ¿ìs

a liqr^io filir shoured- b¿.nds at 5"8J- ¡r (øri3-irrsaturatecr ester

ca.rbonyl ) (A+) , 6.Oi tt (-CFi=C.rr- corijugated. rvii-ri acici car-

bonyl) (0+), an,J. 7.9, p and E.'J| Ìt (unassj-gneC.).

¿ seconcl fractiuri (b.p. Li7-24OoC. /22 'n,u. ) was obtained.

in iv.L-ich t¡re boij-j-ng poÍnt oÍ" tile ciistj-Iiate increåseù r¿;i;id-l y.

'Ihe reüainder of the proouct polynerized in ti:e distill-a''uion

flas.ii, Si¡¡-liiar poiynerj-zation has been reporteo for dir¡,etiiy1

ørcr-dinethylirrucon¿te (69) " 'lire inr'r¿:r,eo s;oectnuiir âs a

J.iquici. filrr', showec banos ai 5.80 tr (ø.þ-irr'satura-ued ester

carbonyl) ¿na 6.Q6 p (-Cä=Cä conju-gateo with -C=u) (64),

(Z) Ðilaetnyl o:-bromoadj-pate (45.4 t., O.l-71 nole, 3L

ûl-,) ano- d.rieo- recistilted. sym.-coJ-lidine i,Jere 6er.t1¡r r.eflu-xeo

for one iLour. 'I.o.e re¿:ction t¡ixtur.e turrreri yeìlov,' initieiJ-y,

a:ro then grao-ualÌy to a dark brown coj-or.,,-r. 'lire reaction i+¿-s

cooieci anu ti:e super"ne-tant J-i-quj-d was cieca¡rteci" Trie solid.

mater'i¿¡J- rer-raining in trie reac-uion flask w¿rs l¿asi'ied tr.orouglùy

r'¡i-srr ether. Tnis resi,r.ue (57.7 g.) was recrJ¡stafl-ized- from

aJ-conol-etner to foru an off-white crystailine soridl io.po

-l 4-60C., l'¿jricn was syüi.-collicline rryürobro¡¡rid.e.

the supernata::rt J-iquici was rj.i-ssol-vect in tne ethereal

washings ano tie resul-tin3 solution r^ias r,r¿:.s-leo w:-trr LO%

hydrocirloric acia and theri witli water until neutra.l. 0n dry-

ing of -cire soiution and solvent reinovai, L6.2 óretus or cJ'i;o-e

procuct were obtained. fi:e crude pr'od-uct l"as iracti-onaliy'
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d-istilled l-,-rrcer reciucec- pl-essure in a niirogen ati.,iosi:irere in
ari atteiiipt to prevent th-e i¡olyrt¡s7i¿¿f,i on r.liricil ira.O- occi,rrea

in tire previou-s ex;oer'inien'c. I::iree fr¿-c'cíotls !,¡ere obtaineci,

}'raction I (2.g0 g., 9.S1,;), b.t:. 76-B00 C"/O.Oj r¡ii. , n?o5 L.+'ZZ,
iuas believeo- to 'be trle aesired. proo-uct. lire infrareri s¡tectr.urit

deteräiineo- as a lic¿uj.o- layer irao ba:lcì_s a-b 5"82 u (ar[:-rrnsaiu-

rated ester carbonyl) rcq) a.no 6.oB ¡. (-cr'i=91.¡- conjugarteo- r.¡ith

c=o) (64).

Fraction II (0.60 g.s b.p. BO-I8BOC"/ri.O-5 rÌjii., ,r?r5

L.4579) anc fra-ctÍon III (2"70 B., b"p" I8O-250oC.,/O"Oj nø.,
)A

nit I.4675) r',rere i:olyrrlerization procl.ucts oi tlie oesireci con1-

pound (69)"

As rr¡ell- as 1,he t¡iree fractions oÍ' c_istitl_ate ¡.eceivecÌ

tne¡'e Ì,i¿ì.s a resicj-ue left i¡: trre flasic r¡¿iricir reru-seo to d.is-

till-. It existeci ¿ls a d-¿.,,ïk brorin, Í'a.i,rl-y nobile J-ic1uid..

co Preparaiion of .Di¡iethyl cr-Llroaiosebacate (67)

Sebacic acíci (4O+"5 g. r 2.OO ii,oles), crrloroforn (lOO

ür-1" ) arrcì excess titioriyl ciùoricle (¡OO uLl. ) were stirz.ed. ,üo-

gether ¿t yoom te,¡jrer¿iture overnig-irt. Irre folloi.ring no-rniüg

'r,¡-e reaciiorr üli-xtu-i:e 14I¿',s refl-u-xect f'or tr,r¡o anci one-naLf ìrour.s
t.(i.m'ui!- al-I or' iiie solid. acio- ii¿¿<t- ci.issotveci) "l.c ì:rcii,ine (¡+O

ò. ¡ Z.Li lloJ-es) was aCCred. over a ti:enty r-,inute pericci. Î,re

re¿rction '¡¡as reflu;reo. u-ntil al-l of tne -broL'ine va.cour nad-

d.isappeared (7 irours), inetirarroJ- (lOO ial-. ) r/as actd.eci oy'er a.
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tlventy i:ilnute perioc witrl €)iiei'n¿..r cooling or -¡iie ¡'eaction

flasä in a -ri¿ter baìu (fi-l8oO.), ¿-rii ihe reactioi'r hTas r'e-

fluxed ror' fifteen minutes" 'rìre cooleo reaction r.iixture r¡¡as

wasiied- v¡itli rr¡¿ter anc CI.ried. Un solvent re¡.oval enrJ i'r¿c-

tional- cristiliaticn as aescribeo in À (page 67), t76.9 ¿.

{2A.67ø1 oÍ. di,,retny-l ci:brou¿osebac¿-te, b.Þ. l-19-12jo'¿. /'O.04-
)q

C.05 r,:h. ¡ t;' f .4658, Í¡ere obt¿iineci. tire reported. refractive
ind.ex for tnis cocicou:rcÌ i* *ÍO L.4638 (6'7). lne infrareci

spectrun dete¡'ninecl as a J-io,uio. fiJ-n¡ siroirred absorption at

5.78 u (sature"ied- aiipnatic ester ca"r'bony-i) ano 8.7 5 v (este::

carbonyl) (6+,68).

ü. "4,t t eript eci Pre p ¿rr¿ti oil g r lj-netnll- tr¿,¡rs- 2-ci e c en eciigate

(:.g,3z)

(1) Since poiyme.r:izat:.on nao .been encout:tereci i¡r B

anci C (p:,ges 64-66), a¡rt.lrraquinone (0"5 a.) Tras acrciect to th.e

reaction nixture as a fr'ee racical inhibitor. Dimetriyl a-

brorrosebacate (57.'2 g., O.l-21 uole) was reflrixed. I'iiir sJ7-Irl.-

collidine (60 ir¿.) for one nou-r. Reac'r,iorl treat¡:erit as ce-

scriberi in 3 (p.ge 64), i¡ield.eo 27.8 g. s;it.-collidine nyd.ro-

broinicle anq 15.4 g. of cz'u-o.e product. ll-ne crude ester was

fr¿;ctionaJ-J.y oisiil-l eo u:roer red-uceil pressure i¡r a nitrogen

aiäiosphere j-n i¡.e presence of ariinraquino¡ie" 'fiie first f.rac-

tion of ctj.sti].iate wei-gned. i.5, E. (L2.92", ir.p. IO6-1OoC./
)70.IO r,ÌJrn7 nit L"457O), A, second fr¡-ction weighing C.50 g.
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(¡"p" 16Z-Z4OOC"fO"tA m-m") Ï¡as also obtaj-ned. lne:'irst frac-
tionf s infraz'ed spectz'um (]-iquid fil-n) fia.O- bands at 5"82 ¡t
(ørB-unsaturated ester carbonyl) and 6"O5 p (-Cri=Cll- in con-

jugati-on r,¡ith -8-oC-rr5) G r68). the infrared- d.ata showed con-

clusively th-at tlie dehydrohaÌogenation had taken place"

(z) Ex.oeriment (r) was

mole) dimethyl ø-bromosebacate

the absence of anthraqu-izrone.

on a boiling water ba-th for tl.¡o

e /^, r-..'\77.5 g. 184"5',t') crude dinethyl

g. sym. -coJ-l id-ine hydrobromj-d.e

repeated- using 59" B g" (0"197

and 100 ml" sym.-collid-ine in
the reaction mixture r+as heated

hours. From this reaction

!ga4ç-2-decened.ioate anci. 34.7

i,rere isolated "

E.

