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I~TRODGCTlOK . 

Ar:rnorGH Gr:rndvnl and La jou x (as far back as 1895) were th e 
fir st a uthms to report on the isolation of t"·o albtloids fro m Se necio 
n ilgai-is, i t wa s the diH('over.v h:r ~fans k e (.UJ:31 ) of an al kaloi d 
r etrorsine in S. retrorsu s, wh ich m arked t he b egi nning of a n ew 
er a in t h e investigation of variou s alka loid ,; since then isob t.e cl from 
a large number o± sp eciefi of Sen e('io . T h e g enu s Sen ecio <;ompr isi11 g 
oYer 1,250 differ ent species, is th e largest gemrn of flm,·e ring plaJJ t::; 
b elongi ng· t o th e natural onler Composifa e. Th e act ive ingredie11 t s 
of very m any of tlw~e spe('ies ai f-n< ·k i he liH'l' an<1 when Paten in 
,;m all amounts over prolon ged p eriods <·mise cirrhos i,; of t h e liver. 
Species of Senecio nl'e tox ic t o s l·o('k , especinlly to ;:;h eep , c· attle and 
horses. 

In Ca na d:-i t h e disense is called " p idou ' ', i11 X e11· Zealand 
" vVinton " di sease ancl i n South Africa " :M0He11 0 <1i t>ease " 01· 

" dunsiekte " . rrhe E nglish ge11 e1all,\· Tefer to this disease as 
" poi w nous r agwort " a nd in N orwa:v (' a tt 1e di e of a cl i ;:;ease called 
" sira sy ke ", which ha s t h e character isti c symp tom s of Senecio 
poisoning, attributerl t o t·h e eating of S . jaro bae(/ . 'l'he t>ame Hpeci e,; 
i s respon sible for i h e diHease in K ova Scoti :-t (" pi('tou ") au cl iu 
X e\\· Zeala nd c· \Vi n ton " ), 1\'hereus .'ienec io ritl Plll is h eld respon
sible for t.h e " wal king d isea se " of N ort h er n N ebraska. In South 
Africa Ya rious spp. of Seuecio a re r esponsible for t h e )1olte11 0 
sickn ess 01· straining disease in cattle :-ind cl u rrniekte, stonrn!'h 
staggers or M:olten o di sease in horses. (See Ste,vn , D.G ., 1934). 
I n ad<1it ion S en ecio ilicifoliv s L ., gnming ex tensiYely as a weed 
ou cu ltivated wheatbnrls in t h e ~outh-western and southern Cap e 
Prnvince, is th e cause of bre:-i<1 pornc nrng in t hese ar eas. 
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TIIE SENEC I 0 ALKA LOIJJS. 

S. lsATIDEl:S AND S. HEnw1tsrs. 

lu this pa per ou ly two alkaloids occuniug iu S. retro rs us am1 
S. is11tideus are brietl.v mentioned. ~fanske (l!J:31) reporte<1 the 
isolation of retrorsine from S. rctro1sns D.C. a,,;~igni11g to it the. 
fo1111ula U, 8 H" 5 0 0 K. This 1nts confirmed by Barger and Blackie 
(193G/. Uetrorsine, hc)lvever, wa,; also found to he present in S. 
latifolius D.C. aud S. ylauerrhi11uu, iRolated from the for.mer specie;; 
by Burger ;111d his nt>sociatet> (19J;)) and from the latter by Blackie 
(1937). Besides retrorsine , h01rnnr, Manske (HJ:H) a11c1 Barger 
and his associates (1915) could not isolate any other alkaloid from 
.S. 1·etrors11s contrary lo the find i ngR of the writer reportec1 upou 
below. 

