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ABSTRACT



À P}IyTOCIIETiIICÀT TN]/TSTIGATTOI{-

0F ÀR'IEi''{ïSIA BIENNIS .'¡üI].,lLÐ.

Screening of nrtemisia bienni-s for general pJ-ant con-

stituents indi-cated the presence of glyco-cides, steroid,a"l

glycosides a¡.d sterols. i'[o indication of the presence of a1-

kaloid-*e, sa;ooni-ns and santoni-n was found,.

Aqueous extracts of the r,¡hole plant and- roots of À.

biennis were found to be non-toxj-c to rats and. had. no hypo-

glycaemic activity in rabbj-ts.

À white cr¡rsf,¿l-line hydrocarbon-l-ike compound (O.AL/,

w/w) ffr.p. 79.5-8O.OoC. was isolated fz'om the petroleum ether

extract of the r¡hol-e p1ant. i\o further investig;a.tion of this
compound was carried out.

fhe chloroform extract of the poirrd,ered root of Á..

biennis- yield-ed 98 mg. (0.OO1% w/w) of 2-acetyl-J-methoxy-

5-(l--propynyl)-thiophene. This connpound. nas not found to be

nrocon* in +'^e stems and. l-eaves and" infl-orescerice of Á."ìJ¿ vu v¿r v urtv v u v!f,p aI¡u 4va v vu cL¿¿u 4fJ¿ 4\

þlenrrig-. Ultraviolet, infrared and nuclear magnetic reson-

arrce spectra for this compounri" have been recorded. and r¡¡ere

found to be identical- r¡ith those record,ed by Bohlmann, Kl-eine

and Bornowski in L962 for a conpound isol-ated. from the roots

of A. arborescens.

Än unsuceessfi-rl attempt was mad e to synthesize 2-

a.cetyl-J-methoxy-5-(l-propynyf )-tfriophene by tvro methods.

Ilowever a new intermeC.iate compound- , 2-acetyl-{-metho:rythio-



-

phene (m.p. 3545oc.) was

phenylhy drazone d erivative
Ultravio1et, infrared. and.

for this ner\i inter¡aed-i-ate

-2
s¡rnthesized and- a 2r4-dinitro-
prepared- (m.p. 2L2-2L5oC. ).

nuclear magnetic resonance spectra

compound have been record.ed..
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Various members of the genus Artemisia, scattered

throughout the worId, have been u.sed, medicina.J.ly for a great

number of years. According to John Uri lloyd (f), several-

species of wormseed were menti-oned by Dioscorides as being

mixed. with honey and enployed as remedy for ascarides.

Trillianus in the sixth century, Saladi.nus in 1450,

and Ruelì-ius and Dod.orraeus in the sj-xteenth century refer to

the genus .A.rtenisia as a vermifuge for chj-ld.ren.

Chopra et al. (Z) mentj-on that the Greeks and Romans

used the Artenisia to expel intestinal r,Eorms and al-so used it

as a stomachlc. The ol-d. Arabian and Persian physicians used.

it for the same purposer The fJ-owering tops of a species of

Artemisia have been and are being used. to this day in India as

an anthelnintic, as a remedy f or d.ropsy and as a card.iac and

respiratory stimuJ-ant o

The Indians of the Missouri River region (Z) used a de-

coction of the tops of Artemi-sia dracuncul-oid.es Pursh. for
bathing, as a treatment for rheumatism. A d.ecoction of A.rte-

misia frieida WilJ-d. lìras used. internally by Indj-an women for

irregular menstruation.

In northern Canada and .A,}aska, the maj-nland. Eskimos

(4) used infusions of Artenisj-a tilesii led-eb. internally, in

the treatment of hemoruhagêsr severe colds, and as an anal-

gesic for rheumatism and. ilJ--defined. aehes and pains. Poul-

tices of drieil l-eaves applied to the skin are also used as a



tr:
ìì
, rt:

-2
treatment of impetigo and sores which resist healingr or have

become infected.

In a communicatíon received. from þfr. D" Prystash of

Portage la Prairle, Ioíanitoba, it was stated that an aqueous

extract of Ärtemi_s:Þ biennj-s hlil-l-dr wä,s used for its hypogly-

caemic activity. (5) The flowers and leaves l¡iere boil-ed with

moderate heat for approximately thirty mj-nutes resulting in a

d.ark green soluti.on. The first d.ose of ten to fifteen drops

of this extract r¡Ias taken at bedtime. The dose, taken at bed-

time,lüas increased daily by five drops until a aaxj-muln dose

of one teaspoonful was reached. In a week or tv¡o the urine

test should. indicate a considerable decrease in the excretion

of glucose. Á,fter all traces of glucose excretion have d-is-

appeared, the d.ai1y bedtime dose should. be d.i-minj-shed by five

drops each d-ay.

During the course of treatment dietary measu'res must

be employed. The diet should consist of Red. River cereal'

whole wheat bread., soft boiled eggs, small quantities of lean

meat or white poultry meat, all frui-ts r^iith the exception of

pearg. Àt the same time no Sugar, honey, alcoholic or cglour'-

ed soft drinks should- be taken. The person should. also Te'

frain from smoking.

'Ihe food. should be eaten sparingly so that the ind.ivi-

dual rrould sti11 feel a bit hungry. This r^rill- give the extract

a chance to combat the irregularity of glucose assimila.tion.

lhe d.iabetes symptoms should, disappear in one to three months"
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Due to the death of }lr. D. Prystash and the destruction of

his records, detailed- i-nformation on the above aspect was not

availabl-e.

fhe investigational work was und-ertaken to determine

the hypoglycaemic activity of infusions of $. biennis on the

blood su.gar of rabbits and. to isolate any organic compounds

that this species night contain.

,Botani-cal- Description

[he genus Artemisia be]ongs to the natural ord.er of

Compositae. Scoggan (6) reports that there are thirteen
specÍes found in I'janitoba.

Artemisia biennis (ltate I), also knolr'n as biennial worm-

wood, is found in the temperate zone of North America from

British tolunbia to eastern Quebec, south to California,
I''ilssouri and Pennsylvania. ït is native to western North Äme-

rlca but the original range is now inpossible to determine.

A" bi-ennis i-s a. glabrous annual or biennial plant with

a tap root and is found. on shores, roadsid.es and rn¡aste ground

in the southern three ouarters of the province of Manitoba.

Chemical Investigation

1'4any speci-es of Artemisia have been ì-nvestigated v¡ith

the isolation of santonin and other organic compounds" In

1850 Kahler (l) extracted. santonin from årle¡qlsla cina Berg.
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santonin can be obtained from the wrexpanded flowerheads of
Artenisia roaritima, Artemj-sia kurramensis as well_ as other

speeles of Artemisj-a. The unexpanded flowerheads are treated

with cal-cium oxide and then boiled with water. fhe solution
is filtered. and the cool fil-trate, after acj-dification with
hydrochloric acid., is extracted with chloroform. The filtrate
is then mad.e alkaline with four percent sodium hydroxide and

re-extracted. with chloroform. The combined chl-orofom extracts
are filtered through animal- charcoal and evaporated to dryness.

The residue is dissol-ved in a mininum amount of alcohol- and.

then d-iluted. with boiting water. the sorution j-s evaporated

to hal-f its vol¡me and the santonin allowed to crystaLrize"
(e,g)

Simonsen (fO), and. Krishna and Varma (ff) noted that
the presence of santonin depend.s not onfy on the tine of har-
vest but also on the cl-imatic and topographical conditions of
the habitat of the species. rt is due to this reason that
there are contradictory claims as to whether or not a specj_es

contains santonin. \Iiehoever and Capen (LZ) ind-icated that
positive tests were obtained on .A.rtemisia mexicana, Artemisia

neo-mexicana a¡d Artemisia wrightii whil-e Greenish and Pearson

(A3) could. not isolate any santonin from other samples of
Artemisia mexicang. and. Artemisia redolens obtained. from Mexi-

co. A summary of the species, in which santonin has or has

not been found, is record.ed in S.ppendix I.
The first chemical examlnation of the vo]-atil-e oil
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from Á.rtemisia absinthium was done in 1845 by leblanc (f+)

who isolated a compound, C1gH150, which was later identi_fied

as thujohê. Other terpenes were later isolated fron the vol-a-

tile oil-s of the various species of Artemlsias.

