25

I ERIBITORE GF PLART eROWTH

£
=F

Ry e Ty ¢ T w9
R OR TR B LR A ¥TER

o
&
&

BRUGELIA FPAEBIED

28

Thools by

Hoed Aldor

In Partial Pulfillwant of e Beguiremenbs
Fopr the Degpee of
Dostor of Philopophy

Galilornis Institube of Technology
Possdenn, “allifornia
Loan



ACENOULEDQRERT

The amathor wishes Lo express his deep epprecistion to
. J. Bonney for the suggestion of the problem and for the
helpful suggestions and sssistance in carvrylag out the work.
The material assistence and technieal advige given by
e, B, We Went, Dr, H. J. Hsagenetmit, e, 5. wildwen, v,
Le Ry Buchman, . D, Howton, Des . Opponhelmey, Hr. G,
swinehart, . K, Redemsn, Jr. Jo F. Thwrlow, ¥re. L. Young,
. O, Bowman, ¥Np. D. Devidson, and ls. M. Certer, in various
phasos of the work are greatly sppreciated.



it has beon shown that the leaves of Enge:

, farinoss
when applied to tosato and otheyr plents in sand cultures cause
8 sbriking growbh imhibition, Water and etber euntracts of the
leaves when fed to tomato seedlings in solutlion culbure cause
the death of the planta within one day. Fractlonatlion of the
ieal extracts ylelded s crystalline compound whilch wes lsclated
in pure forwm and is toxie to tommbto seedlinge in solubion
sulture.

The structure determination snd aynthesis of this new
gompound, Beacetylw-Genethoxybensaldehyde (ANB), has been
successiully worked oub and is given in detail. The inhibitory
aotivity of related compounds on the growth of tomato seedliings
is dewmonstrated.

Another erystalline toxie compound haos been isolated from
leaves of Insells farinosa gathersd in a different geographleal
lopation. Its toxic motlon is even more pronounced than that
of AB, This compound lvs boen partly characterized and shown
to be an aliphatic unsaturabed lactbone gontaining one hydroxyl
group, three double bonds, and having a moleculer formale of
C1620%-

The presence of Lthese growth inhibitors found in the
lenves of Incelis farinosa is offered as an oxplanation of why
so fow degert amwmals are found growing in close relationshilp

with the Inecelis shwud on the desert.
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INTRODUCTION
Inhibitory Effects of Une Plant on Another

The detrimental effect of one plant oun mnother growing
in ¢lause relobtionship has been known from thw carliest timws,
ihis detrinental effest was first thought to be due to the
gompetiblon of the plaats for raw materieis from the soll
and gir or for the supply of sunlight. Do Candolle (1) in
1652 was tha first o suggost thal the sppsrent antagonisms
botwoon sorbaln weigkboring plants might e dud to toxie
substences exuded from the rocts of some plants. He believed
that these substances exorisd a detrimental effect when
absorbed from the seil Ly specilic plmtis belonging to the
same naturel ordor as the plante from wiish the substenpes
originated, but that thelr excrotions surlid he harmicss to
piaants of e different order. 48 examples, he ¢lted the
antagonisns bebweon Buphorbias and flax, tares (darnel) and
wheat, and thdstles and ocats. De Candollie used this theory
%o explaln the benefits of wrop-rotatlion while others, and
ospostally Lieblg (2), preferred to explnin the bonefits of
arop-potatlon by the removel of different reatice of mineral

alements from the soll by different spociesn.



il

Henewed inberest in the problew of the dolrimone
tal effeots of cue plant on smothoer occourred in the
early 1900ts when IMiolering (8,4,5] and Plekering and
sedford (6,7} presented swnd oxperimental evidence
thai Guxle substanses produced by one plant are toxie
or inbibibury o Lhe growbh of obher planto. The hayuw
ful effocts «f cortaln grasses on apple trees was abe
tributed to Lhe btaxie products derived from bhe grasag
all other facturs such as fooed, water oxygen, carbon
dloxide, and sod packing wore eliminated. DBy growing
two plantas in two pobs, whe above Lhe obther, one ros
geiving the drainage from the other, thoy dbtained
reduction of growkth from 6«97 porcent. These Lnhibibory
effscts were ezeprted on varioa plants by apple sgoedw
lings, musterd, tobsceo, tomatoes, clover, wnd sixteen
varietics of grasssg,

Hedrick (8) showed ihab young peath trecs wore
nindered in thelr devslopment ghen grown in the gasw
pot eulturcs with ocats, potatoss, twualous, rustard,
and pape, even when optloam ponditions of molsture,
aeration, and foud supply were saintalinoed,

Dendeno (9} found thet the growth « buckwhest
was congiderebly inhlblted by Canada thistlos wheon the
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bwo planta werse grown bogether. Ho alsoe cbeorved theb
poplars and cvaks wore injurlous te Lhe growbth of Corne
Sivee he iojuricus offects cstended %o sowe distanco
veyend the bress, moisbure und shade wers not tho linite
ing factors.

it nas long beor obaerved, Junss and Sorse (10},
Gook (11}, dHampey (12) and Jehweldernan (18}, thut certain
plant associatine grosn near blatk wailnut troes are
goverely injured, Walnut (reeg prevant thoe growth of
cinguefoll wiithin & large avea surrcundlsg them and couse
the wilbing, stunbing and frequently the death of corn,
tomatoss, potatoes, slfalfa, and epple Wrees when their
rosts cone in close prouwimity to thoss o tho walnub,
Davis {14) has sousht to ldentify thoe texio prineiple
with Juglome which he szipasted frow the hulls and roote
of the mmig waloul btree and showed to be very toxle
whan iﬁﬁ@&;m&ﬁ Lnto the steny of alfelfe and bLupmlo plants.

Other planis roporded as Ilnjurlcws o wwir nolighbors
are corn, ryo, buckwheat, squashk, turnips, sesanc, rube
bhages, sansles, and potaiues,(18,16,17,10).

it ls nuow widaly aseepled Lhai the progesce of
cartain oiganle cumpounds in the soll inbibit plast
growth, Liviagston (19,80) showed thnh bomle crgenle

substanges are presant In water ssxpressed fronm saturated



bop sollas  Toxlo eompounds belleved to be of plant
origin have boen isoleted from selile Ly Schroiner and
cowworkors (21-27), amenz thoe sompounda lsolated, ldenw
tlfied, and found to bo injuricus wero coumarin, vanillin,
dihydroxyetearic acid, slanine, glycceell, nouring, guie
none, pleolinie seld, md tyrosine. Adswbing sgents

and fertilisers greatly reduced the tozlelby of meny of
thesse compounds,

Sewell (26) showed that kafir leachings had 8 roe
terding offeot on the growth of wheet,. Broazeale (£9,30)
pbsorved thet kalfly stubble gives rise to toxis decome
pusition products which later decoapesse further bocoming
nonboxies The debeivental effect of sorghum roots sund
stalks o5 the orops thet follow is a well know Obe
servatlions Hawkine (31) found that the detrlimental
effocta of sarghwn dissppear in o fow morbhs after the
erap has besn harvested., Conved (B2) suggested tlet tle
high content of sugar in sorghum rocts stlmulates growbh
of microsorganiams wiich then compets for nitrogen with
the plants, The sugar slso would retard the progoss
of niteilications

Golliison (33) found that water extrasts of cereal
stravs, timothy residues, snd alfalfa were toxie to plants
grown in them,

Another oxampie of o suppresslisg effect on the
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vegetatlion of other planta in Sheir naibhbérhaﬁﬂ

is shown in some Hobinls psoudacscis parks in whiah
almost no vegekatlon can be Lfound, ¥Wake (54) found
psgudacacia,
ﬁggt@ria ghinengis, Geniste bisgtoris, COyilsus lsburnum
and Tilis planifolis have & hiaderlng effect un the
Robls,

that extracts of Lhw leaves of iw

nig

growgth of barley planta, & loal extreacis gave &

mueh greoater offect bthan the extracts of the wiher
plantss extracts of the bark else hindoped grosth of
berley.

Froebeting and Gllmore (35) showed Dy & field
survey theat & high pereontaze of replsnted pesch ope
chards failed to make normal growth. They showed
that exheustion of plant matrients or discoses coprpiad
over from Lhe lsst opshard could nob acopunt for the
fallure of growbh, PFeack roots end their alcohol oxe
tracts inhibited the growbth of peoach sesdlings when
edded to sard ¢ultures,

nodiet (36) demonsbtrated thald dried rocts of
bromogeass sre inhibitery to brosegrass groavn in sand
culiures, and he sugsests that the Inhibitory sube
stance in the routs =8y Lo responsible for ihe "sode
bouwmd” eondition «f brosegrass svhere thilel stands
thiln out after a low yoers, Iliyers and Andeprson (37)

showed thaet the addltlon of ammonlun sulfate only
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partislly overcomes ihilas effeci,

Bonner sad Galston (38) and Bonner (38} found
that water oy nutrient selution in coentect with rools
of growing gwayule plants asccunmumlete substesnces @hiceh
sve tomic to Lhe growih of guayule scedlings. Urange
sianenic acid was isolubed In crystalline form fyom
bhs toxic liquop and was shown to gausc BO percent
inuilbitlon of pgrowith st a soncentratlon of 80 millie
grams per llber,

Bode {(40) end later Funke (41) dewmonstrated tLhe
Loulsia

injorious effecl of Ax pginthiug on clightesn

gpegles of plants whieh were sown near & hsdge of

Within & dlstansce i 100 gontinwters LD

plants were gseversly injured enda in wne easc killed,
They belleved the Soxieidby to e aainly due Lo the
conpound absinthiin whieh 1z exeretsd by the glenduler
halrs of Ariemisd

and waszhed o0 Vo surrounding plmits
by raine.

fnus, we sec bhal Lthore are & uuwsber o Gases
soowlng that growih inhlLlibory substentes may arise
frons gertaln planbse In the sxperiments on dead roots
and root extrects, there is no good evidence thmt toxie
subatan ces aro glven off by the living plank, or that
the malerlal causing e growth iﬁhiaitisn acte as such

undor anatural conditions, Howover, thers are Lwo gascs



clted above in whisch Lhe deleterious effest «f wme

nlant on enother has bwen shown Lo Do ®e 5o 1he o%ahe
ation of definite shonicel substanges By the living plant,
e wopk of Bode (40) and Punke (41) on Artemisis sbe
ginthivm 13 one of the very few If nob $he only easse In
whisch the ochemical actlion of a noxious plant on others

has beon demonstratad in its naitural surroundlngs. The

compound absinthiin, exereled by Artomisis absinthium

and sausing this sposies to be harmful to surrounding
planta, has not been charscterized., The influence of
emanabions of plants o other specivs has ofben heeon
studied under bell lars {(42,43,44) bub this can hardly
szpiaie thelir seolozical significancs,

in the other case of Honner and Galston (35) and
Beaner (38) 15 has besn shown thabt corbaln substancos
unfavorable to bhe growth of guayule plants, emenated
from the rools of astively growing plants of the same
spaelon, under cortain limdted envirenmontal cmdltions
(plants growm in gravel eulturss). in thiz eaze one
of the toxls ecompounds, trass cinnanle acid wan solually
isolated and identifled. iHowewer 1t was not possible
Lo show that these toxnlc subsbansoss of guayple planis
ascumplabe in the 5511 under £1leld econdltions,