Blackie (19~l7) reported the i:>olation of a IH'\\" alkaloid form 
S. 'isatideus D.C. which he callE>d isatfrli11P. He found isahdine 
lll very appreciable quantities (l · 1-1: per ce11t.) in .S. isatidevs and 
also isolated retrorsine from this 1ilant; this retrorsine proved to be 
ideuliral with that i»olated from S. retrorsus, but 1rns pret>ent in 
the former in smaller c1uantities (0·15 per cent.). 'l'hese findings by 
Blackie have been confinnecl i11 Jlumerous experirnents flealing with 
the iwlation of isatidine and rei"rorsine from .S. isatirleus bv the 
1Hiter, but in addition isnt,idine from S. retro1s'11S has also. hee11 
isolated; both Manske (1931) and Barger and his associates (193G) 
have faile<l to do so. This isolation of isatidine from S. retrorsm 
reveals for the first time the very interesting facts, viz. : -

(1) that retrorsine appears to occur together \Yith isatidine 
in S. retrorsus D.C. · 

(2) that isatidine is always accompanied by retrorsine in S. 
isati:deus D.C., and 

(3) that when the same technique of isolation is applied to 
both S. ret1'01·sits and S. isrit-ideus then both alkaloicls can 
be isolated from each of these two species. 

Both S. -retrorsus and S. isat'ideus occur widel v in South Africa 
and are well known poisonous plants causing cin110sis of the liver 
in sheep, cattle an<l horses. The writer was confronted with the 
task of preparing large quantities of isatidine and retrorsine form 
these species for feeding experiments to sheep and horses, with the 
object of studying the pharmacology and pathology of this flisease 
by the reRpective sections of this Institute. The object of this 
("Ommunication is to bring to the notice of chemical rE>search " ·orkern 
in this fielcl the isolation of isa ti dine from S. retror.ms and S. 
isatideus and some of the result.s obtained on the constitution of 
isatidine. 

IsoLATION OF IsATJDINE. 

(a) F-roin S. lsat-ideus n.C. 

Four five-litre flat-bottomed flasks, each containillg- l Kg-. of 
dried and ground S. isatideits D .C. were filled with 95 per cent. 
:olcohol (about lG litres) and were allo,Yecl to digest for three days 
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under frequent shaking. 'L'he contents when filtered (suction) and 
washed with 96 per cent. alcohol afforded a deep green filtrn,te of 
approximately 20 litres. 'fhis was allowed to evaporate at first in 
front of a fan at room i emperature and finally all the alcohol was 
distilled off under reduced pressure on a boillng water-bath. 'l'he 
dark green and tarry watery residue was well stirred with about 
a.n equal volume of 3 per cent. hydrochloric acid solution (about 1 
litre) and allowed to settle overnight. The solution was then filtered 
and thor.oughly shaken with ether until the ethereal layer was colour
less. Au was then drawn through the solu tion to expel the ether 
and the dark tawny acid solution alkalin ified with concentrated 
ammonium hydrate (1: 4). This solution was then thoroughly shaken 
with suecessive quantities of chloroform, which removes the rehor
sine and the ammoniacal Rolution then allowed to evaporate in front 
of a fan at room ternperature when isatidine was deposited in larire 
quantities (yield 1·1-1 ·3 per cent.). About 50 gm. of isatidine was 
thus obtained which can he very convenie11tly purified by several 
recrystallisations from boiling water or absolute alcohol. 

(b) From S. retrorsus D.C. 

The operations for the isolation of isatidine from S. retrors·us 
were e:xaetlv similar to those described for the isolation of isatidiue 
from S. is~tideus D.C. (above) except for two slight variation:s: 
(1) The dilute hydrochloric acid solution of the residual tarry and 
watery extract should stand for at least two days in a refrigerator 
to allow for a proper settlement of all the tarry material, and 
(2) the final ammoniacal liquors, after thorough shaking with chloro
form, must be evaporated to a very small volume in front of a fan 
at room temperature when a fair amount of isatidine crystallises 
out (about 0·3 per cent.). 

The Isatidine obtained from S. 1·etrorsus D. C. wa;; perfectly 
identical (after purification) with the isatidine isolated from S. 
isatideus D.C. Their melting-points were the same and the mixed 
melting-points with each other showed no depressions. The chemi('.al 
properties, optical activity and identification tests (see below) were 
identical. Again, on hydrolysis of both alkaloids the two separate 
acids obtained had the same melting-point, mixed melting-point 
between each other showed no depressions, the specific rotations and 
other properties were identical, the acidfl in each case being one and 
the same acid viz. isatinecic acid. 