During the last two decades and especi_ally duri_ng the

J-ast ten years, there appeared to be an increased interest
in the investigation of this genus, Since I95O, a number of

sesquiterpene lactones with various type structures have been

isolated from members of the genus Artemisia. Bal-chanin (15),

erivanine (16), tauremisin (17), and. vu]-garin (fg), are examples

of the santanol-ide type of structure I. (fg)

0--c_o

The germacrane type If
tunolide, balchanolid e,

l-ide . (2tr22)

I

(ZO) includ.es costunolide, hyd.roxycos-

hyd.roxybalchanolid.e and isobal-chano-

IÏ
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represented by estafiatin (ZZ) and arbore-T}:,e azulenes

scine. (24)

Iff are

0f parti-cui-ar interest are

in the Artemisia species.

dehydromatricaria ester IV

(zs)

III

the acetylenic d"erivatives

These incl-ude the lsolation
by Stavholt and Sorenson in

f ound,

of cis-
I Oqn

CH 5 -CH=CH-C=C -C=C-C=C -C00CH5

]V

rn l-962 Bohrmann, Kleine and Bornowski (zø¡ isolated from the
roots of Artemisia arborescens, two thi-ophene compounds, z-
acetyl-5-hydroxy-5-(.r-propynyl)-trriopnene v and. 2-acetyl-j-
methoxy-5- ( l-propynyt ) -thi-opfrene VI .

Ho-
llll

cut. co\ 
,)c=c-cut

CHz0.-' ll tl
cH,. co\ 

*/-c=c-cH5

VI

rn 1911 Rabak (27) examined, the votatite oil of A. biennis
obtained by steam distil-lation of the partiatly dry fresh
plant oollected in south Dakota. The plant yielded o.o3 per-
cent of oil whi_ch contained j.6 percent of esters and 17.28
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percent of free and combined al,cohol-s. rn a survey of fifty-
six species of Arternisj-a, viehoever and capen (rz) reported

the absence of santonin in A. blennis.

À summary of the known organic compounds which have

been isolated- from the various species of Àrtemisia may be

found with references in tabular form in Appendix If.

Pharmaco logic al Investigations

Essences of ArtemisÍa absinthium produce convurslons

in experimental animals. (ZA-1Z) I,. J. Boyd (3313+) studÍed

the acti-on of Artenisia extracts on blood pressr¿re and respi-
ratj-on and on various isorated organs such as the stomach,

intestlnes, blad.der, uterus and heart.

McAlister Jr. (35) noted, that aqueous infusions of
Artemisia tridentata hrere of value in the treatment of gum

infections such as pyorrhea alveolaris and obtaj-ned, a united

States patent f or this LLSe.

G. Madaus and Fr. E. Koch (lÐ found that feeding

fresh herb of A. absinthium cured scabies 1n rats.
D. Schmahl (Sl) found that prolonged use of the puf-

verized herb of 4. absinthium did not cause arry l-iver damags

or tumor formation although it dÍminished the mean a¡:d maxi-

mum J-ife expectancy of rats.
Santonln together with eal-omel and. a salÍne purgative

is effective against Ascaris h.¡mbricoid.es, rt was also used

against pinworms that had. ascend.ed. into the intestine beyond
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the reach of enemas. rt is useless against taenia a¡rd not

very effective against other worms. rt does cause severe

toxic reactions and. therefore is no longer re.cornmended j_n

humans. santonin decreases phlorhizin glycosurj-a in rabbits
by raising the renal threshhold, for the blood sugar level is
unaffected.. (8r58)

Santonin given orally as the sodium salt produced hy-
poglycaemia, hypotonicity and muscular r^.,eakness when given to
animals. These effects T¡rere ascribed. to the desenerative

changes in the liver. (lg)

Tashio Kimura (+O¡ pointed out that santonin resenbles

picrotoxin in its hypoglycaenic effect.

Miscel].aneous

Janot and^ I4outon (+f ) found that a l:100 infusion of
the seeds of Artenisia maritima containlng 1,Tj% santonin was

better as a vermifuge than a 0,0175"/4 solution of santonin¡

the parasites, lumbricus terrestris, carasslus auratus and

Ascaris megalocephala r^rere expelled alive. callegari and

Rossi (+Z) also found" that the oil- of Libyan Artemisias hras

toxic to Ascaridae in hogs, and to ground worms. These were

rapidly paralyzed and kilJ.ed. j_n a short time.

Gurevich (+Z) found that phytocid.es obtaj-ned in ex-
tracts of leaves and jrrices killed young mollusk embryos.

sublethal- doses resu].ted- in retard.ed d.evelopment of the moll--

usks when they were coupared with controls"
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A carbohydrate i-solated. from paniculate wormwood,

possessed antibioti-c activity in vitro against Staphylococcus

g,glË, some Proteus speci_es, Baeillus subtil_is, Escherichia

coli and, some fungi. rt was bactericidal in dilutions of
l:500 to 1¡5000 and. bacteriostatic in dilutions of I:5000 to
1r10,000. (q+)

l-Phenylhex-2r{-diyne-1-one was isolated from the seed

oil. of Artemisia capil]-aris by Imai and Tanaka (+ç) and was

found to prevent the growth of pathogenic fungi in dil-utions
of l¡4000000 to 1¡800r000.
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lhe neltlng points are uncorrected and were d.etermined.

on a Thomas Hoover capillary nelting point apparatus.

îhe ultraviolet absorptlon spectra T/,rere determined j-n

alcohol on a Becknan DU spectrophotometer or on a Hilger and

Watts Ultrascan recordi-ng spectrophotometer.

Infrared absorpti-on spectra were record-ed on a Beckman

IR-8 j-nfrared. spectrophotoneter usi-ng the stated solvent and

path length.

The nolecular weight d.etermination and the carbon, hl-
drogen and sulphur analyses were determined by Ðr. f. Pascher

and. E. Pascher of Bonn, ]¡/est Germany"

Aluminum Oxide for chromatographic absorption analysis

(lritisfr Drug llouses) was used in col-umn chromatography. lhe

petroleum ether had. a boiling range of 40-6OoC"

'Ihe collection of the eluting soJvents was done on a

lowers automatic fraction collector l,iodel A.

lhe author j-s indebted to the following persons: the

late it'ir. D. Prystash of Portage la Srairi-e for his suggestions

on the uses of the speci-es; I{r. hl. Kremers, ivlr" G. Beaudin

and i'{r, A. Siemens for their technical assistance; Miss J.

Walker of the Department of Botany for the identification of

A. biennis; Dr. R. Coutts fornerly of the University of Sas-

katchewan and. Dr. T. Schaefer of the Departnent of Chemistry

for the nuclear magnetic resonance spectra; Dr. N. i{. De for

the toxicity tests and his help in the bl-ood.-sugar determlna-

tions; and. Dr, ''/{. E. fr. Alexander, Professor R. C. S. Audette
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and Professor G. Blunden, formerly of the School- of Pharmàcy,

for their interest and helpful suggestlons.

I. CO]..,I.,]ICTION OF Á.. BIENNIS

A. biennis was collected on both the east and west banks

of the .A.ssiniboine River near the lrans-Canada Flighrntay #t, ten

miles east of Portage la Prairie, irianitoba. 'Ihe original

sample was col-lected in l-ate August and. early September L96O.