The present work on ingelis farinesa gives fariher

indiention that chesical compounds arlsing fora ong
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plant may have g detrimontal offect on other planta and

thus be an ilmportant ecolozleal factor,
The Frobles with Ineelin

in the desersis of the Soubhwest 1t is common for
many spociss of anmual plants Lo grow primerily ia and
around individusls of shrubly speclies which appoar (o
provide faveoreble growlng conditions for these annuals,
Cartalin ashrubby a@@ai&a, howaver, do nobt herbor desert
snnaals or hevbor only a fow as coupsred to shrubs in
generals. This is true of the composite jneelian farincsa
as hes been obeserved by Went (48). [ranseris, & shpudb
of comparable aige and density, harbors meny =ore annuals
than #ncelis, &0 that the unfavorabls effect of the In-
gelia cannot be due Lo microclimatic conditlung, Obe
sorvebtions medo by the wriler near B9 Palss and in the
Castle Dome mountalns of Arizons cwnlirm the findings
of Jsnt thad

ingellis harbors few if any desert ennuals,

This sugzgests ab onee thab Zneellis may odve rise to

ghomical substanpes Lhabt say be detrimental Lo the growih
of surrouwding plents. 7The preseat work is coneerned
with the probles of whether or nob growth inhipilors

do, in fact, arlse fron Lo hosglia plant,

ineelis farinosa as deseribed by Seal (46) iz a

cospeaite shrab found un the deserts of the Southwest,



Lt has been slven many different names such as Incense
Bush, Golden Hilles, Srittls Bush, and ¥hite Dpitile

Bushe (me of the common names used by botanlists is
incienso, which came from Hexloo, whers the resinous

cum was burned as ingense, glving off & strosg {ragrence,
From fZexivo also came the nams Yerba del veseo, Irom its
uee as & pain reliever, The pum wag heabted and smeared
¢n the body, espeeially on the chest and slde. The

regin also served ag a prinitive chewing pum and vhen
melted mude & £0od vernish,

The domeln of Zngelis ferincosp oxbends from Desath

valley in Califoraia down through the Nejuve snd Colorado
Dagerte iunto Hexico, and eastwerd into Southera Hevada
and Arlsona,

It haz & pale gray leafl and stem thabt often appears
quite whive, 1% 15 a somswhat rounded and cumpact bush
2 to 4 feobt or more nigh. The flowers which crown the
nakad flower stems consist of broad crange disks ene
circled by wide golden yellow rays, 3 toothed and some=
what flused., The felt like ovate leaves 3/4 to B inches
or aors loag, are borne in elusters &bt tho oend of branche
lotss They are sllvery with soft short hairs that form
8 majtted covering. Kany woody branches extend frow the

trunk like hase; the Lranches exunde drops of enbor rosine.
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EXPU RIEHT AL
PHYESLOLOGECAL PHGPuBTLLD F HEICHLIA
Bffeet of inecelle Rools

Prelininary oxperisents wore sargicd oub to dow
tormine If an Inhdpibory substanpe in glwen off Ly

ingelia roots, Darley, tomatoss, and guayule were

planted in sand gulbures contalning

dnecaella plants
in the groeenhouse snd the growth of thoene plants in
the

fngelia culbure wae compared with Uiat of controls
lackilang Lnoells. After O wooks the plants were Laprw
vesbed, dried, and welghed. Ihe resulis glwen In table
1 show thet 13tile divference was f ound bobwoen the
growth of plents Iin kngelia culbures as campared with
the gonbpols.

Table L.
Growth of guayuls, barley, and tomabo
plants in sand guliture with or withoud
assvclated EZngella pleants.

Total numbep Av, Ary whteelms,

of planis poy planis Gas,
-@mamﬂ.«aﬁ with &b 14
Gaayule alone 50 w0
Garley wiih Lnee. + B4
Barley sione 98 018
Tomasoss with incells 18 .76

Tomabon s alone 17 B.00
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Lffeet of inoellis leaves: Oines the reots &id not

appear to give off Inhibltory subslanses, atbtenblon
wag hurned Lo the loaves. Loaves were gatbered from

shrubs in thelr necural heabliat ox the Colorsdo

fneell
desert of Califoenis. The leaven were drled at T09C,
for 46 houwrs and aliguobs wers bthen plaged ou top of
the send in pobe gonbtaining recontly transplanbed

tomato plants (84 days old)s It the {irst sxporiment

three grams of Lngells losves waere appllied to sach of

ten pots, Toumabo leaves were dried and epplied to ten
other pobs for cowpariasn. A zob of gonbrel plants ree
goived no leaves, The plants were glven water and nde
brieat solution sueh day, the selullons belog poured

over the leaves. Ihe holghts of the planis wers measured
porlodically. The rosulis obbained ares shown in Figure
1, It ey be seen that addition ¢f sven 3 grass of

sneelia leaves por Lomabto plant cumuges considorable ine

hibition of growth, The same ancunt of tomabo loavey
causes pomd retardablion of grorth as compared Lo bhe
control, bubt the effect 13 small as cowparsd to ‘neelia.

Another experiment was carrisd vul as descrlbed
above to ustermine the effect of different awmuunts of
pnoelila lewven, Aancther sample of leavos was used and
in this sase the dried leaves were ¢hopped into szall

pleces and applied to the surfage of asnd in pots conteining
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AV. GROWTH INHEIGHT M'M/PLANT
&)
£

Fig. 1.

3 © 9 12
DAYS AFTER ADDITION OF LEAVES

Effect of tomato or Encelia leaves on the growth of
tomato plants in sand culture. A. Control plants,
no leaves added, B. Three grams tomato leaves per

pot. C. Three grams Encelia leaves per pot.



Somato planbe. & portion of the leoaves wore alse
extrachbed with ebher and the effest of these extracted
legves cowpared wlih that of Lhe nooesabracted. The
regulbe obitelined sre given ln Figurs Be 16 can be

geen bthat with locreaslag concentratlion of leaves,

the inhibltory effeet inercases, and in faes, o portion
of the plants died whon B0 grawe were applied o easch
pobe The sbhor sxbtracted lesves sre mach loss ine
hibitory then the noneoeztracted leaves. This indicabes

that siber scluble orgmnic subsbammes say be responsible

iy

for s pouption of the inhibitory acblvibty. 1o olher oxe
perimente ln whieh the jpeells leaves were nlxed with
the sand in poks, ithe @na&*iﬁ%m& was even greater then
when the lsaves wero spplled on fop of e sand. lLogg
siriking growth lohibléien was obbalned in superlaents
io which rich garden soll rather than sand was wssd 69
Lha mﬁ@%ﬁm.f@w the bomato planbs,

An affest of Incella lesves on planbs oblne Chan
tomabe was noled in further superlaent s, ﬁgﬁg&&g
loaves wers applied to amall plants of barley, oabs,

POPDETE,; orh, Sngelia plants Lhoaselves, sunflowsrs
& ¥ s St » &

snd Fos in ssad gulbures. ncelis loaves osusod mapied
208 AL

i d

Bibitlon of growhin with peppers and oorn, bad bub

b4
Iithle effeet un sadia piants, and sxerted oo nobloee

i

able effect on Laxdey, oats, sanllowers,; or POl



Fig. 2.

AV. GROWTH in HEIGHT MM./PLANT
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O

N
O

3 6 2 12
DAYS AFTER ADDING LEAVES

Effect of varying concentrations of Encelia leaves on the

growth of tomato plunts in sand culture. A, Control

plants, no leaves added. B, Five grams Encelia leaves

per pot, C. Ten grams Encelia leaves per pot.

D. Twenty grums Encelis leuves per pot. E, Twenty grams

ether extracted Encelia leaves per pot.



the Test Por Inbibitory activity

Fop bthe isolablon of the active grioeiple of

ingelia leaves it wag ossentisl to have a relisble

and egouvenient assay mebthod for inhibltory activiby.
Such B btest has boen desoribed by Sonner and Galsbton
(38) in conneebicn with bhe ghrowth inhiblbiers of guayale
roots, Ths following assay for the inhibitory prinsiple
of ingells leaves 1g bosed on the earller assay.

Tomabo seedlings wore used as the tost plant, ale
though other specles mey also e used., Ynifeen plents
wors cbhained by planting the seeds sbout 2 Lnches apard
in sand ¢onbeined In flats. The plants wore used when
they bad resched a apeeified size, in gomeral jJust after
the appearance of the first lesaves which usually was 18
days from the fime of planting. The medlirgs wors {rmow
planted into shell viels of 16 sc. capaciby sonbalning
the tezt solutions This solution consigted of Hoaglandls
nutrisat mixed with an ogual volume of distilled water
contalning the test material, The plants were hold in
the vials in glits zade in cork stoppers and held flremly
in plage with & small wad of cobbon. A small holes in the
genbor of the cork served as a place for supplying dise
tilied waier to replace that lost in Uranspiration. The

disbilled wuter was added Ly weans of & small Jet froax
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a wash bobttle eveory few daya} this movided o snmall
amount of serebicn, dYogden Loxes wsre used bo hold

the wiale., The wvialas fitted oleseldy isto & hwle in

tha Gop of thw box 80 bthat Lhe rooks ware mph in darke
ngss and the stex probruded fron the fop ef tho Lox.
wash Lox contained bwoniy vials, The planis Ford Moade
ured &bt the time of bransplsnbiog end egsln aller growing
in the greenbouse ab sonsbant besmpepraiure of olWF. for
Gne wWoeN, Whe BVLIaLS growbh For one wesh was abat 20
whe Ppor plant for the cunbruisz glven ne Inhibitory mate
erisls In the werk reported below bths cxbrocts wope
freguently sv boxde thal 16 was pesslble Lo use o a
eriverion of acblviiy the doats or asurvivael of bhe tegt

plancs rabtber Shen Iabisdtiovn of growbth.