Since polymeriza.tion had occurred- on al --ì- previous attemp-

ted d.isiillatioirs of products of this type, the crude ester

?ras subnitted. to the next step in the reaction sequence"

Àitem'pted ?r'eparation of I'ionon-ejnyl -Ûster of lrans-2-

4ecqaqùta¿s Acid (l-9,32)

Crude d-imethyl trans-2-d-ecendloate (20.0 g., 0.0876

mole) was d-issolved in a solution of potassium hydroxid-e (4.9

t., 0.08?J mole) in water (35 
^t") ancl methanol (70 mr. ¡ and.

left overni-ght at room temperature. the reaction nas d-il-uted-

r¡¡ithr r,rater anC the unchanged- ester was removed by ether ex-

traction. ¿cidification of the aqueous sol-ution rrtl-tn LOfz
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cycì-rocirloi:ic ¿r.cici a.ni etkre r e-''"tir¿.c't,ioil ;iTielo-ed- -'uire cru-o e

iral-f-este¡'" 'liie cO¡¡lbineci etlrer'eal eXtr¿:c'ùS vrere d.rieci over

a-nhyd-rous sod-iun-L rulpÌrate âi'ru Lrre solveni reiüoveci. 't'ire c::'uO-e

proc,uct (t6.9 6. s 90.Ol';) tuas obta.ined.

the ectu-ivalent i,'ieigÌrt oÍ' tlre cruo,e ]ral.f-ester was de-

terr.rineo- by ciissolving it tn JOTL v/v aciueous etira:rol ancl tit-

rating -,+ith decinornial sodiurn hyo-roxicte solution to pirenol

red- ind.icator. 'Iire eq.:.ivalent ,,'reight was fou:rcl 'ûo be 258.I.

,Iì:ie tneoretical equivalent ''rieigir'u or iire hatf-ester is 2L+ '7
g" anci. oÍ the d-J-loasÍc acid fOO.I.

rt
-8. Reactioii of Orude .i\ionotüet¡ I Ester of 'Ira¡rs-2-decened-ioic

¡lcicL frith 'i'hionyf Cnf or (lg r3Z)

,Ih.e crude lronoiaetiry]- ester of trans-2-d.ecened-ioic acid"

fte "Z g. I A"0756 nole) lia-s stirred overni¿nt i¡itir tiriori¡rl

ciúorj-d-e (52"0 g", O"437 mole) at room tetipereLtw'e Ð1r¡r trã¡s

ref'lu>leci on a boiling \i'¿i.ter bath for thirty iitirrutes tlie foltoi,,¡-

ing riorning. 'I'he excess tlr-ionyl cilloricie i,\ras reüroved- in vacuo

Ieaving the a.cid c-ll-orid.e as a licluícl- resid-ue.

11 Attenipted Sl'¡n'r,ire sis--qf tietttl.f frans-f

fio,7l-)

j! G.rignardL reagent r,ra.s irrei.rareO- irorri i:iagnes-li-rm filings

(B.OO g., O.'529 rrrole) a.iro- i.rethyl bromid-e (+Z"O 8. r 0"442 i,:ole)
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in a-nir¡rfl¡s¿s e'uirei: (ZfO nf-. ) " T¡ie reaction vesse'i '1.¿as itilúeï,-

secl i::r ail ice-rva-uer batn a:ro a,rri:ryo-rous cacÌlr-iu-Lrr cil-oricle (lZ.O

8., 0"146 uol-e) l,ias aO-cieo slolvl;r {ç 'u}re cooled- Gri¿naro-. :L'he

reaction was refl-ured- for two nours ancL -Lhe etner T/ías reiüoved,

by ciist'il-lation" Jlnh¡,'i-36¿s benzene (flO ml-") i,¡as aaC.ed. ano,

soine or"t,ne benzevte r¡rå.s d-isti-lleci off to insure complete re-
noval of ì;he etiier" rltl-e acicl cjrlorj-de of tiie nrononeth;i] ester

of trans-2-d-ecened-ioic acid- (¡) (page 69) io'as äissolved- íyt 25

uù" aniryilrous benzene. This benzene soluiion -rc¿is a.cideiL to

the Gri-gna.r'o reager:.t ove:r tirent¡r rirj-nute-o" a castary J¡elloirr

colour d.eveloped- ín the z'eaction fl-ask. The re¿ctìon rtrixture

i,vas reflu>rect for tr^¡entJ," riL-ini-rtes on a boi}ing lrater bath, coolect

and. hyd,roJ-yzed by pouring it into a. sti:red ürixture of crushed

ice and- corrcentratect ltyd.rociùoric acicL. The resulting ilix-
ture Ïias extz'acteci. l¡i'uh etiler. 'Jire corrrbined etner e:ltracis

were i,¡asi:.ed. l,,rith rr¿ater, d-rieci ¿ri:rci. tne sol-vent was re¡noved to

yielcl 9.8 g" of crud-e ;croduct. Tiiis l¡as fractional-i-¡," d-is-

tilled. under red.uced Ðressure.

ltr.e first fraction (O.75 B. t b.i:. L2B-"24oç"/0.i5 ¡rrì.,
/^ni' L"4458) was nia.inly forerun. Fraction II (t"=> E. c b"J¡"

L284oo/0.21 Lrroo, 
"?u1 

t 4488) was initisi-l-y betieved. -üo be

tire desirecl product. 'Ine infr¿Lred. spectrurl (l-iquicL Í'ifn) of

ihe seconi rraction iiad 1:eaks at 5"75 p- (.oossibly satu-raied.

ester ci;rr;onyJ- or srB-urisaturated- ester carbonyJ-), 5"87 ¡t
(acyclic ,ceione), B"3l p ancr 8.5 ) (ester carbonyl), anù 7 "37

-H
tr- (Ciil-C-) (0+ 168). äowever', tite peair r,¡hicir shoul-c- :rave been
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present a.t 6.02-6.O5 p, r,.¡hicir ì-s ciiaracteristlc of -Ch=CU-li-OCt1,

hlas a-bseni (5ZrAg) " 'Ihrr:.s tne evi-d-ence Ír.'cl-ic¿tes tir.a.t a sa.tu-v'-

ateð- ester was obta'jnec i-ns'uead- of tire Ctesired arþ-u-rrsa.tnrateC

ester (netn¡rÌ tra-ns-l-O-oxo-2-nnd.ecenoate). lne satu.ra-ted-

ester i,¿as not icj-entif ied sínc e it obviously ldas not trre correct

ltrod-uct" Due to t¡re o-ifficuJ-ties which lad- been encou-ntered-

l¡ith the jiu-tl er, Cal-l ol'r ancL Joi,nston sy'ntiresis, 11o rurtiier

experì-riLenl,s w'ere carried- out.

III " OUGFilOr\I SYIì'IdESIS

Ao îreiraration of 5-iSrornoauyl .Àcetate (27)

Acetyl brorrrid-e (t26"5 g", I"O'29 ¡role) vras ad-d-ed- slowl¡i

to à stirrecì ni>ltu.re of a:::.h¡rcLrou.s tetra,.n¡ic,rofu-ran (gl"g g. 
e

1"090 mole) a.ncÌ zinc c.ust (0.4 å. ). the tecrlrerature l"ose to

42oC. lhe rei;.ction uiixture ttas l¡arnrei- ancl a vigOrOus reac-

tion toolc place w-Lrj-ch was controlleo- by exterrr¿il c.ooling.

The reflux temperatu.z'e of tire reaction ¡rixture incre¿rsed

slowly to f45o0 " at v¡hicir point tne tertrperature becarle con-

sta.rrt, ¿¡,fter cooling to rîoom teuçeratlire, witn siirrÍrg-, the

resiciue i',¡as d-istilled- tÌrough a tO cm. Vigr:eux colur¡n.

!-Bronioarn¡rl acetate (r90. o B. , BB. +%), "o. 
-P " L3L-5-Lt2oc. /Zl

24_mil]., ni* I"4622 was obtained. Tir.e reported pirysical ch¿irac-

teristics of this corl1:ou:rii are b.p. 1L2-7oC'/t7 m"Ìû., 
"30

L"46Lo (27).
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'a)
JJo Pre irara!io+_ of _Z:QÃg._Q-ç_tanot. (27 )

Sod-iuüi ethoxicte was preiJ ayed by btie c¿,re fuJ. aLrli.ition

of iaeta.l-]-ic socli"rr-ir, (fO. j5 S. r O"45 rlole) to s'ui::'reci absol-ute

eih¿Lnot (ZSO flf . ) c:nd. etiiyl ã-ce'uoe.ce'r,ate (60"0 t. r O"45 rilole)

was aci-d-ed- to tire Ìrot ethoxicj-e solution. 'Io tnis !-bz'ouioar.i,yl

acetate (fO5.O g., 0"50 niole) was acicl.ec r'rolr. a dro.-ilring

fulnel- over a. pcr'iod- of iifteen raj-nutes. 'Ihe re¿,.ctj-on liix-

'ûLrre r[¿-s tneri ref]-u-;.lecl" for five irours" tire ¿,^Ico]rol \'tL;s re-

r:oved by c.i-istillation on a boitì.n.' r¡ater iratir. ítiatev (50 r.r,-1.¡

rras a-ocled io d-j.ssolve t?re soCiu-ri-r broniicì-e a.¡rd. the orga-nic

layer r,¡Lriclr for'rrLect uas separaieiL a:rci e-do-ea to a sol-u,.tion con-

ta.iniiig 40"0 gra-LÌs of sodium hydroxicle in a l-itre of ir¡ater.