All plant parts $rere air-dried and then pulverized using a

small lviassey-Ferguson hairìmer mill. The second collection took

place in September L963 in the same locality. The plants were

air-dried and then separated. into the following plant coüpon-

ents: rOots¡ stemsr and leaves and infl-oresceilce. fhe roots

and stems were powdered separately using a Titzpatrick lriodel

D ha.mmer milI so that the powd.ered material- could pass through

a liA sieve" The leaves and inflorescenee r¡Iere passed through

a li1 sieve.

I1. SCRETN]NG PROCEDTIRES

A. biennis was screened for alkaloids, glycosides, lac-

tones, sterols, saponins and santonin, and. also for toxicity

and hypoglycaemic activity. The results are denoted in the

fol-lowinE manner:
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(+)

(-)
"A- positive colour

Denotes an absence

cipitate or foam.

reaction, precipitate or foam.

of an indicating colour, pre-

Screening for General P1ant Constituents

The method of Abisch and Reichstein (46) was used for
general screeni-ng of plant constituents. A one gram sample

of each of the powd ered. nhole pl-ant, powdered leaves and in-
florescence and powdered root was subjected to the above pro-

ced.ure. Silicotungstic acid , modi-fi ed. Dragend orff I s , I{ayer I s ,

Hagerrs, Sonnenscheinrs and lttragnerrs reagents Ï¡ere used in
the test for alkaloid.s. Àccording to Abisch and Reichstein

the four extracts obtained through this procedure shoul-d con-

tain the folJ-owing compound.s:

(l) Extract ttart - slightly polar, relatively difficuJ-t
water solubJ-e basic and neutral compound.s.

(j-i) Extract frbfr - strongly polar, easily water soluble

alkaloids and neutral glycosides but no free sugar

or polysaccharid.es.

(iii) Extract tfcrr - to suppl-ement the test for slightly
polar al-kal-o j-d s .

(iv) Extract trdtt - to test for saponins with the help

of the foam test.
The weight of residues from extracts rrail and frbrt for

each of the sampfes used. is recorded. in Table I.
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TABIE I

WËIGHT OF RESIDUES OBT}.TI\IED PJTR GB.AÞI OF SAMPI,E

The resul-ts of the screening proced"ure

extracts obtained from each of the different
used are recorded in Table II.

for the four

plant samples

Sample Extract rrarl Extract rfbtl

l/hole plant

Leaves and ïnflorescence

Root

16,

L.2

L.3

uó.

uð.

ü8.

1?

¿.¿

tx

fr8.

flS"

ü8.
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B, Screening for Saponins

Using the Fischer roethod (ql), small pieces of split
root, split stem, anC inflorescerree and- leaves l¡ere placed. on

a blood agar plate and al-lowed to stand for forty-eight hours.

No haemolysis of the bl-ood occurred. Quiltaja bark was used

as a standard- and a cl-ear haenolyzed zone, about one inch in
diameter suruounded the quillaja sampl-e after twelve hours.

C. Screening for Santonin

Using a nethod of ö. Wichmann (4e¡, 1 g. of each of the

following were used: leaves and inflorescence, root and whofe

plant. lach sanple was shaken foy L5 minutes w"ith 10 ml. of

benzene, then the mixture r¡¡as fil-tered. One ml. of the fil-
trate was dil-uted with an equal quantity of benzene and I mI.

of a saturated. sol-ution of sod.ium nethoxid.e was added. The

mixture was shaken for 10 second.s and then al-l-owed to stand

for 15 minutes. The color:r of the lower layer ïras record ed

in Tabl-e III. Santonica seeds r^rere used as a standard in the

above screening test. The colour produced was compared to the

colour of Methy1 Orange containir'g 2 drops of d.ilute hydro-

chloric aci-d.
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TAB],D IIT

COIOUR REACTION IN SCREEN]}JG !-.EST FOR SANlO]'iiIN

D. leÞt for Toxfcitv

As i[r. D. Prystash reported the use of an aqueous in-
fusion of å. biennis for its hypoglycaemic effect, a similar

aqueous i-nfusion was prepared for the test on the toxicity
of t'he species. Five grams of powd,ered whole plant and pow-

dered root were each added to 95 ml-. of boiling distilled.
water. The mixtu.res *""" stirred and. all-owed to stand over-

night in a refrigerator. The infusions '!üere then filtered
and- the marc washed. with distilled water. îhe filtrates were

allowed to come to room temperature and" made up to 100 ml-.

The vol-r.¡¡ne of the lnfusion injected into the rats was cal-

culated. on the basis of the weight in m:illigrams of plant

Sample Colour of
Benzene Extract

Colour Prod.uced
with Sod.ium
it'lethoxide

'Resul-t

Leaves and
ïnflorescence

Root

Itlhole Plant

Santonica Seecls

Greenj-sh-yellow

Color.rrl-ess

Very pale yellow

Pale yellorrr

Green

Col-ourless

Light green

Dark red. +
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material per kilografi of body rveight" Twenty rats riiere em-

ployed in this test. lhe sample of i¡¡hol-e plant infusion was

injected intraperitoneally into trio groups of five rats, one

group receiving a dose of 50 rng. /Kg. of body rrieight and the

seconcl group receivj-ng 100 mg./Kg. of body weight. Ä simil-ar

test was done using the infusion obtained. from the root of À.

þiennis. The test animals r^rere observed for seventy-t.,,ro hours.

No d.eaths r^rere recorded.

A second experiment, using a higher concentration of the

same samples as reported above, was done on another twenty rats.
Twenty-five percent infusions liere prepared as reported above

and concentrati-ons of 500 mg./Kg. of body r,reight and- 1OOO g,g./

Kg. of body weig'ht hrere injected. intraperitoneally. No d.eaths

r¡Iere observed- af ter seventy-two hours.

E. Test for I{y'pogl-ycaemic Activity

The test was performed. on four rabbits using a ten per-

cent aqueous infusj-on of whole plant ($anpJ-e .{) and. the roots
(Sample B). Using the procedure of lviarks (+g), the fasting
bl.ood. sugar leve1 was first determined on the four rabbits.
The same rabbits were then injected subcutaneously rvith the in-
fusions previously prepared. Rabbit f1 was injected with

50 mg./Kg. of body wei-ght of the infusion of the whole plant.

Rabbit #2 was injected. with lOO mg. /Kg. of body weight of tire
same i-nfusion. The same procedure hras used for the second. tr,¡o

rabbits using the aqueous infusion of the root of A. biegnis
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lrith exactly the same dosage as record.ed. above. Blood- (0,f ml-.)

from each rabbit was taken at hourl)r lntervals f or fj-ve hours,

pooled and. the blood sugar leve1s determined on the pooled. blood

samples. The results are recorded. in Table IV.

Tj,BLE IV

DEÎþRIV1IIIATION 0F BT.,00D SUG.A.R LE\rElS

Rabbit
No.

Sanple
ldo.

Dose
ttlÃl¡lÈi. / r1È;.

Initial Bl-ood
Sugar

ng. per 100 ml.

5-Hour Poo1ed.
Blood Sugar

ilg. per 100 ml.

I

¿

1

4

å.

