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SUMMAHY

The thesis le presented 1In two parts with one
appendlXo

Part I was prompted by a report that the starch
isolated from the seeds of Phalaria Canariensie possessed
hypotensive aotlvityc A review of the literature on
Phalaris species is presented and the isolation of the
starch end its eitracta is described» No hypotensive
activity of the starch or its extracts was founds

Chemloal examination of aqueous extracts of the
starch showed the presence of choline* glucose* maltose*
azelaic acid and amlnoacldSc Ion exchange and paper
chromatography were used to identify serine, “«alanine¥*
phenylalanine* leucine* proline* aspartic acid* wvaline
and aminobutyrio acido

The light petroleum soluble matter of the powdered
seeds was examined and a mixture of sterols was isolatedo

sitosterol was identified in the mixture by conversion
of the sterols to the methyl ethers and examination of the
ethers by gas chromatography; two other components in the
mixture were not identifled. It is also shown that the
- sitosterol** isolated from Aristoloohla reticulata

consisted of two components one of which is - sltosterolo
The fatty acids in %e extract were identified as layristio*
palmitic* stearic* oleic and linoleic acids* and glycerol

was also laolatedo
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Part II nae as its main theme the attempted
synthesis of aristolochic soldo A review of the degradation
work carried out on aristolochic acids is given followed
by an account of the phamaoological activity of extracts
and compounds isolated from Aristoloohla specleso

After a report on the synthesis of derivatives of
aristolochic acid* in which the benzoate of 8 - methoxy
“3®U-methylendioxy“10-nltro-1“phenanthroic lactam was
obtained as the only new product* a route to aristolochic
acid is proposedo This was based on the Pschorr Synthesis”®
as one of the required intermediates* 2-nltro~6-methoxyben-
zaldehyde was knowno The attempted preparation of the
other intermediate * 6-oarboxy-3 *U-niethyl enedioxypbenyl»
ni tromethane * is discussed and the structure for a new
compound obtained during this work is suggested”, The laok
of success in this stage turned attention to the synthesis
of 3pU”methylenedioxyphenyInitromethane and the corresponding
6«bromo-compound end both compounds were obtained by two
routeso One of these involved the use of metal nitrites
and the conditions used and reactions taking place are
considered in some detailo

The condensation of the nitro-oompound with
benzaldehyde and substituted benzaldehydes was investigated
and the following compounds were prepared»
o(-nitro-6-bromo=3*4-mcthylenedioxy«?nitro-6-methoxystilbeneo

o<»nitro-3pU=-®ethylenedioxy"“2«nitro-6-methoxystilbeneo



o™-ni tro«6-bramo<=5 thy lenedi oxy«6«iDethoxystiibene
<5<-nitro«6=bramo-3 p4 ‘ni0thylenedioxy«2’f-nltrost i Ibenco
o<«nitro-3pU~niethylenedioxy=2-=nitroBtilbenOo

Side reactions occuring during the condensation are
discussed and tentative structures advanced for two of the
productso Attempted condensation of acetylaminobenzaldehyde
with the substituted phenylnltromethanes met with no successc
Selective reduction of=nitro-6=bromo=3p”*-“methylenedloxy”**
nltrostllbene and o<=nitro=3*h«methylenedloxy=2=nltrostilbene
by ammonium sulphide caused the elimination of one nitro-
group fron ea”ch compound and evidence is presented to show
that the products were 6-bromo=3p4-methylenedioxy="=
nltrostllbene and 3p4”“methylenedioxy"“2”«nitrostilbene
respectivelyo The reduction of the nitro=oompounds was
also attempted by a variety of reducing agents* but no
satisfactory product was isolated» In order to avoid
selective reduction of a nitro=group irradiation of -nitro-
6-bromO""3 *4-methylenedioxy-6-me thoxyst ilbene and 6=bromo-
3p4-methylenedloxy-“-nitrostilbene was attempted on the
micro-scale* but ultraviolet absorption evidence indicated
that the phenanthrene nucleus was not formedo

Part II concludes with an assessment of the results
obtained and a scheme for further work is proposedo

The appendix presents the results of an examination
of extracts of small quantities of the roots and rhizomes of
Ao goldieana and of the aerial parts of Ao Indlcso No

aristolochic acid was isolated from the extractSo



A THESIS

Submitted .

The UNIVERSITY of GLASGOW

Mohaziimad Younaa Malik

in fulfi“jnent of tb@

requiromont for the degro®© of

DOCTOR of PHILOSOPHY

Octoberp 1944-0 Department of Pharmacy
University of Strathclyde
(Formerly Royal College
of Science & Technology)c
GLASGOWo



STUTDIES O
THE CHEMISTRY OF PHALARIS

CANARIBENSIS AND OTHER NATURAL PRODUCES




ACKNOWLEDGEMER 1S

The author wishes %o thank Professor J.B. Stenlaks
for suggosting the problems and providing the opporiunity
to carry outv this research. e wiskes ¥cC express his
sincere gratitude to Dr, WD, Williams under whose guldance
this work was cayyrisd out, for his continucus direcstion,
holpful suggestions, useful criticism and sncoursgemont,
which have proved wmogt lnvaluable. His edvice was often
sought and was alvays wost genorously made avsellabls.

Thanks are aleo due to other meombarvs of the FPharmeoy
Departmont @zpeclally Dr, M, Mertin-Smith and Dr., £, Comprie
for their keen interest, useful suggestions and critlisiam.
Ho wishes %o acknowledge the asslstance kindly givan by
Dro Jo Chil¥oen Lfor preparing the concentraied oxtracts of

Phalaris canayiensis and Avistolochia Indive and A. ionga

LU

and by My, Logan Young for measuring ulitraviolet apscira.
Finally he wishes to express his sincers thanks €0
his pavents and brothera for thelr full financial

asgistanas.,



GONTEHT 3



Phslaris

PART I

STUDIES ON TEE CHEMISTRY CP

PHATARIS CANARISNSIS

Tsolation of Starch. v

HISTORICAL INTRODUCTION 000

Pharmacclogical Tests

vVater—-eoluble bases

ATfiinCaC”dSv'oc.
Carbohydrates

AZeJaIl0SC3. d

C.

a...

a.

a

A

-K

<«

aco

»»a

aza

Unsaponifiable matter

Pat ty acids

Glycerol

EXPERIMENTAL

000

.0

a.

Isolation of Starch

Oo.—/C

C.

=" >

cOJ

DISCUSSION OF EXPERIMENTAL WORK

C

0.0

C «
ooC
OoCcOo

?

.
L4

-CC

uccC ooc

.C
«. 0OC«K
00 C..
= a=c
cao a.oa.
aao ca

Cc.C OO
~ 00 »CO
»» *eC
coc

C AN

Light petroleum soluble fraction of the seeds of
canar—j ensis

Preparation of extract for phannacologjcal test

Pharmacological examination

Chemical examination of starch

Chloroform-soluble bases

Water”’'Soluble bases

AminoaciCLS
Carbohydrates

Azejalo aord

»»C

CCO

COO

CCO

O0K

toe

as.

COO

.

COO

co»

too

A

c . cC
extract

000 MO0
OCK 000
»»C 000
aoc aoc
Co0 toe

o
0.e
C.O
O". » o
“at ta
c
Cwo C9
c,. -—.t
ccc c.”
cca an
0.0 °*.-
o=n
O O
ev» O..
CCco  OCO
coc or.
ee syl CO0
c.» coc
»OC .c"

12
12
13
I
17

T

20

by

24
24
25
25
26
277

3/
44



Page

Light petroleum soluble fraction of the seeds of

Pha)3r]s canariensis*o000*0e900Cc000»«000C000000000000 46
Unsaponifiable matter »«» o»» tc= »»« coo o0oo 46
Fally acids coo » & ooo  oco &»» cOo o©c oso 50
Glycerol coo cca ca» e>Cc o0o0» Ccoo oco twv 66

S IBLIWCtRA.PIiY oco oco Coo too oco 00C oco Oti' 69



PART II ATTEMPTED SYNTHESIS OF ARISTOLOCHIC
ACIDS
Page
HXSTOR«1CAXj introduction c««c *O<(re«®«>»«oonooc3acaoco>05 Qo
Discussion OF EXPERIMENTAL WORK
Derivatives of ArIstoluekle aeldo o»noooooaoooo.o0)ooo 93
2 thcxy«6=nllrobonzasdekyde 97

Attempted preparation of 6 a A 4=
me thy 3.0nedlozyphenylnl trcmethane @,o0@ro (,0000,0a03j,onno 93

3 *4-MothylenediDzyphonyInitromet a:ad
XtS 6" D3NIEIO™M00S21D0T-"ndo Ioeax»« . ocooc ‘0 (30tjoof ' FOC' O1SC! Co>s*iidi AOA

Goncienss-uxon re e.oc.t.arl® cvooooCoo00C-00r. COO»000«»&01; M{*<o Ing
R0OO.UOZi0ii Ot n 50A% GOIHPOmM ds cooG030ccoo»@«*e>oofl-'>das>r>0  X20
0 -=Cyano-3*4-methyloned.lo%y«'2'* -nllresllXbon.0o”ccoocoo 129

Attempted preparation of 6=-trorriO'-'>3"4-BiethyienediD2.y
®&2 —aocdtyIQsilnc*stA.cl>»bene»oo 0000000a0000CC *® ** 0a0000 O 1<26

Attempted preparation of 6'=carbosy-5p4=m6thyi©M-*
dloxy "Hxt ro315Ibene coo»cGOBoooaoo (> (*Qoooe»o«oooono 129

00ndt1lS10ns 01>«00000C«>00*< ' <*»*0o»o*»oooro»ot>oooof>e<' o»coo 131

EXPERIMENTAL
Isolation of aristoloohla aoidoeAn,ococo»o0o»@co.oAonn 134
Derivatives of arictolochio solde c»«00.>roooocooo«ono 135

2 «Me tiiCKy«6<-nitrD'be.vi5: ;aldohjdonr.o0o0o0Qoooor«.oon@pr«o roo 139
5 54=Methy lanedio%y—=-6=hyds-cnymothy Ibeozoic aoid
Int enn® diateso«>ot>*<»**o»oooo0irocoi>ro»coocioo ' >oooc*cf> i.40

PrOparat<LOnooocooooaoooo90eo00000&oooov>eoockO»« ' 0Ooo



Attempted prépardtionswith. 5*4-ni©thylenedioxy
Beo' *xiydx'OxyTnOthj* Xbenso ic ao”do eocoo'»<"ocot»*ct3CQocouc»tio*/or'’

3 *4=-Methy IenodioxyphenyIni trcsn©thane
Intermediates and attempted préparédtlone n«oo«”c u
ArOpaX*SViwl* 50 * «COOCCO X$GCWUBOOOBCOO£f0OCCO®C r@ M
6 -BrDmo -3 *4 thylene6ioxyphenyInitromothane
A iwSmpteLli p.'."POI*S>T,QFcd«v®&00 DACO A Co 0WMUEE o
RX~"Sparat J0no oc*oc<o»0CO0 0O0«O0OOO®»» &§&rrOod«oc wof P

Attempted preparation of
methylenodlozyphcnyl )S-nitrocIrmamie eeldc Vo Cec »

At tempted préparation of c<-nl tro<-6*-braaio-5 "4 =
Di3\“nylenadjLO3ty'='2 nxtx'Oet <jsteno ©o» *®»ccic * *oc.clf

1llre-6 bromo-3 j}4'—=methylenodloxy=>2" —ni trrsll%boue =g
oI N1trO'=6"broniO=3*4"'=methylenQdlo:ty-2"'"' *iltro-6"'" -
me thO3cy31lixban” o»c#0#@»»o» (3*»000»00eo00*»0000cm«Ac»00030
X
O{"Nltro:=3*4=-mothylGnedlo%y=2 -nltrost3Jben®ooocoo»coo

K1lr0«3p4-methylenedlozy-2*"nitro-£/
itiotno”**ys *iIbene '>«o®oo«o«ocur»ei>c«c«fe»®o»»c>ocOtiot'ocor>t0"’

c<-Nllro—5 brpmc ="5%*4 thylenodiozy=5 -
mo thOZyS tX1bsn.0 0oDO*«v»<'000000®eriCf\oaoocoooAovc:oo0Ocof

c<-Nitro-G-fcibomo =3 *4 thylencdiozyslllbone ©o00&0O*Brec
haduetion ox* nl tro—cozupounds cooooo<90000o0o®ooooo0o00erooc

Attomptod preparation of 6 'CyanO:*“3*4="methylenecliczy
W2 —iixtrostz.Ibeneo9%9o ©®o0co®o00®<}Doeoco ©®0000f*&0 cooo0o0ao0o0 o000

6 *Cyano<=-3*4 ="'methylOnodioxy-2'*=nltrostilbcnCfv oc©®ooococ

4t/tOrapted preparation cf 6%*=carboxy--3*4-BiO©thylon0
dloxy— !pnitrostxlb0ri0o&oo«<» (»c0aoo0o0®00C0000C00000KOCO

Page f

«a'»

145

X0

T8

163

163

l64

1b*!

dxol
163

xb*

x73

173

175



Astompted wh@parﬁuim% 0 Lol 630 =0=Dpome=3 ;4

mebhyleonodiony-R ”aG@tVLQRﬁﬁQEL&MbQ&ﬂnwoouubo@abmmoo

Aut@ipb@@ propayat ion af of =nlEro=,t-nobhylonediogy

=87 sagetylanincabi

}5211(}{: n-&?i‘«g '.E LA BT

APPENDIX

LN DEEIE AT el AT

Avlabologhia soldienna.

R LenarT AT L:

DigsunsidoNesecassvaa

-

e LPaY » ot

:"“;‘-1(\.‘: VD0 eea

Apdisbolochle indica

Disoy B3i0Mcacvovenss

3 e o - & oy wen A
Buapovimentildisocascew

1]

[¢]

&

a noP

® U Q

[4 2NV % )

oSN

L]

(&3

be e

ST

& 6

@

1
uw‘eﬂ.{}maog\aaomuoa

®

@

aooaedgoeornrnOdCRaOed

L

A

&

b

[

A<}

X

a o

W

1}

o

o

@

o

% O

o0

Qo

P
g

)
o
&

P
Tamed
™
&2
~m
e

T
"~
i
1~
"



YART X

STUDIES ON THE

CHEMISTRY OF PHALARIS CANARIENSIS




HISTORICAL INTRODUCT ION



1
The gonus Phalaeris, which is the ancient Greck name

foxr grass, belongs to the femlly CGramineae end contalne
about twenty gpeeiea(l) of annual oy perenniél EraBses.
I% is widely distributed in southerms Burope, temperate
Americag(z) the Mediterrvanean region and Cenitral Agia(3)9
and is much culiiveted in Europe for canary s8eeds. Thereo
are no detalled chemical analyses of Phalaris epecles as
investigations have been confined %o products obtalined by
particulay extraction procsdures.  In fact, the only
goneral secount of chemical composition is that of
Lomanltzt for the leaves of one of the ppecies P. bulbosga,
but even here the resulis are given in gensral terms as
indlcated in Table 1 (page 7 ). Consequently a review
of the work done is convenlently discussed by congldering
various groups of chenicals. Phalaris specles are a
potential source of Toodstufl, and the protein contant,
snd hence the aminoacids, have beon investigated by n numbey
0f workers. The most recent report is that of S@hneidef(g)
who ldentified a large number of aminoacidg in an exiract

wsing phenol-wadter (75:25) as solvent (Tabls 1). Ho
compared his resulits with those of eariier work@fs(§97”8)
among whom lLugg end hisg co-=workers have been particularly
active in this fleld. Iugg(9) acscoribed the method of
preparation of proteln of the leaves of P. tubsroma; the
pmide, 6ystine (snd or cysteine), and methi@nin@(lgﬁll)

contents in the hydrolysate of +the protein preparetion
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were egtimated chemically. Tyrosine and tryptophan were

algso esbimated @h@micaliy by tho method descyribed by ngg(12”13
:as the Folim end Ci@@alt@u(lu)'m@th@d f@rlﬁh@ getimation

of tyrvosine was found to be unsatisfactory. Lugg snd
Weller(lﬁ) dgtermined the content of arginime‘ end lysine

in the protein hydrolysate from the leaves of P. tuberosas

by the method described by Triatram(lé); histldine was
determined by thoe method of Vickery and.WinterniEZQIT) A

modification of the KapellermAdlar(lB) gologimetric method
of estimating histidinge recommended by Bl@@kclg) was

unpatisfactory. Gupbs and Das{20) used microbiological
methods %o identify methlonine, cystine and tryptophan in
the hydrolysate of the oxtract of the leaves of P. ftubeross

end P. canevisnsig.

Alkalolde have heen veported in P. grundinacese by

Wilkinson(zl) who igolated hordenins(I)end a new indole

N __],CH sCHoNH(CH3 )

; e w
(1) (1r) 8
alkaloid S5-mothoxy-N-methylirypltamine(il.) The minced grass

was oxtracted with ethanol, snd the concenitrated exiracty,
diluted with water besified with sodium hydroxide solubion,
axtracted with chloroform. Paper @hr@m&t@graphy of the
alkalolide with p-butancl-water-acetic acid (12:5:3) followed
by spraying with dimethylaminobenzeldohyds in cyslohexansg,
and Gtrestment with hydrogen chloride showed the presencs of

two indoles (RF 0.58 and 0.70), The elkalolids were



Fe
separated by chromatography of the concenityrated chloroform
extract on alumine, the courge of separation being Followed
By paper ch@@mat@gwaphy end colour reaction. Howdenine(Il)
wag isolated fyom the Tirsgt runninge, whilst the leter
fractions yislded a crystalline hydrochlorilde i&@nﬁified
28 S-methoxy=N-methyltryptamine hydrochloridea. The second
minor indole alkaloid (Rp 0.70) was not identified becauss
of its presence in small amownt.  The aubthor rapgrtéd that
it was not gramine, but on a papeyw éhrmmmt@gram it gave the
pame colour reaction and the seme By velue as J-dlethylamin-
omethylindole.