Isatidine crystallizecl in rhombic shaped prisms (see Fig. 1). 
These crystals when heated darkened at 90-100° C. and melted to a 
clear liquid at 138° which decomposed to a red solution at 145°.* 

Crystallographic Data of I satidine. t 

The crystals of Isatidine belong to the or thorhombic system, the 
axial ratio being a:b:c = 0·692:1:0·432 (±0·001). 

* Kofler micromelting point apparatus. 
t The crystal measurements were carried out by Professor B. V. Lombaard 

of the University of Pretoria to whom I express my sincere thanks. 
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TUE SENECIO ALKAI~OIDS. 

The crystals are tabular to prismatic in habit am1 shmv the 
following crystal forms: hrachypinacoid , the unit prism, the macro
dome, the brachydome and sometirnes a very small development of 
the base. 

Fig. 1.-Isatidine X 10. 

The angular relationships of the faces may be summarised as 
follows:-

(101) to (llO) 55~ 0 . 

(101) to (TOl) 64°ll'. 

(llO) to (liO) 69°20'. 

(Oll) to (Oll) 46°421• 

CHEMICAL P1wrERT1Es OF IsATIDIKE. 

Isaticline dissolves without colour in concentrated H"S0 4 , dilute 
and concentrated HCl, concentrnted HK0 3 and is insoluble in alkalis . 

Isatidine is readily soluble in cold and hot methyl alcohol; it 
dissolves in hot 60 per cent., 96 per cent. and in absolute alcohol; 
it is insoluble in acetone, chloroform, petroleum-ether, ether, ethyl
acetate, benzene and toluene. It dissolves with a brown colour in 
acetic acid and acetic anhydride. Its solubility in col(l water is 
about 2 per cent. (22° C.) and its solubility in boiling water is about 
16 · 5 per cent., from "·hi ch it can be crystallized very r·onveniently, 
and purified by washing with cold acetone and ether. It crystallizes 
from water with 2 molecules water of crystallization, which are 
very easily dispelled in a vacuum exsiccater over P 0 0 0 or when 
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warmed to 100° C. Polymerization and great losses of weight OC('lll' 

\Yhen isatidine is driell to constant weight in a vacumn exsiccator 
over P 2 0 , . 

Isatidine gives positive alkaloidal reactions with \Vagner ' s 
reagent, phosphotungstic acid, picric acid, and fr eshl,v prepared 
Dragenclorf'~ reagent. 

Isatidine clecolom izes pohlssiurn p enuangan;d t• solution instan
taneously both in cold soda-alkaline alHl dilute sulphuril' acid 
melliurns; it also decolourizes bromin e water, :nul it is Jlf'!:·:,tive 
toward s aldehydil' and kC'tonic i·eageuts (Legal' s test, Brady's 
rPagent , m-Phen.vle1Hliami11e and semicarbazone clNivatiYes). 

Jficro-011olysis : 

(a) lsatirline, C'ry stallized from \Yater an cl lhicll at roorn tt'rnpe-
rature ancl atmospheric p1e,;,l1re. 

4 · 84,) mgm. : 9 .. ]40 mgm. U0 2 ; 3 · 180 mgm.H 2 0. 

3·387 mgm.: 0·109 ('.('. X at 24 ·5° C. ancl 7()(i mm. Hg. 

found: C = 53·70%: H = 7·34°{. ; X =:{·72% 

Calculated for 

C18H 20,X0 , ·2H2 0 0 = 03 · 59 ~{, ; H ~ 1·20% ; X = 3·47 %. 

(b) Isatidi11P-]Jicmte , preparecl by mixi1~g l gm. lsatidine in 
10 c.c. ahrnlutt' alcohol ancl l gm . pi('l'ic acic1 cli ssoh·ecl in 8 c.e. 
absolute alcohol. Fine yello"·i:oh needles soluble in hot 'nter, hot 
a cetone , hot alcohol , hot eth.d-acPtate and cold methanol. 