ÎÌris liiix-l,uz'e rdas stirreo- at roorii tei-rperaiu-re xor six hours,

'ülien refl-uxeú for tirirt¡r Lirinutes" À sol-';-tion of sr"iJ-,lituz'ic

acid- (25 i*") iir r^¡ater (fOO lú") was accì.eci slowJ-y to tne coolecl

solu-'uioir. Îïre nixture r,ias ciistíl--Leij- ano- 'ulre -c::o<;-uct was saltecì

out of the ci.isì;j-11.ite rv'itii potassr-um car-ironate, anci r¡as ex-

träcteci. with- eiher. the coirbined- etirere¿-]_ exiracts ì;iere i¡asired.

r,¡it.lr l-07á sodiu¡r bicarbonate sol-r-otj-on, tnen i¡i-un Ti,,ater u:rtil

neut::a.]- , a.nd- i',rere ciriecr. 'Iire etner r,v¿is reüovect leetvirig a re-

sidire (ZO g. ) r^¡trich rr¿as il-istitlect urrcler recLueed _t)ressuJ'e to

yield- 7-o;roocte,nol (zO.O g., jLii"), b.,0. Lo4oC./+o iirrt., 
"30

L.44ig, (Eelrorted- b.ir. 1OooC./0., riìrro e "lo a.4+5o¡ (27)
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17 '7t) -

!fS¿".æti,rn qL7-O¿ooc-qaa¿L} (27 )

¿ solu-tion of ]-oxooe-vå¡loi (18.0 ¡3-n r O"L25 noie), pov{-

dez:ed potassir.r-il ciiciirouiu-te (t5.t g. r O"rLi ¡üole) anci. gl acÍal-

acetíc acicr (J-Sg nJ." ) i,\ras stirueci for one l¡our on a ste¿jrr

bath. 'Jhe uixture rdas pourea into tnr.ee lit¡.es or water. ¿-üo

ex-cvacteil. r';itr:. ether, liie etne¡'eal e;.;tracts ,,.rre v¡¿Srieci øit,1

lOia sooirxn bicarbon¿'te solutio¡i. a¡.ú t¡ren v¡itn luater uütii neu-

tr¿l-. lire e>:tr:,ct was clrieo. ¿rri:- r,n-e soli¡e¡rt l,euoveci to yielo.

4.1- g.r.'ar.:.s of resj-iue. Cri Cistilra-tion oI t¡iis resid.r"e a

ligÌrt yeiloui fre.¿rani oil, b.p" 154-BOoC./+> Tr¡ïto t lÍas ob-

taineo. l.Lre bisu-lphite corapo'i;:ro-n wì:icri was a wiiite t ctiy-

stallirie sol-io-, l'r'äs prepared. rire reporteo. boiling point of

7-o:rc;o ctan¿:.I is a2-01oç.f O.2 ni,. (24') 
"

"Ð. ?re'paration of 4-i¡roüioþut;¡l ;lcete-te (27)

(f ) acetyl brouiid.e (4OO.O g. ¡ J.2 rr.,oles) r,as acid.ed.

sloi,rly to a stirl'ea ir-ixti;r.e or anhyorous tetrariycrcfura:r.

iZZO.4 g., 3.2 i:ioles) anr. ztnc cust (i-.28 g-.) over a. perioo

of one j:our. liie reactiorr uixtur'€ Ír¿::-s refJ-u:reo- for one hoi.^r

a:id- tiien cistilreo thrc.;gii a 10 cü.1. 'fi¿reux colu.nLn. iire re-
suliing cistillate r¡as Í'yactíona-Lly distiiied,
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Irraction b.p"oC.(15,5 i,ilr")

I

II

IIT

IV

iI

IiI

TV

90-5

96-9

100

r_00-102

') 
^-a)

-- ))

L"+872

L " +778
-1 t a^ñL"+O¿ I

r"457L

tsroni the refr¿-ctive iriu-ices ii is obvious iii¡,t 'che

proiLuct ri¿:.S ¿, nj-xtu::e.

(Z) ricetyi brouicLe ( lO. O :¿;" s A.4O7 irrole ) , a-nhyci.rous

tetr:,.ny".,.roÍ'u,.r¿.'rr (Ze"e g", C."5y9 ii,ole) anc', poiicterecì- zlnc (O"ZO

S") were re¿.cteiL as a.bove. fûe re'ctiort ui,';t'u¿z'e iiås cool-eci

a"trcl r¡oureci into a I ìtre oÍ i.rater ailo- tü¿ls e::tr¿,,-cte¡l ,,,i .i;h eth.er.

'JÌre cornbineci- etirerea-l ex'ür-cts werc r,¡â.siie iL v¡itír v¡¿rter, LO/;

sod-i';¡r bicarbo¡i¿;-be ¿iitci tnen agi:in ivi-b¡i v¿lter u.ntrt treu'¡r¿l1-.

r'ile ether soluiion l¡as ctrie<r over annycirorrl: soci-ium surl;)n-a_te,

Eva,:oratior-i ¿-.ve J';"1 ¿,r[-,is of resru-ue l'¡rj.c:: lras slib...itted- to

fra-ction;:"i cÌistil-Lai;ion u¡rd.er reduceo- press-úre usin¿, .¿. 10 cni.

Vi6rer-,-:; colunu:.

Fractiori ¡. rr.oC. (l-ll+n. ) n?n5-- JJ

r 94-6 L"+872

a\f ,a
; U-O

98-r0r-

10r-r04

L.4824

L.4732
-t I t-l Ê-L. + )-L)

Since tire procì-uct l¡as o-þviousl¡r a uirture -üire z'eactÍon

,res not attenpteC aga;j-n"



E. -irrei:aration cf 4-Chlorol¡utyl ,{cetate (lZ)

AcetyJ- chloride (I3O 5", l-"151 ruol.e) was adclecl clropr¿¡isç

to a stirreC nittu-::e of airìl¡iç]¡¡çs tetrah}¡drofuran (100.0 €,",

I"386 mole) and zinc oor,,.C,er (0.< g. ). The reaction mixture
r,''la-s z'efl-uxed for one hour ;r.nd- was then subjected to fraction-
¿L distilla.tion under reducecl ,oressl-r.ï.e. 4.-Chl orobutyl- acetate

(16r"5 8. ¡ 77,i/", b.p " eT-ar.5oc. fr3 mm., "L5 t"L33o)
(P.eported b.p . Ioiac./rc nil. r "ßo t .4j/4 fiz)), rnrâ.s obtainerl,

Further syntheses \¡¡er€ rrot carriecl out using the

Oug'hton s¡rnthesis since the Barbier ancl Fiugel synthesis r"ia,s

nor¡¡ l-eacling to a greater vari-ety of the clesired a,p-unsaturated

oxoacids than coulcl be prepared using Oughtonrs methocl.

ÏV " I'{ISCELI,AIVEOUS SYIIT.]]]ISES

,4.. Reduction of rrans-9-oxo-2-decenoic ilcid l+ith Lithium

Al-uminum l{ydride in Anh.r¡drous llther

Lithir;-ur ahminum hyclride (r.rz g. t o.o2g5 more) lras

mixed r,¡ith anhyclrous ether (roo m1" ) anrj. the stirred mixture
r,¡as cooled to ooc. using an ice-salt mixture. A solu-tion of
trans-9-oxo-2-decenoic acid (20,0 g. ¡ o.lo9 mol_e) dissolvecj

in 35o nL. dry ether was adderl dropi+ise at such a rate that
the temperature of the reaction nixture ciid not exceed 5oc"



nl

rire z-e¿-ctioü. was stirred Íor ;'ort¡-fÍve riirutes ¿.f'ce¡' 'uíie

aoi-i-bicn i,res cou--iJ-eie "

îrre coiLiple>r w¿r.s ,åecomi:osed- by t¡r.e acld-itioli of Uil ate

(10;a) hrt¿t'ociloric acid- i;it¡i s'cirring for iìiirt;r i:-Lin¿iss,

1Ì,-e J-ayez's üere sepa.rateo" ¿ari- tne aclueou-s Jayez' was e:<tractecl

iri'úir e-oìre¡'" rÌre coobiried etirer sol-uLtions v.ere wasriecl lvith

l.¡ater ¿-nci e:rtracted. ,,vi't,¡i l-07å soaiu.n -bicarbonate solution. Tite

sod-i-r¡r bic¿rboriate e),.tta.c'c,s uere r'¡asìreci r','r'¡lr etirer, aci d.ifiecl-r

anci e>ltr¿Lctecl- wit¡r et.i:er" liie etir-er extracts rvere 'raisi:ied,

cl-rieci ¿.ncÌ-bire solvent r€l.o-ø€d- to yield. L9"7 trarls of'crude

tra.ns-9-hyd"rox¡t-2-decenoic acici" 'IiLe crui-e l.rroctu-ct '.rr:is i'v'ac-

tional-Ìy d-is-biJ-led. r"rncì-e.r reciuceci pressr-rre ¿LircL 10"6 ¿ir¿-.Ìirs

/ '- ^ P "r' \\)¿. (7þ) or i:roCiuct b.ir. L/16-9oC" f O "Oi i:'¡ti" were obtairiecl. lkre

d-istil-late r,res originaJiy bel ieved- to be llure trans-9-n¡rcirs¡¡r-

2-o-ecenoic acid." i:ioiiever, -bJ. tnin-La¿er cirro¡i¿ito¿raphy, u-sin5

2OO y Silica Gei t* plates as desci'ibeCi. i¡r (¡) (parge 56)it r,¡as

fou-rro tnat bne ;cr'ociuc'o consisteci of trans-9-nJ¡d-roxy-2-cj-ecenoic

acic i:1us a trace of urrecluceCL traris-9-o).o-2-d.ecenoic ac-ìd..