The oil extracted Ffrom the seeds of P. gapariensis

by mesng of pressing sud extracting with petroleum gther
was examined by Olqu@ll@nQQZ)o Fatty acides and ungaponl-
fiable matter wevre obtained, but their resulte (Table I)
were expressed in general terms of ﬂaponificati@n number,
lodine number snd appearsence of the variouws fractions,
end no identification of the @cmg@neﬁ%@ wag madas

Phormacologhcal inteyvest in Fhalaris fubeross lay

in its pospible value as o nutrient for birds and animals.
Phalaris "staggers” in sheop ond other animals have, however,
been reportedggB@ga) by several anthors. Thus Lee snd

Kuche(25226)

rgported that the staggers @yndr@mé doveloped
in Merino ewes when they weore grazed on . Luberosas Wo
symptoms were shown by ten swes whi@h wore trested with

7 mg. of cobalt weekly, but eleven of fifteen untreated

OWeR were affected, six fatally. The response to cobalt
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vas highly sigaificant, the enimale Lelng completoly
protested fyrom this demyelinating discase. Similar effecte
werae obperved by Dewvay, Les, Dr. Hedley and ﬁaf@%@n(27)o

(28)

Wallkew observed that sheep grazing on goiggggggg@

developed nervoue digorders, sitaggers, the @ymptoms of which
were an initial hypowexeibaebility followed by muacular
Lremors, vnee-=ordinated galit and stumbling oy falling whaen
Ariven. Demyelination in the spinal cord also oceurred.
Similer symptoms and pathologileal changes were obsgerved in
eata(29)9 d@g@iﬁo) and h@n@iBl)treat@d with cholinegterags
inhibilitovrs. It wonld appear that othor grasses are
opesentiel in pastures to diluts the P. fuberesa Tor grozing

BUXPOB Q8.

The seads of P. canaricnsip were used as a nutrient

Tor birde and animals and have boon employsd asg a ponlﬁi@éﬁah

Rogazinskl an@.@lowczymaki(33) voporeed that seeds of

canayry grass (ge cenarienglis) are similar ﬁ@ tha 6rdina?y
eé&e&l@ in ghemieal ocompositlon and dig@@t;bilityo They
carried out exporiments with whiite rate end producad
raehitie symptoms ue Lo the d@fi@i&mcy of galeium in the
seads, but when csloium was a&d@d-ﬁé the dlet wachitic
symptoms 4id not appsar. The suthors songluded that in

| biclogical value the mpeeds wore infericr to whole wheat.
'ﬁl@wezynaki(3u> forther corvled oud experiment with chicks
and showed that the @é@d@ of canary grass mst constitute
30-60 pey cen® of the diet im order to fuvnish a suffisient

awmount of viteamim A. In sueh cquantitles, however, tho



dist wmay ceaugo perpigtant dlerrhoea.

Interest in the seeds of P. cangricngls was ronewed

vhon the pharmecologicel laboratovies of Smith Kline &
Fr@n@h(35) gonfirmed a report of Dy, Piamnty(35) that the
sbarch exﬁfacted Troem vhe seeds was hypoiensive when
adminigterad o rats orally either in large doses or
intravanoualy in mnall A0Res. 'Tha erude ptarchy preparation
was unguiteble for injection both boceusse of wmechanical
blocking of cepillarices by larg@ gbarch paﬁticﬂas and the
1@?@@ doses regulred, and ﬂtﬁﬁmpng were therefore mads to
obtain the active principles 1n a mors pultable form. The
sbareh, when trested with methanol in a Soxhlet extvactor,
was completely deacbivabed. Hydrolyeis of the sterch with
dllute sulphurige scld oy hydrochloric acld until n@gatiV@-
iodine=potassium i@dide teste were obtalned also led to an
ineetive product, but boiling with water for six hours had
n@“@ffaaﬁ on the activity. An extract, propavred by bhoiling
the starch with water, cooling and hydrolysing with
f=amylase wntll & negative lodine-potamssium iodide west
r@sﬁlt@ﬂg gave a hafd resinous material on evaporavion
éhich pospessed full pharmacalqgical aQtivity. An a2%tempt
$o extract an acstive principle from an cenzymatlically
hydrolysed solution by cont@nu@u@ extraction with ethor
proved uwnsuccessiul end full sctivity gtdll remained in the
agueous phasgd.

in fuprther attempts to concerbrate and identify an

active principle a nitrogen=rres preparation was madso.



The cirude stareh was bolled with water, and filétrate wnllst
hot o remove a dark coloursed nmitrogenous s80lld. The
filtratae cooled %o room tomperature and treated with
aeaitone, gave a completely ineetive precipitete of nitrogen-
Trae starch. The agueous acatona solution after concan=
tration in vacue waee found to be strongly active

The active fraction appeared, therefore, to be
soluble in water, ut not in acetons. It did not comtain
Bulphur or halogen, but 1t was nitrogenouvs and geve @
positive wreaction with ninhydrin end & weakly poslitive
reaction with Mayérﬁg end Hayer's solutions. Poasltive
reactions were obtained with Benedlcet’s solutlion spd with
phenylhydrazine, md alkell producsd a desgp yellow colour.
The material fluoresced undsy ulitraviclet Llight and gave
a gelatinous pregiplitete with lesd acctate. An unusual
Feature of the material was that precipitation of th@
sterch with cold mothanol lnstead of sactone gave visa to

gompletely inective produgts.



SUMMARY OP THE CHEMISTRY OP PHALARIS SPECIES
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Table 1
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Patty acids
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Acidn

Remarks Refcrenoe

5-6” bright

yellow slight'

ly aromatico
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yellow waxy
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Table I

CONTINUED
Spsclies Pant of Conptituenvs Remarks Rerlerenas
Plent
P.canayr- . Agpartic acid
lenoin Seeds Proline
Leucing
Serine
oHAlanine Present
S aning. Worls
Valine

Amino=butyric
acild.

Myristic acid
Palmitic acid
Stearic acld
Olglc aaid

Linolelic agld
Glucose
Maltosa

p=sitostarol

Two sterols

midentitied




Table I

COWTINUED
Specles Part of Constituents Romarks Refer an oo
Plant
P. ganay-| Soced Water 9.5h %
eneig Cake
— 041 19.80 %
Albuminoids 17-35 %
Digestible
Cavrbohydrates |[38.50 % 30
Woody fibre 8.67 %
Mineval matter | 6.1l %
Send and Silica | 2.19 %
Food Unite 1.31 %
Leaves Methiloning
Cystine 20
Tryptophan
P. bulbosa | Leaves Pure protein 8.59 %
Dried at | Amide 0.L8 @
100©
Digestible I
Protein 6.88 %
Redueing sugars| .86 %
2,22 %
Soluble staxrch
and dextrin

P. Tubgross| Leaves

Methionine

1.31 %

20



Table X

CONTINDED
Specles Part of Congbituents Remayrks Referencs
Plandv
Cystine 90
Trypltophan
P. tuberoga| Leaves Amide Nibtrogen
ls. 7654
Cystine (end.
or eysteine) | Witrogen 10,11
1o 357
Methionine Nitwogen
1o LGoh
Tyroping Nitrogan
2:- L!3%
Teyptophan Nitrogen
2o QL}%
Arginine Nitrqg@n
13 c 7;)/0
15
Lyaine Vitrogen
6. 6%
Histidine Wit rogen
13.66%
. prundin-
a0eas Leaves Cyatine
Sevine
Glykocol 5
Thireonine
Alenine
Valine

Methionine




Table X

CONFEINUED

Lo

Bpecies

Papy of
Plant

G@mgﬁiﬁﬁant@

Romavis

Roeforonee

P.arundd-

gtstefclele

Leaves

Loavres

Louwsine

-Igoloveine

Proline

oxy=proling

Apparginic Acld

Glutamic ecid
Lyaine
Arginine
Histidine

Total csrude
pProLain

23. 75%

37
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Igeolation £yrom seeds

The finely ground seeds were mixed with distillsd
water end pert of the husk was vemoved by £iltering the
suspension through cheose c¢loth. After 36 hours in the
presence of small guantlities of streoptomycin end papain
about three quarters of the suspension wes decanted, mixocd
end centvifuged to give fouyr layers as described by

Do Pi@&ntyéﬁﬁ)o

The svarceh layer wae esaplly separated
and dried over calelum chloride. This material as well ap
8 batch of starch isolated by Smith Kline & French in the
Tnlted Steates was uvsed For the pharmascological snd chemicel
beata.

Pharmacological Taptg

An agqusous sxbract of tho stavrch was prepared by
heating with bolling water, coeling and precipitating the
stareh by the additilon of acutone. The supernatent liguid
on. ecawveful evaporation at room temperaturse under redused
progsura yielded a davrk brown liquid which was injected into
rats. No fall in blood pressure was obsperved over a period
of B deys. Oral administration of the stawvrch itseld failed
to produce any fall in blood prespura. Similar negatlive
results werg obtained on r@péaﬁing the experiments sceveral

months later.



Water-80lublae Bages

In view of the r@markébly gonvincing evidence
prescnted by the leboratories of Smith Kline & French omn
the hypotensive activity of Dr. Pi@anﬁy“s(35) stareh, 1t
appeared deslirable to sxamlne the extracts chemicelly to
oy o ddentify material which could be sssociated in soms
way with hypeﬁ@nmiva activity. In this respest two groups
of compounds are of particuler lmportence viz., alkaloids
and aminoacids Yhus marked sctivity has bosn ohserved in
the vergtrine alkal@idé(Eg) gnd also in thoe potent 5H-
hydr@xytryptamin@(§9)° Tegts were therefore instilituted
o dstect compounds of these types. Tertliary bapes wers
shown $o be absent, but addition of ammonilum raine@kaﬁ@(uo)
%o the agqueous liguld remaining after sxtraction with
chloroform and addiltlon of acetic scld gave a bulky
precipitate indicating the presoncs of one of mMoyrs wabtere
goluble quaternary smpoonium basesg. Decomposition of the
reineckate was cavried out with silveyr amlph&t@(&1) but
the base sulphate so obiteined was extremely hygroscopic,
as was the ehloride; the plcerats, however, proved saticlfac-
tory foy characterisation of the base. The emall quenti by
of material obitainsd from & volatively lavge amcunt of
relneckate indlcated that the basle componemt was of rather
low moleculayr welght. Teken Iin conjunction with ths

E@ltiﬁg point of the pievate (2u8-250°) choline was

suspected and this wap confivmed by comparison with suthentic



material in the following tests: infrared sbsorption of
@h@liﬁe reinockate and choline plerate, paper chromatogrephy
of tho choline chlorido't?) gnd choline reimeckate(’?) ma
mixed melting p@intﬂﬂf e picfat@&o The sholine
roineclkate did not break up in the cexpscited fasghion unlesa
the spot was treated with excess of silver nitrat@(uj)

prioyr to chromatogrephy, uhen silver reineckate gave &
separate spot (Bp 0.42) while the liberated choline geve

1te charasterietic spot (Rp 0.55). In view of the absenas
of other ppote 1% would appeayr thet choline isg the only
gquaternary ammonlium compound present and this would not give
rige %o hypotenelve astiviity. The relneckate, asg prepared
above, was smorphous gnd reguirved purification by column
chromabography on alﬁmina(“@) uging acetonc as solvent.
Howaver, whken the agueocus liguid remaining sfber the
detection of cavbohydrates (Page 37) was used, the roineckate

pepayated as glistening crystals.



Aminoacids

Paper chiomavography of aminoacilids is an slegent
technigque for ﬁh@ir(id@nﬁificatiem and hos %@ng beon used
both in one dim@n&i@§5éna in two &im@n@i@éga) Pyreliminary
@xp@ﬁim@nt@ on the agueous extract indlcated the presenes
of & large number or coumpounds which gave a positive roactlon
wi th ninhydrin(u7)g These compounds were comfimmed as
samincacids rather than proteins or peptides by caryying oub
the simple hydrolysis procedurs of Foster, MacDonald, and
J@ﬂ@@iag) Yor the component sminoscids in ergometrine. Tha
seme numbey of spots with the sane Ry value were found aitep
thig precedurs ap were found for the originel solutions,
Indicating that the extract contalned fres aminoacids. The
conconvration of the agclds wep very small as judged by
comparing the intensities of the spobts with those obtalnsd
Trom standard seolutlong of eminoaclds. It was, theveforg,
not conpldered femsible to attempt the isolation of tho acida.
it dld eppeer necessary however to resort o pome methed of
Tractionation to assist in thely identificatlion.

Column chromatography on charcoal/celite 8 50)

(1:2) gave a pertlal separation (Tabls 3), end reduced the
nvmbey of components for peper chromabtogrephy at any one time.
An lon-oxchenfge t@&hniqu@(51952) reported to be of
conpiderable vse for the sepavation of vaerious groups oOF

amimoa@i@®(§5)9 was epplied %o fractione A mmd B ag it was

hoped that sugers would be rémoved in thils way.
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The accurate compavrison of the RF valueg of the
aminocacids in the stayrch extracte with authentic semples was
therefore Sarried out on the. fractions from the ion-cxchange
experiment . Bach fraction was examined in two solvent
systems, snd cach apsigmuent was confivmed by the additlon
of authentic material and re-examination under the seme
gconditlons.

Asgartic acld, serine, s ~alanine, leucine, proline,
aminobuiyricacid, valine and 8- ph@nylglanin@ were idenvified
in this way. From the resulis obtalned by Moore and S'R’.@ﬁlng%)
on the separation Qf amiﬁoa@id& on an lon-exchenge ¢Olumn
arginine was @gpecﬁed in fraction A, end By but the results
were inconcluslve, This may in fact be due to decomposition
as congiderable loss (304) of arginine ocecurred unless tha

PH was cavefully centrbll@do Ag Wilkin@ggliad inolated
a tyyptamine derivative, careful attention was paid to

. (39,55)
the poseglbility of tryptophan belng present as a pr@@uraoga

However, it was not Lfound.
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CARBOHYDRATES

The concenirated agueous exirvact (page24) was chromato-
graphed on a column of chavcoal/celite (1:2) uveing digtilled
watér as solvent. vhistler and Dur30(56) ugaed a column
gonsligting of equal guantities of charcoal and calit@(5?)
to sepavate monosaccharides and dlsaccharides with distilled
water end ethanol (54) respecitively. = Charcoal columns have
been uvsed for purifieatien(55) and a@paratign(59960@61)
o¥f sugarag, but ae adsorpition effects are likely %o be wvery
strong with charcosl slons a mixed column was used in this
WOrko Paper chromatogrephy of the effluent using the upper
phase of the solvent system n-butenol-acstic acid-water (lizl:5)
indicated thattwe reducing substences were presant iﬁ
fraction A end one in fraction Be These effluents wero
oxamined chemically ueing phenylhydrazine, snd by further

paper chremat@graphy(Sa)

uging semples of Xnown BULBrS.

Glucope was 1dentified uvnequivocel ly by these mesns, but

the é@mp@und,whieh'gave rige to the spot of Ry 0.47 could not
be ldentified or separated from the glucose in spite of Turther
column chr@maﬁﬁgraphy(6396“)n It did not appear to
correppond to eny sugar ag even the pentose and tetrose

svgars exsmined 4aid not run as Tast. ‘It mue t ba remembersd,
howsver, that the aque©u@ extract did not comtelin sugers

oniyg buﬁ at leant amino aclds also.

Further elution of the column with othemol (5%) in

water yieclded more glucose (fractiom ¢). When ethanol (105%)



was uged a dAifferent rveducing sugar of RF 0,11 wag obtained.
Paper chromatography using standard sugars, snd O@azone(65)
formation, identified the sugar as maltose. The separatlon
of monosaccharides snd diaae@hayid@g was, theyrefore, eaplly
accomplished on this column and the rather longer method of
prepavation of ascstates followed by column chr@maﬁographyi6?)
Proved unnecepsary. It wowld appear that glucose and
maltose were the only sugars present as in additlon to the
sllver nitrate thachnique for the detection of redusing -

(68}

sugars s Chromavograms were also prepared foy spraying

with p-snisidine hydrvochloridet©9) in n-butamol. This
reagen®t is useful in that 1t glves a chexsry-red colour with
pentopes, & green to brown colouvy with aldohexoses aﬁd 2]

" yellow colour wlth kotohexoses. The é@lumn was fTupther
devalapea with othanol 8%, 20 50%, 95% and N hydrochlorilc
geid. OFf these, only fraciion F (Table 6, page38) appeared

of Iinterest.

Azelnic Asid

Fractlion P (page28) yielded cryatals which melied
at 10-105° afier fgcrysbalii-atlono The infrared
abgorption curve indiceted a cerboxylic acid and azelalo
acld wap ildontified by compavison with authentle azelailc
aoid by infrared abporption, wmixed meliing point and paper
chr@matag&aphy using liguified phenol as solvent, end
bromocresol gra@n(?O) as detecting agend.

The origin of the azelals acid may well lie in an

‘oxidatiQn o7 oleis acid ﬁhi@h was shown to be presant in



the oll (pageB8). Curiously enough, fraction B which wae
thought to be impure azeleio acld, gave the resctlons of
calcium, phosphate and oxalate.

This concluded the chenical exeminetion of the atarch.
The compounds ldentified could easily be adsorbed on the stavrch
durling 1ts igolation and prelimlinary experimenitis on the
supernatent liquid which waes rejected (page2d) 1ndi cated
that carbohydvrates snd sminoscids were present, It is
unlikely that an iwmportant bape was lost et this stege
bescause the golution falled to vesct with Dragendoyff's
reagenv.

Many of the chemicel results reported ifbor the
"active fraction® can 6@ explained on the bagis of the
above analysis. Thue smincacids éc@@unt_f@r the positive
reaction with ninhydrin, glucese for the veaction with
Benedict’'s solution, phenylhydrazine and the &@11@@ solouy
with =2lkall snd the other posltlve reactions imply no
particular compound in visw of the complexity of the extra@ﬁq
For example the bulky ambrph©u® precipitate with emmonium
reincckate is not accounted foxr by the presenco éf the
choline alona, budt may well bo due to & saliting out effegt.
In partially purified extracts the precipitete was smaller
in bulk, but highly crystalline.
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LIGHT PETROLEUM SOLUBLE MATTER OF SEEDS OF
PHALARIS CANARIENSIS

As 80 little wes known of the constituents of the

o1l from the seeds of P. canavriensis, the aveilability of

the seeds wede 1% worthwhile to undertake a chemicael
examination of the oil. The gpeeds were Tinely ground and
ext?act@d Ry eéld p@f@@l&ti@ﬁ with light petrolsum untlil the
perceolateo war colourless. Eveporation of the solvent ylelded
8 yellowish green oil which did not deposit eny solid ow
cooling or yleld sny volatile matter on steam digtillation.
The oll wes, theraefove, sapownified with ethanolic potassium
hydroxilde snd separated into unseponifisble metter and
fatty aclds by the normal method.

Ungapondfl able Matler

Very 1little materisal was extracted by light
retroleum from the soap 3©lution and extresction with otheyw
was 1neceasary. The ether-poluble unsaponifisble matter
wag chyromavographed on an aiumina golumn usling the solvents
and mixtures of polvents d@%éiled in Teble 11, Of tha
twelve fractions e@llectédD only ffa@tion E, which contained
cryatelline materlial, was examined.