#ater extracts of iugelis luaves are excesdlingly
boxle to Sousabo seedlings as sthown by ¢he following oxe
periment, PLIUy grans of whels green Logelia lowves
obbalined fronm plenbs grown in the greenhousy wore sosled
in 200 ca. of distilled water for 1% howss, The lenves
were Flltered off and the filtrste tesbted sz deseribed
above. & choppod green leal exbract was preparved in
the same manner and alse tesbed., The ochuppod leaf oxe
tpact caused doath of 3/4 of the plents wishin 24 hours,
wihille o whols leal extraci coused dsabi of &/4 of the

14
plants within & days. This effect sxhinits 8 coprbaln
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specifieity since as shown lo fable 2, slmilar extracts

v

of tomabte or of tangering loaves are suceh less toxlo,

o I D
Table 2

iffeat of agqusous exbraets of Ly

leavos on survivel of seedlin: LOMGED
p&ﬁﬂ 8.
days reguired Lo
431 3/4 of nlants
Whole leal ext., Choppod leaf ext,
ingelis lsaves 3 i
Tonaso leaves B 4
Fangarive leaves 7 4

After 3=4 dayes docoapogibion of the soplous erganic mate
tor of these sxbracts by sicrogrganismg coocwrred which
mey explein the delaged toxlelty of the tomato and tangerw

2lia

ine extracts bub in any ocsse the exlreots OF g

leaves wore mmoh sore toxice than the ohlhwrse
The btoxls principle L8 readily svluable in ethor as

shown by the followin: onpsrimont. Pifty grows of ithe

reen leaves were drisd st YOO, for 24 hours, chopped,
and extpected with purdfisd other for 14 hours in &
Suxhilet sziraciion spparatus, The stbher was evaporabed
uncer peduged preossure ou a water bath. The green stloky
wasn was extracbed with 200 ce. of hobt wabter, svoled, snd

filtersd to glve & olsar selulion, This sclublon was
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mized with e equal volumse of nubrimt solutlion and fed te
tomato seedlings in the standerd assssy. A1l plante dled
within one day. On bhe othar hand the waler exbtract of
doaf residue from the ether exbractlion stiowed groatly
redused toxieldy and took four days to &ill the bLest
plants, The elear solutions from the etheor extract

showed no signs of baeterlsl decesposition even aftepr

the plants had grown in then for ten days. The relabion

of eoncentration of the other extraet tv toxielty In the
standard assay ls glven in Figure 3,

The other extract of btometo leaves iy conbtrast te
that of foselis leaves possesses only & small toxie
gffset az shown by the following exporiment, Twe hune
dred grams of green tomabte loaves wore drisd abt 709G,
for 46 houre ylelding 174 grems of dpy leaves, Two hune
dred grass of gresn Sngelis leaves from the desert under
the sane Lreatment yielded U8 prams of dry loaves., The
leaves were compared on the &y basls using 17.4 grems
of dry tomabo leaves and 17.4 grams of 4ry Speelin leaves,
Zaeh se-ple was exipactod #iih ap egual wlume of purified
sbher, .o ethar 2ompletely romoved, and the roesidue baken
up in cgual volumes of water {140cc.). The zolutions were
bolled, coeled, {iltered and besbted in the standard tonato

azsay. The resulis are shown in table 3.
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HOURS SURVIVAL OF PLANTS

.50 1.0
G. DRY LEAVES / TOMATO PLANT

Flg, 3. Survivel of tomuto seedlings in solution culture
in the presence of varying concsentrations of the

sther sxtract of Encelia leaves,



Supvivwl of youwyg bomato plants
in ethor extpacts of Louabo wmad
spoelis loaves.

Hgne eriginel dey Ho. of plants
Pilublen isaf per pland doad after

1l day 7 days

Biher exbtract of 1/2 94 0
tomat o leoaves ,
1/4 &7 G

sther exbract of .
speelie loaves /8 a4 i0 i0

1/4 47 6 10
/6 24 0 4

A syenm Alstiliation of the green Lngelia loaves wes

capriad oubt Lo see 1f ths Loxicliy =ight DO due L0 8w
ssntinl olls, The sbearn distillete contalining 011 pare
tileles geve avery lléile inhlilitlan, whwroas an oxbreot

of the residus Irow the stean distlillaticn esused complete
doath of o1l the plents in 2 deys. Obher cbsesvebiong
showsd alse (het deylng of the leaves at eolevaied Leumpope
atupres {TO0,) 4id nob destroy the inhidisory activity.

rxadat lon of resdn is found on the stens of the

ghirub, Dome of this resin drops off onto the rouwnd even
under natural soemiitlons. The resin wag iestod, but did

not exhivlt any lnbibitory astivity,
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The mssults progenbed sbove show concluslively that
there is a powerful inhibibor of growih of toenbto poode

lings contaleed in fngelis lsaves, The lscletlon of the

inkibitor was thorefore underiakens

In sddision G0 ebher, oithor aolvents inelading bene
sene, potroleusn, ethor, weihyl elechol, ethyl aloobel,
and sssbone wore alszo found Lo oxbrast diw iahlbitor

from Engellis lesves, Donzone and ether weroe pelferred

over the other aolvenis, sogause kle water exbtragts of
the reslduesy fror these wwlvents wory slear awl practically
colarle s,

That the toxic couponent Is a neulrel compound rathay
than an acld or bese is shown by the foellowing experyw
imont. Fousl portloose of bt ebtbher oxbtrsct wore shaken
in geparatory funnels with eqoous splubloeas ewnbalnlng
godiws barbonate end sullwric seid, Tue grester part of
e toxle malerial wag sxiraeted by hoth Lhe agueous
glkalive phase and the sgueocus solid phase, although the
ebhar phases also relalned g oeusiderable pwrt, It might

be mentioned also Whal the borielby of tho

teact wes independent of pi Lelwoon pli's § and 7.

The wabter extrach of the ebimy soluble rosidue was
syaporabed Lo dryness withoul loss of setivity. The
syrupy recidus was dissolved in aloobel snd subjested %o

load apebabe precipiiadtion. Afbey removing the lesd frowm
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the pregipivabe and the filtrate with hydrogsen sulfide
and bOlling off the Hal, the two fracticns were tesied,
The toxie maltorial was fwind in the Filtrate, ¢.g. the
fraction not precipitsted by lead scebale. The syrupy
residue of the agusoug extract of the ether acluble

matorial was also taken up in benzene and mb Jected to

droxide and calclum carbonate. 1% wag found timt the
tozie fraction passed tipoush Ghe celumn with 1ittle
purification, The syrupy material was distilled et
reduced pregsare, bub 1t had Lo be heated to so nigh
a bemperalure that decompositlon ok plase. Although
the dlstilliate wae motlive, the woduets obtalined mighie
aob have beon present as mieh in the originel leaves.
Isclation of & Growth lnhibitor
it was possibls o obtaln an v-f@:@%;éw epystallineg

inhibltor frux Ingelis loaves Uy the following mwoces

Gure. ry spgelia lesves wors extracted wiih stisp op
benzene and ime solyeni evaporated at reduced pressure
loaving a grees sbtleky residue. It wesn found thet by
gxtracting thls residue four times with hot water all

of the toxielity eould e removed, The agueows solution
wag thoen cooled, snd the ingcluble malerisal filtered off.
in extracting bthe wabter layer wilih venzene the ulk of

the toxlelty passed inlto the bensone layer, The benseons
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aas evapwrated abt peduced pressure leaving e clear
yollow syrup. My extracting this residus wiith hot
potroleun ather {(60~70°%0,) snd removimg the ﬁﬂ}.ﬁm‘b;

a semiwerystalline material was obbeiced, Purther
oryetaliizations from sthor yielded an active orye
atalline compound, In o typloal iselebion HOV grang
of dry leaves ylelded 148 milligrens of tho crysw
talline ecmpuund. This represents but &2 partlim of
the erystalline texio materiel in the plant singe
fupther crpyctals sepurated from the mothsr liguors and
& sonplderable amount of similar material romsined dise
solved in vhe sypupy rosidue,

The sutline of the lsclation proeedure togethor
with the mwounts and inhibitory sstivity of each frage
tion 48 given in table 4. The dabn of table 4 is baaed
on 8 roypesentative experiment in which 00 grams of doy

leaves were usesd gz the sterting meterials
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Teble 4.

igolation of Inhlbitor {ros fncelid

\

Gomos for BOG
inhibition of
vel ght  tometo seedlings
sraetion {Grame)  (mge/Le)
1 Dry leaves 100 STB0
8¢ Extraction with bensene

he Donzene spluble 1046 387
be Domsent insoluble G948 B766

Ss Hobt water extrast of 84 after
ovaporating bengnens

A, Wator solable 2454 78

Be Water insoluble a1l TOO0
4. Bensene extract of 8A{(liquid~liguid)

Ay Beogone layor 1,88 46

Ba ¥ater layer 1.08 200

Gs Hob petroleun sther cxbract o 44
after svaporsilng Lensong

e Petrolsus sther seluble (0.847 2B

Be Fetroleunm ethoy insoluble Ueddn 110
Go Ebher erystallisation of BA

A« Crystalline oompound D O440 116

Be Honworystallise residue
{Conbaing mmeh BA) 1 | 148

The losoluble Iracblons 8B, 8B, and 48 showed prace-
tically no inhibitory actlivity and were discarded, &
portion of the inhibibory sctivity was lost in the pobw
rolown wbther ingoluble frection BBs The petroleunm sther



soluble fraction B4 was highly toris. Tuls fraction was
soparated inte btwo componsnie, & toxic erystalline muberial
and & loss boxie noneerystalline, slbhough nelther frage
tion ves as doxic as the maberial before soparation. Hew
coanbination of the bwo frastlions 414 not sppear Lo restope
tre opiginal sctivity, The btotal amwsnt of the crystalliine
toxie eompound prosent in the plant cannost be sonoluded
frowm tho smount isolated in sure form sings Lhe final
renidue 60 appeered to condaln meh of the sene nmbterdal

iIn & condition from which 1t ean bo crystellized with

AL fioulty.