B

B

5o

l_00

5o

I r\a\

l.B2

200

184

206

202

209

lqq

2r3
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IÏI. ÏSO],ATIATI OF P],ANT COI'ISTITUENIS OF A. BIËNI{IS

A. lhe t¡frhole Plant

the porard-ered plant (4.532 Kg. ) was extracted r'¡ith pet-

roleum ether uslng a percolator. The solvent was evaporated.

on a water bath leaving a dark brovnnish-green res j-due (gZ g. ).
Forty grams of this residu-e iirere dissolved in a ¡ninimum of pet-

roleum ether and placed on a 37O x {.0 mm. column of alumina

(lOO g. ) prepared. with petroleum ether. The column was el-uted.

with petroleum ether and other solvents. Fifty ml" fractions
were collected- with a Towers fraction collector and examined

for col-oar and/or precipitates, checked for optical activity
using a 2 dm. tube in a Bellingham and Stanley Polarimeter,

and then cornbined accord.ing to the colour of the eluate and. the

solvent used. ldo optical rotation was observed. The fractions
ob-taj-ned by column chromatography are recorded in Table V. ¿"

crystalline residue was observed in residue number nine.
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TAB],8 V

FRACTIOiIS COILECIED FROII
}fTTOIE PIÄNT OF A. BTTNNIS

Residue
Number El-uant Fractions

Coll-ected
Volume

in litres
1

2

I

A'1

5

6

7

9

10

11

L2

17

L4

tÃ

L6

L7

Petroleum ether
Petroleum ether
Petroleum ether
Petroleum ether
Petroleum ether
Petrolet¡m ether
O.5% Ethano]- in
petroleum ether
O.5rt Ethanol in
petroleum ether
A,5/" Ëthano] in
petroleum ether
O.5y', Ethanol in
petroleum ether
O.5/" Ethanot in
petroleum ether
r-l n¡rrib $TnaJtoI l-n
petroleum ether
5y'" Etnanol- in
petroleum ether
LO/o Etltànoì- in
petroleum ether
25/" Et]nanol in
petroler.m ether
F^J 1t.

,VYo $T'nâ'nol. Ln
petroleum ether
Etkp:not 95%

L_4

5-6
7 -L5

L4-27
28-67
ÃR-r novv &vJ

LLO-L37

l-78-L43

L44-L51

1 qL-21 V

2L4-1Lg

52A-383

584-449

450-484

485-5L7

5rB-557

554-66L

v. ¿v

0. l0
n 78,

l. UU

2.10
1,40

^?rl

^ Ãrì

3.OO

5.30

3 "20

77^

1nr
L. l)

JoV

ÃliJ .'1
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l. Examination of Eesidue Number i\Tine

the residue yierded, white crystals (zzl ag. ) which
nelted at 79.5-B0oc. (after six recrystallizati-ons from pet-
roleum ether). Analysis of the compound. for carbon and. Hyd"rogen
(average of three determinations) gave the followins resuJ_ts:

c - 86.18% N - 14.55%

Ratio 1¡2

,'. Empirical formula (CH2)x

The crystals dissolved in carJ:on tetrachloride and in benzene

fo.rmed. clear colourl-ess gels, lurther Ínvestigation on thls
compound anri- on the remaining fractions obtained- fron tkre

chromatographic column was not carried. out.

B. L¡eaves and. Tnfl-orescence

The dried powd.ered leaves and infr-orescence (6,00 Kg.)
of A. biennis were extracted. to exhaustion with l-76 l-itres of
chl-orofo:rm" the solvent was removed under reduced pressure
leaving a dark solid resid.ue (+ll g. ). 'rhe resid"ue was then
subjected to the process of sranchez-viesca and Romo (z=) whieh
they used to isolate the sesquiterpene la.ctone, estafiatin.
The residue was dlssolved in methanol, precipitated with an

aqueous Lead acetate sol-ution, filtered and the filtrate ex-
tracted with chl-oroform. The extract was evaporated. to d-ryness

and. steam distilled. The resid.ue (2o"5 g.) r¡as dissolved in
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benzene and. an equal quantity of petroleum ether was added..

lhe scJ-ution was al-lowed to stand overnlght, then it was fil-
tered and chromatographed on a 57O x 40 mm, coJ-umn of alumj-na

(¡OO g.). lhe column was eluted. with 1:1 benzene-petroleu.m

ether mlxture and other solvents. Fifty ml" fractions l/Íere

collected. from the chronatographic col-umn using a Towers frac-
tion collector. The fractions ,hrere examined for col-our andf or

precipitatesr ând combined according to the colou-r of the

eluate and. the solvent used.. The solvent was then removed-

und.er reduced pressure. The results are recorded in Table VI.

.A"s no erystalli-ne residues r¡rere observed r no further work was

d.one on these fractionso
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TABIE VI

FA.ACTIONS COIIECTED FROM THE RESIDUE
*.ND INF],ORÞSCTiVCE OF À. BIENNIS

Resldue
Itru-mber Eluant

Fractions
Collected

Vol-ume
in li-tres

FF-1

FF-2

l1ÌI-4

FF-4

FF-5

ÏF-6

FF-7

FF-8

rlIl-q

l;1 benzene-
petroleum ether

2zl- benzene-
petroleum ether

3zI benzene-
petroJ-er.m ether

benzene

O.5% methanol
in benzene

5% methanoL
in benzene

25% net]nanol-
in benzene

5V, wetltanol
in benzene

methanol

1-400

40L-450

45L-550

55L-640

64r-720

72L-829

810-880

881-1009

1010-1228

20"00

2 "50

tr ôrì

4.50

4" O0

tr /iF.

2.55

6 "45

10.95
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C. Stems

lhe drj-ed powdered stems (6.475 Kg.) of A. biennis

r¡rere exhaustively extracted with 81 lj-tres of chl-oroform

using a percolator. lhe solvent was removed" und.er reduced

pressure to yietd a residue (87 g.). [his resiclue was also

subjected" to the process of Sanchez-Viesca and- Romo (Zl)

which gave a residue (lI g. ) after sieam d.istil-lation. lhis

residue only parti-a}ly d.issolved ín benzene leaving J.l g"

of und-issolved material. -A"n equal amount of petroleum ether

was added and, the solution was al.l-owed. to stand overnight"

'Ihe solution was filtered and- chromatographed on a 370 x 40

rrlûÌ. column of alumina (fOO €i.). The column was then eluted

with various solvents and 50 m1. fra.ctions were collected

using a Tornrers fraction coll-ector. The fractions rüere exa-

mined f or coloar and/ or precipitates and then combj-ned.

accord-ing to the col-our of the eluate and the solvent used-.

The results are recorded in. 'Iab1e VfI. "A.s no crystalline

residues were observedr ho further work lr.as d.one on these

fractions o
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ÎABIE VII

CITRO]'IÄTO GRAPHY FRÀCTI ONS
TTru RESIÐUE OF THE SlEI'fS

COLLECTED FROM
oF A. EI$NIË

Residue
Number Eluant Fractions

Collected
Volume

in litres

FS-I

FS-2

rls-q

FS-4

FS:5

FS-6

FS-7

FS-8

FS.9

1:1 benzene-
petroleum ether

2tl- benzene-
petroleum ether

5¿L benzene-
petroleum ether

benzene

O"5'/, nethanol
in benzene

5"/" metihanol
in benzene

lJ¡",/" nethanol
in benzene

5O% nethanol
in benzene

methano]-

1-510

3ar.-390

39L-420

42L-570

511-680

6BL-760

76r--800

801-890

891-r_056

1q Eô

4.00

7.50

4.00

l cVV

4.54

n?n
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D. Roots

The dried powd.ered roots (3.O66 Kg.) were extracted

with 44 litres of chl-oroform using a percolator. The sol-vent

was removed under red.uced pressure to yieJ-d a resldue (Jl g" ).
this yesidue i,¡as subjected to the process of Sanchez-Viesca

and Romo (23). The resid"ue after steam d.istillation (9 S. )

Ìras dlssofved. in benzene and an eo,ual quantity of petrol-eum

ether added. lhe solution was all-owed to stand overnight,

filtered and then chromatographed on a 37O x 40 mm. coh:mn of

alumj-na (¡OO g.), 'Ihe fifty ml. fractions r/¡ere collected on

a Tor.+ers fraction collector. They were examlned for col-our

and,/or precipitates a.nd. then combined. according to the colour

of the eluate and the solvent used,. The results are recorcled

in Table VIII. Residue nr.mber FR-2 contai-ned crystalline
material. This compound, was examined but no further work was

d.one on the rest of the fractions.