Repeated crystallisation of the aoli@ fr@m @thanol
yielded fine white needles n.p. 136 9138 E&:]D 2L, which

gave reactions characteristic of f-sitosterol. The melting
point and speeific votstion indicated that the erystale

were probably still a mixture snd this was confirmed by



2dc

acetylation o a produet which posscssed a wide melﬁing'rang@
(85 =135°). |

Gomparipon of the infrarced ebsorption spectrum of
the cyrysbals with that @f’ﬁ§=ait@a%®r01“ ipolated From

A. vetloulate by Williama(71) ghowed a marked similarity,

but not complete lidentityc Thip difference s%1ll persisited
after erygtallimation of both specimeng Cfrom the seme solvend
and uvnder the same condlt ions, a treatment which, 1t was
hoped, would eliminate solid=sgtate diflferencen.

Confirmation, thet the crystaels were indsed &
mixture, was sought bg gas chromatography, but the stercel
and 1ts mcetate falled to emergo from a column of 0. 5%
apiezon L on celite ab 2350 Olaytéggéa@d the methyl ather
for this type of work, and comp&fisan of the stevol meﬁhyl
ather with authentic f-sitosterol methyl ether (prepared
from 5 sample of pure A-sitostercl mep. 139-140° kindly
supplied by Prof. Sorm) confirmed its non-homogenelty.
The traces obtained (figurel ) show two components in the

ether prepaved Ffrom Willieme "B-sltosterol”, three components

in that from Phalarig conariensis snd two in that from
Pr@f@&aéQ'SOrm“s sample. F-Sitosterol is certainly present
but in the sbsence of semples of other sitosterols it was
not possible o identify the second component. The eerly
gppoearaice of the third coﬁp@n@nt’woulﬂ suggest a compound
of lower molecular weight than that of the sitosterels.
Differences observed I1in tho infrared absorptlon aﬁectra

ara probably due to the presencse of this third componemnt.
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The results of this exemination c¢learly show the
inadequacies of identification of natural products by purely
chemical means.

Fabtty Aclds

ﬁéﬁﬁy aclids were'ﬁasily separated into saturated snd
unsaturated acids by thE"methed of Twi%ehell(?B) ag modified
by Hilditch(7u)a The ssturated aclidg were ecnvérted.t@
the methyl @sters ag & pale yélléw solid Mo Po 3Om35°9 which
unfortunately was in too smAll a guantity to be subjectad
te fractional distillatlion. = The proportion of vnsaturated
esters was very small (lodine value 4.8) and the seponiti-
cation value indicaied the presence of acids up to Ci8e
Methylpalmitate, methyl stesrate and a trace of medhylew
myristate were confirmed by gas chromatogrephy using
authentic esters.

The unsaturated acids were recovered fro@ the
soluble lead salts ofter the removal of saturated aclds, and
converted to methyl esters. These esters were fracitionally
digtilled end the fractlons examined ﬁd give the resuits
gumnarlsed in Table 12, Linoleic acld was confirmed by
the prepération of crystallineg tetrabromostearic acid moﬁc
113=115%, 1dentical in m.pts, mized mepts, ond infrared
absorpition spectfum with that of an authentlic sample. The
mother 1igunoxr o ﬁhis'frac%ion gave a small amount oFf fcemi-
solid crystalline material which‘was'n©t investigaved further.

Oleic acld was cqnfirmed in fraction (B) by the

preparation of a crystalline dihydroxyesieeric aeld by the



mothod of Scanlan and SW@ﬁn«WSXD MoPo 90=91° undepressed

on aduixture with an aubthontic somple. Both oloate ond
linoleato vere confirmed by gas liguid chromatography of the
nethyl csbord.

Glycexrol was Ldonbified by ovaporavion of frastiom B,
wvhen the rosidue gave the colour roactionl76:77) of
glycerol and a orystalline btrisf-nltrobenzoato, m.p. 10-192°,

undopressed on admnixture with en authontic semple,



EXPERIMENTAL



_(35)

Isolation of Starch

The Tinely ground seeds (lkg) were mixed with distilled
water (1.5L) end allowed to ptand for one houwr. The mixture
was flltered through thiree layers of cheess—cloth and the
husk retained on the fllter was discarded. Streptomycin
(200 mg) snd papain (90 mg) were added to the suspension
which was maintained at voom temperature €or 36 hours.
Approximately three quarters of the liquid was decanted,
mixed and centrifuged at 2500 revolutions per minute. Four
layers were Fformed, an agueons dark brown sgupernatent
(reported below) a fine resinous mass, sterch and husk. The
ptarch wag separated and dyrled over cealceium ohloria@ in e
deglocatorn Yield 170 gm (17%).

The agueous darlk brown supernatent Liquid gave
positlive tests for carbohydrate end smino acids, but o
reaction for alkaloid with Dragendorffs reagent. The liguid
wae not examined further.

35
Preparation of exitract for pharmecological testge

Freshly prepsared starch (100 g) was heated to boiling
with distilled water (1500ml) fox one hHouv. The mixtuere was
cooled in an ice=bath 10 below 20 snd acetone (1500 ml ) was
added with continuoue stlirring, the tempersiture belng main-
tained below 20 . Starch was precipitated and the light brow:
gupernatent liguid was decanted. The starchy resldue was

twice stirred thoroughly with a mixture of an equal quantity



of acuione and watey (300 ml) snd allowed to sebile. The
comb ined supernatent liguid waese evaporsted %o small volums
(20 ml) under reduced pressure ab abouwt room tenperature.
The agueous extyract was allowed $0 B%and overnight in a
regfrigevrator, and the dark, slear, brown liquld was filtered.

Pharmacologlical examination(78)

The exteyach prepared as deacribed ab@ve was injectvod
into rats, but no FTall in blood pressuve wag observed over
a period of 5 daysae Similay results were obteined with
two different batches of glterch and with oral adminigtration
of starch itself. The whole procedure was repeated with
fresh eztracte after several months with the same resulis.

CHEMICAL EXAMINATION OF STARCH EXTRACT

An extract was prepared from 1000 g, of stavch in
the manney descfib@d under “preparation of sxtract for
pharma@elogicalAteat@“ (péger@@} using appropriaste volumes
of golvents.

General testes on extract

Lead seetate coo ocoo  ceo oo  White £Iurfy precipitates
Fervic chlovide ses cco sscs oo oo NO reaction.
Ioding coo css eas eoe Poecipliate.
Piloerie aedd ... coo sscs ase coe ese Precipliste.

Phosphotungstic acid cse ase ocoa ses rre¢ipitate.

Ammonlum roeineckate ceo oes BUft aoloured praelpltate.
Winhydrin meo oeo oo aseo Wight blue colouyr reachtlon.

Moliseh's reagent cco «oc oo Purple violet ring formed.

Fehling's solut ion coo oas oese oeo Reduced.
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Benedioct®s Bolublon o< ceo  ocee eso ocse e Reduced.
Bilal's $08%cce o0ss  seo sse see oee (reen golour formed.
seliwanorf et 719) test see eee ocae eoec NO reaction.
Millon's $eBt  coe oo css eae oo White precipiteate.

A few drope of the extract when treated with a
solution of‘gmdimeﬁhylaminob@nzald@hyd@(21) in 65% V/V
sulphuric acid (1 ml) gave the f@llﬁwing colouy sequencs;
Light pink graduslly chenging to brown, grecnish blue and
Pinally (overnight) 1ight blue.

Chilopoform-poluble material

The concentrated extyact (30 ml) prepared from sierch
{1000 g) wag made elkaline with dilute solution of ammonia
and extracted with chloroform (O ml x 3). The combined
chloroform extractn were washed with water, dried (Na2 S@LL )
and evaporated to yleld a trace of resinouvs material (20 mg).
It did not give any resction for alkalolds and was not

Invegtigated further.



Water=goluble bapen

The agueous alkaline solubtlon from the previous Hest
was acldified with dilute acotic acld and exess of ammonium
reineckave polution was added. The mixture was allowed o
stand overnight, centrifuged and the clsay supsrnatent
liquid wap decented. Yhe residue was waghed with cold
water and dyied in a vacuum deglcomtor to give a buff
coloured powder (2 gm) B p. gﬁua25?00 Trhe reineckate
(250 mg) was dissolved in acetone {5 ml) and treated with
D:.6% silvew ﬁulphatgaégluti@n 111 no further precipitate
was obhbelned. The mixdture was filtered end the precipitats
of silveyr velneckate was washied with agqueons zcetone. The
gomb ined Tilirats aﬁd wadshings were evaporated to drynoss
wider reduced pressurs and the residue was dried over 9205
The repldue was hygroscoplc and to its golul lon in water was
added & smsll exess of barium chl@rid@salutionyand vhe
precipitate of bavium sulphate was filitervsd ofl. The
filirvate was evaporsted and dried @V@P.P205 in a
dasiceator. The residue was very hygrogscople and could not
be recrystallised. The chlovids was dissolved in water
(lml ) sand a saturated solution of ploric acid in ethanol
was added 0 glve an immediate yellow crystalline mass which
was recrystalliged Lfrom hot sthanol m.p. 248m25di

Paper chromatogrenhy of the chloride and reinackate.

The base chloride snd base rolnecckate along with

choline dhloyide 9 cheling reineckete and betaine hydro=



28,
~ohloride s controls were chromatographed on Whatman No. 1
paper overnight using n-butonol-acetic acid-water (100:30:85,
gsolvent I) and also (in a separate oxperiment) ethanol-
ammonia(ug) (95:5, solvent IL). The spots of base reineckate
and choline r@ineckataca3) were treated with a drop of aqueous
gilver nitrate golution befors development. The chromato-
grem was dyied in an oven at 60° and the compounds Were

- detected with dilute solution of Dragendarff“@(Sl} rEagent

and ioding vapouv. The resulis ave recorded in Table 2.
Tabla 2
Sample Rp (solvent I) | Ry (molvent II)

Base chlovide 0. 55 0.6
Choline chlorids 0.55
Base relineckaets O, 5L 0
(vntreated)
Choline relineckate 0. 5l 0
(untreated)
Bass reineckato (1) 0.L2 (1) 0.16
(Treated with silver

nitrate) (11) 0,55 {(11) 0.32
Choline reineckate (1) o.L2 (1) 0,16
(Treated with silvey

nitrate) (i1) 0.55 (11) 0.32
Betaine hydrochloride 0,51

Confivmat lon of Choling.

Choline was confirmed by tho prepavation of authentie
choline picrate emd choline reineckats, and comparison of

infrared absorption curves and determination of mixed mephs;



choline veineckate mixed mep. 255-257° (deecomp. ) (undepressed)

choline picrate mized m.p. 2L8-250° (undepressed).



Aminoscids

Adsoyption Chromatography

The concantrated sgueous extract (15 wl) from 1000 g
of starch was chromatographed on a chavcoal/celite column
(132, 16%x1i%). The column wes eluted with water and 100
fractions each of 10 ml, were collecied by meanz of an
automatlc fraction collectow. Blution of the colum was
continued with ethanol (20% 1000 ml), ethenol (504 1000 ml)
and ethenol {500 ml), sach of these fractions being
gvaporated o emdll volume- Fach fracitlion was exemined by

(82)

paper chromabtogrephy using liguified phenol B8 BOlvent,
2% minhydrin(Qf) as detecting agent, and the sequoentvial
Tractions showing the mame number of spots on the cdhromato-

gram were combined ag shown in Teble 3.

Pable 3
Practiong G@mbiné@ as Humber of spobts
020 = =
21=32 A 6
3550 B 7
51-100 c :
206 @thenol D 5
50% ethanol & b
ethanol - =

Abttompted hydrolysis of Trachlong

Porbions of Fractions 'AD B, C, D end I were hydvolysed by the

method of MacDonald, Foster and J@ﬂesiag)n pach MiXture was



mede alkealine by excess of amnonia, snd evaporsted Lo dvvinesa
on a water bath. Water was added and each solution was
filtered. Fach filt¢rat@ was chromatographed on paper

and devegloped in the seme way ag demscribed above. The
chromatograme sghowed the same number of spots snd the seme
Rp values as did fractlon A, B, C, D and K,

Attempted sepsration by _lon-gxehange.

A column of &eceard (51) 225 (Na form, 9%x1") was
weshed with ¥ BC1 (200 ml) followed by distilled waber
wntil neutral. W sodium hydroxide was added 1o theo
column until the eluate was alkaline %o lltmus peper followed
by water %ill the washings were neubral.

Fraction A was reduced to small volume (3 ml) and
added o the column which was eluted with water ia 10 ml
fragtions followed by emmonia {105 100 ml). Bach fracition
was sxamined by paper chromatogrephy uwsing (I) liguified
phenol and (II) butanol-acetlc acidmwater(gﬁ) (L:leB) as
solvents and the sluate fractions were combined (Table L)
according o vhe pppenrsnce of the chromatograms. Fractlon
B wae treated in a similay manner and the vesults ore shown

in Table L.

Table 4
Fragtions Solvent I | Solvent LI
3§Lvaluea Rﬁ‘valueao
Al 0.11
0.19 0.13
0.23 0.16
'B




Tabla L

CONTINUED
Fractions Solvent I Solvent XX
RF veluen RF values.
Ay 0,30 0,22
0. L0
Ay 0.12 0 10
0,18 0.12
0. 23 0015
O.bo 0,20
0. 50 Q. 24
0.60 O l13
0. 71 0,60
AE 0,11 0,06
0.19 0,12
0.22 0. 15
0.3% 0.21
0.0 Qo 57
&y, 0. 40 0.07
(quoﬂ) 0. 50 0. 27
By 0,10 0,09
- 0,16 Q.13
0,21 0,18
0.32 0. 23




Freaoetlons Solvent I Solvent 1L
Rﬁavalu@a Rﬁvvaluean

By 0.358 0. 32

C59 Omié'z-*!—
~ &9 D.58

0
0

Bo 0.38 0. 3k
0, 55 Ooli3

Jdentificgation of aminoscids.

Fracblons Ajx-~An

¥

s By, Bg, By, G, D amd & wera sub-

&

mithed $o poper chromatography veing Whatman No. 1 papey

- a -
d

and thoe descending technique with ligus

{8}

.‘

r\‘va

4 phenol ané n-

T

Ry

f:..?

helsS) ap solventa.

;

SN

f-'a.

butonol-acetle acld=watan
aminoacid semples were used at the pame tlmo sud cowparischn

of the R. valves of the semple and standard spots obialned

<

4

with bothesolvents enabled the followlung eminoaclids w0 be
ldentified.

Table 5

- A R values
Teaction Aminoacids g

Solvent I Solvent IX

Aq Appartle acld 0,13
Serine 0,23 0. 15
0. 30 0. 20
0,38

&0



ER

Table 5
CONTINUED
Fraction Aminoacida RF velues.
Solvent I Solvent IX

H=alenine 0. 50 0.26

bo Agpartic agig 0.12 0. 10
0.218 0.12

Serine 0.23% 0.15

0. L0 0. 20

d=alanine 0. 50 0,25

0,60 Qo113

Leucins 0.7 s 60

Az Aspartic acld] 0.11 0,06
0.19 0,12

Serine 0.22 0. 15

0.31 0,21

0.0h0 0.57

Ay, 0. 140 0.07
0. 50 0. 27

Bl Aspartic acid 0.13 0,09
Serine 0.22 0. 1%

0.30 0,18

0,40 0.23




L
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Table 5
C ONT INUED
Ryp values
Fraction Aminoaclids Solvent I  Solvent 1IX

Bl of=alanine 0.50 0.32
Aminobutyric acld 0.70 Q. Ly
Proline (yellow) 0. 80 0.58
Bg Aminobutyric scid 0. 70 Q. L7
0.36 0. 10
Bﬁ(mmom 0. 50 0,30
G Aspevrtic scild 0.12 011
Valine 0.67 0,37
Leucine 0,82 0,61

D Agpartic acid 0. 13 0.1
Serine 0,21 0.19

0,29 0.23

el=alanine 0, H0 0. 39
Leucins 0.79 0.59
E Aspartic acld O, 1L 0.09
0. 30 0,31
0,39 0. 359
f-phenylalanine 0.56 0,56




S8

(11) The paper chromaiography was repeated under +he seme
conditions, but with the addition of suthentlc ssmples of
aminoacids %o the appropriate Lractlon. The seme nunmber
of spots were ¢hteined as in the previous experiment (1)
above.

Compounds with Ry velus of 0.18, 0.30, 0.40 end
0,60 (liguified phenol) were not iLdentified.



Carbohydrates

The concentrated agueous extract (20 ml) Lrom
1000 g of starch was chromatographed on a column of
charcoal/celite (1:2 16" x 13"). Each fractlion collected
was 50 ml end Practionsg 1=32 were examlined by paper
chromstogrephy (see below). The chenge ovey from one
solvent to the next cccurrsd when the rvesponse to Moligeh'se
test became very weaks The results are recorded in

Table 6,

Tepble 6
Fraction Solvent Remarks RF value
Water Two components. 0.182
1= Thege fractions o.4L47

were combinsd snd
evaporated to muall
volume (2 ml).
Proction'A’s

5=12 One component. 0.182
These fractions were
combinsd end evapo ¥
ated to small w lumg

(3 ml) Fraction °'BY.

13=20 5% ethanol One component. These 0,181
in water fractions werg aom-=
bined and reducaed

to small volums
{2l Fraction 'C7,




,
o0
b

Table &

CONT INUED
Fraction Solvent , Remarks RF Valune
21=32 - 10% ethenol ©oneg componant 0,118
in water Fraction ‘D’
3338 158 ethemnol These Tractions gave
in water a very weak Mollsoh'e

tegt, but on coneen-
tration depositad
white cryatallineg
material.

Fraction 'R’

394 20% ethanol Those fractions gave
in water. & very weak Molis ch’s
tept, but on concen-
tration deposlted
white orystalline

material,. Fraction'RE°®

550 50% sthenol No regpompe %o Molisch's
test, but glistening
crystals were found W.p.
104=105°

Praction "R,




Table 6

CONTINUED.

39.

Fraction | Solveat

" Remarks

RF value

51=60 95% ethanol

61=70 N Hydrooshlovic

agld

Chromatography

*Practliong 1=-32 were exemined by paper chromaito-

A tyace of sticky oild
was found which did not®
give a positive voeaction
for carbohydrste or al=
kalolds It was nob

invegtigated further.

These fractiong on
evaporating doposited
a trace of resin and

were not invegtigated

fTurther.

graphy (descending technique) using as solvent, the uppey

phasge obitalned by‘shaking n=hutanol-acetic aclid-water

(L31:5) end allowing to soparate.

uged o saturate the atmosphers in the chromatography

The lower laysr was

(8L)

tanke Detection of the componsnts were cayrried out epray=

ing with an acstone solution of silvew niﬁrat@(aﬁ) asying

in &ly Pollowed by spraying with alcoholic sodulm hydroxiﬁs

and drying at 60° . The dark brown background was

regmoved with 20% sodivm thiosulphats.