"i¡.uL'cir.eirtic irans--9-oxo-Z-d-ecenoic acio. Ìrâs iìsed- as -i:ile stand-arcÌ

for'r,hin-layer cirrorüatograplr.¡ " tiie tr.irr-layer cilrou¿..to¿rarl

of ttre d'is-bil-].ecL rea.ction prod-uct snol¡eci- ttlo slrots. the spot

of hÍgher Rf al-warys ran ictentic¿.1- to tra:rs-i-oxo-2-crecenoic

acid- on the sarae cûrori¿Lto5rall" It tri'i',s a ver)/ r.,,e¿'.ir sltot in

intensii;¡r coii,pared- io 'uiie oire Ìravi:n3 a lower P.1, i¡dt-ich v¡a-s due

to tseaÊ-9-hyctroxy-2-Ctecenoi c acid"
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:D
JJÛ Reciuqi:i.ojr _of lra¿rs-9- oy:o-2-a-ecenoi c Àci o wÍti: li,cnÍu¡r

/llu:,i i{Lu.u fit¡ o- ru ci. e ¿ û lflèXd r:gf¿Ë-Jþlé. åg[.d {gl_!i_æq

Litiiiuru al-uirinu¡ Lr¡rct-r.ic;:.e (O"224 g., O.O059O uiole) was

i:iixeci v¡itli anhyd-rous tetrahirdrofr,L::a:r (25 'nl"), at rooi,r te.L:-

pera-i;ure" 'ro tiiis stirred i:.Lixture was acj-aecl tra¡rs-9-o>:o-2-

d.ecenoic a.cia (r.o &. t o"oa547 nore) disso:-ved. in tetra¡J¡oro-
furan (f5 rirf . ) anci the reactio¡r mixture r¡,i¿.s refl uxed- for three

hours. One rniflititre of the reaction Lriixture w¿,is rê¡ioved-

ancl Ìi.ycÌrol¡"zec witii. dilute Tryctrociil-oric ¿ici-0.. Ihis r.ras ex-

tracted- rvitLr ether (e rf . ) ancl the resulting etirer sotutíon
was i-tsed- for tiriri-layer chror¡atograi¡hy. Oii tire res.r_lti_ng

cnroilatoóra$ run witir trals-9-o;'lo-2-d-ecenoj-c ¿icici- as a s',,alr-

tla.rd, 'riie re¿iction ili:-ture siroi,iiecÌ onJ-y one s;rot naving a-rl aver-

age R1'of. O.JI (O.if, O"jO anci. O"5l). ,IrLÍs s!ot r,ras cLue tc-r

tiie rectuced acid, tra:rg-!-iiyclro>iy-2-d-ecenoic acid. on trie
saiiÌe clromatopl:lte the reference compound-, tr:ans-9-oxo-2-

decenoic ¿rcio iraci an averaóe Ri of 0"37 @"ll , 0"56 ¿,rncl 0 "17) "

fire tÌrin-layer cirronatography \¡ras c¿-rríecr out c;s ctescrj-beci in
(¡) (p""g" 56) "

lire .reiria-inin¿ rea,ction r,'ixtr.,-re rÀras hyúrolyzeci with
cLilu-te iiyuroclil-oric acid- (r07r) as cì-escribect in A ¿ibove. -A.s

a result 0"65 Era! (64"4%) of cn¿d-e tra:rs-9-iryo-ro:r¡r-2-decenoic

a.cicL ryes iJrel:zred-, ',,,;tticir ori tirin-J-ayer' cirroiiratosraph¡r sirolr¡e d

the absence of a-ty si;artiäg r¡¿¡.teria.-t (Tra¡rs-9-o:io-2-ciecenoic

- ^; ¡ \
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R.eac-ûioi¿* of lr¿ins-9-oxo-2-oeceno:Lc licic i,ri-bii tjro+Íne j-n

tiúoroform

'Irans-9-oxo-2-decenoic acid- (f .O t. r A"AO54J ,LaLe) i-n

cirlorof'orril r,¡¿.s iriixed. v: i'cn an elicess of broriri¡e in t¡.e serle

solveitt a:rci -i;ire r¡olution lras ke;ot åLt rooûr teni:erature, rr¡iti'L

interi;itteiit sit;',iiirL¿, -1''ot' 'tr¿e].ve nours. i|.rúr'e u¡f.s en evolu-

tj-on of v"liite va.Jours v,¡nicrr ino-icated- tli¿it subs'r,ì tu,'t ion r¡¡¿is

probabl;,' t.,.Lein¿1 :Jlace as ivelJ- as acLdiiion. E,rcei:s broiLriiie

anci- cnf-orofoï'Ìû r/ere Teúoved- iir va-cuo in tl.ie co]-o, etner was

ad-oeo- to the resícÌue ¿r,¡-u- -bire e'uirereal- solutioi:r wes !ìraslled r,¡itir

lO7á aqueous socj-iurir ti'riosuJ-,oirate soJ.ution ano vrater. 'J¡re ettrer

i¡üâs rel*ovecL fro¡ii 'ci.te cirieo- e:rtra-ct irlo a resiclu.e (Z"gO ¿f " ) rrrâs

obtai riecL. the i¡ifrareci spectru.uL, Í'i carbon d-isul1rhicLe, slror.rei.

ba:rd-s a.t 5.0-4"0 p. (ca.riro;,i¿iiic acici) , 5.79 y (satu.r¿,ted ali-
plra.i;ic aciil- cairÌ:onyl) ei¡d- fi.4-p- (C-¡r). i'io ba¡cj,s lrLïe ob-

servecl at 6"02-6.O5 ¡t- (ø.ß-i-,rrsaturai;ion conju,gatecl l'ri'rn càT-

bonyr) or 7 "îi-l "75 t, (cHRr=Cr1R.2) (e+rAe).

SrLrce the startins i-r¿teri¿-.I is a rrretnyJ- keione , 'ú\e hy-

d-rogen bronicìe vr.pour gì-ven off is an Íno-icatíon -bi:a.t sr"Li:sti-

tution is iakins rrlace e"t tnis ¿,rou-,c (lZ) " Th¿s tnis rea.ction

couJ-d. not be u-sed i'ot' -ti',e prepera"'uion of 9-oxo-2, J-d.ibrono-

cieca¡roic ¿t"cii-, tlii'ì cli w:.':s -t:re d.esirec proouct. l-rence -r,iLe sJ¡n-

ikr.esis v¿as not repeated-"
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As a ¡'es¿1t of a liter'¿-oui:e sLl:r:'ve-\¡ it v,re',s o-ecided

'clt¿.ii tire 3a-rbier ald i-,u-6el proced-u-r'e (2'j) tr,'âs iite ¡iietiioi't- of

cnoice f'or synthesis or 'r;he d-esireo- cri:;--umsaturated oxoacicì-s.

'iì:ere tvere tr,vo governÍn6 factors for tiiis ueci-sion" Fi::st,

tnis Êi\i ìr'úrìesis u-seC- startin¿ rle"teríal-s, the cy cl_oallianones

an(i alh¡'l iral-ii|es, i,¡nich are reac-J.ly ava.j-j-¿-b--l-e coíri,.ercia-liy.

Seconci., it is a genert:)- rLietlrocl- of íi¡,n'51tu =tu f or coiil1tou-rcis of

this: -bype Ðna- ¿. r.',ii,-e lirll6e of :tcì-cis, analo¿,ou-s to tr'a"ns*9-o;;o-

Z-aecenoic a"cid cou,Id. potentially be prep¿rreci ]:y va:ryin¿ -bhe

cy'cloalitallone ¿*rd the Gri-gna;r'd reagen'us useci to pretlare -biir:

1-a1x¡r1-I-cycloalicano,'. Also, ill steirs i-ri tlie reaction se-

quellce seened 'üo be \rerli straigit'cfoz vi'¿it'ci "

¡\ p:'el iuine,.ry e:lperinten'uat j-on, iÌol;er/er, it wa,sJJLi-r'rr15

d-iscovereci iÌra-b the o:roalcìeiryues ì,^rere _¡rol¡r¡1ç¡izecì- cì-u::ing

aite,-ir'ueö rristill-a'uÍon. 11,¡o otirer" repor'r,eu liiethoo,s of syf]-

trresis of qrB-uLsatur¿¿ted- oxoacic-s r',iere tnen attenrpteo-. lliese

r,,,ei:'É-' ti¡-e l¡ur-tl err Ci.r]-]-or¡i ancÌ Jo¡i¡i.ston syntnesj-s (t9r)Z) anC

the Oughton syn't,hesis (Zl). I-r: -i;ire f 1na.-ì- arraJ-J¡sís; 'r,ile ¡,ar-

bier a;nc| rìugel syn'cltesis ¡n¡a"s reverteo- to, but, since 'r,he

inter¡iieuia::¡i ajc'l-eni¡cler; cou:l-cl- not be o-istill-eci iiiey i{eïe ca.rrj-ea

ti:rougri tlie fiiral reaction steir irí-'chou-i ,Jur'i-rication,
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A. l-AlK;.¡1-1-c¡¡c]-o¿Llkanols

ll'hese te:rtiary cyclic alcohols Here prepe"reci i-n good.

yield. froil tiie corresponcting Grign::rcl rÊe.¿.€rit ar]cL cycloa],can-

one, ,!'roa prelininary exper'Ínents it was f'oumd necessar;r ¡o

use a la.rge excess of propyl, butyl or ;;ent¡'i-uragnesÍu¡r iodid.e

in orcier io receive ti goo0- J,¡ieia of cyclic alcohot (yielo cal-

culated. on b¿'sis or cycloaikanoneJ.