1
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TABI,E VIII

CHROMAîO GRAP}IY FRACTI ON S
[H3 RJSIDUE OF TTü ROOTS

COII.ECIED FROM
OF A. BIþNNIS

FR-1

FF.-2

FR-5

FR-4

TIl?-E

T'R-6

FR-7

3R-8

TlR-q

FR-10

TR-I1

FR-l2

l-: l- benzene-
petroleum ether

1;1 benzene-
petroleum ether

l-:1 benzene-
petroleum ether

2tI benzene-
petroleum ether

3tI benzene-
petroleum ether

benzene

^ --rlU.rl'o mefnAno]
in benzene
¡J

)7b ûeTftëItol'
in benzene

IOy', methano]
in benzene

25fr, r.ei.']nanol
in benzene

50f, met]nanol
in benzene

methanol

Fractions
Col]-ected

-r 
-q6

97-L36

L57 -r5l-

L52-U7

178-2r0

zLr-526

527-436

437-5r5

5l6-549

550-599

600-764

765-90r

Vol-ume
in litres

4" 80

2.00

n7q

L.3Q

L.65

tran

ÊÃn

3.95

1.70

1 ")U

9.25

A Hh

Residue
Number
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1n Examination of Residue FR-2

After removal of the solvent under reduced pressure,

the residue FR-2 contained needle-J-ike crystals. The entire

residue was dj-ssolved in boiling petroleum ether, filtered,
concentrated and cooled. j-n a refrigerator to yield a ye11ow

precipitate which ¡^¡as filtered. off . The precipitate was re-

crystall-ized J tines from petroleum ether to yieJ-d. 98 mg. of

fine yellow needle-llke crystals (n¡-f ), û1.p. 7L.6*72.5oC.

On sub]-imation under reduced pressure at 50oC. a whi-te sub-

lj-mate was obtainedr ü.p. 92.4-92.8oC., åmax. 229, 300 and.

3L7 m¡t, (¿ = 7L5o, 158oo and 15?00) in diethyl- ether" The

spectruro is recorded in Figure l-. On analysis of,the compound,

the following results were obtained ¡

Found: C r6I.6Li H,4.83; S 17-6.O}d/o

Molecular lIeight (Rast) ' 199.

Calculated. for
C1gH1g02S: Cr6L.82¡ Hr5.f9; S'16.5I/"

Idiolecul-ar ',i/eight , L94.5.

The infrared spectra (c = L1.2 mg./mL. in carbon d.i-

sulphide and c - L2.! mg. /mL. in chloroform) shorrred peaks at

3279, 5OO3, 2959, 2924, 2907, 2865, 2833, 2227, L634, r35L,

L267 and 8OB "t.-1. The spectra are recorded in Figure 2.

The nuelear magnetic resorrance Spectrl.:m (¡'igure 3) in carbon

tetrachloride (on a A-60 Varian spectrometer) has peaks at

5' 6.74, 3.9O, 2.35 and 2.O'l P.P.m.
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IV. .A.TTEIVIPTED SYNTHESIS OF CO1VJPOUND RB-l

A. Synthesis of 2-Acetyl-4-bronothiophene

By the method of Gol'dfarb and, Voltkenshtein (501, 25

g. of 2-acetylthiophene were added dropwj_se to 66.5 g. of
aluminr.m chl-oride, followed by dropr,iise add.ition of rz"5 mr.

of bromi-ne at 5O-4OoC. The solid- mass l{as treated. with ice
and. 66 r.L. of concentrated hydrochloric acid and extracted.

with diethyl ether. The ether extract, d.ried over anhydrous

sodium suJ-phate, 'h'as distilled yietd,ing 47 g. of crud.e residue.
This residue was then d,istilled. und.er reduced pressure and

gave LT S. of 2-acetyl-4-bromothi-ophene, b.p. L33-L3goC./t1 mrn.,
t)*'fi = 1.6068.

B. Atteropted. Synthesis of 2-Acetyl--4-methoxythio"ohene (ff ¡

Sodium (6 g.) was dissolved, in ?5 ml-. of absolute

methanol in a 500 mt. three-necked flash, fitted with a mer-

cury-seal stiryer and a reflu-x cond.enser r^¡ith a cal-ci-trm chl-or-

ide tube. To this lr¡as ad.ded.8J ng" of potassium iodide, f5 g.

of 2-acetyl-4-bromothiophene and 7.7 g. of cupric oxide. the

mixture was refluxed with continuous stirring for 100 hours.

0n cooling, 250 mI. of cold water i^¡ere ad-ded. and the aqueous

mixture was extracted with diethyl ether. the ether extract
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riras filtered., dried over anhydrous

distilJ-ed, leaving a tarry residue

obtained.

sodium sulphate and then

from lrhich no 'oroduct was

t8,= L"444a-

C. Synthesis of Dimethyl ^Acetylenedicarboxyl-ate (fZ)

To 1600 g. of methanol, 800 g. of concentrated su1-

phuric acid were added- slowly with continuous cooling. To

the cool sol-ution, 40C g. of the monopotassium salt of ace-

tylenedicarborylic acid were added. and left for four d,ays at

room temperature, i^¡ith occasional swirling. Due to the vesi-

cant nature of the product, rubber gloves and. a respirator
'hrere used. in the following proced,ureo The sol-ution was fi1-
tered and the sol-id- washed with 2OO m]-. of co]-d water. The

filtrates were combined and. extracted with diethyl ether

(¡ x 750 n]..). The ether extracts were washed successively

with 800 nl. of water, 600 ml, of saturated sodium bicarbonate

solution, BOC mJ-. of water and then dried- over anhydrous cal.-

cium chloride. X.fter distillation of the ether on a water

bath, the residue r,ias distilled under reduced, pressure to

yield 245 g. of product, b.p. 94-99oC./tZ rrûr¡

L.4459,

D. S¡¡nthesis of Metþ.vl lhioglycoll-ate (¡l)

Thioglycol-Iic acid (f5O g.) v,ras mixed with 200 mI. of
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methanol, J00 mI. of chloroform and- 20 ml. of concerrtrated.

sulphuric acid in a litre flask. The mlxture was refl-uxed

for sixteen hours using a Soxhlet ap;oaratus contaj-ning 90 g.

of anhydrous magnesium sulphate. 'Ihe solution was r¡ashed

with water, dried over an-Ïrydrous sodium sulphate r and then

d.istil-led. usj-ng a small column. 'Ihe resulting residue t¡¡as

then distilled under reduced pressure, yielding 110 g. of

liquid, b.p " 55oC./2O -m.

Synthesj.s of Dimethyl 5-Hyd.roxy-2. 5-thiophenedicarboxy-

late (¡+)

Seventy-four grams (0.7 mole) of methyl thioglyco]-late

in 500 ml. of methanol- were added. slowIy with stirring and

cooling in ice, to lOO g. (0.7 mole) of dimethyl acetylenedi-

carboxylate. 1o this cold mixture, one litre of l-N methanolic

potassir-tm hyd.roxide. sol-ution was added. slow1y with constant

stiming over a period of one-half hour and the resulting mix-

ture was further stirred. for another half hour. [he yellow

reaction mi-xture was diluted with two ]-itres of water and

then acidified with dilute hydrochloric acid. to yield a rr'hite

precipi-tate. The precipitate was filtered, rrrashed with water

and. dried. Yield: 115 S.r ltr.p. 109-1lOoC.
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F. Synthesis of 4-IIyd.roxy-2-thiophenecarboxvlic Àcid (55)

Dimethyl 5-hydroxr-Z r5-thiophenedicarboxylate (72 S" )

was refluxed for one hour with 500 nl. of 4N sodium hydroxide

sol-ution. On cooling, the solution was acid.ified. with hydro-

chloric acid to yield 66 g. of whíte solidr Itr.P. 194oC., r^¡ith

evolution of carbon dioxid-e and remelting at 2O2oC. This solid

was then refluxed with 500 m1-. of 2ld sodium hyd.roxide solution

for one hour and, then acidified with hydrochloric acid r to

yield on cooling 50 g. of pale brown so-lidr ü.P. 2O2oC.