4·725 mgni.:8 430 rng11t. C'0 2 ; 2·040 mgm .. H 2 0. 

found: 

Calc:ul atec1 for 

C18 H 2 ,NO, ·C\ H 1X"O, C - 48·32%; H = 4·70%. 

Specific rot at lo 11 : 

Isdil1ine horn S. isatide11 s 

\Yeig·hj = 200 lllg'lll. 

volume = l .j c .r· .H2 () 

fl = - 0·22° 

I sa ti din e from S. retrorsu s . 

\\·eight = 200 '11gm. 

Yolume= l.J c.c.H2 U 

() = - 0 ·22° 

Th ere \Tas Ho change JU the optical rotation imme<liately afiei· 
solution and after three days. 
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THE SENECIO ALKALOIDS. 

Hydrogenation of lsatidine: 

(a) 3 gm. Isatidine dissolved in 120 c. c. water was hydrogenated 
at 22° 0. and 665 mm. pressure in the p resence of lOOmgm. PT02 
as catalyst for four hours when the consumption of hydrogen had 
completely stopped. 820 c.c. Hydrogen utilized reduced to 
N.T.P. = 644·5 c.c. H 2 • Theoretically four double bonds require 
640 c.c. H 2 • 

(b) Similarly 3 gm. isatidine in 150 c.c. H 20 in the presence 
of 150 mgm. PT02 was hydrogenated for 4 hours. The consumption 
of hydrogen had then stop_JJed. After another continuation for 4 
hours, also in the presence of 50 rngm. fresh PT02 catalyst, no more 
hydrogen was taken up. 

Gas absorbed at N.T.P. 631· 4 c.c. H 2 • 

Theory for 4 Mols. H 2 640· 0 c.c. H 2 • 

The hydrogenated solutions still decolourised soda-alkaline and 
dilute sulphuric acid potassium permanganate solutions immediately. 
This phenomenon cannot be explained at the moment. More informa
tion may be available when the nature of the hydrogenated substance 
has been studied. 

IsATINECIC ACID.* 

After preliminary hydrolysis experiments had been carried out 
after the methods described by Manske (1931) for retrorsine, Barger 
and Blackie (1936) for retrorsine and Orechoff and Konowalowa 
(1935) for platyphyllin the following procedure was adopted: 

To 20 gm. of isatidine dissolved in 200 c.c. of 0 · 5 N alcoholic 
potassium hydroxide was added 6 gm. of potassium hydroxide (so 
that the solution was about normal) and this solution then refluxed 
for one day. The solution immediately showed a green-yellow fluo
rescence and after hydrolysis was allowed to stand overnight well 
stoppered. 

The hydrolysed solution was then evaporated on a boiling water
bath to dryness and the residue washed with hot chloroform followed 
by hot absolute alcohol. 

The dry residue was then acidified by an excess of concentrated 
hydrochloric acid (1: 1), the solution filter ed from some undissolved 
potassium chloride and the filtrate allowed to evaporate in front 
of a fan and finally to dryness on a boiling water-bath. 

The dry residue was then refluxed with ethyl-acetate 1rntil all 
the isatinecic acid had been removed (a Bayer 's test on the residue 
will show the absence or presence of isatinecic acid as the latter 
spontaneously decolourises potassium permanganate solution). The 
ethyl-acetate solution was dried over calcium chloride, if necessary 

* While this article was in the press it was found that the hydrolysis of 
isatidine may lead to the formation of more than one acid fission product. 
This will be discussed in the next article of this series in a subsequent publica
tion of this journal. 
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a pi!ll:h of diarcoal w;i,; a<lde<l, the 1'.lolutiou heated to boiling-point 
and filtered. Petro l1"urn-ether 'ms then add ed until the solu tion was 
<listi.ndly turbid. ] ,;a tineci!' aeid then ('ry;;ta llisecl out imm edi ately 
in prismatic needle,;. 