Agtivity of the COrystailine Compound

The erystalline saterial was reosrystallized three
times frow ethar o yield a cowpound with a sharp nelilng
polat of 144%C, The pure compound was bested Lo inhibw
ibory sctiviky ab Qifferent concenbreticns on Lauebo
seodlings in solublion oulbure and L resulbs epre given
in Pigure 4. Essentislly complete lnkibition of growth
was ziven by 250 mg./l. of the mateorisl while sub a&mwﬁi
inhibition was g;;wsx by concentrablions as low a3 ﬁu wge/1e
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Growth of tomato szedlings in solution culture in ths
pressnce of wvarying concentrutions of the erystalline

innibitory compound isoluted from Hacslia loeuvss,



Effest of Boeelis loeves oo the Germination of Seeds
Exporiment s were osrried oubl to detormine the el

faet of Ingells lesves on bthe germicsblon of sewds. Thw

tosty were derrisd out in petri dishes; esch condalning
g filser paper mplstaned with 4 oo, of ihe solulion
boobed, Pifty tomsbo peods wore plased in eagh diak

and B 4dlehas wore wsed for sooh conembrabl one The

gover wHs replaced and the dishes were wpbt in the daprk
ab rooh bogpersiure. The wnusber of seeds that germinated
wore counted after & days and afber 7 days. The rosullby

are ghown in the followliog tables
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Tagble B,
Effeet of bocells Isel exbtrects oo gurmlnatlon of
Lomato sopds.
% Germinabtion afboer

Selutkion besbed S dayg 7 dunys

Water (contpol) \ 68 @e

fater eatract of iHncellis lesves 0 3
{Bgs lvse/Blo0, waber)

Seme, diluted 1/B ¥ B
Bame , dllubed 1/4 18 94
Water oxtract of ebher sxtreacied '

ins, loaves (B g. leaves/80 oo, ] 51
water )

Same, dijuted 3/2

Smme, Ailuted 1/4 28 20

Wabter sabureabed with velatile olls

Prom sboan Gotillntion of loaves. b4
Aegond hot waber exlbreact o Lhe O 4]

ether oxtrsct of Zpeelin leaves,

Bame , dilubed 1/2 0 2

The table sbows that Yhe waber eziract of the lneslls
leavesr conbalng substeneces whieh markedly Inhiblt gorne
ination, The leaves alber bLeing extracted with otler
show mueh loss offect which means that the other eoxtracts
aume of the swubstences which are debrimental %o germination
of torato seeds. The stbhoyr extract coumpletely prevented

pormination,
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Ihe cryatalline compound fsolabted from the Sngellia
leaves 4id nob ghow such an inhibitary effect on the
germinatlan of Lunato seeds ae dld the ether and water
extrgots, as shown by the {ollewing sxperiamb. Ihe
tesbs were carrisd oub &g deseribed nbove using Gifw
ferent concentrations of the yure corysballine compounds
Tue resulis are shown in the following table.

Table €

Lffect of opystealline gumpound isclated from
isaves on the germlnatlion of Somabo seeds,.

spsel

Conos of cipds # Gersinabion alter

R TA LT 3 deye 6 daya
0 {¥ater cuibrol) 90 98

060 Q 24

Qe & &1
0185 63 95
0,080 78 98

Thus, it is seen that the toxilec gwpound delays gorme
Inakion sowswhat, bud 16 does nob prevoxt gporaination
of towato seeds ab the concentrations teated. AL the
highest cuncentrabion (0.80 mg./ec.), howver, it does
markedly inhibit germined lon. LYherefore, 1t seems thet

bhe totle compound lsolated from the Callfomle froelis

logwsg has nore of o lullibliory effect on Che gpoviag

pldant Ghen on geralnablion of the soods,s
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Strusture Determinst ion

e present chapler is concerned with the idene
Ltifisabion of the btoxbe compound which was lsclated
frow the ingells leaves, The tosts wore all carried
eut on & wmisro seale, singe only zooud 300 milligrams
ef the purs crystal line compound was avgillable,

Physieal and Chemiecal Propertlies

The toxic material srystalliges 1n colorlsss
needles from ether or slodhol, It starts $o sublime
at 115%C, and melte sharply at 14490, Sublimetiom
cauges no change in =eltiyg points The epystels
show weak double refraction when examirsd under the
polarizing nicroscope, The eosmpound hars no cdor at
room Leuperaturs, bub when the ¢rystals are hoated a
pleasant perfumeelike odor 1s detected. It burns with
& suoky flase loaving no residue after ignition,

An slomentary analyalg using the godium fusion
wethod was carried out wsing a fow willisrass of the
unknown compound., Tests for nitrogen, sulfur, ad
halozens were all negative) ovidently the cumpound
is couposed only of the slements carbon, hyirozen snd
UXTEON e

Solublility teats showed the Loxie gompound te be
8lizhtly soluble in cther and very slizhily soluble
in hot water, It dissolves readily in alechol, agetore,
bengene, and chloroform. It is insoluble in cold water,

6 percent hydrochloeric acid, & percent sodium hydroxide,
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petroleun ether, and carbun tetrachloride, The gone
pound dissolves in eonsenbrated mlfuric, hydrochloric,
and hrédrohronic aeldn producing orangs colored solubions,
Classiflecation bests (47,48) were carrisd out on
the toxie compound to determine the functional groups
prosent, & red color is produced whan the ¢ompound
reasts with anhydrovs aluwminun ehloride end oblorofam
ssoarding O the Frlodel«lralts reactlon, This glves
sung indleation that the crazpound zmy be a humulogue
of bengene, It roacts slowly wibth browine In chlorow
fore piving of £ hydrosen bromide, imlicabing & substitue
tlon reastion rether than an addition resction, It
desolorizsed ¢old aguecus potasalunm permanganate solutlon
showloy that the ecspound is slthor unsaturated or ensily
oxidized, A preecipliabe is obfained Ly treating he
conpound with 2,4-dinitrophenyl-hydrasine peagent in
alochol, showing that the compound may Lo an aldshyde
gr a ketorm, It gives s green golorsd solution with
Fehling's solublien shoewing some reductlon of the roagenb.
it alzo reducos ammeniacal silver niirete sulutien (Toellen's
roagert ) giving a8 bleck precipitate of siiver, With
fuchsinealdehyde reagent (Sehiflf's reagont) & pood violet
gulor is oblalned shien the orystels are dissolved in
aloohols Therefere @i aldehyde group ls dsfinitely
pregsants The flerric chiloride fest for phencls was nogw
ative 83 wee also the hydroxamie acld (40) and saponie

fication bests for esters. 4 positive test o moblyl



wiile
kotones ls cbinined with both the sedium nltroe
prasside reagent (H0) and tboe @ tho-nitrobongaldshyde
tost (80},

The elessificntlion btests show that an aldehyde
group and & methyl ke tone {acetyl) group mey be pressnt
in the toxle compound which may also contdin tho bengeng
nuelous.,

B,4»Dind tropheny Lhydy

asine Deplvabive. 4 ocld
gsabureted solubtlion of 2,d4-~dinltrophenylhydrasine in
956% othyl alcchol was added te 5 mg. of the compound
disgolved in 1 60s of aleochol. After adding a drop

of econcentpabod hydrechlorie scld, en opange colored
precipitate formed immodiately. The derivative was
filbered off, waﬁaaa'ﬁmiea with aloochol and dricd, n.ps
2552619, The derdivative was inscluble in hot ale
soiwl, ethyl acetale, and most organic seolvenbta, and
eould be reerystallized only from nitrobensene.

wantitative Analysis. & nicro anslysisw of the

pure compound peve resulits sgreeing ¢losely with the
enplrical formla Gygiqlxe

Found for Galeulated
toxle cmpds For Oyg8100s

&0 6714 67 .41
& H G.028 B.62
kO 87 404 BG.97
Hols W, {(Rast) 192 ive

# ooy 17,96 17,40

® Jlero analyscs done by DPs Ue Oppenheimer ad Ge Swinohart
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A ealeulation of the welscular weight ssauming one
methoxyl group per =olsoule glves 178, 4 quantitatlive
precipitat ion with 8,4-~dinitrophenylhydragine usisg
the mothed deseribed above shows that two moles of the
reagent oomblne with one mole of the toxie compound
giving 1864 for Lhe mal@é&&&r-@@ﬁgﬁt, 4 Jderewitinelf
detorminabion of groups rosctive to Urignard roagont
showad the absence of active hydrogon,

The results indicoante that the toxie conpound is
& benzene derivative containing en eldshyde, ncthyl
kebong, and & methoxyl group, snd hevin: a molecular
woizht in ths range 172-192, Conoldering the molee
cular forsule O10il1o0s %o De ocorrect, no other groups
could boe present on the bensene rioge 4 soupol In
thoe shemieal literaiure revealed no known compound
satiafying these requirasentsa, herefore, degradation

to simpler inown cospounds wes undortaken (1)

Degredation
coon
“Ocky cH )
*CHO “(hor) -COOH
-Cocw,



oxidation wich Hot Pemupunranabe, & 80 mz. saumple of

the toxle compound was mized wibth 2 cos of saburabtod
potassium porsensanate solution in a mall reflux tube,
The tube was zssaled and heated oo a steam bath until the
color of the perman -anaie had disappesred; this took
£ 1/2 bhours., The Subs was cooled, opensd, mid bhe gon=
tents empiled into 8 cenlrifuse tube, Alber gentrifuging,
the sleay supsraatant was drawn off. lpon scldiflying
with dilute hydrochloric acid, & whlbte preclipitate formed,
The precipitate was Liltared off, recrystalilsed ron
hot water, deied, and sublimed; m.pe. 264«20790,
sgamination of the carbuxylic ecid dorivatives of
anlsole found in tho literabure gave thoe following pode
gibilities for the cxidation product of the toxic oompound:
Sexethoxylevphthalic aeld, mep. BOB(51),270(58),
d-nothoxylsophithalic seld, ma.p. 245(63),261(54,56},
275(56)
Lempthoxyterephthalic acld, mep. B74=275(51},
BTC-270(55) B81{59).
The melting points of these sclds vary conglderably as
debtermined by different investigators, Therefao, the
agids were gynthesized in ordor that mized meltlry points
with +¢§i&ah ive product & thke Soxie compound could be

saken,
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sbhoxyisophthalice acld, This compound was pro=
pared by mebhylating S-hydroxy-l,d~dimethylbengens wiih
dluethyl sulfate and oxidising tho side chaine with
permanganate as deserlibed ebove., After recryetallising
from hot water and subliming,it melted at 268870%C,

A mized nmolbing point with the oxidetion odust « the
toxio compound geve 6 considerable deprossion,

g-Methoxyisophtiaiie sela‘il) (a) prepared from

pelrescl., =-iAn aldehyde group was substitubted in the
position wtho Lo the phenolic group of p=grosol using
chloreform and alkali (AoimereTlemenn Reaction), The
resulting Semethyl«f-hydproxybengaldehyde wan methylated
with dlmethyl sulfate and ther the slde ohains were oxe
idiged to meids wilh permeanganate, The producht was
regrystel lized from hot waler, dried and sublimed, meDs
264-2679, A mized melting point determinatios with

the oxidetion product of the natursl tozle compound
gave no depression in melbing poink,

{b) Frepared from 8,4-Dimethyl phencl. =By
methylating § g« of this compound with dimethyl sulfabe
in strong alkali, the sethyl obhor was obtalimned, baipe
168%C, To 2.72 g« of the ether in a rounde~bobbomed
flask fitted with & reflux condenser was added BU0 vc.
of water cuntaining 128.84 g. o pobassium permangaate,

The mixture was hoabted on & sbasm babth until the colop
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of the permanganate had all disappenrsd {eight nours.).
The manganese dioxide wes filtered of'f and the filtrate
aoldlified with hydrochlaric acld. The white erystals
whiech separasted wore filtered off, recrystellised Ifrom hol
water, and dried in an oven, Mm.p. 273-275°, yield 1 g.,
265 of theorebiesl, After subliming the meliing point was
loweres to B64-ROTY,