The results are



rocoyvded in Teble 6 which alse shows which fractlons weve

combined to give feractions A, B, C, D, E emd I

Fractions "A° B! 'G' "D yere examined by paper chromato-

graphy uveing solvent n-butenol-acetic acld-wateyr (L:l:5)

and compounds were detected by 30 p—anisidine hydroch-

l@rid@(sg) in gsbutanolo The results are recorded in
Table 7.
Table 7

Fragtlon GColouy RF,valu@ Remarks

A Yollowieh brown 0.182 Gluco sa
Light pink 047 not ldentiiied

B Yal lowish brown 0.182 Glucose
G Yol lowigh brown 0,181 Glucoss
D Yellowish brown 0,112 Maltose

Glucose Yellowish browa 0,182

Fruotose

Galogtone Yallowish browin 0,17

Maltose Yel lowish byown 0. 11

Lagtose Yellowish brown 0,08

Avgblinoge Cherry red 0.22

Xylose Cheryy red 0.27

Rhamno 80 Cherry ved 0.36




L1,

, Table 7

CONTINUED
Fraction Colouw Rp value Remarks
Mamose gheryry red. 0.20
Riboae cheyry red. 0,30

The spray system (page 3¢) was aleo used to detect
the components, and fructose Iin this experiment gave an
Ry value of Q.22

Praoction’d' was chromatogrephed on chaveoal/celite (1:2,

8% x 1"). The coluwm was eluted with distilled water
{200 ml) ) gach fraction belng 10 mi. The resulis are

recorded in Teble 8.

Table 8
Fraction Ry value Components Remarks
1
2
3
Iy
5 0,182, 0.L7 Two components
6 0,182, 0.46 Two components | No separation.
7 0.182, 0. L7 Two components | Combined as
8 0,182, Q.47 Two components | fractlion A5.
9 0. 182 One componen
10 0,182
11 0.182
12 G. 182




L2,

Table 8
CONTINUED
Fraction R vaiu@ ‘ Componen to Remarks

13 0.182 Onc aomponent |
NRI 0.182
15 0.182
16 0.182
17 0,182
18
19
20

Fraction 65-8 weve combined as fraction "Ay,

Proctlon "A'  waas chromatoguvsphed om celluloso

(16 em x 1L mm) sosked with the lower phase of the solvent
(86)

syptem n-butancl-cthenol-water (Lsl3;5) end the colum
was evluted with uvpper phase (160 ml). The volums of cach

fraction wag B ml. The resulits are recovded in Table 9.

Teble ©
Fragtion Ry velue Components
&
2
3
L
5 0.182, 0.L7 Two COMPORNGNLS.
0.182, 0.L7 Two components.
7 0,182, 0.L6 Two components.




Table 9 CONTINUED

Fracition RF value Componente
8 0.182, 0.L7 Two components
) 0.182, 0,47 Two compounente
10 0.182 One component
11 0.182 One component
12 0.182 On@ compoﬁén@ |
13 0.182 One cqmponént
1k 0.182 One c@mp@nénﬁ
15 0. 182 ‘Qn@ @@mponént
16 0.182 One eomponentd
17 0.182 One component
18 0.182 One component
19 0.182 One compoﬁ@nﬁ
20 0.182 One c@mpén@nt
21 0,182 One component
22 0,182 Ons component
23 0,282 One component
24 0.182 | one component
25 — —
26 e —
28 — —
29 R s
30 S I
0pazones ! ©3)

Tpgetion ‘A’ (Iml) was heated with phenylhydrazine

hyavoshioride {0.5g) and anhydrous sodlum acetate (0.2g) on



VRN

boiling water bath for ten minutes. Mixed crystals of
osazoneg were deposited, the major proporilion beling clusters
of long slender needles.

Praotions "B’ and 'C' (each of 1 ml) wers heated with phenyl-

hydrazine hydrodnloride (0.5 g) snd anhydrous sodium acetate
(OOZg) on 8 holling watsr bath Tor £ive minutes. A

glugter of long slender nesdle-like cryg@él@ sgparated m.p.
201-204Y, mixed m.p. with sthentic glucosaszone was URAS-
pressed.

Fraction 'D° (1 ml) was heated with phenylhiydraszine hydrodh-

loride (0.5 g) and asnhydrous podiwn scetats (0.2g8) on a
bo;ling water bath for ten minutes Long rod-=1ike crystole
were deposited m.p. 19&3201©9 undepressed on ednixture with
guthentl ¢ mal tosazons.

Azelalec Acld

Frastion B (Tabl@ 6, page 38 were vecyystallised
from othanol 50% as shining flekes (38 mg) m.p. 104°,
infrared abaorpﬁian 1690 @m°1 { COOH )‘idﬁntical in all
ragpecte with the infraved absorptlon curve of suthentic
azelaic asid. Mized melting polnt with authentlc azelelas
acid was undepressed.

The acid was confirmed by pspor chrouatogrephy
(apcending technique) aleng with asuthentic azelais zocid and
other acide ss controls, uvsing llquified phenol as molvent
end bromogsresol gra@n(?o) ag developling reoagent. White
spots wore pressnt on green basckground. The rosulis are

vecorded in Table 10,



b,

Table 10
Compounds R velus
Malic ealid ogao
Lactic acid 0,80
Gitric seid 0,26
Tartaric acld 0.18
Glutarie acld 0.81
Oxalic acid Q.10
Sucoinic acid 0.63
Semple 0. 7
Azelalo acld {(enthentic) 0.75%
Calcium lactate Q.71
Adipic acid 0.33

The ceystale (fraction B) wers not, ae expschted,
impura azeleie acld, buk gave positive reactions for cal cium,

oxalate and phosphate. Thaey were not exeminsd further.



L.
THE LIGHT PETRCLEUNM SOLUBLE FRACTION OF THE SEEDS
OF PHALARIS CAWARIFNSIS

Extraction of soeds

Freghly ground seeds (550g) werse cextracted in =
Boxhlet extractor with boiling petroleum on a water bath
untll the solvent in the siphon wasg colouwrless. The exatracd
was cooled, Tilteved and svaporated undeyr reduced prossuyo
on & wabter bath to yleld a semi-polid yellowish green extragth
{50g 5Guﬁ%)? Xt was kept in a refrigerator overnight, but
there was no deopositlion of cxystelline meterial.

Steam distillation of Extrach.

The semi-golld extract (30g) was welted in a flask
with distilled water (300 ml) snd stemn distllled for two
hoursa. The digtillate was extracted with light petroloum
(50 ml x 3) and the petvoleum extracts wore bulked, washod
with water, dried ( N&ZSQH) and the solvent was vemoved
undey reduced pressure. There was no residue,

Unsaponitiable Matter

The non-volatlile residue (28g) from the stesm-
distlillation was refluxed with ethenolic potessium hydrox.
ide (15 gm of potsssium hydroxide in 100 ml of ethenol)
on a boilling water bmth until solutlon occurred (1F hours)
gnd for a fusrther thires hours. The ethenol was removed
under reduced prassure, wabter being added to maintain the
volume consltant. The soap solution wes sooled, diluted
with water (100 ml) and extrvacted with light petroleum

{200 m1 = 3). The potroleum extrocis weve bulked, and



washed with water (50 ml x 2), the washings being added o
the goap solution. The petroleum extract was drled

and the spolvent removed under reduced pressure to give a
trace of golden yellow oll which wes not investigated furihep.
The soap solution was extracted with diethyl ether (200

ml x 3), the ether extracts were bulked, washed with water
(50 ml x 2), the washings belng added %o the soap soluitlon
and dried { Nagsgu)e The ether was removed to give un-
saponifisble matier as a light golden yellow semi=golid
regldue (Oehg)o The agucous residue wag regerved for whe
gxamination of Tetiy aclidas.

Chyromatography of Unpaponifiable Matier,

The - repidue (0.Lg) was dissolved in benzens (10 ml)
and chromatographed on an alumina ocolumn (9 x 1%) whieh
had been previously washed with benzene.

The regulits are recordsd in Table 1l.

Table 11

Fraction , Solvent Volume Repidue

A Benzene A 200 -Tracé of
yellow oll.

B Benzene + 100 ether 200 Trace of
yellow oll.

C Benzene + ethowr(l:l) 200 Trace oF
yellow oil.

D Benzone & Ether (1:2) 150 Trage of
with L4 othenol. y@il@W olils
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Table IX
CONTINUED.
Fragtion Solvent Volume Repldue
& Benzene & Ether(lsl)| 300 White orystalline
with 2» ethenol. material (75 mg)
contvalning soma
colouring matter.
13 Benzone & Biher(l:1)
with 5% ethanol. 200 Trace of yellow
olls
G Benzene & Ether(l:l)| 150 Trace of yellow
with 10% etheanol. oLl
K Benzene & Ether(1l:1)] 100 None.
with 204 ethenol
I Ben zone 300 Woine.
J Ether 360 None.
X BEthenol 150 Yone.
L Petroleum Ether 200 Noneo

ITgolation of Sterolp

On repested brystalliaatign of fraction I from hot

gthenol fine, white needles M.Ppo 136-138Y were obtained,

7120
Ej@é}g -~ 2L, (¢ = 1 in chloroform).

The crystals gave posiitive reactions with the Lisbermann

Bufdha?d(88>o satcowslcs (89), Rosanhelnt 907, Mach(9%),

Moleschovte

(91)

(92

and 2immemunan

Propavation of Sterol Acetates

reagonts.

The sterols (20 mg) were



h@ated wilth acebtie anmhyaride (0.2 ml) foy two hours on &
boliling water bath. The mizxture was diluted with ethanol

(1 ml) snd heated for 30 minutes under reFlux. The solution
was diluted with water and cooled in a freszing mizture.

The crystalline material (10 wg) was Ffiltered off and re-
crystallised from ethanol as glistening Tlskes, which
goftened at 85@ end melted completely atb 135©o

Prgparation of sterol methylsthers. The stevols (2 mg)

were refluxed with one drop of methyl lodlde in ether {15 ml)
in the presence of a small quentlty of poitagslum-tertiary-
butoxide for L hours. The mimture was extracted with

water (10 m1 x 2) and the other loyer was dried (NaESQQ)

The golvent was evaporated %o give s whits crystalline residus.

Gap chomatogronhy of the Stexola and thelr devivatives.

The compounds wers submitted <o gas liguid chromatography
on a Pye Panchromatograph under vhe following conditions.

Column: Apiezon L. 0.5s on celite 100-120 mesh{h <t)

Temperature: 2287

Gag: Argon.

Gag Plow: 100 ml/minute.

Detector: A-=ionisation

Detector temporaturs: 21,0°

Sensitivity: 1 x 1070

Solution: Bk in cyclohexans (amé]

Both the sterols and its acotate failled to emerge,

but the wmethyl ether was entirely satisfastory. Tha

rapult le recorded in figure I,



Samples of g-pltosterol obiained from Williama(Tl) end
from Professoy Sorm were converted o the methyl ether
and subjected o chromatography as described above. The
regults are recowded in Tigure I.

Favity acids

Igolation Aeidificaﬁion of the reserved agqueous liquld
(Page 47) with dilute hydrochloric acid decomposed the soops
@ad preciplitated the Ffatty acids as a light yellow semi-
golid, It was extracted with light petroleum (200 ml x 3),
the petrolevm extracts wers bulked, waghed with water

{50 ml) the washings belng added to the équeoua gpolution,
dried ( NQZSGQ) and thae solvent wasp removed %0 give a
brownieh yellow semi-solid (15g)- The agqueous layer was
further extracted with ether (200 mi x 3), the ether extracts
were bulked, washed with water (50 ml), the washinges being
added to the aqueous solution, and dried ( NaZSQQ)Q The
golvent was evaporated to glve a tracs of yellow o0il which
wae not investigated further. The aqueous layer was
romgerved for the examination of glycerol.

Saturated Acldés.

Yaolation of lead spaite. The acids (15g) weve diseolved

in ethenol (95¢ 75 ml) mmd the solution was heated to bolling.
A boiling solution of lead acetate (IOg)-in ethanol (70 ml)
containing 2 ml of ac@tic-acid was added and the mixture

was cooled overnight. The white cryétallin@ preciplitate

was Tlltered off, washed with 95 ethanol and vecrystallised

twice Trom 95,4 ethanol (4O ml) which contained a small emount



of glaclal acetioc scid. White crystal line lead selis of
the saturaied fatty acids were dbtained m.p. 98-102°,

The combined filterastc and washings weve reserved for
the exemingation of the unsaturated scids.

Decomposliion of lead salis. The salts (3.3g8) were

wermed with hydrochloric acid (25 wl) end water (25 ml) until
a layer of fatty acids formed omn the surfeace of the mixture,
which was thencooled and tremsiferred 10 a geparator, The
fatty aclds were extracted with light peitroleum (100 ml x 3),
whe light petroleum extracts wers bulked and washsed Tree

from lead selits and mineral acid with water. After deying
the golution (NaQS@h} the solvent waes removed to give a pals
yollow solid (1.6 g) mop- §0m5Q@o

Beterification of satuwrated aclds. The sclde

(1.6 g) wers dissolved in methanel (25 wml) which contained
0.5 ml of concentrated gulphuric acld and the solutlion was
bolled gently under reflux for twe hours. The esters wera
igolated by diluting the solution with brine end extracting
with light petroleum (100 ml x 2). The petroleum sther
layers were bulked, washed successively with brine, water,
sabturaeted solubion of godium blcerbonate and water. The
light petyoloum layer was dried (NgZS@u) and evaporsted %o
give a pale yellew solid when cooled m.po 30935®0

The guantity of the methyl csbtersg was too small for
fractional distillation.

(93)

Saponifl cat ion value The ester (00095g)

accurately welghed, wag dlesolved in 20 ml of ethsanolic



52

potassivm hydroxide, boiled gently under veflux on a water
bath for 30 minutes, cooled and the excess 0f alkall was
neutralised with 0. IN HC1l using phenciphthalein (1 ml) as
indl eat o, A blank veading was carried out in the ssme way
(b ml). The saponificetion value was celoulated from the
formula.

Sap. value = (b-a) x 0.02805 x 1000

wt. OoF egber in gm.
Saponification value of the methyl ester of the saturated
acgide was 230,

fodine valug. The esher (0.05-0.078) scourately welghad

we s Alepolved in cavbon tetrochloride {5 ml) in a glass
gtoppered Tlask and a solution of iodine monochlevidse {20 ml)
wan addod. After 30 minuvtes, potassium iedids (lg) and

water (50 ml) were added and the liberated lodins was titrated
with O, IN podium thiosulphate solution ('a’ ml). A blank
vesding was debermined in the seme way (°b° ml) and the
“rodine velue was ecglculaved Trom the formelas

Todine valus = (b-a) x 0.01269 x 100

wit of ester in gn.
Todine valug of the methyl esters off the saturated acids
was L. 8.

Cag_chromaboprephy of methyl esterg., Gas liquid

chromato grephy of the methyl cglters was caxryied out on a
Pye Panchromaetograph undeyr the following conditions.

Column: Apleson L 0.54% on celite 2100-120 mesh (5 ©t.)

Temperature: 150°
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Gag flow: 50 mi/minute,

Methyl myristate (trace), palmliate and steavate wers present.

Ungaturated Acids,

Decompogition of lead salis. The Tiltrate from

t+he seperstion of ithe lead salts of the gaturaited scids
wag concentrated to remave ethenol and the vesidue was
tremnsferred to a separator with the ald of pestroleum ¢ther
(300 ml). The light petroleuw layer was washed with water,
dilute hydrochloric acid (to decomposs any lead salte present)
and again with weter. The petrol waeg drled (Nagamg
and the @@1?@@% wag removed uwnder reduced pressure Lo give
a pale brown olly residue. (8.5 g)

Bgtevification of unsaturated acids, This waa

gpplicd ag descwrlbed for maturated aclds, uvsing methenol
(60 ml) snd concentrated sulphuric acid (1 ml).

Fractional distillation. This was gcarried out

uging & shert fractionating ¢o Jumii. Fractlong were

collected at intervels and saponificstion value snd iodlne
value were determined by the methods already descrlbed.

The results are summarised in Table 1.

Table 12
Fractilon |[Colour |Bath|Dist. |Pressure{Welght |Saponifl- Todine
: tempn| temp. catlon
G G e B value ralues.
A colour] 20| ILS- | 6 mem.| 2.9 | 195.2 | 111.8
less w7 '
B coloury 2L5] g~ & m.ms L.0 1ok | 120.8
less 150 -
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Table 12 Continusd

Fraction|Colour | Path [Digt. |[Pressuve |Welght |Saponifi-|lodine

temp. | TLemp, cation
3 - Q@ memoHg. | (gm) |value value.
G . |park ' 1.55 _—
brown e — N T o

residue

erons

Identification ol linolelc acld. The acld waeg ex-

tracted Trom the paponlfied ester'af fraction (A) as a pales
yellow oll waich did no% solldify at room temperature. 1%
wae digsolved in light petroleum (5 ml) and trested with e
solution of bromine in 1light petroleum (2,4) wntil bromine wes
in excess. The solution on cooling in 2 refrigerator for one
hour deposited a white cyrystalline golid, which was Tiltered
ond reacrystallised Trom a mizture of etheyr and light peitroleum
(1:5) as colourless needles of tetrabromostesric acld mopo
113115, The cxyéﬁals contained bromine and the melting
point was undepressed on admixture with authentic tetra-
bromosiearic aclid, The mother liquer was conceatyrated under
vacuum and olly crystals were obtained m.p. 30m35°o

Attempted identification of ocleic acid, The acid

from fraction (B) wap extracted after seponification as a
yellow oll which did not golidify at room temperature, A
mixture of equal volumes of teluene snd amyl aleohol (10 ml),
one drop of phonolphthalelin and a slight excess of powdered
barivm hydvoxide (slightly more than was nocessary to
neutralise the oleic acid) was heated on a bolling water bath.
The olly acld obtained was added to the hot suepeasion, and

the whole shaken for a Tew wimites. The emall smount of



o

g80lid in susepension waeg allowed To setile and the colouy=

less supernatent liquid was poured of f while siill hot and
allowed to cool, when the bvarium salt of the acld separated

as a pale yellow solid, which wap filtered, washed with
toluens and vecrystallised from e mlxture of equal parits of
amyl alceohol aﬁd toluena. The crystals were hydrolysed with
a small quantlty of hydrochloric acid and water to decompose the
salt, but the free acld could not be ldenitified ap oleic acid.