Ihe alcolicls wnicirh;ere ¡¡repared lr-l-l- irau ¿ sanphor-

l-i-rce cdour. Upon distil-i¿Ltion tirey Í'rotheo a 6rêat oeal ¿:id

it -¡¡as irecess:-"rJ to use o'versizeil fl-¿,,'s.,cs to prevent the i-roth

fror¡. creel)ing up r'ne d-istiliation colurüri ¿lno into the cij-s-

tì]-]-ate. 'fr¡e adcitioi'r of a few croi¡s of siiicone oil o.ia not

apprecii'bly oecre¿se tnis frotkririg. $j-nce sorue alco:rols,

l-netitylcyclopentanol and l-methylcycleesf,::nç!, bega.n to ue-

hydrate curing ctisiillaij-on uincler reciuced pressure, al-cohols

(n-B) to (r"-ZO) i* Table II (.caige 35) i¡¡ere cieiryorated in tne

crucie rorn to yieic- tire corresponOing l-a-l-kyt-1-cycloal-kenes.

In tire pre.oaratj-on of l-pentyt-1-cyclopentanol (¿-eO)

(page 34), soü.e of' the pen-byiiüa6nesiuu iodid.e couplea to form

n-oecane (,45)" Ihe crucl-e aicoir.ol, vrhich coniained. n-d.ecarre

as an in1:urj-ty wa'-s d-en¡r<irated using a tyace of iod.ine es the

cataiyst. lire boiiing points of' n-clecane LfZ+oC. (54¡] anci
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1-::ent¡r I -I-c;rçf eireiitelle IfTyoC" (la¡ 1 Ð.rc ve;'i' c]-c¡e ,¡:.iic]:

e:.çla.ins r;.-Ly tilis .rri;r-buL:e coulc¿ itot be sepärateo- by rre:ction-

a.l eiisti-i la.'cj-olt (p;,ges 4O ,4t) . :.ro r.€ve r', tlie ii.esi-r:ecl a-ì-coiro]-

couJ-o have been ;oreparecL by rei,'ovins -¿he ri-cl-ecette fronL tne

1-1:ent¡rl-I-c¡rcloi:entanol (reo-ucecl ;oressure) ano tire¡:. d.eily-

d-rating'cl:-e n-d-ecane-free aJ-coirol"

-rl
J)o I-:LIk;v l- -I- c;v cl o alic e ¡X¡ s

In tlie e¿irl-ier o-eiiyCLration ex¡rer'iirents po'r,assiu:n u-ì-

sr:J-lrnate (l-ater ito'r,a,ss i uri: r'JJrro sullrha't e ) luas usec,- as a c¿.ta-

l)tst" i-ior¡ever¡ this iLieJr,noCi lirc-s fo;ncl to iiave several oisao-

vaL:r'cages. \¡{neyt'uhe l-al-kyl-l-c¿ cloal}iei:ie was d-isti lled at

'cite completion of tire reac'r,ion lolrr ¡;'iç1os oÍ' lrroo-tLc'r, I{ere ob-

taineil " -[t was fourrii -b¡ia.t biL.e l¿et ó'r]-xrrrl)Ì res-ì cu:-e of 1:oiass-

iwn bisulpirate ruas nol-cling i'tucir. oÍ' tne p:roduct Ìry absorirtìon.

Tltis iJrolll-e'r.r ì'i'as overcoj]re bJt etrterea.]- e;rtractíon of t-tìe re-

siciu-e after tJ:re dist:Lll¿-.i:Ie portion irad- been collected-. lhe

etjrer eli-tract lr¿us buLlkec- r¿iijr tÌre d-isbillate, iire 'bul¡ieci- solu-

tion i'¡as clriec. anci- tÌ¡-e r'esiciu-e i,'r¿s reciisti]--l-ed after sol-vent

renoval yie]-d-irr¿ tiie 1-al-i;¡,I-1-"rc]-oalkene product [(¡-f ) to

(B-9) (;oage ,8)]. Ano;iìer ciisad-vantage or tnis cienyctration

r,rethoiì. was tirat ¿,-ri azeotro¡r:ì-c r,iixtur.e of r¡.ater' a.no- the aiireire

pi-oci-uct r,,,ars often receiveci. 'Iiiis i¡as o'vercorlìe by using an

appara.tus v,¡i¡-j-c"li. aiJ-owed -i;he l¡a,ter foL:ued iarin5 tne o.ekr¡id-ra-

tion to be re,lr:ouecl 'v¿hile tne reaction r¡,ras proceei.int (S'igu.re
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__ \II, .Je.ge 37à " î..re -î:'.r,¿L c.ifr.icul--ìJJ' e]ír)er'J-eitced- :.¡iiJ-e u-sing

potessi-ú:,r bisu-]-itìr;'i,e os a pro-bor-L o-onoi' for cieii;.o-ration eli-

,oerinenis vas tfie prepe*ràti-on of l-netiiyl-1-cyclo;oentene

(¡rage 40). Îr.^io allcene;or'oriucts r,iere received..fron tiiis cteiiy-

d-ration re¿-cti'rrl. -F-or' -'u¡ie al¡ove ï'easons _¡ro'oassiuL,i bi seúirirate

v;as replacecl bJr iooine as a den¡,'cir¿';tioil cata.lyst ror l-alt:yl-

1-c¡ic].oa,li<eires (B-9) to (3-f9) (paS" 3s) " A¡rother aiiva..rta,¿e

of iod-ine u¿.s -cir¿.'r, orily a tlace of rt !¡as rec1uireo. 'Iiie I-

aJ-kyl-J--cycloaliianol-s i,¿hicir l,íere úenyoraiecl to fonl tlte a-1-

kenes (¡-Z) to (¡-rg) lvere o-eh¡'cì,rateci irr tire cruiLe foïl.. since

tt',o of 'r,-r:re alco¡iois iraii ci-eirydr¿itecl ciuring ciistil-Iation ur1ûer'

red"uced- pressure.

'Iire ioc"iire cen¡rd¡¿{ions a]-l gave t.fre corrresporicì-iLr¿, 1-

alic¡-l-I-c),'cloalKeire ii:' gooci- ¿¡ield . Since ttle l-a.l ryl-J--cr'clo-

alira¡rol s used- a.s strrtirr¿; irai;eri ¿Js frotiLed- ët ¿Tee'ú creal- r,¡iren

refln:led-, arL oversized- fl-ask ruas usecl for' 'cire re¿ictiort (five

hulored ¡il-. flask Í'or a;oproximately one liu:rd-¡sfl ml . of 1-

all',y1-I-c;¡cloal-tcanot). 'Ine alkenes preparec- all úàve a. lrosi--

tive tes-b for u;rsati-rration ir'¡itir tetranitroilei;ha.ne. 'Ilne I-

i:retnyt, 1-ethy1 alci J.-prop¡rl-l - cycÌoaJ-kenes lia.ct ciraracterj--

sti-c ol-efrrr ocLours l¡.;treas tne l-bu-tyJ- i';::.d- 1-orerit;rf ú-eriva-

tives iLac sl'¡eet ratner sÍciiening ocLours. 'Iil,e prociucts r.ere

al]. mobile, colourless, loi';-c-Lensit;r -l iqç-io.u (,i = 0.S-0" 9).
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Ii ¡r¡a-s fo u¡"ii ti:"a'b -b.ie G:-lleri,ia"ir'1-r Gljjj*l-50 ozonízet ,

1.,,Ìricir \^J¿.r.s L,-secj- for a"l- ì tiie ozonolysis ex1:eriiaeiits in -t,iis

'r,rlesi S 1 i{i;ye yie]-c-ls of o zoy\e v¡'.licrr varied, Su-bst¿,nti.,ll;¡ f¡-olt,

tri-¿J- to trj.a-l- e¡/ erl on irie seiii€ cl-a¡i. Iiie i-nstruu-rient cl-eli-ver-

eo- fro¡ 0"0286 liole to 0.20i ritole of o,1one pe¡ iroi,ir. 'Iiie

e;verage va]ue of all o:eteri.tilrati.rirs i,iad-e v,¡as 0.097 m.ole of

ozone Llei' hour" 'Ji[s ex.:laLins üil.y Sorùe corÐo]"ì.nd-s s'uc]i as

1-pro;oyJ.-l-c¡rcloireptei:re (C-7 ) a ncl- l-;-ri'op;zI-Ì-cy clolie xene

(C-fO) lrere ozontzed ilucLi riiore rallio-l¡i b-i,¿r't o-ti-L-ers or 'tiie

i¡t,iLQ l'olecur--l ¿',r iiei-lrt "

Iire orÍbanal ozo:lolysis er,ceriii:eiits were carrieCL out

rrs jng e,ceiLc acid- as -'úii.e solvent (23) " Liol¡ever', or-L several

triels the reactioii -uesSel-, t,riLicit- -r-e-S ii,uiierSeci- iii an ice

bath, soli-ciified-. 'Ihi s is not sr-rr'¡rrÍsin5 since the itelting

point of acetic acic- is 16.7o0 " (l+) " Fori;his reasoil,

la.ter exi:erilren't s r'iere ca-rr-í edr- out usirrg ci'Loroforiti a's 'rite

ozonoly sis solverit.