The above rosction toniabively establishes the identie
ty ¢f the sxidetive produst of the Loxle cogpound with -
mebhoxy isephtbalic &eld.(lI) This imxiicates ihet the
toxis compourd whieh cbalns an aldehyde and & methyl
ketone group wmuat be either Es«aaa?;ylwé}—m&mmxy«bm&am@m«ﬁe ’
or Segooiyled-mpthonybensaldehyde. The Quostion s Lo which
leomer 1o the corroct e wes suswored by & sclsciive oxie
dation of the sldehyde gamp with ¢old potnssing Wﬁmn@amw

solution, (2}

HO CO0H
¥ AT NG @ @)
och, (coLd) COCH;

ik I



seloptive O Lon of the Aldeheds Group.--A seuple of
30 mg. of the toxic sompound was mized in a small test tube
with 1 ¢ce. of satarated potsssium pormanganate solublon,
The mixture was shaken fur 45 wimutes, contrifuged, and ihe
supernatant drawn off. A few drops of ethyl aloohol were
added to roduce the exoess persanganate. & dropof B ¥
sodivm hydroxide solution hastewed the rosction. After the
on & water hath and centrifuged. The clear superoabent was
drawn off end consontrated to 1/3 ae. by bubhling alr through
the solubicr whils heabling on & waber bath. The solulion was
acidified with dilnte hydrochlorie meld, After alending e

viglet aclor lwd dlsspposred the solublon was hestsd to 60

fow mimmbes, orystals began bo separete and after tno hours
the erystals were filtered off end re-oryshallized Irom hot
water, The yield was apprat. 10 mg, n.p., 150-1819. Mhis
mroduct gave & positive tsst for mothyl ketones bubk pave &
negative test for sldehyden.

The identity of this cold permenganate coxidative produet
wae ostablished by its synbthesia. The literature reports
158%C, a8 the melting point of S-acetyl-f-methonybeasoic ascid,
This eompound was synthesized and p mixed melting point deterw
minstion made with the cold porpmnganste oxldative product
of the toxle compound.

: tyl-Gemethoxybensole acid.-~ the curresponding
phenel wos prepered accurding to the directions of Blalow
przoski snd Menki (60)., Zighty grams of Salieyiis scid wea



.y

dissolved in 100 g. of acetyl chloride contalned in & 500 ge.
flask. (me hundred grams of anhydrous ferrile chloride was
then added in small portilong with vigorous stlreing. With
the addition of the ferrie chloride, s lively reaction set
in and the solid acebyl ecater of salileylic acid was produced.
Ypon further addition of ferric chloride the mabterial again
bessme liguid and derk in solor. Hydrogen ehloride was
ovolved and when nesrly all of the ferrle chloride had been
sdded, the flask was heated cauvtlously over a flame until
the temperature reached 110°C. prifteen mimutes after the
sddition of all the ferric chlwride, the mel ¥ was cooled,
triturated with c¢old water, filtered by suction, and washed
several times with cold water, The red colored mass was
then taken up in several porticns of beiling watsr (soveral
liters of hot water were necessary’) and the hot selution
filtered. A little hydrochloric scld was added until the
golor of the soviution changed from wviclet to yellow. On
pogling, the 3~acotyl-O«hydroxybonsole asid crystalllged

in orange neodles. The acld was purifisd by recrystalli-
zation from hot water and sublimation, glving colorless
needles that melted at S0U-2109C,; yield 48g,, 40.3% of
theoretical.

The mobliyl ether of the phenol wes propered as Gew
seribed by Eramniehfeldt {(61); 85 g. of B«acetylef«hydroxy-
bengole secid were dissolved in 130 eco. of 10 parcent svdium
hydroxide solution. 7To this solution, HBB.5 g. of dimethyl
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gulfate was added, Afbter a fow minubtes, the same emount of
alkalli and dimethyl sullate were agalin added, After shaking
20 minutes, the flaak was hesbed under reflux %o bolling.
An oily layer of the eoster sepsrated. S0lid sodlum hydroxide
was sdded while healting the flssk until tiw ecaler was come
pletely saponified. A fow grame of ¢alelum hydroxilde wes
added and the flask and contenis heated far 1 hour, The
inzoluble calelium salt of the unchanged JescotyleG-hydroxye
bengole acid prosipitated and was filtersd off. The filturate
was acidified with dilute hydrochlorie acid, and on gsooling
the 3e-scetyl-Gemathoxybonzole acld erystalllzed from the
solution. It was purified by reerystallization from hot
vator end after drying, melted at 150-151%C; yleld, 15 grams.
& mixed meliing point debtermination with tle ¢dld porw
manpauate oxldative product of the toxzie compound showed no
dopression in the mwliding point, This detepmination shows
that the aldehyde group ls ortho to the methoxyl group and
that the methyl ketone group mast be in the parse position in
the toxic compound. Therefoare, the strusture of the toxie
compound lgelated fyrom the Lueella lesves 1s estadblished as
Senoe tyl=fenethogybengaldebyde(113). This compound has nod
beon reparbed In the chemionl litevature,
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SYRTHES IS

Singe more of the toxle compound was moeded for
phiysiologieal testing, and since 1t had not been prepared
before, synthesls of tle compound was undertaken. A munber
of methods for the syntheslis of sromatic aldehydes and
kotones were tried without any saecess. It might be well
%o mention some of the reactions that were trlsd in an
attempt to symthesize the toxle compound, J-agetyl-Ge-msthoxye

rearrangement. The phenyl acetate Lirst formed was sube
Jected to rearrangement with anhydrous aluminum ghloride

producing & mixture of oritho and para-hydroxyaceiophencne.
The orthe compound was penoved from the para by steam dipe
tillation. The p-hydroxyscetophencne in the residue was
purifled by recrystallization fram bengene and troated with
sodlum hydraxide snd chloroforum according $o the Relmere
Tiemann Reaction. A polymerised product was dotained instead
of the aldehyde. In other reactions the carbonyl group was
protected by forming the semicarbazone and mlso the acebsl,
but no aldehyde could be isolated from the reaction mixbure
in efther case afber rescting with ehloroform in alooholie
sodium hydrogide solutlon.
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Gabiepnarneiooh Hseoblon.wSbarting with p-nethoxye
acsbophanone, It was atioupted o sabastiluleo an aldehydeo
group inbe tho bengens Ping using 2inoe cysulde and ane
hydpoas hydrd

desepibe

gon ehlorlide agoording te the mobtihnvd &

d by Adess and MHonbgomery(02), Howover, no
sldehyde eould be detesbed in e reaction mixture, moat

of the p-wmeithoxyacetophenone being recovered unaliorsed,.

e BeLlyheenine aold, S~aoetyleGeustharyw
bengoic aolid was prepared as doseribed above accwrding Lo
the direstions of Bialobrsseski snd lonoki{8l). It was
undertaien bto prepupre the seld ehlordds « thls ecld by
roacbing wibh phosphoreons pentachloride or thionyl chloride
using various precsmutions, snd then reducing the meld
ghloride by the Rosenmmndefoduction using 8 polsoncd
palisdiue catalyst. The reaction with thionyl shloride wos
gifficuls o regulate and enly tarry produsts were cbisined,
48 a result the seid chlepide wes not 1solated and upon
hydrogenat lon no aldehyde asould be dotooted.

Erdes Hearranrement.e- The scetyl derivative of salicyl~

sldehyde wan prepured snd sublested to resrrangemmt with
anhydrous alumimps chloride. A& product eontalning a nethyl
kotone group sould nob be found in the reaction mixtwe,

The resstion of o-methoxghongaldebyde with agetie
aaé%raﬁe and aluminum chiloride aogording to the method of
Noller end Adems(63) was slso unsucoessful.

Hany other synthopes wore btried but nom of thoes
yielded the desired sompound, Some »f tho reagtions seomed
Lo work, but the cenditlons were nob mild encugh to prow
vent déogomposition or polympisation,
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Flnally a method was found by whileh $ho compound owuldd
bhe gynthesisged, starting with pemethoxyaestophenons ascconding

to the follwring achoms.

cHf HNOs fm_C.fz_) s
cocr; HpS O ocl; HC cocu; Cu%CN3Z
X

a.s !’:! CHO-
oh SnCh CocHy
YIL x

L-lothory-3-nliroacotophenong (VIi).=- The propesration
of this compound was aceonplished by altration of p-nothoxy~
scotophenons ascorling Lo the moesdure of JBogert and JSurtin
(64}, ‘Mweunty five grams of pe-methoxyacetophenons were digw
selved in 100 ec. of concentrated sulfurlie acld &t room
tompersture. The solubion was then coolsd te 0°C, and o
mixture of 12.3 co. of congentrated nitric acld and 12.5 oe.
of eoncentrated sulfurie scid was added dropwise over o
poeriod of me-Ralf hour while stireing rapidly. The btomper-
ature was epd bebween C~5%C, aend aftor stirring 16 minules
longer, the solution was pouwred into 500 co, of lce water.
After standing an hour the preciplitate was filtered off,
waghed scveral times with oold water and reerystellised from
alecchol. The yleld was 30.8 g., 95 percent of ths thooroticals
mape P6-06°C,



sadiiden

Bwparingedene thonvacs bophenone (Vil),we The preparation
o the anivo compound feom the cmresponding nitero sompound
walng tin end hydrochlorie seld bas been mentloned by Dogerd
ad Cordin (64). Direckions wre not glven. In the presont
work poor vields and & solored wodust wore obtained using
tin and hydrechlorde seid. It was found that stanmous
ehloride Lo hydeoehloric wold pave better yields snd &
eolorless produet.

Pomiored stannous ehloarids dibydente (180g.) was dige
solved in 180 ge. of conconleated hydrochloric seid contained
in 8 l-litor Exlenmeror flask, The solubion was gocled Lo
0%, in an teo selt bath and 40 z. of demothowy-3-nifroe
apsbovhenens was added all ab onee wilh alireing. The loo
bath wae removed, and the nliro sompound dlssolved as the
roaction posesded, hen the bont of the reaction had reised
the btoupereature o 05%°C,, the Mask and contends were sooled
elizhbly to BBOC. in tho ioe bath and then the Ase bath was
romoved. Lighé yellow sryetels of the doable salt of the
hydroshdarids of the anine and stannio ehloride sterted o
The mizbare was stlrred and allowed
S0 ool slowly Go roo bomperature. The nixiture was copled
In the leo bath and the deubls selt wes Liliered off,
amine wees reloassd by adding 50 ee. of waber %o the salt and

40% aodlum hydroxide sclubion. Yhe
amine wan filtered off by suwotion, weshad wlith sold waler,

poparets Losed

then pdaing an excese of



weiBw

and recrystallized from alachel. Small eclorless platslets
were obtained which molted ab 100.1019C, ¥Yield, 767 of
theoretioal.