Identification of oleic acid, The oil (0.lg) obitained

from the saponification of fraction (B) was added to a
mixture of hydrogen pevoxide (0.lg 30%) snd glacial acetic
acid (0.6 ml) previously hested to 85°, The exothezrmic
reaction was allowed o proceed, sheking occasional 1y and the
mixture wos allowed to ¢ool slowly overnight. The solution
was poured into hot water {5 ml) the aquacus layer being
vemoved and rejected. The pale yellow eily layer was dilseolvad
inl sodium bhydroxide (3 ml) 2nd heated for two hours on
water bath. The hot solution was scidifled with dilute
hydrochloric acid, cooled in an ice-=salt wixture, and the
solidified subptence removed, washed with hot water (2 ml)
and recryetallised Prom ethanol (904) as small glistening
plates of dihydroxysitesric acid m.p. 90-917

Gas_caromatography of methyl esiers. Gas liquid

chromatogrephy of the methyl esterg was carried oui on a
Pye Panchromatograph under the following condliions.
Column: Aplezon L 0,54 on celite 100-120 mesh (5 T%.)

Temperature: 1500e
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Gas Tlow: 50 ml/minute.
Poaks indiecative of wathyl olcate and linoleate were obtaineds

Identification of Glvcerol

Fraction (B) was neutralised with dilute solution of
sodium hydroxide end evaporated to dryness under reduced
pressure on a bolling water bath. The pele brown residue
wes wixed with anhydrous sodium sulphate (20g) and the
Aaelid was exitracied by refluxing in & Soxhlet extracitor with
dry acevwone Tor four houksg. The acetone was cooled, ©iltered
fyrom salt and evaporated to give & pale brown residus (2.6g).
The residue wesg disaolved In water, decolourised with activ-
ated charcoal, ©iltered and the filterate wasg eveporaied %o
give a colourless resildue which was dipsolved in dry ethenol,
filtered Trom a trace of malt and the filierate was evapor-

ated to drynese. The residue was dried at 100° overnight to

give a transperent liguid (2.1g) which tasted sweetish and
prodaced warmth to the tongue and gave the Tollowing reactions.
l. Heated in a bunsen Tlame on & borax bead 1t gave a
green Llame.
2. Hesated with a copper sulphate and sodium hydroxide
solution, the liguid was coloured blus.
3, Heated with potassium bleulphite, 1t gave off iritsting
- vapour of acr¥olelin,

Glyceryl=tri-p-nitrobenzoate. The residue (0.5g) in

Pyridine (6 ml) was mixed with a solution of“ﬁmnlﬁrob@nzcyl
chloride (1g) in pyridine (10 ml). The mixture wan heated

on bolling water bath for 30 minutes, cooled and diluted



with water (40 ml), Excess of dilute solution of sodium
hydroxide wes added and the wixture was placed in g refrlg-
erator overnight to give an olly solid which was filtered and
recyystal lised from aqueous acetone zs gmall glistening olete
of glyceryl-tri-p-nitrobenzoate m.po 190=192°9 undepregsed

on adnixture with an auvthentic sample. Nef<9n)-and

Jaquemain and Muskovitz(95) gB8Va MoVo 19200
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Vaturally cscurring nitro compounds are few in numbey

but Arlstolochia specles conbain several nibtrophenanthrone

carborylic acids that are of pobential medicinal Interest.
Aristoloebie aeld (Y) was the first of these to bs isolated
early in the nineteenth contury probably in an lmpure form

but It was Hesze® im 1895 who

(x)

was the flrst o carry out & chemical exemination and
arrive at the covrect empivical Fformula o0f CywHyglsNo
The structure was elucidated by Pallor, Bolokiav and

[ T .
Sim@nitm@h“ﬂ@p whe isolated & mixture of aclids in whickh
aristolochic sold (I) was tho main constituent from the

dried powdered defattved roobts and rhisomes of H. slemetltis.

Avistoleochic acid which recryatallised from
dim@thylfarmamid®m@thaﬁ@1 as orenge-red needles CqyHqyOwR
moPo R287-292° (docomp.) formed a methyl ester (igH;zgOyN,
mops 2819, Decarboxylaetion of the acid with copper powdsy

in quincline gave the compound GyaH330sW, (T1) mop. B169,



/@
Hal
\\@,/ I NOg
0CHg
(1)
Provious wovkers s gave & methomyl comtent of 1.5%

{theoretical 9,08%) but by suitable modifieation of the
methoxyl determination 1t was found thait one methoxyl
Zroup wWas pPresond. This was furthor sonfirmed by a
similar detezxmination on the methyl ester which was shown
to contalin two such groups., 4ine dust distillation of
aristeloschico acld gave phenanthrens which was confirmsed by
melting point and wltreviolst absorption, Catalytie
hydrogensation of the acid and the mothyl ester resulibed
in & hydrogen uptake of three moles with the formetion of
a highly fluorescent neutral compound CqmpH304N, (IXI)
MePo S1T7=-3199, The authors conecluded that more than one
group was concovned in this reduction and alsoe in the
reduction of the mothyl ester of the acid because, with
the latter, woebthanol was a product of the reaction,
Hydrogenatlon of the decarboxylated acgld also resulved in
the hydrogen wptake of three moles ta‘giV@ & sonsltive

basic compound, CGygHya0sN, (IV, ReH) mopo 172=1%73Y, which was



(TIT) {(IV)

£9

acebylated with greabt Alffisnlty. The same acetate
{1V, R=Ae¢) wes obtalned by weductive acebylation of tha
docarboxylaved compound. Dlazobtlsablon of the hasls
gompound followed by bolling geve a nlirogon-Iros
inmbvepsely ved substance, These facts lndicated the
prosence of a nibtre group which on voduebion gave Ghe
lagtam of tho covresponfing awincagld, infvared and

P Y]

uitraviolet spectre confivmad these songlusions, whish

©

satablished the proximity of the nitro and arbolyl groups.
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The prosence of the methylonsdlioxny group in eristoloshis
agid, its oster and descaxbeoxylated @@id was shoun by the
Libvoration of f@ﬁmﬂlﬂ@hgd@ﬁ whon these compounds Were
hoated with phosphorie asid, The complete structure of
arigstolochic aeld was ostablished as (I) by oxldation of
the desarboxylated acid (IT) with hydrogen peroxide in

tobrahydrofuran. The dibasicity of the resultant diphenic

acld (V) CigH1207, mop. 246° was confimmed by the

| 600N
/ﬂfﬁﬁﬁijgf// fﬂﬂﬁﬂ
i

(¥)
cormation of the dlmebhyl oster Cyglyey, Wopo 1147 whleh

was alao shown Lo possess thres methozyl groups. The
methylonedlony group and all the carbon atoms of the
starting material were sbilll retained and from ﬁhiﬁ it
gould be easily explained that the nitro group oceupled
the 9 or 10 position in the molecule, .Aristolochic agid and
T mothyl ostor gave the lactem (III) on reduction an@
from these observations 1t was guite clear that the
sarboryl group must be attached to a carbon atem adjacent
$0 Gg or Gy0.

The poslition of the wmethylongdloxy and methoxyl
groups was ostablished by treatment of the diphenic acid

with concentrated hydroshloris acid under pressure in the



&%

presenes of resorcinol %o bind the formaldehyde releoased
during the reastion. The other linkeges were destroyed
and a dibhydroxylactone {VI) CyzHgla, m.p. 204° was formed,
the structure of whish wes confirmed by potassium
_permanganate oxidation of btho .covresponding dimethyl ether
(VIT) %o O-mothoxyphthallc acid (VIIL) which was
charvactorised as 1vs enhydride. The lastone structure
(Vi) was

o OCH G00H

j/f@ AN CQOK OCHs

C@ GH?EEWA MJ Go Op i/

\\\[::;:][,OH P ,f@cﬁﬁ

(Vi) (VII)

(VIIT)

gonfirmed by synthesis of 1,5,0,-trimethoxyphenanthrene=10-

carboxylic asid (IX) which was exidised in two stagos

(IX) (x)

to give a diposnic dibasic scid (X) CywHygly. The latterw,
on treatment with concentrated hydroshlorisc seid, gave the
voquired lactome (VI).

Paller, Beloklav and Simonitseh®r® thersfore coneluded that



(23]

arvigtolochie agld 8, J,4-mothylencdioRy-8-nethoxy=710x
nitro=l-phonanthroic asld. S&sag&w&ﬁ also confirmed the
strugture of aristolochic acid (i» by deeavbezylation of
the aecld %o 3J,4-mothylonedlory-8-nethory<10=
nitrophonanthrens (I1) whish vas rodusod with zine ond
swmonivm bydroxide in tetrahydrofuren to giv® S gl
nothylonsdioxy-8-mothoxy=-10-aminophonanthrone lsolated as
the hydrochloride m.p. R30® (desompo.). This emine
compound was converted to the L0=hydroxy compound by
diagotisatlion and heatingg the crude produch was purified
by chromsteography on aluming, 3, 4-Nethylenedicsy=g-
m@th@ﬂypﬁ@n&nﬁh@@n@ plerate GqgHyels CplsOuwNg, mopo
174-175% was prepared amnd found to be identical with an
anthentic sample as shown by mixed wmelting point and
infrared absorptlion spoctra.

A socond acid of similar structure o oristoloshie

acld (I) wvas also extractod Trom A-clomatitis. It was

first called por-eristolochic 261d® but in & lasew
publication it was ronamsd aristolochisc asid II?O Iy

hes the euplrical formula GygHpOgN, m.po 269&271"‘3{@@'@@3@30)0
Separation of aristolochic asid II frowm aristoloehic scid
{I) wea Aifficult as fractiomal erystallisation of the
aumonivm salts and obher wmethods sush as solvent
prosipitation, countor current distribution anpd
chromatography were unastisfactory. However, separation
of tho methyl esteors was ashileved on an aluming oolwmn,

the mebthyl oster of aristoloshic acid II m.p. 2749 was



6
eluted fivrst Lfollowed by the moethyl ester of aristoloshis
asld (1), m.po 287-288%, The methyl ester of aristolochic
acild IT contained one wmothylenodloxy, one nitre, and one
wethoxyl group and the uwltraviolet absorpbion gpsctrum
showed o meaximum av 8l8 mi , typieal of & phenanthrons
derivative, It was suggestved that aristolochle asid II
was & m@thyl@n@di@xgnitr@ph@nanthr@n@@&rb@xyii@ agid.
Arigtoloehic acid 11, m.p. 269-8712 {(decomp.), was
obtained from Lts moethyl ester In & very peor yisld, so
the degradative work was carried out en the methyl ester
ravheyr then the asid. Dacarborylated aristoloohie seid IX
was eeslly sopavated from the wmizbure of the twe
decarboxylated asids by a shromatvographic teckhnigue.

Por the structural investigation the same mothods wers
used whieh were epplisd to slucldete the strusture of
avistolochic eeld (I). For the seme reasons, it was
found thaet tho nitro group ocoupled pogition 10 and the
carboxyl group posltion 1 in a phonanthrone molecwle.

To gomplote the elusidation of the sirusture, the
methyl ester of aristolochic scid IX (XI) wes heated in o
sealed tube with concentrated hydrochlorie asid im the
presonee of resorsinol. The resuléing Alhydroxy compound
{XII) was omidised with alkaline potassium permangenate o
yield phthalic smhydride (XIIT) proving that the
methylenedioxy group was abtached o the ring containing
the carboxyl group otherwise howmimellitic asid (XIV)

would have boen isolated. This ostablished thoe
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(XIV)

structure of aristolochic acid II as 3, d-mathyienediony-
10=nitrophenanthrene-l-carvorylic asld, It was confirmed
by roduction of bthe decerbosylated avistoloechie aeld IX
(Xv) followed by acebylation with difficulty %o yileld

3, 4-mothylonedioxy=-10-diacetoxyaninophenenthrene (XVI}
vhich wes ldentical with synthotiec material. The
structure was further confirmed by oxidetion of
decarburylated arisbolochic aeid IX (XV) %o a
@othylenediozydiphenyldicarboxylic asild Cighgolg, (AVIIL)
which was not ldontieal with synthetie 4,5«
m@thyl@n@@i@ﬁydipﬁ@nylmapé ~gigarboxylic aecid and must
thereofors have baon the 5,08-methylonsdlexy isomer,

Treoatmont of this isomeor with concentrated hydrochlorie



7L

(XVILT)
acid undey pressure gave & sompound ldentical with synthetie
3yd-bong-8-hydroxyoounarin (XVIII). Thevefore aristoloshie
asid L1 iz $,4-methylensdiony=10-016r0phonanthirene=>L-
carboxylic acid (XIX) snd 1¢ differs from eristolochis
acld (I) in not possessing & methoxyl growup.

GCGOE  Ni0g
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The prasence of avistoloehic aslid (L) inm A, debilis

8 Who

and &, kaempferl was roported by Tomita and Kura
published a gsevies of papers based on thelr investigation.
They also isolated aristoloehle seid 8,200 g nHq 00N
MoPo 278-6°, methyl ester m.p. 268-60° and aristolochisc
acld G as yellow noedliss Glﬁﬂgoqmép Moo 280° (decomp. ),
methyl estor mo.p. 2854P, from the asldic portion of the
extract and fyrom the neubtral portlion arlstolacteam
Gqgllyg0gl, mop, 306%as imclated, The structure of
ariatolochic aelid C was olusidated by Sa@agawaﬁ who
shawed the wesence of one nitro, one carboxryllie, one
wobhylenedloxy and one hydroxy group in & manner similar
to that adopted by Paller, Belohlav and S&m@n&tachgﬂao
Hethylation of eristolochic acid ¢ (X)) with
diszomethane in ether gave l-mothozycerbonyle-d,é-
methylenedlony-r-nethony-10-nitrophenanthrene (XXI)
GqHyg0uR, mopo 260° (decomp. )o  The mothker liguor From
the reaction yilolded the mothyl ester of arisvolochie
aeld G, CypHyq05N, (XXIL), mop. 272-5°, Hydvolysis
of the O-methyl dewvivative of the methyl ester ol asid C
(XX1) with othanolic potassium hydroxide for one hour gave
Fepethory -3, f-nothylonedloxy-10-nliro-l-phonanthro 1o agid
(RXTLT) mopo BO0=6°, The O-methyl derivative of the
methyl cvtor of the selid ¢ (XXI) was hydrogenated with
gine and glacial acoble acld to yield the lactem (XXIV)
Cqnlly 1048, mopo 230-2509,
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The seid ¢ (XX} vas decarboxylsated by refluxing with
copper and guinoline o yileld a compound C)gligOgi, 5 Hgl
(XXV) mopo 226°({decomp.), which was methylated wiih
diazomethene and ether to yleld the wethyl etheor (XXVI)
Gqe¥1705N, mopo 295-6° (decompo). Reduction with sine
and sumonlur hydrozlde Iin tetrahydrofuran gave an sminc
gompound (XXVII) vhish was dlaxoticed to yvield $,4=
methylonedioxy-i-mothoryphenanthvene (XXVIXII). The

latbter was characterilised as its pilerate whioh wag



idontlcal with auvthentiec I 4-mothylonedlory-6-
mothoxyphenanthrone plerate both in mized melting polinta
and infrared abgovpblon gpscitra. Theraefore the authors
consluded that aristoloshic acld C is S ,4-mebhyleoncdiony-

6-hydrony=i0=nitrophonanthrene=J-carboxylie asid (XXIX).

/[ /> e N@
H@P

A6

@
» [
HO OCH,
. (XXV)
(xa) (XXVT)
/@ ~GOOK /0
K0 HeC
2 \ @
AN
0 NOg O BE,,
o
HO GH Ocﬁé
(RXTX) (XXVIII) {XXVIL)

No detniled chemistry of arfstoloshic aeld B has been
roported,

Tseng and Kull isplated from the roots of A, debills

yollow noedles Cqgiy0N, mop. 2878% which they thought
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%o be lasceristolochlc acl but whigh later, was

sdentified as aristolochic acid®:¥,  Phey alse
isolatoed a new nitrogoen conbalning asid CygHzz0yN,

moPo 507 (decomp.) a8 yellow needles end named iH
debilic acid, It gave a mothyl osber m.p. 260° 19 and
papsr chromatography indicated an Rp value of 0,87

(ef, aristoloehic acld Rg 0.91=0,94), Debilic asid
closely rosembled avistoloehlic aelid in chemical and
physical proparties. They both gave green colours wilth
concentrated sulphuric asld and turned rod in alikaline
- golution., Deecarboxylation ef debilic =cid width coppey
and quineline gave yellow feather like srystals
Cqaly105N, ®opo 206° vhich was identical with these
obtained from aristolochie aclid in both mized melting
pointd and Infrared absorpbion Spoctra. Hydr@g@n&ti@mlﬁ
of debllic meid with platinum oxide orx with s0divm
moprcury amalgam gave & G-membered ring heteroeyoliec
compound mop., S16°, o mixed meliing point with erlstolochic
acld lactam mop. 319° was depressed to 290-3009 A
sories of homogonous erystalline sompounds weve obLained
by mixing arlstolochic acld and debllic asld whisch gave
mopo 260-300%, Owing %o the negative result of micro
oxidation of Be-mobhoxy-3,4=-methylonedliony=10=nitro-
phenenthrene {for C=-Ma), the additional methylens group
in debilic acid was_asaum@d o be at position 8 and the
aubtlhiors suggested B-nethoxy-3,4-mothylenodioxy=-1-

carboxymethyl-9=-nitre phoenanthrens as the structure of
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dobilie acid {XXX).

L

(XxXK)

“@Cﬁg

Tang-Tang K'Q0 and K”uangaFanngaﬁngl7 flanlabod
aristolochle asid CypHqqOull, mopo 280-12 (decomp.),

from the seods of A, debills end they also isclated

an alkaleld (redneckeate mo.p. 285-6Y decomp.), and rod
Tlakes CppllysOgl, m.p. 260-1° (decomp.). It was
nemed aristelochinic acid bub ne further investigation
has beon reported.

A nonenitrogenous acldic compound was Iisolated from

A, cymbifera by Greene, Bugster and Kerrerl® ghoe eabracted

the dxied p@wd@wéd roove with petroloum ethew, The

acldic compound, CpoHszeOs, Mop. 207° was nemed aristolechia=

gymbifera acid, but no devalled chomigtyy has baen reported.
The derivatives of apistoloohic acid are likely to be

of consideorable interest particularly im view of the

reported anticancer actlivity of what would appear $o be

the lectamy, This hes been preparsed by many workers and

Coutts, Stenlake and Williamga@ heve abown that the so=called



alecotate of Rosopmund and Relchstoin? 18 1n faet the
lactam acetate, The forwmer authors alao proposed a
soheme™t for the preparetion of a basis substanes (GXILI)
Cqwlqy o0l from aristolochic seld. The basic product
wvould be of Intorsst bhocause of 1tz atructural
similerivies %o morphine {(XXIV) and epomorphine {(XXXV).
The smine compound Bemethoxry-3,4-methylonedioxy-10-
sminophenanthvrene (IV) was obtained in very poor yield by
catalytic r@@mction-mf the nltvo-compound,. The base

was remarkebly uwareastive to diszomethens 1n benzens

and melst ethor and also o mothyl lodide in benzene.