I'u l'¡as also i.etilorts'r;rateo tr¡-i-;t tne rBa:rbier' a;rro iru-oel

nre'choo- of h¡rd-rolysis (27) rrras proci-"lcìng as nuch acid- as aA-

d-eir.yd-e froi¡ tire ozonide (.oages 4r-46) " Iiris üietiroC, oi ir¡,-

cirolysi s w-as ca.rried- out by ad.díng snall aniourrts of 1-ror,rc-ereii

zLT\c anci water alternately to tile s'uirred", coo'J-eci acetic

aci,e sollL'r,j-on of' tire ozonid.e. lire ltur-Jose of 'cíte z'inc -was
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io d-estroy trie ,i, ciro¿e:, 1:eroliioe wr:ic,: -i-S t'ot'¡tteei ciu-r'-i n¿ irJt-

d-roly sis (75) . 0-bi:err¡ise 'uire ¡re.r:o:'ri cl-e 1:r'esent !'lil i o::i i-ize

'u-fie alo-enyO-e 'r,o t¡ie corresirono-ing- ¿,cicl-" liie eciua.tiorLs .;-n

Figu-r:'e I-LI il-iu"s'cr¿.ie -b¡,e reactio:.rs ìirìlc.t Ð.re; ti,<in6 t:l a.ce:

FI GUITÌJ III

HYDR0LïSIi] 0I' i¡¡i OZOrtlÐrl o-b- ziNC

i;2Q Hzoz

I{y ciro gen
peroxicle

Czo::id-e of I-
iiie toyl-l- cy cl ohe )ier.'l- e

Ti. ztnc reacts i'rith .crycirogen pero)ricle iüi:.eo-íätely:

17202 + Zn .---^--+ ZnO + t'i20

If r.yctrogerr peroxirie is I eft ui:rz'e¿icteci tiie corresltolic-ii:3

saturatecr acid is for¡aed:

CIiz

/1 'o

(-t¿

,rcg ,Üi-t1
CI'rr 'C = 0
.Li + nzoz

I't J-J ?l-'¡;,i,!r,OE

/cP ,/c'15
/-¡ !r \ f\ /1,wrLz v J \-/

,|,,, /-ïr'/\ +
viLt _ vlrv\- ,/\üit2

5-0>roh epta-rra"J-

LLI

C-t{r .Cl-iO\- .,''Cii2

6-Oxohep'sajral-

-Cli" 0lrz
,/

ÇnZ -C=0
i0!-.-.- u. ......Uhc - U-Uir
\- ,/

'Cr.'2

6-0:lone;rta;noic acio-

Sin.ce Li.ore aciü 't'flart al-d-eltyci-e ritas being obtai necL u-sing

i;lie h¡rdrolysis p::oceCLure of tsarbier alrtr 'iu6el (Zi) it r'¡as

replacect, bJr 'onai of lliri'croore ancj" Churci.L (60). -¿l ci:-l-orofori¡
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solution of tne ozonice r,fa.s ciropped slowly into e stj-r'reo.

rr:ixture or' boiling ir,,ater w¡lici:. contai¡reo excess ¡'etai]-j-c

zLnc, hy{roqu-inone ailt¡- si-l-vel' ¡ritrate (tr¿,.ce). the irydro-

qu-iirOne and. siiver nit.rafe e;z.e present l,c prevent o;cioa-tion

a:rC 5l oj-Yitleri- zetion "

Î.r:re t,re;i1;est triÍficuit¿'' triat ¡'uas enco';ntereo <i'i"irili¡g

trte coLlrse of tnis t¡:esis 'lnr.:s tir.e froly¡,.erj-zaí:-on-iike teac-

tiOn i,Jr-.icii oCcul'reo \,¡ILeil cisij.-i]-atiorr Or trre OxO¿-iCeiiyaeS

was atterlLpteo. Á S;ii¿-"ll âr,:oliflt Of aloenycte l'fouJ-d. orSt,ill over

ano -Chen the boilir:.6 .ooint would. increase very -r'';Ë)íc-LJ' u:itil,

finally, distill-atj-on ceased. Ú;con coolirlg, tl:e resicLue ieft

i-n ihe flask becacie seni-soliri ano v¿,ri-ed- in coiour froui oark

yellolr to d.ark brown. I-c Still geve a wea-rly positive tes'ü

l¡i¡ii,Jcniffrs reagerii. $ii:ce O.isiiilation of tne aldehvcies

relresented- ¿i v€ïy' ciifficul-i probleür it l'¡as ciecicreo. to react

i6e cr'uoe alclenyO-e lritir ¡iiaioriic aciti anci i;nen to atteu:pt

;ourifica.tion of ine final a-cid- proouct. .Dr. Il. Sci:.¡:ií0. re-

centi¡r reporteci. tiie synthesis of tiiree of these a, B-u'tsatu-

rated acicis using* the Sarbier anci uugel syrrtiresis (40 ,4L) .

In a \retji recent letter' (20¡ to us .uz'. Scir¡iic mentionect

tnat ihe sene difficul-ty w:is enco-unterecl in his }abortrtory

on. atteupied. Oisiill-ation of tire a!-Oehyo.es. ize aj-so f'oune it

necessarJ io conoense tne oxoaideiiyo.e wit¡t raalonic acicr and.

then to purify tire Iinal proùuci as lres attenptecÌ in this

thesis. this was not re;oorteci. in nis researcn pü.per (4f ).

lhe cruce oxoal-oeliyctes (C-r) to (c-f6) lt'ere pal-e



- (JU

J¡ell or,¡ 'r,o ¡re llor;r iri coloil:c" iì'ii iiere i.obil er vêï'¡; sl'¡ee-i; s¡:reil -

ing oiis w¡;ic:i g¿;v'e vi viä ScÌrif f I s tests ii:rrec;.i i, iely " Coitl-

pa:rísoit oÍ' -i;ne cru.o,-e ilcLeiry cìe J¡ielo-s sriol'eo- t.re.'r, tiie ¿ ielcì.

generaj].¡- i-l.icr-easeil as ',,r1e iroilologous ser'ies l¡a,s ¿sssniì.eci.

lire re a.son for tÌiis was be]-ieveil 'co be -triat 'biie water sol ubi-

li'uy of tne o:loaJd-e¡ryo-es w¿Ls o-ecl-'easing çi'r,n an irlcrease in

al t;yl cl:-ain J-en6th" This e:i1;1a-nation is su,.'¡:!or-bei b¡r 'üire

fact tlr¿,.,t even a"fter ßally (S-iO) etliere¿,l e:itraciicris 'ü,l.e

aquieous h¡rci¡91 ¡rgis i¡ti:i'uui'e a].i.rays 6ave a strong uc-t¡:ffrs'rJest,

i:icricatin- 'urtËìt tuere r¡¡as stiil soltÌe alo-enyiie ilresen'ù. ¿i sa-

tl,.r'¿:ted. aciu-eo rrs solui-bion of socli-iìir bisuil-,oirite wa"s arcr,cj,ec- to

t.he e:ltrac'ued. ac¿ueous solu"tion -in severa.] cases å-ind a. solici

cleriva'uive prec¡r;i t¿:,tec- oL,*t of so-Lutj-ori ìn €âcri case" Ïilei:e

,C-e::iv:'"tj-ves .!'rel:e 'ú,LoLL.,h'ü 'üo ile 'r,rie soo-iu-rii 'bisu-i ;;iii-be ¿icj-CLitj-on

com;,rlelrel.; ci 'uire oxoa.Idenyci-es i:u't aiLiJ¡is'j s cf one oÍ' ihe re-

c1'¡,'sis11izea. coi.ìLpoumcis siiot'ec- ili¿.'u titis i,¡as not so (1rage tO)"

D" ø 
" $*Unsatlrrated- 0roacj-ct s

T irese ¿ici ds v'iere iJrelj;i:'ed- u-sanb 'urie Doebrier lioci-if ica-
-bior:. of thre Í'r.oevenagel cono-erisation. TiLe preliüíliary e):peïi-

uerri;s (p¿,ge s 55-6) involved. a. corÌ1rârison of varicus repor:ieci

nethoiì.s for carrying or-lt 'r,his z'e¿',ction" U-sing hepta.lciehyde

it iras ieirions'r;r'atecl the-t tte"ns-2-nonenoic acid. was cbtaineä.

in good- yie-Ld- in all c¿r.ses. ¿11-l of 'oìiese '-le'uhoo-s consisieo

of tne cond.ensation of tiie alceityiì-e v;,ìtii ,"alorric acidt
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follor,¡ed- b¡,r heating to d-ecarboxyla.te the unstable d.ibasic

acid. Eacn u-sed- different conditions" Srou these prelini-

n¿yy experiments ihe general s¡rntilesis foz' the cijrF-ünsatura-

ted oxoa.cid.s (page 59) was d-eri'¡ed.

Thin-layer chroraa-tographir \,ias used to check the reac-

tion products fo:: the presence of acid.s closely related- to

trans-9-ollo-2-decenoic acid. ihe crucì.e reaction product l"Ias

spotted. on sir j-ca gel thin-layer chromatography plates al-ong

rfith authentic tragq-9-oxo-2-d.ecenoic aci¿ (pagu 59). The

plate t,as d.eveloped in a solvent system of benzenefmetinanol f

acetic acj-d. (90 : t6 : e ) " This solvent system r¡ias demonstrated

to be excellent -ior the detection of fatty acid-s of tiris type'

but since the R¡ val-ues tÍere all very similar (pu.ge 62), tlds

systerí coul-d- not be used fo1the separation of a mixture of

acids analogous to trans-9-oxo-2-d-ecenoic acid" Also, oniy

One spot r^ras present on ihe chromatoplates of the crud"e acid'

products. since the crude oxoald.ehyde r,ras u-sed 1n the conden-

sation, it seenìs very tikely tha.t tnere should be at least tr'to

spots present; one Cue to the crB-unsaturated oxoacid prepared

by cond-ensation and the otner due to saturated oxoacid that

r,'roulcL be present du-e to oxidation of the al dehyOe used e-s

siarting material. 'Ihe analysis d.ata of the S-benzylisothi-

ourii-m sal ts of tlie crud-e acid. mixtuz'es ind.icated that a mix-

ture of these tr,ro possibl e products vlas ind-eed. prod-riced (p-ge

62) . thus, since only one spot was present on -the thin-Iayer

chromatogram of al-I srB-unsaturaied- oxoacid- reaction mixtures'
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this soivent system cou-ld- not even differentiate beti'¡een the

ørB-rrnsatura.ted oxoacid. and the satu:'ated oxoacid containing

tr¡,'o less carbon atoms.