. hogybengonitrile .-« The niltrile was alse
prepared by Dogeord and Curtian (94) waing the Sanduoyer
mothod, but no debtalle were given. The origingl Jandmeyer
mobhod with some modification wag found o give & ressonably
aeod yield.

To 20 g. of cuprous eilordde suspended in 80 gc. of
woter was added & solubtlon sontalaning 30 g« of sodium gyanide
disselved in 60 ge. of weber. Hest was evolved and alter
gooling, the seluticn was filbered. MAn additionsl 160 go.
of waber was added and the sclubtlion cooled te 090, in an iee
selt babh, MNoanwhile, 18 g. of J-anlno-&-moilhoxyaceiophanong
woo mixed with 100 ee. of waber. To ihis sizture wes added
20 ce. of concentrated hydrochlorie meld. The amine dlssolved
ond 18 co. more of cong. hydroehlorlc acid was sdded. The
polution was cooled %o 0%, in e fee st bath with stirring.
Moe orystals of the anine hydroehlorlde separabed. The cold
solution was dlagotiged by edding from & dropping funnel &
cold solution of 11 g of sodium nitrite dissolved in 50 oc.
of waber, untdl & oxcoos wae indlicabed by stereh lodide
poper. The tompepature wes kept st 09C. during the rouetion,
The diaganium solubion was poured slowly with vigorous
shaking into the cpld cuprous gyanide sclution counbeined in
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lower layer separabed, and the inlei tube was reoplaced by &
dropping funnel. A solution of 18,7 grans of Jeacotylebe-
methonybonzonliirile dissolved in 80 oo of woarsm chloraform
wis added in 2 amell stream from the dropplng funnel while
stirring vigorously., After e fow mlnutes erystals of the
aldinine-stanniehloride bogan to separate. Iry hydrogen
chloride was agein pessed into the solution far 1-1/2 hours.
Stirring was centimued 1/2 hour longer end the flask and
gontonts wore allowed Lo stend a:@'wrtigﬁm.- The yellow pre-
gipltate of the aldiminoe-stannichloride was filtered off and
washed with B0 ee. of dry ether., The salt was heabted with
100 ge, of wabor and filtered. The residue and flltrate
were boith extrasted with bensene, The dldehydes was removed
from bhe benzene by extracting with B0Y sodium bisulfite
sclution, e sldehyde was released upon acidifying end
neating the blsulfite solubion. After cooling, the IS-apebyle
G-uo hoxybengaldebyde wag {iltered off and dried. 1t was
recrystallized from alochol, m.p. 141-148%C, Yield, 53% of
theoretleal, Aftor recrystallising fros ether the melting
point was 143-144°C, This compound gave an aldehyde test
with Schiff's reagent and a poslitive test for methyl ketones
with sodivm unltroprusside roagent. A mixed melting point
with the matural toxle compound lsolated from Enecelia loaves
showed no depression in melting polnt.
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Thus the 1dentity of the toxic compound has besn
sonfirmad by Lte synthesis. This method mrovidos o way by
whish other srometic compounds contalaning ao aldohiyde and 8
ketone group on the same ring mey be synthesiged.
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IRRIBITORY GFPROT OF SYWTHETIO AND HATURAL COMPOUND ARD
ACTIVITY OF RELATED QOHPOURDS.

The inhibltory effect of the synthetie compound was
sompared to that of the natural esompound, Both sompounds
wore tosbted in the same concentrations using the toxie assay
test dessribed eurlier, in which the coupounds to bo tested
are supplied to young tomabo seedlings in solution culiures.
Ihe results are shown in Plgure 6. It may be soen that the
inhibitory offect of the synthetic sldehyde is cssentially
the same a8 that of thw natural sldehyde. Congentrations of
250 mg. per llter caused death of most of the plants
congentrations of about 125 mg. per liter caused 505 inhi-
bition of growth of the tomato seedliings in both cases.

Substanges related to the toxie compound which was
isclated from fncelie leaves were tested Lo determine which

group o conbination of groups is responsible for the toxie
effost. The pure compounds were welghed out and dlssolved
in & known volume of distilled water, the diffieultly soluble
solid coumpounds belng taken up in hot water. These scliutions
wore mized with ean equal volume of Hospland's nutrient
golution and fed to tomato seedling contained in visle. She
plants were measured at the time of transplanting and again
aftor growing in the greenhouse at 4 econstant temperature of
80%F, for one weel, Four or five dilutions of each substence
{1000, BOC, 850, 185, and O mgs per liter) were tested uaing
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Fige Be GEffeot of varying concentrations of synthetic and
natural 3-scetyl-Bemethoxybenzuldshyde on the growth
of tomato seedlings in solution cultures,.

o: Synthetic compound; e: Natursl compound.
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ten plants for each dilubtion, Concentration of inhibitor
was plotted against growth in height as pergent of control
for each substance as in Flgure 5, and the values for 50%
Inhibitlion determined by interpolation. The resulis are
shown in Table 7.
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Table 7
INRIBIPORY ACTIVITY OF PURE COMPOUNDE ON CROVEHR OF TOMATO 3:BELLINGE

Subs bance Lone. nesded Bo. of plants
for BOF dead after 1 week
inhibitlion in
helght srowth

Benzene 1000 0 o
Anisole 1000 0 o
Bensaldehyde 165 7 3
Acetophenone 3656 1 4]
p~Rethoxyace tophenone 145 10 0
o~lis thoxybenzaldehyde 170 6 4
meAce tylbenzaldehyde 140 4
SeAcebyl-G-me thoxybensaldehyde 187 10 8
BwAcetyl-G-me thoxybongonltrile 90 10 10
3=-Anino-d-me thoxyace tophenone &0 10 10
dwiio thoxy-Senl troscetophenone 45 10 10
Swhdootyl-G-mothonybonsole acid 237 7 2
d-~liothoxyisophtahaelis acid 270 b} 0
2«~ko thoxy-S-methylbengaldehyde 128 10 6
Phenol 226 0
Salicylaldehyde 186 9 +]
peHydroxyace tophonone 130 g ie] 3
o-Hydroxyace tophenons 385 #]
o=l tuoxyace tophenone 1786 ¢
S«Asstyled-hydronyace tophenone 60 a0 0
Aniline 1568 Q ¢
hitrobengene 100 O O
Bengoic acld 150 10 3
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It may be soon from the table that bensene itself is
not texie and bhat substitublon of & methyl ether group in
the ring does not inorease the toxlelity. Introduction of
an aldohyde group into the bensens ring greatly increased
the inhibitory activity, vhereas a mothyl ketone {avetyl)
group is mueh less inmhibitory then the eldehyde group.
Couwbination of & mpthyl ketone group with o methoxyl group
is more inhibitory than the combination of an aldehyde and
methoxyl group. The toxie compound lsolated (S-acetyl-l-
ue thoxybengaldohyde ) which containg dll three groups u more
toxie than combinations of any two of the other groups. The
subsbtitubion of & eyano, nitro, or amine groap for the
aldehyde group caunses inereased inhibition, the smino group
having the most toxis effect, The last two solumns in the
teble show that most of these compounds do not cause death
of the plants even thoupgh they may cmuse more inhibition in
helght growth than the naturally ocourring inhibitor. Only
the nitro, eyano, and smino substituted analogs brought
about &s high & morbality as the natural substance itself,
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TOXIC COEPOUAD FROM ARILONA BHCELIA LEAVES
Isolation end Inhibitory Activiiy
incelis leaves gathersd near the Cestle Dowe MHounteins
in Arizona ylelded a different toxise &ampaun& than the
Incelia lsaves gat&arwd in Californis, although they were
a far
wore dried in & forced draft oven ab 709C. These Arigona

both of the same species, Lngel nosa. The green leaves

leaves gave inhibitory effects simiiar %o the others de-
seribed earlier when added to tomato plants in sand gulitures.
The leaves wore extrasted in the same manner as the Caliw
fornia Encelis leaves, and the toxie activity elso followed

the same fractions.

igplation,-- Fourteen hundred grams of dry chopped
Encelis leaves (Arisona variety) were added to 4 liters of
benzens in & large flask. The {lask was warmed in & warm
water bath at 60%. for en hour and the leaves wore allowsd
to soak in the bensene overnight at rosm temperature. FHearly
all of the bengene was removed from the leaves by means of &
preas, The solution was filtered and the bonzene removed by
neating in a water bath at reduced pressure, leaving & green,
sticky mass. All of the boxic activity was removed from this
residue wlith four extractions with BOO se. of hot water each,
The wator dontelning the toxic material was cooled and
Piltered, and then extracted with an oqual volume of bengene
with two extractions in s gseparatory funnsl. On evaporation
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of the bengeno st reduced pressure, crysitals seperated. The
erystalline materlal wae rocorysbaillzed btwice from hot
bonwene to give o white crystalline compound melilog shexply
gt 194.5+195%C. Toe yleld of the erystalline material was
1.8 grems whlch corresponds o 0.18% of the dry wolght of
the lesves. This compound Ifrom the Arisons Ep
was later shown to be & lactone.

Inhibltory Astiviby.e~ The pure compound was tested for
Inhibitory activity on bomabto seedlings growlng in solution
sulture using the method dosceribed earliier. The crystals of
the laostone wore dissolved in hot water ab different concen-
tretions and then mixed with equal volumss of Hoagland's
solution., The tomabto plants wers allowed to grow in the
vigls sontelning the test solution for one woek at a consbtand
temperature of 80°F, Ten plants wers 1wed for each diliuntion,
The helght of the plants ves measured bofore and after &
weaks zrowth, and the growth was compareod with the contyrols
wileh precolved only mutrlent solution, The results are shown
iIn Ploure 6. At concentrations of 250 snd 125 mg. por liter
all of the plante died, It con be seen from the surve that
very ssell smounts of the coumpound csused considersble inhle
bitdon of growthsy GR.5 mg. per liter cauvaed 50% labibition
of helght growth, and S0% inbibitlon corpesponds tu & soncenw
tration of 12.5 mg. per liter.

Thas we see that bthe leotone has greater lnhibltory actliviiy
than the first compuund, J-acetylel-methoxybenzaldshyde,
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Fige 6s Growth of tomato seedlings in solution culbure in ths
preseace of varying concentretions of the erystalline

lactone isolatsd from Arizona Fneelia lsaves,
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which was isolated from the Callfornia Zncelis leaves.