'11 he crystallizatio11 \Y as complete after 24 hours . The super
natant liquid was dec:mted, the (')·~·stnh " ·ashed with petroleum 
ether followed h\· et hPr :ind ren\·stallized from Pthd-:1cetn t<' :rnd 
petrnleuJll-e1 lwr. · I ,;:1ti11 e,·i(' acid (~ee fig. 2) 1nelts to. :1 d ear l iquid 
:11 178-180° C. (con. ) . 

/'~ 

.7 
I I 

Fig . 2.- lsatinecic ac id , 111.p. 178-180°, X 15. 

JI icro-analysis'' for 1'satinecic acid: 

\Vhen isat inecil: acid is <lried at room tempera t ure rn highva c. 
over P 0 0 .. , no loss of "·eight occurs. 

4·872 mgm.: 9·245 mgm. C0 2 ; 3·100 mgm. H 2 U. 
Found: (' = 51 · G6%; H = 7·11 %· 
Calculated for: C = 51·72%; H = 6 · 94%. 
C,0H1GOG. 

Isatiuecic a!'icl dissolves in 2~ per cent. sodium carbonate so h1-
i ion with efferye,;cence, readily dis:>olves in dilute ammoniulll
hy droxide and is pradirally insoluble in ooncentrate<l mi neral caids. 

It readily <le!'olourizes potassium permanganate solution aucl 
bromine-water due to th e presence of one do uble band (see hydrnge
nation experiment below). It is readily soluble in water whirh may 
perhaps he due to the presence of hydroxyl groups. It is insoluble 
in ether, petroleum-ether and soluble in absolute alcohol, methyl
alcohol, af't'tone, ethyl-acetate and in hot chloroform . 

~ All micro-analyses by D r . A. Schoe ller, Berlin. 
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,')11el'ific H ototion. 

" ·eight = 10() rngm. 

Yo.lum e ~ I C' .l'. H 2 0 

8 = + o·SO 

T itwtiu11 : 

J(l(I rng-111. o[ isnh 1H' ('i(· :1cid (l issoh(• d 111 L ) 1"1" col11 \Yat e r 
n·quirr1 l 8·:) (. I '- O· l X .:\ ;i ()J[. 

l'ltrn· 2:l·2 111 µ·111 . (mol. 11·! 1!. = :!=l2) ;;;ntin('c il' acid rP(tllires 1 · U1"1 " 
of 0- J S :\a()lf f01one1·:1 rho:-.:_1· l-g· 1oup. t h (• rpfo n • ] ()() 111 µ- m. rt·q uire" 

-h~ ( '.C'. for I - (' ()011 

1. t'. S·G ('. C. for 2 - l 'OOH 
Found S·;J l'.l'. 

Thn(' fore l sat in ec i(' nci d is :1 lli(':1rho.--;_di (' acid. 

l/.1;rl roue110!/011 : 

l' s iug- pLi!i11urn dio xidP ,\" c:ita ly,:1 a solntio11 of 2 g· rn . of 
is:1ti 11 t'('ic ;1('id 1\';1 ,; h1drno·1·11:1tt•11 nntil t b( • li1·d10!,!·(•J1-l(·1·t'l i 11 thP 
g-asornl'l e r rernain t• 1l ;~hsol~itel.1· 1·on.-d;in1. A ;·o n 1:1·t io n for hhn k 
l'XpP ri111 Pnt s 1Y: 1s rn:11l e :1 11 rl it 11;1 s found th:1t 28(l ,._(._ of h1·drog- t' n 
h:1d he1 ·11 11 s1• (l up :ii :2-1- ° C. :1n1l f)(j:) ll! lll. prps..;111·t-. 

Jl .1·drog(•n n·.11111 ·.l t« X.T. 1' . - '..:'II 1" '" 
'l'IH·o1-,1· for one dm1h le ho11(l ~ J !r1 (-.1._ 

Th ert-fo re f;;nti nt>('i(' aci d has 011e dou lil t> l1011tl. 

T he hy1lrog-pua(e(l so l utio n did 110( il e!'o lonrize poL1 . ..;-.:iurn penl!a11-
g-:1nah· soluti on . 