The N-methyl hydriedide was obtained in poor yisld by
carrying ont the reaction with methyl lcodide under reflux
and by heatling in & sealsd twbe. An improved yield of
the base was obtained by Sagagawaﬁ by refluxing the
nitr@mc@ﬁpound with zine and ammonium hydroxide in

Lo trahydro furexn. The hydyvochloride of the base meltad
at 230Y apd a dincotyl derivative CpgHy70sN was also
propared. The same diacetate was obvalned by reductive
agebylation of the nitro-compound. The propyl and bubyl
estors of avigtolochic agld have been prepared Ly S@hn@ida?eg
via the intermediste acld chloride, J,4-methylensdloxy-B-

o thoxy=10=nitro=L-phonanthroyl chloride,
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The Pharmecolopleal action of Aristelochla Specles

Y

The physiological actlon of Apistologhisa spacles has

aroused much Intereat Irom vory oarly times as it was held

1
@

in high esteom Dy the ancient Groek, Boman and Hobrow
physicians on account of ths vepubed valuo in Lhumdblvbh“é”“@
Baxteacts of the drug were alse used as & bitter tonic,
purgative, dllvetic and in the treatwent of wounds, nlcevs,
ab&éassagp fevors, asthama, eopllepsy and hyperiensio ﬂﬂvo

1-\

£
(&)

Tha commen nawy snakercot for ceortain of gpacies ig

as a snakebhite

=
@

undoubtodly derived from the traditional wus

remady . Extracts obvalned from Aristolochis spacies have

CEaET

ks » o g" . R
AL50 heen nhown O posseas Cemiltoblees 2Koetivity, o causs

gontractlon of the ub ruated and o inhibit culbtures of
(:;1.‘\;3 .‘\ q.. 9 TG ::\}0 Ma o« 3 ~ " .&j‘
shaphylogocous aurens™, Micrococous progenss™®,
Mieroooceus cityeus, Bagililll enihracis snd Becllllii

XTI T T T AT A -0

L
S &3 oy | » PR - .
ﬂﬂ“meiHQQ O 1lav described Avistolochis ma & nerootic

poison which affectad Hthe whole nervous sysiem. Is bad

alss been reported that exbracts of &, brocteata possesasd

% 65

Epci. i P o
acbolic smmensgogue? and abortifacientg S,»0

{4

propsrilies
dus o the severe purgatvive astilon ceuvsing Iinflammetion

.~

of the palvic organs,

Thesy actions of Avxistolochlis spocies, produced by

exbracts contalning many conatitusnts, cannot be attributed
to any parélcular compound, bub a conslderable amount of
work has boen and is beling done on the pharmacoloegy oF

.

avistoloechio asid, Thoe £iest critical saeccunt 48 that of



80

b

P@hlﬁ whe found thet the acld was extromely toxile o
rabblts upon subeubtaneous injecstion causling mavked
dillresie, pavralysis and death. Ag is so often found,
different apseles weact dAifferenily to avistoloohiec asid
and Pehl found that frogs and dogs were unaffected by it.
& recent report of Hedwal and Potor?’ ghows however, thet
intravanous injoctlon of the aclid into male rabs induced
kidney feilure with a decroased glomerulayr Filtgration
#ate and increased blood urea and cveatinine,

Regently it was found by Moge 539 Mogse and Lukas™?
that avisteloehlc asid increased (im vites) the phagoeyble
agtivity of leukosytes in th@ bloed of gulnea pigs.
Parenteral sdministration of avistolochic agld gave both
hilghay survival times and @@mpl@t@ crre8 0 mice which

had beon injected with pnoumococcl, but with Salnonglls

typhvimurive 1% gave only slightly higher survivel btimes
but Q@-@ﬁ?@ﬂe He also observed that Infeetions or
intoxlcations which were not influenced by leukosytes
{virus ifunfoctions, toxoplessmosis infection) were nod
affoctod and local troatment was less offeective. Afver
inbeavenous injection of the asid Lo robbits an increased
bactoricidal section of the serum was noved. It was:
voporved Ly Mebhes, Dsesi, vérgé and chaaaéoﬂﬂl that
Ingravenous injection of aristoloshic acid {img/Kg

body welght) selectively cavnsed necrveis of the
opithelial colls inm the proximal conveluted tubules and

isochsenia of the cortvical part of the rabbif kidney,



8

while the other part of the urinapry tracy remained intact.
The acid did not ceuse venal damage in dogs bub Intostinal
inflanmation was observed and had o offeet in eats, Lrogs
and guinea pigs. Smallor doses of acld (0,1-0,2mg/Kg
body welgbt) evokad enly a partial destruction of

proximal convoluted btubules,. Avistoloschic acid exhibits

mieo®® and also inbibits malignent tumeur growth both in
animala and man. Alghough 1t s toxie, therapsutlc
dogos cen e administered without substential adverse
affoct. A study of the patentl® which deals with

eompounds and extracts isolated from A, indien roveals

that more pronounced activity may lile in arlstolochic agid
though & gempound which appears 0 be the corroesponding
lactom 1a alsc highly active. 0f the crystalline
sompounds reporved Iin the patent only aristolochic acid
was ldsnbified, Table I records the compounds Listed,
_Hiﬁegg Olge, Hemkovesky and Mehoatd investigated the
metabolism of avrigtologhiec agid &md-im@ derivatives
following the intravenocus injection into doge and rabbilus.
Avistolochie scid and its dorivatlives were ldenstified in
hody fiuld such as blood, bile and urine by paper
chromatography snd spscirophotometry. Ariasvoleshic asid,
in the foram of 1vs aédium saly, hes also been tested

againet moulds®™ bacteris and yoasts bub moderato activity

wag found only with thres mouldss Penicilliiuwnm nobabtvm,

Mucor sp. and Rhizopas nigrisans.
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An alkaloid was isolated by Sokolav®® Lrom A. clematitis
and uvwsed in the form of its hydrochloride on sats, dogs and
rabbits in which apimals it was found to lower the
regspiratory quotlent. I% also stimulated the
rogpiratory coenvre, inhibited paristalsis, lowered muscle
tonus of the womb and acted as a duiretic and cholagog.

Chang, Wang, Li, Shao, Pol, Tap Li and Hautia
roporved tﬁ@t intravenous Iinjoction of magnoflorine imn
eats, rate and dogs produsced a prompt and significant
£all of bleood pressure which lasted 1 %o 2 hours.

Some ecurare-1like action was slse notised. The authors
concluded that the hypobensive action of magnoflorine

is vheveiore malnly associated with the genglionie bdlock.



L% opEoE SFIETIAN
°pEoE DLETO
ey B=088 | % Spao) i¥o?u Ty DOLOYETLY °33EY
Lo 9%t ey 263~4B7 boptinbls "PTOT DTUOOTOLEISY $45635020 °F¥
082 Lottty °PToR DFUOCTOILTIY
092 bopSlully °PEST STWIPIZSTAY
04E=09% Loyt Ty9ty °pFoT OTTOLETIY
T EYE LopglnBly “PIOE STUWILETLY
82 ity upgoZeseozing TL3TETRg GOTFED
goz SowB8psia GUTUSOTOLSTIY TULGUeTaE °F
5
eousieIey °S°H BTRELO ATONGTISUSS eerosdg
STHENEITSHOO QHY SETOBIC VIADUI0LCI8v 40 ZUVEHAS

g EZT 49V &



&85

DIOT OFIRENTcoSUSIY,
PIOE OTOIFED
BUTEBRTS

Thusyg Lvoapliurtd

SUTEB LAY BSWELY,
&% SUTTOUD
TOTCoTE T[AIZOD
TeI83803%S
°4 T45-6%53 Y018 %ln 1T prow sjuscToasTAY
2°18°33 268=423 bogtlghly | cpyoe oguscrossya
| T Elond®ey SETUOCTOITTIY o
08°6% | (eDPIPCTIG-8%3 Tor?dyuOSy suyLoTsouBeR | SripIcHO(d °%
To283 803 TE=g
°pLoT STIGOUDTT
0
SOUBIBIOY °I°R YT TEEIGS TONL T LEWOS gepoedg

R



BE

0t°s 083 Loney®ly O PEOE OTUSCTOINFAY |
0Ts 843 Bowllighly % DYOR OFUSOTOISIAY | °oOng 30 GOF§
8°TT°38 083 Loy tighly °PTED OFUVCTOISTIY | 5713060 °F
o%T ey toxoyseats-g | ° 5ETGPH
. 132 Eo¥i%aP o wYeRTRTLY ”_ﬁ@@w@%&@ °¥
LOT 8925502 °pEoe
GAOITGTAD-BFUSCIGASTIY
et atE Fo0eu8 UTELEGOBE
gile=11Z %Qmmw m@ A2580 TLAUISWEP UTIV0LY
LET oBSuSlg puncdmos TeE3ReN
Yopraesdl® Touzasig
&% CpEsE OTUTRD
*p7os o7deuis
0 -
02USIBIGH °I°K BTAEXOH 2 TONA LS BUSYH seroedg

POREL5C00



Tess850515~-d
DEOE DTIBOLE
PEOT 932TWIBY
PEOT OFOTOUTE
BToe OFOT0 PUBOLPLO8° Y
48] (eo2eZerd)est SUTTUBTOAD
& Tode3503T2=-¢
{ @3 BHDOUTE L) 653 eSeq m&mm&@wmﬁw
et SFT o58q AIBI2IOL
29 9-82% Eovu®uvo WEOLUBTLY
99 0%eysTy STOYOSETAY
8g 898 Yonvep08y eutaoTIouen
. mmmwﬁﬁw&wmowmm BTOTBNLY
4 T=093 1880, °PIOT OTUWFHCOTORSTLY
01°8 008 Poplipkly WBROBTOLTLEY | oo we qols
a8t 088 LoyElg8ls °pyoR 0TTTAST SfLtace °F
)
SOUSICICY °CI°H BTREIOI AUONGTLTEGD gogoedg

PR



)

Toyosty TLIOH
TeIeSATD
BI68 9328480

DTOB 0TIe00UT YT

88 PIoE 0TI8essy

P3o8 ©T2TELES
PLO® SREETOULT
DTOT DLOLO
So%n®m"p BFORUBTLY
(Ho) 28y, ToXeLYeT
0@3uSty CUCIBAYST
Tapdlsg STLOIVEYBT
&g URTOSe28034ug
8Lz bogtlpliy °DToR DOTUCOT O3STIBOST

213 Sontlntly SUTUDOTOLETIY €5364; °F

9
OSUOIDIOY °S°E BTREIOS QTN T ITTCD soroedg

DeRUEAECY)



89

BLo® SFLOLSHE

)
DO DR800V orf
e BTu0Ty suedIog, BOETOOLA6I° T
_ °begp
69 082 g Cephly DTOR OFUOCTOLETIY TaoanpucE°y
- °Bosp
08 058 Lontigliyg DIOT OTUBOTOIETIY BELwen °¥
o7
&g 083 byt lybly PEOE OFTUOCTOIETAY TEeT °F
5 P o A A ——
) 062 ontiglly PIOR OTYOOLOSSTIY —
etanads | eWFLOT IoUDBHK TEeJaEEE R
ag 682 bogtlplis DIoE OTHOOTOLETAY
&=48T Tozsasozfug
5
eoUBIOIOH g° STREZOS AUSNG TAEUDY zetoodg

DERNULHLOD



T

. PouSTy GUGTROTIOH
= 13 902528, SpTROoRTS

~g-g-Tozsac0a78-¢

122 2e7xByY0 UL OIUELTLY

Oonlusly Oped= 038y

083 byt ludly PEOB OTUVCTOLETIY

88 275818 o819, WP SEEOYE 05 T

| 108pn08gkTy proTente Asculesend

TIT 850881y SUCZOBT CLSTIY
ag 91501, euedsy T

o%Tplig ,ﬁ@wg@m

B “(308u%0; PEOT OTQRTOSUT-LOFER

29 eBoonTD

eUTUOOT 028 TSY 1
pros oppemp | CroLn0s208 °F
OTUOLDIOY mo&oﬁ BYRWIOL AWESNY FAREIG 20Eo6ig

PORELATLY



91

CHTLOE 97LAaRng

130
sUCTLES 0=
o2T50T, [ocuiog=yp Tdexgey °V
4 5EOH,T
082 Lortlghly PEOR DIUGCTORETIV GEaTs °F
TTT 8alEgily EUCIOVTORSTEY |
@@E@Mmmﬁm DOIOAB LAY
&@mﬂwmwﬂm DI08 CTUICTOLEBTREY
ST Bo0NTE
96995%¢% 5 -g-g~-1L20g5007e-F
03T 002582, tose280978-F i
9 o®lglly oouLod FIaEaUeates °F
8¢ 212 &lp2r3en38, GUTGOOTOIEIEY TOEnLa 6L °%
" BEREIO AWONLT, 2 BUGH goroedg

DOGLLLGECs



@

[+

@

SUTS06d
oaCTRTTEH

YoIwAG

280200y

BSCTRAST
s8033%8d

{LT) uresey

() Treey
euesoiey @ pUE W
TORBRECLTE~F

Touosts tLIe)

8°0-02T @@mﬁmwﬁm punedusn PLeIess
uTae00Io=f
29 °%g ©Toe STLTULES TIORUESS °F
SOUSLOZICY °g°H BTREZOS AVGNATABUGD BOT0EEg

DO 5400



DISCUSSTION




93

Darivatives of Avistolochilc seld

The £iling of U.S. patent 895037 by Chea. Pfizest®

& Coo, Ine., covering substances in Avistoleoshie sposeclos that
2 L8 8P

inhibited the growth of tumours, stimulated the vesearch
work alrveady in progress in these leboratories. A guanbity
of powdaved voot of A, indica and 4. lonpe was avallable
and aristeloehle acld was isolated therefvrom with the fivst
objest of preparing devivebtilves from the laecvem (I1I),

The iscolation proceduro

(T13)

followved the novmal pattorn adopbed by Coubbe™r and the
lacten end its acotabe wowrs prepared without undus
dirfieulsy. Three compounds were thus available fow
tosbting. A fourth and new compound the lactam denzoate was
obtained by the action of benzoyl shloride on the lactam

in the preseonce of pyridine, As the lacbam and 1ts
derivatives were insoluble or only slightly soluble in

many solvents, attompts were made to introduee the

carboxylic aclid group, as & solubllising group inte the



lactam, It was hoped to accomplish this by treatment of
the lactam with sucecinle and phtbalie anhydrides o give

compounds (XXXVI) and (XXXVIL). The attompts, howevewr

R v G
| Y0 /
Hgg@

e ’
No -kaﬁ\\wfﬁmﬂ=0ﬁ9mﬂﬁggcﬂﬁ “Ng o
! t 3
K/ | GOOH

~

s ’”§§7
ocH, Lﬁ o0

(HXXVL) {(XAXViT)

Q‘S

were unsuccessinl in spilte of & varleby of expsrimental
conditions as roported in Table I, bs Coutte®l nad
oxporlenced considerable difficulty in the lsolation of

an amine derivative and Japanese workera® had forestalled
our proposed roube to obtain betver yields by & mebthod
involving reduection with zine under alkaline sonditions

it was decided to break off this aspoct of the work.

Since the elucldation of the structure of aristolochic acid
by P@il@w Bolohlay and Simonitsch®s® ghe prosence of

aristolochic acld has beon reported in more Aristologhis

species (Teble 2) but no sttempbs have boen made o
synbhesise the acid. This omission prompied the work

roporsed in the Yollowing pages.



There are several ayatheses of the phenanthrene nueleus
and amoag them that. of Pachors®9, 70,71 appaared o be
wortlly of first cholce becauss,of the required
tntermediates (XXAVIIT & XXXIX), ome of them (XXXVIIL) had
alrsady been prepared by Ashley, Perkin and Robinson’ 2
and by Shiral end 0de"®, Mowveover, little

NQE

§¢¢5\\«fcﬁﬂ 0 GO0H
i H,0
S 00Hy ®Ng l\\‘ CHpNOg

(¥XXVIIL) (XxxIZ)
aifficuldy was expecbed in the gsynthesis of Cragment (XXXIX)
as a somevhat similay compound (XL} had been prepaved by

Pajler, Woerbher and MollowTé,

o GooR

"\@HQNQE

(xn)

In the Pschory gynthesls the condensation of the aldehyde

portion with the otber roactant is achieved because of the
roactive methylens group on thoe latter, Usunally thisz is

dmé %0 the activating influence of the carboxyl group, as

for exemple, in phenylacotlic acld but it was axpested that

a nitvo grouy would alsoe be satlsfectoryy perticularly so



e
(&2

becanse it ila koown theb anitrﬁﬁﬁlm@n®?ﬁ and
phonyinitromethans ¢ will condeonse with the appropriste

aldehydes. The expected produst wonld therefore be (KLI).

Clearly, a difficunlby

] | |
ﬂ:;égﬁ- 0CH,;

(X13)

world arise in the next stage when the arematils nitre group
only nugt be roduced. If this selective roduction shonld
prove lmpossible o achieve then condensation with the

intexmodiate (XLIL) would be reguired

K,
CRO
y"’f Q@ H@S
(XLIT)

oy possibly ivs acebtyl derivablve as the aminobengaldehydes
are unauable, Diasovization and ving closure should then

give aristolochic aeid,



27

(RLITI) (1)

Z=llethory=-6-nitrobenzaliehyie

This compound was preparad in low yield (5%) by using

the method adopied by Ashley, Perkin and Robinson’® and

Shirail and 0da’?, No difficulty was oxpsrienced Iin

O, KO §Og
0 ;ﬁ; GHO
ll»R@im@raTi@man N - ’ LQE;:](
> 4
OH OH "~ 0CH,,
(XAXVIIT)

this, the low yileld belng due to the Relmer-Tieman

gsvbage of the synbhesis, This is well known and in lattew
atages ol this work many trial condensation expsrimenis wore
made with readily avallabls g-nitrobeonsaldehyde snd

benzaldehyde 80 asg o conseyrve wmeterial.
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6-Carboxy-93,&-methylonedioxyphonyinilironebhane

An obviouws sterting material foxr the syntheslis of the

nitro-acid (XXXIX) was pipsvonaldehyds (XILIV), and the

Propesed rouste was ag Lollowas

(XLIV) (XL ) (KL}
v
Pa R - GO0E O e O00H /0 it
H@G\ & ol | G Byl
0 SOHGBE NN GHOH 07 A GlgOR

(XLIX) \ (XLVTEITL) (RIVII)
o}

(XXKIX)

Bromination of pipsrvonaldsehyde by the method of Orp,

Robinson and William377 gave G=bromopiporonsldshyde (XILV)

in good yiseld. Naik and Wheelen © obkalned the sorres phnding
aleohol, by reductlion with lithiuwn aluminium hydride, and

uging thelr method the alsohol (XIVI) was prepared in 95%



vield, Conversion of the aromatle halogen compound %o
the gyano compound was atbempted both ab high temperaiures
{(070° and 208%) snd at lover tempevaburs (refluning |
pyridine and 145°), Undey tho latter conditions starting
material waz isclated but above 1709 gecomposition
oeourred. A3l atbempts &o prepare the eyano=goempound
(XTYTI) therefors proved fruitless end this route had to
be abandenod.