The inhibitory esctivity of the lsctone was tested on
Ingelis seedlings themselves which were obtained by gormi-
nating some incellia seeds which were gathered on the desgert,
The plants were 20 to 30 mm. high and contained © to 8 leaves
per plant when they were Lransplanted from Lthe sand flats to
the vials. iho tests were carried out in the same manner as
with the touato seedlings. Only & plants were used for esch
congentration. The measurements were made after one weeks

growth., dhe results are shown in the following table.
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fable 7

Effect of lactone isolated from Encelie leaves on growth
of Encelis soedlings in solution suliure,

Cong . of laeton

1.0 ﬁg./@@:

G 375 4 dead, 1 survived, no growth
0.18% 4 dead, 1 survived, no growth
00,0688 S dead, 2 survived, no growih
0 (control) 0 dead, 5 survived,

average
growth 1.6 m/;gmt

it is shown in the contrel that the Ingelia seedlings
were gble to survive in nutrient solution, although they did
not grow very rapidly. Since all cther concentrations of
the lactone tested caused most of the planis to die, we may
conclude that the lactone isolated from the Encelis plants
acoms to be quite toxic Yo Encelis plants themselves when
grown in solutlon eulture.

Gormination testg.~~ The effect of the lactone on germi-
nation of tomabto seeds wes not so striking ag the effect on
the tomato plants, The tesis were carried out as deseribed
sarlier, different concentrations of the lastone being used
in each vase, Fifty sceds per petri dish wero used and two
petrl dishos woere used for each dilution ¢f the lsctone.

The needs were plased in the dark at rogm temperature and the
number of seeds that germinated were counted after 3 days,
and after 6 days. 7The results ere shown in table 8.
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Table &
Effeet of lacbowe on the gorminatlion of tomaio geodsa.

% Cormination after
S days & days
98

Cone, of lactone
water (control) 90

0.50 mg./ec. 2 Ey
0.25 i 8
0,188 22 %
0,068 46 B6

It is seen from the table that although the lactone
deleys permination, 1t does not prevent perminmtion in the
same soncentrablions thab killed the plents.

CHARACTERIZATION OF THE TOXI¢ CUMPOUND PROE ARLZONA EHOELIA LBAVES

Physieasl and Chemical Proper
e fr@m:ﬁn@ Avdigona Encell

tien

The toxle comp lsaves

eryatallizos in goloriess meoedles from bonsene forming colop=
less needles that show strong double refraction when sxamined
under the pelariszing uleroscope. The compound melts sherply
8t 194.56-195%. It can be erystallised from hot water giving
Pine needles with the same melting point. The compound hes
Clittle odor bub often causes & person £0 snoofie. It has &
bitter tasbe; 1% burns with & smoky flame leaving no residue
after ignition.

BElementary snalysis using the sodium fuelon method
showed the absence of nitrogen, sulfur, md the halogens,
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Solubility tests show the compound to bé insoluble in
cold watker, 6% hydrochloric acid, and BX sodium biearbonate
solutiony 1t is alightly soluble in ether, cold bensene, and
hot water, and very soluble in 5% sodiwm hydroxide, aleohol,
and hot bensene.

Clasgification Tests(47, 46).~- The unknown compound
gives no solor reaction with enhydrous aluminum chloride 4in

chloroform which shows that the bensene ring my be absent,
Although it dissolves ilu BY sodium hydroxide, the ferrie
chiloride test for phenols 1s negative, Goneric tests for
acids wore negative since it ls not woeldic enough to be
titrated with 0.02 H sodium hydroxide in saleoholic solution,
The compound shows no reaction with sodium even when dissolved
in bensene., However, the Grignard determination ahows the
preséence of an sctive hydrogen atom. Therefore, there must
be an alecholie hydroxyl group present. The compound also
reacts with acetis anhydride. This compound des not give &
test for aldehydes with the fuchsinealdehyde resgent, nor
does 1t give & positive test for mothyl ketones with the
sodium nitroprusside preagent (50), The iodoform test wae
nogative. The compound does form a precipitate with 2,4«
dinitrophenylhydrazine reagent which shows that a ketone
group may Le present. However in trying to fom a derivative
with 2,4=~dinitrophenylhydrazine in slooholic solution, no
orystalline material conld be obtalined.
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A gualltative test o ercmatic methylene ethers (66),
which conslsted of adling a drop of 5% gallioc asld in &M@h@l
to & golubion of the compound in concentrated sulfurie seid,
was negative. A sample of plperoual gave a good positive
tost {emerald green color) with the reagent. Another quantie-
tative test for methylene ethors (88) using phloroglucinol
Cin sulfurie acid solutlon gave a reod procipitate in excess
of the theorotical amount, and singe the reagent is not
apecifie, the results of this test ware lator diaprsgarded.

The Soxic compound desclorises 2F oold agecus permangas
nate selution very readily showing that the compound may be
unsaturated.s The owmpound also decolorises & 8% bromine in.
earbon tetrachlaride solution when the compound 1z dissolved
in shloroform. Therefare, the compound is undoubbtedly
unsaturated.

e compound zives a good positive test {violet solor)
with the hydroxemie acid teat (49) for ssters, soid anw
hydrides, and lactones, In the seponiflestion test for
gaters no other products of saponification sould be detected,
and on asidification the compound was recovered unal tered.
This is characteoristic of lastonea. The compound cannot be
¢lassified as sn seld, sinee 1¢ i3 not acldlie snough to be
titrated by alkali, The clessifiestion tests show that the
toxis compound from the Arizons Encelis leaves is an unsabue
rated lactone possibly conteining a hydroxyl group.
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Suantibtetive Anslvsis.e- Hlero analysis # of the pure

soapound gave the following resulbs.
Found Atomle ratio Cale'd for
Smmple 1 Osmple 8  Jample 1 Semple 2 O, dlan0

Serbon 69,18%  69.77% 5,96 4,06 69.56
liydrogen 7445 785 &.1 5.08 7.286
Ogygen 25,57 82,956 1.0 1.0 23.19
Hol., We. B 270 276

Yne atomlec retiv of the elemonts as dhwwn lu eclwans § and 4 of
the above Lable corvosponds Lo an empirleal formla of Sgigl.
& moleculay forsmda of ﬁmﬁ%ﬁé of molecular welght B76 is
obtained by multiplying by a factor of é¢. This corresponds
nicely to the melecular welghts obtained by analysis.
ihe seponification equivalent was determined using
potagsium hydroxide in diethylens giycol (47). 4 sample of
77 mg. of the lactone was heated to 130°C. with 1.04 grams of
i ¥, potassium hydroxide -« diethylene glycol solution in a
stoppered welizhing bottle. tThe sxcess base was titrated with
0,02 ¥ scid using phenolphthalein as indieater, The saponiw
fication eguivelent was found to be 285 in one trisl and 288
in the pecond triml. This agrees c¢losely with the moleounler
weight B76 and melecular formuis Cyaflan0,. Therefure the
compound must contein only one saponifiable group per molecule,
The numbeyr of unssturated bonds was deternined by
catalyble hydrogenation, The hydrogenation was carried out

% Host of the miore analyses were done !agr Dr. G, Oppenhelmer
and G. Swinehart. Some were doe by the author.
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in glaclial acebtlo aeld ab aduwepharde pressure using plabtinum
oxlde as catalyst. Using B8.53 mg. of the lastone, and 13.48
1. of the vatalyat, 8.48 oe. of hydrogen wos Lalken uwp ab
S.T.Fs  This corresponds Lo 2.9¢ moles of hydrogen bslug bteken
wp pey molo of lastene. In another deteraminetion 3,1 wmoles of
hydrogon sere taken up por r@@a@.@@ﬁ inetone, asmming the

noloculor welcht of 876, This seans thad the unkaown compound
sonbaing three double bomds per molocsuls.

& detormination of the number of double ’mma wag /l5o
done by titration with bronine in echlopofom. To 85 mg, of
the lacbons dissolved in chlorelorm was added an excess of .8
N broming in shloroferm solublon. Afber alwhing in & gless
stoppered flask o fow wminutes and then staodling in the derk
potassimn lodide and titrating the libersted lodine with .1
¥ sedium thlosulfste aclutlion. Thiz detwrminadlion showed thab
only three atons of broulne were tghen up poxr mole of the

fop 15 nivubtes, the excesss Wromine was dobermined by

lactone under Uese conditlons,

& determingtion of the progpe roactive to Grignerd
rosgeont vas wmade. A somple of 185,208 mg. of the lestond
Yielded 97 go. of mebbe
hydrazen per nole, Two moles of the reagent roscted with the
wown sompound without the liberatlon of methone, The
aative nypdeogen maet be present se an alecholie hydroxyl

6 whish gorpeaponds Co ong active

S

group as ne phencls or acids are presenbt.
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Optleal Rotation.e~ Te optlsal robation of the lastone

wus measured using a concentratlion of b mg. of the laecbone
pepr an. of 965 othyl alasohol. Tho spocific rotadlion ab 2590,
with the godium D lino was ealeulatod from the obrerved 1o~
tation (-0.599) and found to be «1189,

UltrawViolet Absopation Speclkra.-e The ultra-viclet
absorpilion specira waz doternmined 4o peo 4L At would give
some indieation as to whothar or not the double bonds in the

compound are feclated or sonjusated. 4 sample of 25 mg. of
the pure lactons was wished out on the mlsrobalance and
dissolved in B co. of 967 algochol in a volumotric flask.

The gelntion had to be dlluted with aloohol to & concentration
of Q0,025 mg. por ec. in order to, obtain geod reedings on the
apestroohotometer. The ebsorptlon spectra was alse run in 5%
sodium hydroxide solution at the same concentration. The
density (log I/I) 1s plotted againet the wavelensth in
willimiarons in Plowe 7. IV con bs gesn that the absorption
maximom occurs st 241 millimicrons which indicates that the
donble bends may bo sonjugated, The alkaline solution shows
2 sbift in the absorpiion spectrum which Indicates that the
~lactone mroup may be in conjugation with the double bonda,

Derivatives
Agotyl lerivetive.~- Fifty millisrams of the pure lactone

was pleced In & 50 o, distililing flask, O.4 ce. of acetlic
anhydride and 235 mg., of fused sodium scetate powder were added
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Fig, 7. Ultra-violet absorption spectrum of toxic lactone
isoluted from Arizons Hncelia leavoes.
A. 0.025 mg. lactone per cc. of 96 % ethyl aleohol,
8. 0.025 mg. lactone per cc. of 5 % agueous sodiﬁm

hydroxide solution.



and the miztuwre heeted 2 hours on o stesn Dath. The scetle
anhydeide wes removed under reduced presmure and the resldue
washed with § co. o cold waber, The flash was agaln dried
under reduced pessmre. The residus vas sxbrached with 8 .
of hot bengene. Most of the bengene was evaporabted in a

small beaker oo s kot plabe. On eooling, white meodles formed.
he erystals wers woashed with ebther, filtered, and rouryetale
liged from warm ether ylelding 20430 mg. of fine white needies
melbing ab 184.5«185%C, 4 smiero emalysis of this produst geve
the foellowing resulds:

BY.485 ©, 6,970 0, and 25,88 0, If the hydrogen atom of the
hydroxyd group of the original compount {(Cygianlyl wers
roplaced by the agebyl group (ClgCo-) on acetylation, this

would glve a sompound haviy

¢ bhe meleaular formula (Oy4Haa0s).
This asetyl derivative would conbeln 67.907 ¢, 6.5378 U, and
£5,18% © whieh agroes elosely with thad estusily found,

& saperdfication equivalent waz yun on the acobyl derivew
tive using & 1R =g. sople and Lo potassium hydroxides
diethylens glyeel saponilication reagont. The saponiflismbion
pauivalent wes fonnd to be eguel o 160 which swroapondsn to
two sepwnificbly groups per meleoule and & seloculsr welzht
of 380. This agrees closely with the fommla Cypliagels having
& moleeular welphtd of S18. The rosulbe of this snalyeis add

svidence as to Lhe correctuess of the proposed wmolooular
formula {CygHan0,) for the toxie lactone.