Ox 111 .nro:;- 01 -· I s .\Tlrn:;-F TO O x _1T.I(' ..:-\ C' 11 1. 

To a sol ution of 8 !.!'lll. of i":1tidin <' !11 ,-J() "-<" "f hot watPr 11·;1" 
ndll e1l a ;;ol.ntion of 3 g· 111. sn rlium !';1rbo11:1((' in 1 ll 1-.1-. of 11·:i1 Pr. 
• .\ 2 p er (·t• nl. p oL1ssi u .111 J1c·1·m:111g-nnn (e ~olutio11 11·:1 s !hen r1.111 in 
( th e fl:i sk h ei ng· fi ttP d 11· it-i1 :1 ~orrn :1 l- St h l iff reflu x: 1 ·0 1l(lP11 ~<' l ', i h e 
iop t0 1HI of \1· l1id1 1· :1ni<'d ;1 drnpp in g- f u1111d ) :1n (l du ri11 g· (ml houn; 
(\:){) 1"1" 11·:1,; 1·11111plPie ly il e1·olo11ri zed, ihe ielllJH' J·ai un• haYing- lll' l'n 
r:1i se1l to hoilin g--poi11t (;;ee i] p \\' a:1 1. l!r3S) . 

'l'hP oxid;1lion 1rn ,; tht' 11 i n1 e1T11 p!ed, ilw so]uiio11 filtl'n·il ;rnd 
li te Yrllo11·i;;f1 filt rat e sh;iJ;(' 11 11·it h et hPr . 11·hif· h l el't no res idu e . Tt 
11':1s 't hen sl1:1 kt·n with ..lilorn fn rrn whi (' h 011 <·Yn p or:il io n ldi a 1·ry ~ 
talline substa n ce to he r eportr ll upon i11 n Lit er publ i1-;dion anrl 1d1id1 
lia<l n 1-r111le m.p . of ahont- 1 l(JC ( '. ((' lear ) . 

'l'he nhoYe solution 11 · n~ t hen a('i(l ified 1rith ,-J p er ('ent. hy ilrn
chlorie aci1l n.1Hl p:\Jrnd ecl 11·ith irn r t> e th er i 11 :1 buhhle-P_,trn('t nr 
for several cl ays. 'l'he extracted r esidu e \\·as positiYc for ncetaldehyd e 
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a 11 <l depos i te<l oxalic acid crysials ( wmpare the pota:;si um pen11a11-
gaaate oxidation of Geigt>iiu, de ·w aal, 19:38) . ~Ielti11g--poiut. 
analvsis and other indentification te:;ts proY ed that thP substance 
1Yas "oxalic acid. The indentitkation test for oxalic :1('iLl b.v Pag·el. 
:111d Ber~er (1938) proved to be not only an ex('ellent test but also 
n~ ry useful to i<leutify 11011-('l'yst:'llline material, ('Ol1tai11ing- oxali(' 
acid . (Ihports 011 nitric :icid oxidations. other pritassimn pennan
gannle oxidations etc. are resen-e(l for a later publication) . 

1. lsatidine ha;; been isolated not onh from S. isatide11s D.C. 
hut a lso from S. 1Pfrorrns D.C., not hi t he1 to ohc;enecl by other 
workers. 

:2. S. retrors11s ('Ontains as its main allrnloi(l i ehrm•iue. <1ccom
pa nied by isati<line in lesser quantities. S. isotirle11s r 011tai11s as it,; 
main alkaloid isatidine, accompanied h.\- Yer~' sm:dl q11:111tities of 
ret.rorsine. 

3. Th r rhemical prnperties of isaticline and is:1tine('ic acid are 
rl ese riberl, as wrll as the h:vclrolysis of isaticline to i:-;atinecic acid ::111d 
the oxidation of isaticline (o oxalic acid. 

4. The phannac-olog:v, pnthology alld further :-;tn1etura l Tesults 
with isaticline will be r epo rte(l in clue < oursc. 
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