The wather longer rvoute, o &,4-mothylonedioxy-g-
hydrenyme thylbengele acld (KLVIIT) shewn in the following
sehome was therefore adopted.

I
Ny-CHOR /@

P R ch

; N

(E¥I)
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This rouve 13 a combination of the work of Bavrger and
Ewinsvgp Stevons®C and Stevens and Robertsondl, The lattew
notvted that wheveoas the hydroxy acid liberated Lrom
eompound (LIV) lactonised spontensously, that Lrom
4, 5-methylenedioxyphthalide (LVI) was eomparatively stable,
However, & disguieting feature obsorved by stovons®? was
the wvemerkable mobllity of the halogen in methylenedloxybonzyl,
halides and this undoubtedly had a bearing on the next giep
in the route viz the attempted preperation of O-bromometiyl
pipevonylic acid (XLIX). Hydregen bromide under ethanolic
and agueous condiflons yielded the lactone (LVI), &
result not uneipscted, All attenpts o protect the
carboxyl group by ester Lformation via the allver salt
and by trestment with dlazomothene proved fruitless, and
the lactone separated in every esperiment. Simllerly
the veaction with phosphorous pentashloride and with
thionyl shloride ylelded the lactone rather than the
axpoclted G-ghloromeithyl-3,4-methylenedloxyvonzoylehloride.
In the abseonce of the methylenedioxy group the reaction
procesded smeothly in agreement with ciarkB® and the
difficulsy oncountored must therefora be dus to the

influence of the methyleonsdioxy group.



9, ¢-Mothylonedioxyphenyinitronethane

In viow of the lack of succoess with tthis carboxy
gompound simpler produsts such as 3,4-moethylenedioxy
phonyinitromethane and ite G-byromo-compound wore
conaildexred as possible intermediates in the preparation
of the decarboxylatved sxdstoloshic acid (LVI, RsSH) and
the corresponding bromo-gompound (LYVII, RsSBwx), The
latter could concelvably be convorted o arisitolochic
acld by reoplecement of bromine by the nitrile group op
by a Grigrard reacticn, though the fallure te introdvce

the nitrlle growp earller mads this rether doubtful.

e
8,0

1)
Ng .

(LVIL)

Aliphatisc nitro-gompounds are generally prepared by
the action of silverto,8% op sgdimm nitritet on halogen
@ompéundao Silver nitrite is the roeagent of ohoiceB8 rop
gompounds containing the primary halogen group but a
migture in varliows proportions of nitvro-gompound and

nitrive is often obtalined deopending upon the econditions of



the reaction and on the naturs oFf hoth the halegen and the
alkyl group®!. Homopiporenyl bromide and G-
bromehomoplperonyl bromlde wers therefore prepared in good
yields from pipsronaldehydse via the correaponding
homopidporonyl alcohols by r@aeéien& roporied in the
Liteorature . The fivst reactlion tried with homopiperonyl
bromide and silver nitwrite was based om the methed of
Paller, Weerther and Mellex’? for the aynthesis of ¢he
gsompounds (LVIII, RSCgHgand CpHglo

‘fx/ éf‘GOOR

b

S VCHGNO,

(LVITL)
The relative case of preparation of these rsported
gompounds influenced the cholce of route actvally adopted
(Page 1438). No undue dAifficuliy appoared to the Gorman
workers but oconsldserable docomposition arcae in our hands
using the corvesponding &,4-methylenediony compounds and
the varicus conditions shown in Table 4 (Page 147 ),
The veaction between metal nlirite and primapry halilde la
usually carviled out at room t@mp@ratur@sap bas
ogcagionally at various highow t@mp@ﬁ@tuﬁ@&gga Underx
thead eonditions h@W@véw bensyl halide iz converted o

b@ngald@hyd@gaﬁgl through the intermediate nitrite or o
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s 2
vonzole acidY%:P¢ ghvough the formetlon of the nitrolis

aeid.— veactions (1) and (2).

(1) § ROHGONO ey ROHgOH + ROHO -+ N0 9407 pog pr )

() RO(NOg)=NOH - RCOOH  (R=Cghg)

Silver nitrite and homoplipsronyl bromide both in dry
gonditvions sz woll as in verious solvents (Table 4) at
room Gemporature slther gave rise to plperonsldehyde op
no reaction occcurred. The origin of tho aldehyde is
readily explained on the basis of eguation (1) above
(R=CgNa00Hs ) o

In view of theso results the Little uwsed method Lor
phenyinliromothens roported in Organic Synthesss®™ was
tried with imuediate asuceess using homopipevenyl nitrile.

The reastlion zeguence 8.

(LIx) | (L) {FXE)
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o O f-f»':%‘:h y, Q- f,,»«"i‘;\{gb
Bely L B R { j
@ o &f:i‘{:’j—lm‘ {ﬁ G'NQQR‘ ,.l (3 \{;;,f"" . ‘St:& E‘JNQE‘.:{
(LETT) 0~V o (LXITL)
fl‘ ‘%
ol | w,§
{3 » f’;/& ~ ({8, ‘;}NU%

(TXIV)
3, 4-Mothylenedioxyphenyinitromethane was Laolated as pale

yallow needles w.p. BS®, I¢ was alse propaved foom
godiuwm nltrite and homopipervonyl bromide according be The
mathed of Kaoenblom, Leaveaon, Blackwood, Moobexwy, Oliveto
and Grehem¥® for She preperation of phenyinitromethens .

L% was (dentisal in all respectbs with the compovnd
igolabed wis the miteile but the yiold was 304 s compared
wikh TOD, The ecorresponding S-bromo-compound (LAV) wes
alse obtalned in 788 yileld by the nitrile methed as well asg
by the astion of sodium niirite on the corresponding

breome conpound.

,p @\{ f,..f"dq(‘\\ gbi(_a

/
i

F i
L Y
\ ()’( \{,ﬂ’ ,;.; i Hzglh@g,

(EHT )

An interesting side roeactlon ceccuryred durlng tha
E

proparvesion of the invtommediate nivwile (IAVI) reguired fow

the abuve PEAGHLON.
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2
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(Txvx)

White shining ©lakes, mop. 184-1B5? wevre obtained and
these showed nitrile absorpbion ab 2oRBon . By

analogy with the reastion of potasaium cyenide o
gmnitféb@nzgl chloride leading o deimitr@@y&n@ﬂib@naylgg
(IXVIT) 1% was oxpected that this compound was alse bhe

coxrosponding nitrile (ILXVIII).

(LXVII)

The analytilceal figures for C,H,N and Br and woleculap
wolght are in complove agreement with this formulatiocn
which 1s also supporbed by the infrered absorption curve
. of the compound, This bears some rosomblance to that of

the atarting material as would be expscbted.

™ QR Ol
GN
(LXVIIT)
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Brperiments carvied oul with G=bromohomoplperonyl
bromide at the same tlme as those diasgusasd under
homopiporonyl bromide ylelded resulbts of some Intexrest,
Contrayy o Literature reports of the effeetiveness of
the silver nitrite technigus 1t fail@@ B0 yield bthe
desived nivro-compound and gave mainly 6-bromopiperonaldehyde
ag detalled In Table § (page 1862). These results are
similer to vhose im veble & (pageld7 ) for nomopiperenyl
brgnlde . Howaver, furthor gxperiments cerried out in
dimethylformanide for 15 minutes at room tempsrasure led
to the formatlon of 2 nieely crystalline compound ®opo
95 -08% whieh contained ne nitrogen. The infrared
absorpblon eurve showed esbter aboorphbion at 1705@m°£1and
olemental snalysis indlsabed ©, 428.7, H, 2.67%. Although
the formate oster (IXIX) roguives C, 41.7% 1t appeared
worthwhile to prepare mthentlic ostor by Aissolving silver
niterice in formiec acld and adding the solution %o tho

bromohonsplpesronyl bromide in dimethyliormamide.
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The product was identical in all respeces with that Lirst
isolated, Recouse of the compiisetionst®l ihat might arise
by operating ab room tempsrabure ths reaction wes earrisd
out at -18 to =20 feor 6 hours and again the formate esbem
W@é lsolated, Free formic acld was absont from the
dimethylformamide, whleh was freshly distilled, and the
sourse of the resctlon iz a matiter of asome conjechture.

To account Jop ester fmwmatidn iﬁ wounld appear that an
intermediate must be the nitwive estor (IXL) im order thad

the (-0~ bond be formed.

(LRX)

An alternative explavetion s vased on the work of
Kornbilum eand Blackwood®Pl gho have shewn thed
dohydrohalogeonation of benzylbromide takes plage in
dimethylformemide, presumably o form a salt (LXXI) which
hydrolyses to give Lformieo asld,

. ey
O

L
B=G=N (Clg)p
GHo -

i
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The origin of the formete ester may therverlere bo ag

followsa,
- R
_ n
Qijj\ Hmﬁ N(M@)? > gmgmm(oﬂﬁ)g B
B
EQ\ CHgBrp
(LXXIX)
B
By

4=  HOOQH

The formic 2¢id produced, in the prosgnce of silver nityrise,
reacts with more bromo-compound (LXXTL) to yield she
formate ©ster in the noymal Way.

Taore is, hovover, an objection te this seheme In thap
the ragte of Lormatlon of the intermediats “Sali® I8 slow.
The authors stave that the veaction of bonsyl bromide
in the dimethylformemids s 10% complete im 18 days,

The reastien with silver nitrite s instanteaneows &8 ahown
by the lmmediste precipivation of silver bromide, and
addivilon of wateyr o the mizture precipitabtes theo sster.
0f the two schemes, therefore, nltrite formabtlion i mors

Likelyo
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Ao exnpectsd when glaclial ageble asild was used as
selvent, although no nlitvous fuwes were ovolved on addling
the silvewr nitvite, the acetabe oabter wes lsolated, Thia
was identical with an authentic aample propared by ﬁh@
mothod of Barthell and Alexendew»02,  Although sedium
nitrite is reported to be of lesa valuve then silvep
nltrite Cfor vhe proparvation of ﬁi@?@m@@mpﬁmnds Prom
primavy bromides, the method of Roroblum, Larsen, Blackwood,
Mooberry, Olivete and Orabkam®® astualiy yielded ke
reguived nltro-compound, It was Ldeombtleal im all rospsect
with the compound isolabted vis the nltrile synthesis bub
wag obtelned in approximately helf the yield. The
igsolation of the nitro-compound g conbtrary to the geoneral
@pimi@mlggmlaﬁ that the reastion of alkyld halides with
&1&&1& metal nitrite produces nitrite ester wather vthan
nATFe~compound, However 4t has beon shown that the
reactlon of sedium nitvrivte with alkyl halide is a simple
and effective way of obtaining pure nitro-compounrds
provided apprecisble amounts of both alkall metal nitrite
and the alkyl halildes are in solution, otherwise the
reastilon doees not teke place. For this purpess
dimethylformemide is the solvent of choles fox 1% not only
hag the roquisiite solvent propoerties bubt in addition the
reaction in this medium L exeepbionally £aseio7,

Becauvse of the dpoed of reaction the procosses whickh destroy
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wy !

the Andtially produced nibtroparaffinsg and alkyl nitxite de

not have the chanse o intrude and it 1s posalible Go

O .
minimise the side re&@mi@& ¢ whickh i o8 followsge

. 5 m B
Retioli0g +-RoG—0-H=0 NallOn ReGelN0n & Rete0
%o w'm g’wkafa - Dim@%hgif@ﬁmmmgég ] £ ! ;
" g - . HO H

Kornblum end Weaver®® used uvea to inercase the aolubiliecy
ef scdive nilitrite in dimebthyllormemide and they alae used
dimethylasnlfeoxide as a golvenk. Rornblum, Blachkwood and
Powors 0P pentioned in their work that tho reaction of
primary bromide with a@dium nitrite ot room bLemperaturs is
30 mush Fagter than the compotilg proesss, that merely
working up the reactlon mix&ur@ prompLly proevents
intrusion by the voaction eguation (4) . They used
palorvoglucinoel as & scavenger partisulerly for the
preparvation of niltro-ester. I% reacts with nitrite csters
o form o deeply ocoloured maetewrial prosumably
nitrophloroeglueinold which g roadily gsoluble in water and
n@novalatiE@; thue facllitating the igolation of purve
solourlesa ni%r@éammp@umd@o In our own work howeovew,

phrloroglucinoel w&a not weed.



Goundenaavion Reagtions

In ordey %o galn exporience in the condensation of
subatitubed bensaldeohydes with astive methylene groups,
some expoviments were earried oub with Senitrohomopliporonylic
aeld (IXXIIL) and g-nitrobsnzaldehyde (IXXIV), Another
raason for attompting tﬁiﬂ rasgetion was that the produch
might woll bo converted into an "aristoloohle asida® inm

whiek the positions of the nitro and carboxyiic asld

groups wore reveraed (ILAXVE),

/ @%\jf‘\ika WO
. ?‘13@ ﬁﬂ(} ;
e, = \ - \ s”’ﬁ -
AV B "\ GF 0" QOOR

¢

I’L G ' ,1{- & pE

3‘\@ﬁw\\<fﬁgﬁcﬁpgagﬁ f/ /#“¥§Tﬁf
~

(LEXITL) (EXXLV)
{(TXXY)

B-Nitrohomoplp @”Oﬁg ¢ aeild (LUXILTL) was propaprsd iu a
good vield m@cardiﬂg to the method of Ti@ﬁm@nnlﬂgﬂ but
the method of Porey and Robinsontt® failed 4n our hands .
Yariouws condisions {or condensation wore utrled ineluding
agetic anbydride and ethancl as solvents and the acld lun
the ¥orm of acld, ogver or aodivs s8alt both with and

wilthiout 2 castalyst. Only with the sodium salv in aseblis

%‘T

anhydride was a syyastalline product obbalned bubt this



¥

¥
&
N

proved to¢ be o-nltrocinnanice acid and was gonfirmed by
comparison with en aunthontic semple in mixed meleing poing

and Infravoed absorption specHrume

(LKXVE)

This compound must arlse becanss of traces of scstates or
agatlc seid in the anhydride. At room temperature Lo
thyeo weeks both ln acotlc anhiydride and in guinolive
svartlug material was Llasolaved, A summary of the resulis
obtalned Lg given in Table 6. The reaction of the sthyl
ester of G-nibtvohomopipevonylic acid and nitvobensaldebyde

in ethanel with sodium s catalyst was based on the

di
mothod of Relssertt for the synthesis of compound {IXXVIL}.

Re

2]

sgert igolated this compound in good wield, bub
sconsiderable decomposlition eceurred in our hands uwnder
sinilar conditiong and dark red oily matorisl wes lsolated

wialah did not cewystallise,
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(EXXVIT)

Ay Antowresting weaction occocuryved whon A fow drops of

sriethylamine wore added o & solubicn of the aclid and

i
=

o=niltrobensaldeliyde in apevle snbydride. Tmmediately

2 bulky shinlng red crystallline mass soparated whilch was
filterved off, washed with a 1ittle asetic anhydride and
arisd &t room Lempsravwre, dbut thse crystalla gradually
degompused, Lateor it was found that triethylamins
1tael? veacteld with G-nitrohomopipovonylic acld o yileld
an vnstable compound which decomposed even in solution-
Although these vesulits were not angouvraging, O6-LTono-

3 dewmebhylonsdionyphenylnltromethane was heated with
e-nitrobenzaldohyde in asetic anhydride For 10, LB and
20 houry. Searting matverial wes vecovered Lrom bthese
exporiments and it appeavoad Likely that a basle catalyst,
or a bagle solvent, woeuld be roguired, s in the

condensation of phenylnitromsthano aund b@nsalﬁahyd@?6o



Hasg, and ﬁil@gllﬁ 1 Shelr review veportod that a basis
gatalyst inereases the concentration o0Ff aci-nitvopararfiin
by exevrbing its well kpown catalybic effect in restoring
the tautomeriec ogullibirivm after thoe twrace of nltronio
acid norwally pressnt has reasted with aldehyde.

Wivth esetic anhydride and triethylamine as a aataiyst
white erystals, mop. 200 =R02°  were obtained and
identifiod as cyude o-nitrocinnamliec ecld. Frasey and
K@n@lﬁg anpd ¥ightingalo, Brickson and Knighﬁll@ waed
obhanol ag solvent in the prosence of sediam ethoxids
but thely conditions yielded S=hromopiperonaldehyde
88 the only identifiable pvoduct, and considerabls
decompts ivion slso ocourrad, Bohylamine , as ueed by
Knoovengel and Welter’ o gave move interesting resulis and
white crystals were obbained whioh on roerystalllsation
from ot ethanel yiselded the starting matsrial S-bromod-
3, S=mothy lonodioxy pheny Initrome thane . Analysis of ths
grystals as leolated from the reactlion mixbure indicstod
a foruula of GyaHy=0:a8r which on subtraction of
GallglaX Br (sbarting material) left & residue of Golipll ox
abhylamine, Aliphatic nltro=compounds are pseudo agldg
and the erystels here are in all probabllisy an unstable
compound of the bhase and nitvo-=compourl, Under twhe
conditions of vesrystallisatlon it might well decomposs

to glve atarting material as found,
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Attempted condensation way carried out under the
Pollowing conditions:= In pyridine af room tompevature fowv
10 days, othanol conbalining tvisthylamine or n-butylamine
but all ylelded a white esrystalline materlal mo.po 198-2007,
The wmoelting point of tho crystale (Compound A, Table 7,
page 161) was simllewr to that for o-nitrocinnemic ecid,
but bthe infrared absorptlion curve of the compound was
completely differeont, particularly in respect of the
onhanced absorpbion of the arometic band of 1@%Ocmwl
whigh could woll ke due to the prosence of an othyleowls
pond . Analysis of the compound indlcated A composition
0F Contya0glndry although thiz must be accepted with
aome vasexrve as tho parveentoge of carbon found was 46,2
as compared with a reguired 45.4%, A compouwnd (LXXVIII)
or (IXXIX)} of this formmula can however be obiained easily
by the following loglcal seguonce of reactions, based

116

upon Helm's work on the preoparvation OL¢!-nitrostilbencs.