G. Synthesis of 4-ivl-ethoxy-2-thiophenecarboxylic Àcid (¡f)

4-Hydroxy-2-thiophenecarboxylic acid (10 g. ) was stirred

with B0 r01o of tO/" w/v sodir¡n hydroxid.e solution and- 10 ml. of

dimethyl sulphate at room temperature for hal-f an hour. The

mi-xture was then refluxed for two hours. Äfter cooling, the

alkaline solution was extracted once with ether. 0n. acidifi-
cation with hydrochloric acid, 1O g. of crude product preci-

pitated out r,ûrJ-ch, after recrystaLlization from aqueous alcohol,

yiel-ded 9.5 g. of the acidr Itr.P. L65-I6?oC.

H. Synthesis of 2-A.cetyl-4-nethoxvthiophene

Usins th,e method- of Cason (56) , a GrigSard reagent r/Ías
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prepared- using 16.5 gn (0.68 nole) of magnesi-um anC 82.0 g.

(0.46 mo].e) of nethyl bromid.e in 450 ml. of anhydrous diethyl
ether. To this Grignard :'eagent ?0.0 g. (0"54 mole) of anhy-

drous cad.mium chlorid e were add.ed and the nixture was stiz'red.

f or one hour at room temperatltï€. The diethyl etherlras dis-

tilled over on a water bath and- 500 ml-. of anhydrous "oenzene

'hrere ad.ded.. The mixture r¡ias refluxed and 70 g. (O.t? nole)

of 4-nethoxy-2-thienoyl chlorid.e in 75 mlo of benzene Ìrere

added. over a twenty minute period. (lhe 4-nethoxy-2-thienoyl

chlorid.e hras previously prepared from 2'l g. of 4-nethoxy-2-

thiophenecarboxylic aci-d and an excess of thionyl chloride. )

After the ad.dition of the 4-methoxy-2-thienoyl chl-oride was

complete, the resulting roixtr.ue was refluxed for one hourt

cooled and- then poured onto cracked ice j-n hydrochloric acid,

The benzene layer was separated, the aqueous portion was washed

once with benzene and the benzene extracts combined.. The ben-

z,ene solution was washed with water until it was neutral to
litmus and then dried over anhydrous sodium sulphate. The ben-

z,elre lras distilled over l-eavi-ng 26 g. of residue which was

chromatographed using an alumlna column with petroleum ether

as solvent. The resid.ue obtained. from the chromatographic

eluate was recrystallized. from ether to yield yellow needle-

l-ike crystalsr il.p. 33-35oC.

0n analysis of ihe compound, the following results l¡ere

obtained ¡



Found.;

-37 -
C154.06; I|ri.L2; Srf9,92%;

Molecul-ar !,Jeight , l.63 (¡y fofter method in camphor) "

Calculated. for
C7H302S¡ C r53.85i Hr5.f6; S r2O.52%;

I{o]-ecular }treight , L56.2.

,hmax. 259 and 324 my. ( t= L5450 and 74Oo) in ethanol

(¡'ieure 4). The infrared spectra (rigure 5) (c = 24 Tlg./mJ .

in carbon disulphid.e and c = 45.{ mg. /mL. in chl-oroform) showed

peaks at 10O3r 2950,2933,28L7r 2169,2L55, L664' L15L and"

L26g "r.-1. The nuclear magnetic resonance spectrum (Figure

6) indieated peaks at b= 7.I4, ?,11 , 6.48, 6.4r, 3,72 and,

2.15 p.p.ur.

I. Preparation of the 2,4-Dinitrophenylhydrazone of 2-Acetyl-

4-r:oethoxythiophene

Using the method of Vogel (57), 0o2 g. of Z-acetyL-4-

methoxythiophene dissolved in ethanol i,¡as ad.ded to a cl-ear

solution obtained by warming O.25 g. of 2'4-dinitrophenyfhy-

drazine, 0.5 urJ-. of concentraied hydrochloric acid and 5 ml.

of ethanol. The mixture was refluxed. for a few minutes and.

then cool-ed. Ðark red needle-like crystals Trere obtained t

m,p. 2L2-2L3)C., after recrystalliøation from ethanol.
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J" Attenpted Çynthesi
thiophene

By the method. of Keskin, Ì'ÍÍ1r-er and. rrTord. (5e¡, 83 g.
(0-40 mole) of phosphorous pentachloride .vüere covered, v¡ith
100 m1. of anhydrous benzene in a three-necked round. bottom
fl-ask equipped with a stirrer and'refrux condenser. To the
prepared frask, 46.9 g. (0.30 mole) or 2-acetyr-4-methoxy-
thiophene T¡rere add.ed. and the mlxture refluxed. with stirring
on a water bath. The sor-ution was cooled ancl then poured.
carefully into a mixture of 250 g. of ice and 75 m]-" of d1_
ethyl ether. The etherear layer was separated, washed with
water until the aqueous rayer was crear, and then d.ried over
anhydrous sodium sulphate. 0n distillation of the d-iethyr
ether a tarr.y residue r¡as

were obtained.
obtained from which no products
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f. CO].,IECTION OF A. BIENIfIS

A. bj-ennis is forrnd throughoui; the temperate zorre of

North ltmerica. It is an arÌnua} or biennial plant ranging i-n

size from l to 4 feet (61)" 'Ihe co]-our of the lea.ves varies

from light to d.ark green but this is usually due to the nitro-
gen content of the soil in which it grows. À. biennis was

picked along the banks of the Assiniboj-ne River, which is in-

dicative of the usual areas in which it groi\Is, i.e. moist

places, slough margins, roadsides and cultivated- field-s.

f T. SCREENIi\IG PROCTDURSS

The nethod' of Abisch and Reichstein (+e) hTas found' to

be satj-sfactory 1n indicating the presence of specific organic

constitu.ents of -À. biennis (tante fI, page L4). Iior¡ever, the

quaniity of porrrd.ered plant material had io be increased to 10

g. in order to obtain sufficlent resid-ue for use in the tests 
'

the resul-t of r¡ihich ind-icated that no al-kaloids or saponins

were ;oresent. The absence of saponins was also confirmed by

Fischerts method. (+l) using a blood ¿,SaT plate' fhe various

plant parts of À. biennis d.id not produce a. haemolyzeð" zone

while quillaja bark, used as a control- produced a clear haemo-

tyzed 
.zone 

of about. one inch in dianeter.

A positive Xanthydrol test and- a positive Kiliani
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reaetion indicated the presence of glycosidal materials in
the root and. whole plant res,oecti-vely, rarhile steroj,d.al gly-

cosides (positive Kedd.e and antimony trichloride reactions)

and sterol-s (positive liebermann-Burchard test) appeared to be

present in all. plan.t parts of A. bie4n:Lg.

IVo santonin was detected. in any of the plant parts of

A. biennj-s when examined by the raethod of r¡lichmann (4e¡. À

control- sample of santonj-ca seeds gave a positive test lrhen

examined at the same time.

Extracts of the pgwdered whole plant and tire pondered

root viere found to be non-toxic to rats even when the volune

of infusion injected was equivalent to 1000 mg. of plant mate-

rial per kilogram of bod¡r weight. At this concentra.tion only

one rat had a ruffled appearance although no deaths i¡rere re-

cord.ed..