_ _ rabive.-~ A B0 ng. sample
of the laglone was disgolved Iin 2 ecc. of aleohol end a satu-
rated solution of B,4~dinitrophenylhydresine in alcobel ard a
drop of hydecohloric seid wore added. Yo procipitate formed,
even after addiag water. After standlng for some Lime & few
crystels Jormed that were {lltered off and dried; m.p. 260-
£253°%:, Oy sdding & hot seturetod selnilon of an aleobolie
selution of &,4-dinitrophenylhydrazine te & concentrated
soluticon of the lactone 1 aleohwl and e drop of hydrechloric
soid, & Jellelike precipitate formed, This material was nob
orystaliine and 414 not bebave a9 e true hydrazons.

Lion Product.~- The hydrogenation was carried

pat as described sbhove under Quantitative Analysis. The
satalyst was £ilbored off and the ascetic acid was romoved
under reduced prossure while heating on & water bath: The
resldus was resrysiallized from beansene glving a compound
molting &b B21-233°C, This bydrogenation produst gave a
positive test for esters and lastonss with the hydroxanie
acié test.

on of Allall.ee lne unknown eompound could be

dissolved in 5L modimm lydromide md oo soidifiomtion the
ariginal compound of m.p. 198%C. was obtained., The lactone
was saponlfied ag degcribod eorilier with potessium hydroxldew
ethylone glyeol (1 M) and apgidified, The suvlution was Loo
dilute for the compound to proeipitate, so it was extracted
with ether. The ether was evaporated and the residue
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recrystallized from benzens ziving e compound melbing ab
187-190°C, The melting point of the starting material was
192-198%, 4 mized meltinz point determination of the two
matorials gave no depression, se it wasz assumed that the
mmn&ﬁe#tﬁ@n peodust was the seme sz the starting material.
he product glao gave 2 pood positive test for lastonss with
hmmm&c acid snd ferris chloride,

Iy boliling in strong allkell (25¢ sodium hydroxide) a fow
mimities, the lacbone ig sonverted into & new compound., After
asldifying the solution, o precipitate was obiained which
molted at 283-265°C., after being washed and dried, Thls
product gave no Best for lactones with the hydeoganis acld
tost. It was insoluble in hot bensens and was not asidlie
snough £o glve the generle tosts for acids,

Under different comditions, the lactone on trostment with
alknll behaves In e dAifferont manner, If the lootone is
digsolved in 20¢ sodiwm hydroxide and then a Pew pollets of
201id sodium hydrozide added, & syrupy mmberisl separabtes.
This materisl dissolves on dilution with water, On acidifie
eation, vory llttle materiasl sopmrated so The solutlon was
axtracted with ether. On evaporation of the sther & ayrupy
natorial wae obtained, Attempts to grystallize the maberial
ware unsuccessfMl, The syrupy maberisl gave positive tosts
for estors or lactunes.

Alkali fusion of bthe lastone with potassium hydroxide in
8 nickel erucible, first causes the oily meterisl to seperate
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which then rerwing Ingoluble and bosomes cherred on furbthey
hagting, o 48lutlon of the product, end seldification, pose
brown meboriol soparated, This asaberial pave noe teot Lo
phensls with ferele oldoride. Cotmwrin ander the seme troads

nent ylelds o nice erystalline phenolle sempound.
axperleent suggests thab the lectore Lo nob an arometic lacbone
gaoh a4z sounadtin end Lt derdvellives,

dall We L apsdum nemsanoanate .-« Twenty willigrems
of the lectone vas mm&wﬁ with 3’5.5 so, of sabturatsd potsossium
permanganste solobion In o seslod tube, Afer 1 hour of heats
g on bhe stean bath, il of the pormanganste ¢olay hod

dlzappeared. The mengavese diezide was sontrifuged off and
the £1lirato compantrated Lo A5 do. on & wabtor bath by bubbling

alr hrouph the solntion In & toat ¢

o seldificetion neo
rocipitate formed, end sxtrgoblon with sther gave ne solld
material. Evidently the oxidabion bpeaks the compound down

Into sesll Iragsenta,

lesg vigersus exldatlon with leas poroangsnnte, &nd In e
solubicon of asetons geve no resogniseble produets.

dpfhoriation sod Onedation,-- A sample of 100 mg. of the
's,mw:m was Lrsabed with 8 go. of methyl aloohel, end 8 oo,
of dimothyl sulfate, After codling to ~5%C., 1 oo, of 43%
petassium bydresgide solution was added, The mixiupe was heabed
under refliug for 1/2 howr and the seams smount of dlmethyl
sulfato and potaseiue bhydroxide again added, An oll soparated
and several pollets of solld EOH were added o saponify any

¥
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eobor Toroed, On sooling an® seldifyling, en ﬁ&éﬁ yﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁ#
- Thlz seld wop oxidized with pormmngenate ae desepibed above,
bt peve no orystellive profuet. Arcrabtle lactooon give
pothury bereole aclds under the same fSrealment {@ﬁ}w his

exporinent indiosbes Dudber thaet the scompound iy an sliphebic

lactone pothor then an aromabic lesbone,
Avont all thed cin be seneluded congerning the astruchbure
i leaves is that

1% s wosatupeted, poseibly sonbalnlsg three eonjugsbed double

of the poxie compound from the Arlzose Uneelis

bonde, an? that 14 Lp an elipheble lsotope contelning one
poup, md that it
hag e woleculer formuls of Cypfipn0,. The otlior orygen atom

leotone ring exd one dloohelic bhydraxyl o

vihish Lg wascounted fop 16 almost 1inmided Yo belng prosont
ao a eyells or falrly long ohained othep.
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It has been shown that the leaves of Incells farinosa
when applied to tomato and othor plants in sand culturcs exert
g marked growth inhibition. Water or ether extracts of the
leaves are also inhibitory to the germination of seeds and
ney even cause death of tomatoe sesdlings grown in solution
culture. Loaves of other species tested 4ld not appear to be
toxle ar inhibliory toe the degree in whieh Encelie shows this
property. By fractionation of the toxie leal extract a pure
erystalline compound has been lsolated wihich is toxle to
tomabo seedlings in solution culture,

il

The proscenee of the growih inkibitor in the leaves of

Encelia may have ecological importance in relation to the

fact that only fow specimens of desert anmuals are to be found
growing in close relationahip with the tncelism shrub on the
desert. It is known that the arganie matiter from most shrubs
provides a medium favareble for the growth of shrub-assogliated
annuals such as Helacol frwmenmnthe, and Rafinosquia
(Went, (45)). The dry Enecelia leaves oither on the plani or

after they have fallen upen the ground retain tlsir toxic
activity for a perioed of many months., It is possible that
rain may leach the toxiec material from the fallen leaves and
conge inhibléion of germination and growth ¢ such seeds as
galia plant.

It should be noted however that the toxie effect of

come Lo rest under the =n

tneelia leaves was found to be less striking on tomato plants
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growm in rich gerden aoill than oo glmilarx plants prown in
sand culture, It may be thabt the toxie msterisl of Zngelis
1ike that of the guayuls 1s destroyed by tie microeflore of
the soll as was ghown by Sonner (38), This fuet 1s in ay
case of unceriain imporiancs in the eoolegleal relaticns of
Enselia, & plant which in general growe in sandy welledrained
losuiions.

After determining the structure of the toxle coumpound
igolated from the California Bncelia leaves and finding 1t ©o
be J-asetyl-G-mothoxybensaldehyds, it was desired to determine
which part of tho moleculs was responsible for the toxie
effect. A number of pure compounds were tested on the growth
of tomato seedlings in solution cultwre. Since nelther
benzene nor anisgle showsd any inhibitory action even ab
relatlvely high concentrations, the bLensene ring and the
mothyl ether group are cortainly not effective slone, The
aldehyde group seoms tw bé¢ the most toxie constituent of the
molocule, since bonseldshyde was much more inhiblitory than
acetophenone. However the prosonce of the tiwee groups
{aldohyde, mebhyl kebone, and methyl ether) together in the
same compound has somewhal of an additive effect, as the toxie
Cooupound wee more toxic than combinations of any two of the
thyres groups. This compound S-acetyl-Gemethoxybengaldehyde
(ANB] is quite closely releted to the toxic compound, vaniliin
{é~hydrogy-S-np thosybensaldehyde ), whieh was fsolated from



certaln scils by Schrelinor and sowworkers (S1-87). Doth
compounds have an aldshyds and 9 methory group,

Tne method of synthwals of the toxle compound (S-acetyle
Gemethoxybengaldeliyde) whloh wse aucesssfully woarked ot may
be used for the synbtbesis of other diffisult-to«mgks bDenzens
derivetives conbeinling sn sldebpde and & hetone groap on the
e ring.

It is of interest that #lthough the ecological relatione
ships of DIngeolis farincee appear to be sinllar cover a wide
geegraphkical rengs, the active growih lnhibitory princlple
may differ with Aifferent peographlical races of the apecles.
Leaves of Lneelin farinose ecollected in the Cestle Dome

wountelng of acuthern Arisone yislded a orystalline toxic
material different from the onc found in the Califarnia leaves,
This new conpuand from the Arizona leaves hag beon showm to be
an angetarated aliphatic lsctone, gontsining one hydroxyl
group and having a melsculse formla Cyplag04s The lactone
was found to be more Soxic then the ANB. Concentrations of
the luctone as low as 88.5 mg. per liter caused 507 inhibition
of growth in tomato seodlings in solubion eulturs, Other
unseburated lactones such as oouwnarin, which was lasoclated
from solls by Sclweliner and co-workers (2127), are known bto
b mﬁ&rﬁmm to plant growth. In other instanees (67) several
unsaturated lactonss have been raparted to be growth ine
hibiting which may be due to thelir antagonigtie effect to

plant growth hornones.
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In gonelusion, it way Lv seid thet the cheervabtiong of
plaats fn thelr mmbural habitabt on the desert, whish
and the fimding of

Logelia

strengbhens the idea that specific cheomiesl substancas

erising from plantes mey play ap lmportent pard In plant
seoiogy and scelolopy.
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