Purification of the crud-e acid- .nrod,ucts by recrystaU i-
zation t¡as atienlrted" but r,¡as urrsu-ccessfu.l- due to oil- formatÍon.

Tor this reason the S-benzylisothj-ourium sal-t of the crud e

reaction mixture r.¡as prepared in all cases (pu-ge 60 ). This

derivatir,re was a sol-i-c which separated. as soon as the equeous

soluti-on of S-benzylisothiourium hyd-rochJ-orid.e r¡¡as added.. the

d erlvatives r.rere recrystal lized. from rirater to constant nel ting
/-point (=-l recrystallizations). these salts rirere analyzed and

r¡ith ihe exception of tr¡o al-l €iar¡e acceptable resul-is for the

d.erivative of the expected arB-uirsaturated. oxoacid (page 62),

The S-benzylisothiouriu-m salts of the two exceptions, trans-9-

oxo-2-doo-ecenoi c acid- (D-5) and trans-B-oxo-2-tri-decenoic aci-d

(U-fO) anaLyzed r.¡e].l for the saturated oxoacid that l+oulC. be

received fros. tne oxoaldehyde by oxidation. In other rriords,

the d-erivative from the reaction mixture t'rhich vras expected to

yielC. trans-8-oxo-2-trid.ecenoic acid anal;r¿s¿ wel-I for the S-

benzylisothiourir¡m salt of 6-oxoundecanoic acid r,¡hile that of

trans-9-oxo-2-d.odecenoic acid analyzed. l¡ell for the salt of 7-

oxodecanoic acid. Tkris experinental evid-ence seemed. to indi-

cate that in alJ- of ¡he crud.e acid- prod"ucts a mixture of srp-

unsaturated, oxoacid- and- sa-ûurated- oxoacid (having tl¡o less

earbon atons in tne chain) T,ias prepared.. Ì:encer oû recry-

stallization of the S-benzylisothiourium salt, a derivative
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l¡as obtained ¡,¡hj-ch analyzed for the salt of the o:rB-unsatur-

ated oxoacid or the saturated oxoacid, d-epend.ing on r¡¡hich

prod.uct lras present in largez' concentration in the crude acid

prod-uct. It is interesting to aote that ihe 'br^ro proC-ucts r+hose

d.efivatives analyzed l¡ell for the saturated oxoacids were pre-

pared from the l-al kyf-I-cycloalkenes r¡ith the longest alkyl

sidechains (¡utyt anA amyl), although this malr simply be a

coincid-ence o

the follor¡ing table (fa¡fe Vt) shows the difference

betl,¡een the tneoretical analyses of the S-benzylisothiourium

salts of the ørB-unsaturated oxoacid-s ancÌ the coruespond.ing

saturated oxoacid-s r¡¡hich contain tr¡o less carbon atoms. As

can be seen from the vaJ-ues l-isted in the table there is a

d-iffez.ence of approximatel¡r 27; Ln tlne theoretical carbon con-

tent between all ørB-unsatu-rated and saturated oxoacid d.eri-

vatives. Al-1 of the oxoacids of a series have the Sane theo-

retical an¿l¡rsis. Thai j-s trans-7-oxo-2-d.ecenoic acld has the

same empirical- formula es trans-8-oxo-2-decenoic acid. and. hence

has -bhe sarle i;heoreì;ical- anal-y..is. The 27i d"ifference j-n carbon

content bett^¡een ø, B-unsaturated. and sa.turated. o>loacid. deriva-

tives appears to be targe enou-gh -Ùo give an analysis t¡hich

verifies the id.entity of the compound., provided. that the theo-

retical and. experimental val-ues agree v¡e1l lvith each oiher"

liatura-lly i-n any cases i.rhere ihe actual carbon analysis falls

betv¡een the tr¡o theoretical- valuesr there i-s a possibility that

a mixture of ihe t'¡o derivatives has been obtained and
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recrysta.lÌized to a mixture of fired compositi on ''.,¡ith a con-

stant melting point.

T"A-B],E VI

CO}.JPÄP.ISOI{ OF TI{þ]OA,EIICAI JiIIAI,ISES OF S.BEII]ZYIISOTHIOURII'}I

SÀlfS 0F ørP-UIISÄIURATED OXOACIDS ÄlllD CORRES?O"IrIDI1VG

SA'IURATED OXO.iCIDS (tt¡.Vrt'tG TI'JO LESS CA-R3OIV e-T0i,fS )

ø ¡ B-Unsaturated.
0xoacid

iVonenoic

Decenoic

Und.ecenoic

Dodeeenolc

Tri-decenoic

ø, B-Unsaturated
Oxoacid Derivative

%c /ú1 %w

60 "69 7 "L9 8"33

6L"69 7.48 7 "99

62.6L 7"74 7"69

63"46 7 "99 7.40

64"25 8.22 7 "L4

Correspond ing Saturat ed
Oxoacid Derivative

%c 7;H_ /"X

58"04 7,L4 9"O3

59 .27 7 .46 8.64

60"63 7,74 8.28

6L.33 B"ol 7 "95

62"26 8"25 7 "64

A.nother experimental pecuJiarit¡r st" noted-. l'he S-

benzylisothiourium sa-l-i of authentic trans-9-oxo-2-d'ecenoi-c

acid nelted. at 155oC., r,¡hereas the sa-roe salt isolated- from the

crude reaction mixture and. recrystallized. to constant melting

point mel-ted. at L37-8oC. these ti'¡o derivatj-ves had id-entica]

infrared spectra and both analyses agreed- very we}l with the

theoretical. also, Dr. L. SchmiC (+f ) prepared- the S-benzyli-so-

thiourirrna sal-t of trans-7-oxo-Z-decenoic acid anC reported a

melting point of I5l_oC. the same compound prepared in this
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laborato::y melted" at 141.5oC. (page 62) " :i possibte explana-

tion for these d.iscrepancies coul-o be that the ¡¡.el-ting poi-nt

of our prod"ucts is being d,enressed. due to the presence of a

trace of the S-benzy] isothiourium salt of the saturaied. oxo-

acid, even thou-gn ihere is not enough of this d-erivative pre-

sent io affect the ¿n¿l ysis results"
Due to the possibility that these d.erivatives d.o con-

tain some of ihe salt of iire saturated o:.roacid, further r'¡ork

is being ccntinued" Gas-chronatographic separation of the

crude acid- products r¡iU- be attenpted " 'Ihe::e is an excell-ent

.oossibilit¡r that this can be accomplished- since the separation

of trans-9-oxo-2-clecenoic and" 3ra4s.-9-oxo-5-d-ecenoic acii- has

been reported in the literature by this me-thod 3q). Upon

separati-on by preparative scale gas chromatography the olrg-

unsaturated oxoacid.s tril'1 be converted to their S-benzyliso-

thiouriun salts anô- tire meJ-tJ-ng point will- be compared- with

tha.t of the cLerivative l,¡hicir has already been synthesized. a.nd

reported- (page 62)" the purifiecl ørB-unsaturated oxoacids

will ihen be tesied for their effect on iûma'uure stages of the

yellor,r-fever mosquj-to (lledes aegy'pti, L. ) according to the pro-

ced.ure of Quraishi and thorsteinson (59).

if . BUÎLÀR, CÀLLO,// ÄiiD JOäJISTOIT SYi[riiESIS (l-g,3Z)

0riginal-l-y

to be synthesized

the

by

d-esireC crp-unsaturated oxoacids r,,trere

the tsarbj-er and- iìua'el method (23).
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!:r.or¡¡ever, due to ihe fact that the oxoajd-ehydes polymerized on

a.ttempted dj-*stillation, experiments v¡ere earried. oui using

this second method of synthesis.

A. DÍmeth¡¡l ø-tsromoacli"pate and Dimethyl s-ilroroosebacate

'Ihese tiro startj-ng; material-s r^¡ere prepared by a standard.

synthetic route (67)" Both products ïrere obtained in fair

yield. in pure form. 'Iheir id-entity was ve::ified. by the com-

parison of the observed infrared. spectra and p}:.ysical proper-

ties to the reported values" Both ø-bronoesters r,,iere coloir-

Iess¡ fairly rnobile liquids.

Bo Dimethyl Trans-2-hg<enedioate and Dinethyl Trans-2-

deceneCioate

The chief difficul-ty encountered in these syntheses was

oTrce again fourrd to be polyrnerizatíon. 0n attenpted. d.ehyd.ro-

bromination of both dimethyl ø-bromoadJ-pate and dlmethyl o:-

bromosebacate with s¡rm.-collidine there l¡as no doubt that the

reaction had. taken place since a sol-id. residue of sym.-collid-ine

hyd.robromid-e was formed in the reaction fl ask (pages 64-8) .