Uslng the proced.ure of lviarks (49) it was found. that

there i,ras no significant change in the blood.-sugar levels of

the rabbits tested, lrihen compared '¡rith their fasting blood-

sugar levels. ft was noted- that the quantity of oxalic acid

used to prevent coagulatj-on of the blood samples i¡ras critical-.

Too much oxalic acid prevented the complete precipitation of

the blood proteins, while too little did not prevent the blood

samples from coagulating before being used in the procedure"

'Ihe sol-uti-on of potassium ferricyanide used. mu-st al-so be freshly

prepared so that its oxidj-zJ-.ng properties r¡ould not be dini-

nished. due to reduction to potassium ferrocyanide.
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III. IS0T,¿.TI0Ì:'I 0F PIANT COltsflTiLni\lt$ 0F A. BÏEI{i{IS

When the dark greenish-brown petroleum ether fraction

was chromatographed on an alumina cotumn, a number of resid-ues

were obtained. Residue mmber nine, eluted from the column

with O.5o/" ethanol in petroleum ether, yield.ed r,¡hite crystals

n.p. 79"5-80.OoC. lhe analysis of this coüpound indicated.

a Ïlydrogen-Carbon ratio of 2:l- (CH2)¡ç. Às the percentage con-

tent of carbon and hyd.rogen totall-ed- l-OA.7%, no other element

was present. This indicated that the comÞoufld lIas one of the

higher hyd-rocarbons or possibly a mixture of related- hyd"ro-

carbons but no further investigation was carried out.

lhe leaves and inflorescence' stems and roots of 4.

biennj-s T/,r'ere sepa::aie1y subjected. to the extracti-on procedure

and chromatographic method of Sanchez-Viesca and. Romo (23).

No crystalline resid"ues were obtained from the extracts of

the leaves and. inflorescence or Stems, but needle-like cry-

stals r^Iere obtained- from the extract of the root (residue

number FR-z, Table VIIIr pase 27).

The entire residue (¡'n-e) was recrystallized from pet-

roleum ether to yield 9.3 mg. of fine yellow needle-shaped cry-

stals (n¡-f) *.p. 7L.6-72,5oC. These crystals were sublined

under reduced pressure at 50oC. to yield a white sublinate

rr.p. 92"4-gz.BoC. ' $o]-ecular weight 199 (Rast). A.s a snall-

quantity of brown residue was left after sublimation it j-s
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believed that the rise in melting polnt was d.ue to the removal

of contaminating materials.

lhe analysis of ihis compound- indicated a Carbon-Hydrogen-

Oxygen-sulphur ratio of 10:10:2:1 (C1gH1g02s). The ultraviolet

spectrum in diethyl ether (Tigure 1, page 29) showed- maxima at

229, 500 and 3f7 ny (ê= 7L5C, IIBOO and f5700). lhe infrared

spectra indicated peaks at 3279 (tC=) overtone); 2959, 2924

and 2go7 (C-H stretchine); 2s33 (-ocH5); 2227 (n-c=c-R');
tP lro

L654 (c=c-CI); L35t (cH¡-c-); L267 (=c-0-cH5); and BOB "r.-r
(C-H out of ptane deformation).

The nuelear magnetic resonance spectrum indicated. peaks

at 6.74 p.p.m. (6) (aromatic C-H, I proton), 3.90 p.p.Itr. (-0CII5,

5 protons), 2.54 p.;o.rn. (-cocHl , J protons) and- 2"07 p.p.rl.

(-C=C-CH5, 5 protons)"

[hus the above spectra in conjunction with the elementa]-

analysis and the rnolecul-ar r¡¡ei€îht determination pointed- to the

fact that the compound isolated from the root of À. biennis

vüas a trisubstituted thiophene. Bohlmann, Kleíne and Bornor¡¡ski

(Zø) also isolated. a trisubstituted. thiophene from the root

of 4. u"bo"""""rru. They reported ultraviolet spectrum maxima

at 5OO and. 3L7 w¿, infrared spectrum peaks at 1650 (-ö-) and

1550 "r,-1 , 
ln Å., 

), and nuclear magnetic resonance

\s '/-""
spectn¡m peaks at 6.80 p.p.ÍI. (6) (aromatic C-H, I proton),

3.go p.p.rtr. (-0-cII5, J protons) ? 2,47 popuûÌr i-coctiS) 5 pro-

tons), and, 2.lO p.p.n. (-0=C-CH5, 5 protons)



Couparison of the two

stituted thiophene indicated

from the roots of A. biennis

pynyl ) -thlophene .

-46
groups of results for a tri-sub-

that the conpound. RB-l isolated.

rras 2-acetyl-J-methoxy-5- ( t-pro -

Jîsq)-c=c-cä5

V1

ÏV" ATTEMPTED SYNT}MSIS OF 2-ACE\W-1*

I4ETHoXY-5 - ( I-PROPYNTL ) -mr OrU¡n¡

S¡mthesis of the isolated compound (n¡-f ) was atternpted

in ord.er to completely confirm the structure. The intended

scheme of synthesis is shown in Figure 7.
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fa Br2 + Ä,lCIz 
u( *)to-cn'

VÏI

Ër"*T---il
lt \\( )-tü*üI{x\s/ r

VIIT

( r )pcrr
( e )maniz

L"=o*

J 
."ó

'"'-Þ.0
=C-CH3 3)crYt -cH3

VI

Fig. 7. First scheme for synthesis of 2-acetyl-
5 -methoxy -5 -( I-pro pynyl ) -thiophene

The bromination of the ?-aeetylthiophene VII at C4 Ìras

accomplished by the use of the swamping catalyst effect (bro-

mination in the presence of excess AlC15 in absence of solvent)

as shown by Pearson and Pope (59) and applied to thiophene com-

pounds by Goltd.farb and Volrkenshtein (50¡. The resulting com-

pound VIII v¡as then subjected to the Vfil-Ij-amson reaction as

reported by Gronowítz (5f ). Hor,¡ever, this reaction resulted.

in a tarry product fron which no compound-s vilere i-solated.

The failure of the above aoproach to obtain the inter-

IX

cH3

CH5-C
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resul-ted. in
as outlined

another approach to the

in Figure 8.

C-C0-0-CH5
I*

cH5-0-co-c
+

HS-CH2-C00CH3

X]V

cHroH/KoH, /-\0"-) cHr-o-co{ *} coocil

xr 
I tt,*'o'
$ z )ucr

r_r_0_cH<
Hooc-(.-) '* (r) (cH¡)zso+/w'm

,____ 0H

r{ooc(s)

XIII

I t r )soc12

l, 
t )cH5=cd -Br

o-cHz 
[å ]fi31'ä'cu¡-fr\/ -î5¡'*r +crI3-c=

öù-

7a-0-cH5cH5-c=c\ 
s 
/¡cO-cril

VI

Second scheme for synthesis of 2-acetyl-
J-methoxy-5 - ( l-propynyl- ) -thiophene

XÏÏ

^_11=0-cH5v \^/
U

XVI
l(r)n-congli

J{ 
z I cnt-coc:.

J ¿ó. U.
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The starting materials - monopotassium salt of acety-

lenedicarboxylic acid (>Z) and the thioglycollic acid" (53)

were both esterified. with methanol. The tl+o products T¡Iere

then condensed" (54) to f'orm d.imethyl 3-hydroxy-Z,5-thiopnene-

dicarboxylate XI. Saponification follo'¡'ed by acid.ification

resulted in elimination of the methoxycarbonyl group adjacent

to the hydroxyl group (55). The resulting compound XII was

then methylated with dimethyl sulphate i.n an alkaline medium

(¡f ) to form 4-methoxy-2-tLtio'phenecarboxylic acid XIII" Ihe

acid. chloride of cornpound XIII was trea.ted with a Grignard

reagent prepared with cadmj-um chloride (56). The resulting

crud.e product was chromatographed. on an alumina column pre-

pared with petroleum ether. The resid-ue from the chromato-

graphic eluate was recrystallized from etherr to give XfV as

yel-low needle crystalsr ü.P. 33-35oC. (gW").