NO, " & CH
A ] LA
f""i:‘“«a ’(‘E\\ N {3 LT L /‘l\ o . .
O 0 NG
A | o PO Y ; - )
N ~ 5;) ClgliO, M . & 0 \fﬂj P
L
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(rxw) (LEXIV)
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This Iis in sgroemsnt with the reasvion o0f x-nlirvoatilbens

{IXAX} In the prosence of phemylnitvomothime uvndeyr the

et | - =] m,, §
influencsy of othanol and omwmonle s obsewved by Worwrall l‘n

mwm&mm,;}
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The roachion conld thervefore preceed by divect
condensation of 2 moles of the nitvecompound (LKV) with
one of nitvobenzaldshyde (Heintd® or by the addition of
unreacted nltrocompound o the regulred condensabtion

product (LAXHIL ),

By this second mechanism the anslogy with Worrallls
ohservation iz 0lose. With the solvent systems
guinolineg, pyridine and pyridine plus dlothylawmine,
G-bromopigpsronaldehyds was isolaved along with some
nidentifliod nitrile or isosyanilde (infraved mb&éwg%i@n
spectra ghowed the characterizbls nitelle absorpiion ab
Eaﬁﬁ@mum?g When piporidine wap used only G-
bromopiperenaldeohyie was laolated and no nivteile owv
isocoyanide was formod. The courae of the woeagbion
funvolving nitrile Pormabion is clearly asseclated with thw

aromavic solvenys. Lack of Inforwmation concerning the

Ldentity of the nivelle provents the pregsentatlion of a

&



8
tontative mechanliam,

Bine FaonTd’ in his veviow weupried o wse oF various
condonsing agonts for a varieby of componnds wnder vawions
conditions, bub no evaluation ¢f the varlowvs methads %0

ascertaln the most gerarally useful procodure ssems Lo
neve beon madsliB,Lll® Some considevable tvime was therefor:
apent In investigating suitable conditions for the
rogquired condonsation and a svamery of Hthe unsuecoasfal
experiments L8 giliven in tablo 7T (page 181).

Satisfactory condensation o the roguired o-nlétro=
B=bromo=5 ,deme hyl@madiaﬁyaumn?twa%milb&n@ (TAXEIL,

B, *Br, Rg=H, Rg=N0g) was eventually achieved in ethsanl

313

as s0lvent wlith a4 T»ace on

Y

&
r

Yy

athylamine as a catalyst

voom teomperature Ior Lwo weeks.

H @

nct

(IXXXZIT)
In the sawe way the following ocompovnds were propareds-
ol=N1tFo=3 &amemhy1®paﬁxcmym2 ~pitroatilbone (LEXXIIL,
Rlaxﬂss@zp Ra=l0g ),

2

Kl
;0 =Gobrono =0, d=po by lenedlioxy-G-methozyatilbons

iy

f,

u«z

=
AEELT g‘ﬁ.:‘{\ =5y, R”g: i, R@TQQ‘H% ) o
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- / . /
of =»Nitro-8=brem0=5 4-mothyloncdiony-2 =nitro-6-
methorystbilbone (LXXXII, Ry=Br, Resllp, Rz=0CHz),
. @ - ' ; s
ol =Niltx0=3  d=mothylonediony=-2 -nitro-6 -mothoxystilbene

(IXXXIT, Rq~H, Rp™N0p, Rg=0CHz),

thus wtllising the intermediate (XAXVIIL) which had

already beon prepared sarliev.
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REDUCTION OF NITROCOMPOUNDS

Among the many reducling agonts used in erganic
chemlatyry mmuonivm sulphide is one which often selectively
f@Qg@es one 0f Hwo niLtro groups. Generally but nob
elwayet®0 the groups ave atbtached Lo one »ing and in the
pregent Instance ammoniwm sulphide was selected as fiwab
ehwice,

Reodustion of of=nitro, @wb?Gm@wﬁ9%mmﬁﬁhy1$ﬂﬁdleﬂymﬁfﬁiﬁwow

stilbona , (LXXHLL, Ry=Br, Rgaﬂﬂgﬂ Rﬁaﬁl procegded amoothly

in apmonitesl eeluiion with suflicicnt emmenive sulphide

e veducs one nitro group, and a 33% yisld of bright
yollow cryatals wag obuained. The infrared abgorption
curve indicated the presence of a nlire gr©my€151@@mﬂl§

ard the compound analysed f[ovr OygligN0gBr, 1,8, 1t appeared
as if one nitro group had been wvomoved.,  Although the
nltravriolet abaﬁrpti@n eurve (fig. A ) showed a similerity
to that 0f f-nitrophonsanthrene (see below), it appesred
ualiksely thatv the compound wee in fact the phonenthrene

o

deprivasive {IXXXIII).

(LHEXTIT)
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Amnonivm sulphide 1z known to eliminete & nitzd grsup
4 [ 5

»

with the Torwation of sulphldadll, B2 (rxxavivae) bub

n.‘*,')

gulohnr was absont from our aompound.
] B

Clg Hy
8
;ﬁﬁkt NOgEON,

g “\%»”ﬂq*<?ﬁj

2

(IXXXIITa)
1t thevefore remained o deoldse Waioh nitre group hagd
hoen eliminatad. Gompanison of the uwitvavialob
absorption cuvvea of the pavent {(fig.,B ) and rodveed
compound (fig. & ) indicated a marked chenge in the
chromophoric system but unforbunately 4id not provide
concluslve ovidence ©f the structbure of the weduced
compounds . The pareont compound ig made up of several
chromophoric systems as indlcated by Yho partial strusiasces
(Exaw) o (DXRv), (TOXAVI)and {(LXXAVIL) and & grest
geal of crossed conjugation exists, Consequently
the absowptlon cvrve 1s likely o be eompler, 0Ff thesa

aystewms Sthat of nitroatyrens (LXIXV) fs pzobebly of

e

;~u

major lmportance in agreomont with reoeman and Stevanato
work on the of-nitvostilbones, The aliiwatien 4n

gomplicatet by geowetrical lsomeriom Zn the styreny and
atllbone systoms, and the addibional mebhylonedlomy groupd

on bthe stilbene syatem,



-
N = -,
N ~
. ~
% \‘c\
: A
% b
N A
0 ' N
A
£ ’
3 "
4
A
Y
\\
T

—w D con et e

:ﬂ;ﬁ [SR]

o P |
SO
]

2
,G:u f:?.q

—

- pE———
i

S

i w7
L+ ]

&h

I =3

w5 -

T

“remmmr e

v s .

[ S

m—

DU

v
K

ot

.k
PR

<

€3
&3
Ay

)
@2

#

4,

5y

¥



= {LERXTT)

(ZXEXIV)

(OF {thli)

Ay snalogy with the normal 80 ndonsabion of prenylagetic

I
-‘.,‘_’J

aoids end nitrebonzaldehydes leading ta the glg stillbena
T 32 & o . SR o w g
system undor the influence of the carboxyl gwouphe

‘ E : 1)
the stilbooe syntem lo ouvy compounds zhonld Be ¢is also

LTI

bocouse of the nltre group, Th:is i8 not consluslive

booause Helmd isnlaved both ¢la and trans

cfenfivostilbeone whon condensing phenylnitromeotians wlith
benzaldohyde. Iu any event the observed uldraviolet
abhsorprion crrve Qfﬁgoﬂ ) is not vnexpested in showing
Jack of abaorption above S0U0mz. Reduetion, howover,
introdusges s mavked change in the abpoerption cwrve
indicative of the removel of corossed conjugablon.

The loss oFf ond nitrd group may oecuyr to glve

seoveral nesible compounds (EXAXVIII){TIXXIX YNNG )and (K0T
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Toss 0fFf the aromatis

nitro-geonp leading 40 compound

{LXARIE Y would o0t ascount for a mavked changs Leeauso

Rosgon and Brownd®S han shown that ortho-substitubion

bends o hindews the vesonansd of the 2ibro group and

consoguently its offe

A pavkhoohvomisc ahifv

(THERIHY alibowgh 4%

n ' K
Dotar and (appinglEd

o

el on Yihe obsopption curve is small.
might e oxpscted with sompound
must Do admltted what the work of

on bhe Zenitvostilbenes is pomeygbat



in cenfliot with thle view in thav fhoe ginepinonygl
sompound hes % max 260 mu (log 4o11) snd the Lzaps- phonyl

compouwnd haa g max 894 mu {logé 4.30). Gur Own compounsd

shonld corrvespond Ho the gig-phonyl stilbone system bud

ey

the aunthowrs do not Indigabe that there was any absorptlion

&7

above S15-320 m, The preseuge of the methylensdloxy
group would induce & bathochyomic ahifs of the absoprptlon

but % 1z unlilely vo cause such & marked shangs walses

& ki 1 AEy g § 3 . e G g PO £ R w 57 Py ey e
the atilbone gystem I8 twrang {eof. d-methoryeuis-stilbon:
S A RS

2
e
9
b

] o . o on
A max @85, log 4. Al &-omethoxy=trans 8% lben Q,gma& S

. " g " DYy
and 020, 335 s, g 4.5, 4.8 and 4,3 vesprebively BT

BN

Ths most sabisfactory compound that would sscount for s

- o e % Ao w Ao a g 4 e TN I N B , ‘5
ohgerved sbaerpblon iz {(KO) lc.f. fe-nitrophsnanthrens,; A
e :

3]

o - . - -
max 245.85, 290 and 352 mw, log %68, D98 and H.8%

pre

NS . . \ L S
rospactd vwnT*“ijnﬁ this Ls dlaproved in that compound

(NG, ®=i

e

is hoown, boling prepaved by decarbuxylation

af aristeolcehisc acld IX. Compound (XOI) althe

{j'-
P
15

possessing crossed conjugation s also Lilkely de absopk

well abovs 300 mw. o svidense i3, howeveor, avellebls o

]

. N - 0 T 2 - i - AT W D g L P
suppert elther ths reaction leading to compound (A2 o %o
oy o .- Y = % - U ot . e Y L Y — 2 ~ N T
compound {(K0X ). On the other hand wemoval of the gl-niline
20w would o2liminato tha owegsod conijvzation and 4
25 At P gt CX N ,i S LA L 0 [ZION R EW AR S e Ly L o) AN H [ f:,r..i b Y OGXAL) L
-y = 3 Z oo Do v - oy g Pl R e ey, Y, YO S,
appasrad thorefore deglrable $o confizm this tentabive

gonclusicon by ohemical waans.

P

Condongab ion of benzaldehyds with S=bromo=3,
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woathylenpdlozyehenylnitronsthans atlopdod & conpovnd

proswaably {(XCIX) mop. 118-1L20Y ghieh was guite differant

-

from that fsclated from the reduetion of eompowund {FIXXIT

Ry=Br, Hoellg, Rg=H) with sowoniwm sulphide,

o

The produst loolated muwst therefovre be @s shown (LNARVILI

3 Ao ¥ A A

<
g
=
)

N

I o - - P oy oy P or s - » TR, 2 en o ax e e . :
RyeBr). Mozd satlsfactory coafimmetion was obbalins

g
an §-bremohomopliperenylic asld was condensed with
e-nitrobengnldehyde anid the product decarbonylated with

guincelive snd copper powder, Bright yollow srysbals

e"ﬁlu_\

wore Lealated, alehough in low yiold and conpazison of

[0
the infrared absorpblion curve of the corystals with %Fhat
L

of the predust wbtained by redustion showed complese

L s

&
Jl =
a_r
r.J

Ldent ity . Tein layer chromatography using ps o leun

ather aud diethyl othex ;oas solvent aund sulphurle

acld BOY e detesting agent was alse used o sconflrm theilw
fdontity, The product fzolated Lrom thoe yedustion of

pompound (LXXKIX, Re=br, Ra=W0s, Rz=H) with smmenium

(£
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sulphide was further reduced with sipe and dillube
‘hydrochloric agid. The produst was dlazsotised and
yiolded a bright red colouyr with alkaline Je-napbhthol,

o -Nitro, 5,4-mothylenodlony~8 -nitrostilbene yi@iﬂ@ﬁ
vith ammoninm sulphide & product similar o that obtained
above and although the apalyeis for cerbon ie not enbirely
gatisfaetory, there can be 1ittle doubt thet it is
reprossnved by {(LHOXVIIL, Ry=H). The complets loss of the
nitro-grovp with replacement by hydrogen is unuswal as ths
modle of reoscetion Ia generally the Lformation of a sulphide
o disulphide asg Investigated by Hodgson and Woral®®
Unfortunately areomatie nltre compounds only have besn
roeduced with sulphide and no reforence Lo this technigue
28 beling applied %o aliphatic mitvro-gompounds has so far
been found. Toe nearest reaction o that observed in the
present work is that of Friles, Heoring, Rommecke and
$30bovti®0 whe reduced the dinitrothionaphthen (XCILIL) with
smmonive sulphide and obhtained the 4-nitre compound (XOIV),
Elimmation of a nitro group from & niﬁr@mél@flm was also
@b&@ﬁV@ﬂ by Burton and Dur£leldl®l sn the course of vhelw

synthesis of §,8 dihydrozyindols.

(XGTLT)
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This exeample L8 however not so astisfectowry sinse it La

net clear whiieh nitro group is oliminated.

O\\ ' ‘\uf"/\
; gf NO‘{& E“@M’H@i - é,/ O (s
’2 d . rd A 2
N TCH = CH-NO, N\ g~

'Lﬁ@s ef 2 nitxo-grounp alse ccours with enitrostilbens in
the presencs of othancl and ammonls & reactlon whi@h ela B
already boon disoussed on pege 120, The mmalytieal
figmé@@ for the produect, howewvoy, prealude this bype of
posction From having taken place,

in view of the results dlscussed above obher roducing
apents tried but without any svucesss were; satalytle
hﬁﬁﬁ@g@nﬁftimmlagﬁlgﬁ 0f ol-nitro —~f-bromo=3,4-mothyleneciloxy
mﬁlcnitr@stilb@n@ to yield a mlixture el Lfour components
as shown by thin layew chrometographys Lron powder and
hydzochlorie aclid, whiockh has boen ro portedt®? g0 ve
a bettoy wethod for the reduction of aromabic nitze groups,
vielded starting material and a compound sonbaining a
nidtrile group; eand the other reagente summarised in
Pable 8, {(poge 168). |

Atteompbod rodusbion wibth smmoniuvm sulphide of thoe
sompounds sontalining the methoryl group (IAXXIL, Ry=Br,

R5o0CHg, RgeNOg) mnd (LXXXII, RyeH, Rg=NQ , Rg=0CHg)



vielded starting material only, Using double the
theoretvical awnount of smwmonivs sulphide some pale yellow
grysbals weore obbalned but unfortunately in toc small

& antlty for purdification. The infrared absorption

S
o

gurve of “he Ilwpure product indiecatod that nitrd groups
were abgsent and Lessalpne’s test also showed the absenece
of nitrogen. The prosence of the methoxyl group in those
gompounds appesred to afiect vhe course of the redustion
with swmmenivm sulphide and ne satisfactory material was
iselaced,

The lack of swuoeess Iln the roduchion sxperimonts
pronpted an examination of condensation with agobyl-
aminobensaldekhyde. & d=NMothylensdioxyphonylni sromathane
and the G-brome=cgompounnd were troated with g-ccetyl-
smingbensaldehyds uwnder the conditions for whieh the
@@mﬁ@n&aﬁi@n with the nitrobensaldshyde proseeded smoothly.
No similar reaction occurred cven over a paviod ¢f 14 days,
and the method of Worraelllod f@é the propavation of
nitrostyrene alge yilelded starting maberial, Thig
condensantlion elearly requires a porled of Intensive

inveatigation,



e
£Q
AN
‘.‘-4

In prder %0 complote the examination of the rouvie
whish it was hoped would lead to aristolochis acid,
atvompts were made o inbroduce the cevboxyl group inte
6=bromo -5 ,4-mobhylonodloxy-2 -nitrostilbens (LXXKVIIL,
Ry=Br), Heating with a mixbure of silver and cuprong
eyanide in the presence of coppsey sulphate and pyridine
falled o produse any veachion. At the higher reoflux
tomperature of gquinoline, however, & small yield of a
gubatane® WMopo LEL-192° was isolated. The emslybical
Pigure Tor carbon differs appreclably from the ezxpeoted
value {(63.04% found; 65.5% roguired) but the infraxred
avsorpilion indicated the presense of the nitrile group.
This result was oncouraging in view of the complete
fallure of the experiments discussed on page 99

The Grignerd reaction using compound (TIXNIT, Re=Br)
was ettemptod but no reaction vook plecse and & similew
vosnlt was obbained vhen Lithiwm wes used in plece of
magnes ivm, The entralment methealdd using magnesivom
mothyl lodideo as an astivator gave a highly Cluorescent
solugion, Bvaporation of the golvent yilelded a mixturs
of pale ysllowish brown cryastals (non-fluerescens) which
gewld not Yo roovystallised Lor further Investigation.
Infrared ebsorption ahowed the absence of nitro groups bub
both nitrogen and bromide were sbill present (Lessalgnis

and Bollstein's %eat). It I8 well known that Grignerd
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resgonta roact wilth nitro-compounds o yileld a mixbure of
compounda 37,398 govending upon the natvure of tho starbing
materiel and this method may well be inappliisable as a
means of Introducing the carboxyl group.

Mallery, Wood and GordontS? have vecently shown that
the ayntheslis of substituted phenanthrons eompoOuNnds moy
bo aghleved by irradlation of stbilbones in oyelohexens
usilng fodine as & cabalyst. Tae authors polnt out that
the reeoblon falils with nidtrostildbenes bubt do net indicate
ths actual compounds exemined. 1t therefore appsared
reasonable to prepare and irrvadiste compounds (LXKIL,
RysH, RpsH, Ry=0CHy) and (IXXXVIIL, Ry=Br) on the micro-scale
and 0 oxemine the uwnltraviolet absorption curves of the
ragsulitant solutlons fox evidence of formation of phenanthrons
gomponnds . in both tests a rapld change occurred in thw
sbgorption spectra bul no absorption typleal of pheonanthrene

was obbained,
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Cone lus long

The postulated route to avistolochic asgid has beon
shown ¢ be Iraunght with dsrrieuitiesn vot 1% may s$dll bo
foasible providing two lmporitant stops can be ascomplished,
These are the condensation of acetyiaminobenzaldeohyde and
1bs derlvabives with whe nitro-compounds and the
propavation of th@ intormediate (XXXIX), The latbter step
mey noet, in fact, be essentlal bocause a mebhyl group

- sulteble for oxidation o the carboryl growp at the legd

" stage of the asynthesis can be inbroduced as followse-

/ﬁﬂc}z;@cooﬁ /9 Sy cugeoon 0 Ry Ol
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