Iiowever r oIr attempied d-istillation of ihe isolated- crud-e pro-

d.ucts only a small forerun of the desired eompound-sl'Ías ob-

tained-. then the boilin54 point of the liquid. being d.istilled-

began to rise rapid-ly indicating that polymerization was taking
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place in the d-istillation fl-ask" The resid.u-e rn'hj-cir refused to

distill remained nobil-e. Polymerir.ation cf the same type has

been reported v¡it]:. simj-lar compound,s such as d.imethyJ- ø ,&'-
dinethyl muconate (69).

Several distill ation nodif ications r¡rere attempted. to

prevent this undesirable sid-e reaction from taking pl-ace" An

insrt nitrogen atmosphere ald. high vacuum were employed. One

distillation of d.imethyl tra'qq-2-decendioate (pagu 67) rìias even

attempted. in the presence of anthraquinone as a free-radical

inhibitor. In spite of 'r,hese precautions nolymerizatton re-

sulted and very loi,r yields of prod-uct lrrere obtained..

fnfrared absorption spectra of the d.istillates recovered

before polymerization began to take place always sholued. peaks

in tlre range 6"02-6"08 y'-r r¡hich can be attributed- to -CiI=Cli-

in conjugaticn with a carbonyl (64r6e)" Since this characteri-

stic absorption hias absen'r, in both startin€; maierials it d-e-

monstrated concl-usively that dehyd.robromination had tahen

place 
"

Ç. I{ethlrf Trans -_10=oxo -2 -und e c eno at e

Since the only difficulty a;opeared to be polymerj-zation

d.uring d.istitlation it r¡as decid-ed to dehyd,robrominate d-imethyl

c¿-bronosebacate and- ihen to subnj-t ;ne crude d.imethyl tlans-2-

d.ecened.ioate to ihe ne:rt step in the reaction Sequence. Tl:is

involved a partial hydrolysis of the d-inethyl esier i,¡ith one
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mole of poi;assirm hyd-roxide j-n aqueous metha:rol_ (page 68).
The esu-lval-ent weight of trre half-ester prod-r_rct (nonomethyl

ester of tranÊ-2-d-ecenedioic acid) r,.ras fou.nd to be ?58.L. The

theoretical equivaleni vrei-ght of the prod_uct l.ras 2a4.7 . This
is a large d,ifference, even for a cru_de prod-uct. I{owever, it
was decided to continue wi'uh this crude ester through the
remaining steps of the reaction (pages 69-TI). Ihe final
product obtained from this treatment was distill-ed- und.er re-
d-uced pressure. The desired product was meth)¡l .bradls-l-O_oxo_

2-und-ecenoate, a new compound. ,rhe j_nfrared, spectl.r.ri r,¡hich

r"ras determined both as a lio,uid film and as a carbon dÍsulphide
solutlon sho'¡¡ed no absorption at 6,02-6,08 },. Thus the ester
prepared did not have i.:.nsaturation in the 2 position (b4.r68)"

The infrared- d.ata further shotsed- the presence of an acyclic ket-
onee a saturated ester carbonyl and, an acetyl grouping (page TO).
The ester obtained- r^¡as not identified since it r,.ras obviou_sIy

not the desired. product. Turiher experiments were not carri-ed
out using this nethod of s¡mthesi-s, d_ue to the diffÍculties
that had been encountered.

rrr, OUGHTOII SYi!'II{ESIS (27)

the

the

This sequence of reactions was

polSnneri zation difficultj-es which

other two synthetic routes.

attempted because of
were encountered using
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-å. 5-Bromoamyl- Acetate

This comoounC. ',¡as prepared follor,¡ing Oughtonrs method

(27) anrl its physica'ì characteris'uics agreed- very ¡+eIl- r,¡iiLr

the reported"

Bn 7-0xooctanol-

This oxoalcohol was also prepa"red by following the pro-

cedure of Oughton anri. its irlentity lva.s verified by comparison

of its physical characteristics to the reported values"

C. 7-0xooctanal

Oxidatlon of the ]-oxooctanol i,¡ith potassiu-m dichromate

in glacial acetic acid. (p"ges 72-73) prod-uced a very ]-ow yield-

of ?-oxooctanal. fhis product r^ias purified. by distil-latj-on

und.er red.uced pressure and had a fairly large boiling range

(f5+-fAOoC./43 nm.). the sodium bisulphite addition compound

i^ras prepared anC. it was a white, cr¡rs¡tttine solj-d'.

D. 4-BroqqþqLy,L_lLqe-!ate

Tv¡o attempts h'ere made to synthesize +;iris compotrrd

(pages 71-74) Uy ttre saae method. used. for the preparation of
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5-bromoamyJ- aceta.te (27). In botli experiments a mixture that

could not be separated- by fractional d.istil lation ',,¡as obtain-

ed. îhis verified Ì,he work of Cl-oke and- Pilgrim (lZ) v¡ho found

that the material responsj-ble Í-or ihe difficulties net in sepa-

ration in¡as tetrane i;hyJ-ene d-ibromj-d e. This reaction was not

re;oeated Cue to i;he forna,tion of this mixture.

E. 4-ChþrobuWl Àcgta.te

d.s a substÍtute for 4-bromobut¡rl acetate r 4-chlorobutyl

acetate r;râs pI€pared by the reaction of acetyl chlorid-e r,¡ith

anhydrous tetrah)¡d::ofuran (72¡ . 'Ihe reaction was successful

and fractional d.isti-ilation yielded. a pure prod"uct whose phy-

sical propez'ties agreed very r^¡e1l lvitir those reported- for this

cornpound.

Since the Barbier and i{uge1 synthesis (23) was noï,Ì

yield.ing the desireii ørB-unsaturated oxoacid-s, further syn-

theses of this sequence r,¡ere not carried. out'

II,i. i'[ISCELI,;IIIEOUS Syji]Ti{ûSiJS

.4.. T,ra,ns-9-hydroxy-2-decenoic Aeid.

Trans-9-oxo-2-decenoic acid \,,'as successfu-lly reduced

by lithium aluminum hydride in anhyd-rous ether (p"gu 75) {J7)

and the prod.u-ct was di-otill-ed under reduced. pressure. Thin-
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layer chromatogz'aphy on silica ge} Pl ates using benzenef

uethanolf acetíe acid- (9O:fe :A) shor'¡ed that ihe d-istilled pro-

duct stilt contained a sn'alI amou:it of unred"u-ced- trans-9-oxo-

2-d.ecennic acid-. the lithium aluminum hydride red.uction r'Ias

repeated. using an-h.yd.rous tetrahydrofuran as the solvent r'¡ith

reflu-xing for three hours (page 77)" Und-er these molre clras-

tic cond-itions atl of the starting material tn¡as red.uced to

trans-9-h'yd-roxy-2-d-ecenoic acid.'Ihis v¡as demonstrated- b¡r

thin-la}¡er chromatography of the reaction mixture"

a Reaction of 'Irans-9-9xo-2-decenoic AciÈ- r',¡ith Broni-ne

Än at'uempt i^ras made to ad,cl bromine across -Ûhe d-oubl-e

bond, of this urB-unsaturated oxoacid. the infrared- spectrum

of the isolated proC-uct did not have a.n absorption band at

6 "02-6. O8 p a.nd- hence d id- not possess ø, B-unsaturation ( 64 r 68 ) .

The spectrr.rm also showed the presence of a broad band at L5.4

þt ,;rhi-ch can possibly be attributed- to C-Br (64). the evolu-

tion of r¡¡hite fumes during the reaction ind,icated that sub-

stitution was probabl¡r occurring sinultaneously (11) ' Also

since the yield- of prod-uct (2"90 g. ) r,ras greater than the

theoretical yield (I"86 g. ), (on the basis of 9-oxo-2'J-d-ibromo-

decanoic acid-), it i,¡as shov¡n that substitution was accompanying

ad.d.j-tion. Tlre procluct r.¡as not identified.. Sj-nce the reaction

did not 5rield- the desired 9-oxo-2r5-d.ibro¡rod-ecanoic acid' it

Ïras not repeated..
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.,:.,e l--r J-,-¡ J,*l--c'ì,cl oa:,l.Liencs tr'ii:lclt 1!-e -f e p:1el-.¡tred a,.s -ì n-

teriieCia--l;es in tire Bav'bier anci- I]u.ge] si¡nthesis are cnrreirtl¡i

being i-nves'uigaiecl for^ tlieir effect on. certain insects b¡r

Ðr" l',..S. Quraishi*.
l,!a,ny problems r.rere encountered d-u-r"ing the course of

this stud-y a::il several of these remain r;lreso-l-ved-" lhe ,pol¡i-

merLza.ti-on of the o:roa.ld ehydes, ilirnethyf j-La4s.-2-he>.-eneclioate

and- d-imeth¡r] tra¿C-2-d-ecened.ioate ;cossibl¡' ¡¡¡arrant furti:.er

stud-y.

Currentl¡r, investip;atj-on is being caruied- out regarcling

the possible puri-fication of the cru-de acid products by ga.s

chromatographic methods. During the course of ihis r^¡ork it
is hoped to find- if the crude prod-ucts are indeed- mi::tures

of the u:rsaturaied ancl, saturated oxo¿r-cids, If separation and

pu-riflcation are possibl-e using this technì-que the purified

rrnsaturated acid-s will- be submitted to insect phJrsiological

study by Dr. Qu-raishi-"

* Ðepartment of Entomology, University of South Da}<ota
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