The ul-traviolet spectrum (tigu-z'e 4, page 38) had- maxi-

ma at 259 and.124 np (e = 151450 and 7400). the infrared.

spectra (Figure 5, page 59) showed peaks at lOOi (=C-H stret-
ching), 295o anô.2953 (c-u stretching of Çþ), 2BL7 (-0cI{5),

2169 and 2L55 (not assigned-; these bonds are possibly due to
00

inpurities), L664 (-c=c-ð-), L35l (cHl-ö-) and L26g c*.-f
(=C-0CH5). The nucl-ear magnetic resonance spectrum (pigr.rre

6, pase 40) had chemical shifts at 7.L3 p.p.m. (6), (t proton

d.oublet J = 1.8 cop.S.), 6.46 p.p.Itr. (1 proton d.oublet J = 1.8

c.pos. ), 1.72 p.p.fit. (l protons), and. 2.35 p.p.ltr. (J protons) "

The doublets at 6 = 7.15 and 6.46 p.p.m. indicate
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spin-spin coupling betwee:n 2 protons with dlfferent chenaical

shifts. The coupling constant indicates a 315 proton spin-

spin coupling of a thiophene ring (eO) " The position of the

other peaks confirmed the presence of methoxy and acetyl grou,os.

Further confirmation of the carbonyl group i^Ias provid ed

by the preparat-ion of a 2r4-dinitrophenylhydrazoil.€ ûr.p. 2L2-

2r3o\.

the spectra, elemental analysis and molecul-ar weight

determination (t56"2) prove that a rre$¡ compound., Z-acetyl-4-

methoxythiophene (XIV) was syntheslzed.

'"'4p 
óP-'n'

XIV

An attempt was made to prepare 4-methoxy-2-(l--propynyt)-

thiophene (XV) by the method of Keskin, ùliller and l{ord. (le)

but the resulting residue was a tar from which no prod-uct

could be iso]-ated..
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Screening tests on A" biennis indlcated. the presence of

glycosides, steroidal glycosi,d.es and sterols and. the absence

of alkaloid.s, saponlns and santonin, Infusj-ons of the plant

were found to be non-toxic to rats and had- no hypoglycaemic

action when tested on rabbits.
The extraction of the whole plant l'¡ith petroleum ether

and chromatography of the resulting residue oir an alumina

colunn, yielded 227 mg. of a white crystalline compound xû.p,

79.5-BO"OoC" (recrystallized from petroleum ether. Analysis

of this compound" indicated that it was a hydrocarbon. It was

not examined further.
The l-ea.ves and. inflorescence, stems and. roots h'ere

each extracted. r'ith chloroform and the residues were subjected

to the process of Sanchez-Vi-esca and Romo (23). 'Ihe resid-ue

from the root yielded. 98 ¡ng. (O.OO7/, w/w) of fine yellow

needle-like crystals n.p. 71.6-72,5oC. (recrystallized. from

petroler.m ether). This coropou::d. sublimed under reduced press-

ure at 5OoC. to yi-eld. a white sublimate m.p. 92.4-92.8oC,

Based on the ultra-violet, infra.red and nuclear magnetic

resonance spectra and i-n conjunction with the elemental analy-

sis and mol-ecuJ-ar weight determination, it was conclud,ed that

this compound wes 2-acetyl-5-methoxy-5-(I-propynyl)-thiophene

and was identical with the compou:td. isolated from the roots of

A. arborescens by Bqh.lmann, I(leine and- Bornowski QA).

å.n attempt was rnad,e to synthesize 2-acetyl-J-nethoxy-

5-(l-propynyf )-tfriophene. Usi-ng the swamping catalyst effect,
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4-brono-2-acetylthiophene was prepared. Ilowever the methyla-

tion of this compound was unsuccessful- by the Villiamson re-
action as reported. by Gronorvitz (¡f). Ä ner,¡ approach of syn-

thesis was attempted. Using the ring closure method. of Fiessel-

mann and Shipprak (53) an lntermed-iate compound, dinethyL 5-

hydroxy-Z r5-tltiophenedicarboxylate was .orepared. À nu¡nber of

other intermed-iate compounds were also prepared ending in a

new synthetlc intermedi-ate compound, 2-acetyf-4-nethoxythio-
phener a.Þ . 33-35oC. (recrystall ized frorn ether) ; 2, 4-d.initro-
phenylhydrazane m.p. 2L2-2I7jC.

Further attertpts to synthesize the next j-ntermediate

compound, 2-(l-propynyl)-4-methoxythiophene were unsuccessful.
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A. arctica (62)

A. brevifolia Wall. (48, 63 to 68)

A. caerulescens l. (4a169 r7o)

¿.. camphorata Virl. (4e¡

"4.. cina (nerg) \^lillkonn. (4e, 7L t'o 77)

A. finita Kitagawa (4A, ?B to 79)

.4.. fragrans i,iilld. (49'gO)

"4.. gallica Ïfil-Id. (44r8]-,82)

A. glaucina (81)

Ä. hybrid.a Sag. (4e'e4)

A. incana (85 )

A. kumamensis Qasilbash (48164t7O186 to 102)

A. maritir,ra IJ. (4a r77 ,8Lr82 rB7 ,LOl to I15 )

A. maritima vâI. . d.iffusa (tt6rrt7)

À. naritima var. monogyna (4grg4r86rBBrll8rlf9)

A. mexj-cana ],^¡il-ld. (l,zr4'a)

¡.. mogoltavica (g¡)

A. neo-mexi-cana tr'trooton (l-Zr4g)

A. pauciflora l,veber (4grgO)

A. ramosa C. $m. (4grfZO)

A. salina lii].]-d. (49,e4)

A. wrightii üray (tZr4A)
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teryae al-bae (rzf )

transj-li-ensis (+e¡

nerrr pentaloid.al-cross of naritima var. monogyna

and l-ercheana va.T. du-hrrnia (I22)

B. Species of the Genus .A.rternisia iì.eporte.d to Contain ifo

Santonin

À. absinthiuxn L,. (fZ)

A. al-bula 1''.Iooton (fZ)

A. annua L. (12)

A. arborescens L. (fe)

A. aromatica Á.. Nels. (fe)

4.. atomifera Pi-per (12)

A. bienni-s l'¡illd-. (l.Z)

A" bigelovii À. Gray (12)

A. caerulescens va.T. augustifol-ia (ZO)

A. californica Less. (fZ)

A. cana Pursch. (l.z)

A" canadensis I'îichx. (l-2)

A. caudata l'{ichx. (l.,Z)

A" carruthi.i i.. tr'food.. (LZ)

À. dracunculina S. liats. (L2)

A. d.racuncuJ-oides Pursch. (fZ¡

A. fi]-ifolia Torr. (lZ)

A. forin'oodii trIatson (12)

4..

A.

A.
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A. frauserioides Greene (12)

A. frigida Will-d" (l-2)

A. gallica hriIld, (fZ)

A. gnaphalodes Nutt. (tZ)

A. heterophyllea Nutt. (tZ)

A. jud.aica (tzl)
A. mexicana Bakeri (12)

À. mexicana ÏIilld . (L2r2t)

A. microcephale Wooton (fZ¡

Á.. neo-mexicana idooton (fZ)

¿.. pontica L. (f2)

À. red.olens Gray (L2rl3)

A. rhizomatus pubularis (fZ)

A. tridentata lVutt. (fZ)

A. vulgaris I,. (fZ)

An wrightii R.ausch. (lZ)
A. wrightii Gray (12)
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