
Onderstepoort J ou?~nal of Tl eterinary Science and Animal 
lnrl1tstry, T!olmne 7, Nwnber 2, Octo/Je1·, 1936. 

Printed in the Union of So uth Afr ica b~· the 
Government Printer , Preto ria. 

Chemical Studies upon the V ermeerbos, Geigeria 
Aspera Harv. I. Isolation of a Bitter 

Principle " Geig erin." 

By CLAUDE HBHNGTOK am1 G. C. S. lWETS, Section of 
Chemistry, Onderstepoort. 

" YERMEERSTEli:TE ", or vomiting disease of sheep , hac; been knmYn 
for some consic1era bl e time. According to Steyn (19;~4 ) the first 
record of the disease was due to Branclford in 1877, but it \\·a s not 
until 1928 that defini t e proof was fo rthcomin g that its occurrence 
is due to ingestion of certain species of th e composite Oei_r;eria. In 
this year, du 'l'oit (1928) reported t hat vomiting was produced by 
the experimental feeding of infu sions of Ge1:geria passeTin01:des to 
a cow. In addition, experiments canied out at Dontlerbosfontein 
in 1923 'had definitely shmYn that tiheep grazing on Yel cl cleared of 
everything but Oei.!Jert:a passen:noides would contrad the disease. 
A sufficient amount or " concentration " of feec1illg appears to be 
necessary; the imliYidu al susceptibility of anim als also varies between 
wide limits. 

Prior to this successful expe1·iment, numerous negatiYe retlults 
had been obtained by officers of the Research DiYision and by others 
(for details ,; ee Steyn, 1934) . 

V ermeersiekte has been responsible for Yery heaYy losses of 
sheep in certain seasons. Th us in 1930, in a small area of Griqua
laru1 vVest, comprising a bout 20 farms, ewer fifteen thousand sheep 
were lost within three months from Yermeen;iekte (Steyn, lfr34). 
The part~ of the country most a:ffede(1 are the North-\Yestern Cape 
Province, Griqualand \Vest, \Yestern Or·ange Free State ancl certain 
parts of the South-Eastern TransYaal, hut h eavy losses hom Yermeer
siekte are also sustained in South IV est Africa. The plan tts concernecl 
are all species of the Genus Oeiger£a and experiment al work has 
shown that of these, Geigena aspem Harv. is the most poisonous, 
Oeiqer£a passcrin01:des Harv. only alJO ut one-tenth as harmful, whilst 
Oei_qwr·ia Zeyher1: Harv. and Ocigcria pechdea Harv. occupy an inter
mediate position, although as previously mentioned, district and 
season appear to influence fhe toxici ty of the pl ants. It has definitely 
been shown that toxicity is greatest in the pre-flowerin g stage ancl 
is much redueed after he~wy rain h as fallen. Concerning the stability 
of the toxin on storing, some rl oubt still remains. 

Prior to the present work, nothing was known concerning the 
chemical nature of the active prin ciple. 
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The action of the plant appears to Yary somewhat and Steyn 
(1930) has diYidea Yermeersiekte into four d iffereut forms, n :nnely : -

((/) The vomiting form. 
(l1) The form in whieh hm·eu is the lll Ost out standing sympto111. 
·(c) 'l' he stiff form, 
(d) The paralytic form. 

Different species of animalEi are affected ·u snall_y in <lifferent 
wayH, hut an animal m ay exhibit at -the same time one or n:o1·e of 
the above fonns of the <lisease. Th e cause of death may be either--

(a) asp hyxia cau sed by aspiration in to fhe lungs of large 
amounts of Y0111ited ruminal content::; , 

(b) paralysi::; of t he centre of . respiration , 
(r:) exhaustion caused by the i nf·essant vomiting a1ul dianhoe<l , 

or 
(rZ) heart failure. 

\Vith regard to the cause of t he Yootit ing, two possible explana
tions presenf themseh-es, namely that the affect is a central one. 
the toxic substance causing st imulation of the vomiting centre in 
the medulla oblo11g-ata or t hat t h e irritation is local upon the walls 
of the rumen and abomasum, the persistence of the stim ulus 
eventually induciug- voJuitiiJg. The undoubte<l nervous character 
of the stiff an<l paralytic forms of t he <lisease lends su pport to the 
form er h ypothesis rather than to the latter . Post mortem , an acute 
catarrhal g-astero--enteritis is nearly alway;; to he observed. 

Hotational grazing combinetl with eradication of t'he plant i:
t h e only preventive m easure whi ch has so far met with any success. 

In pursuan ce of t he programme of poison-plant research a t 
present being- carried out at this Laboratory, consig nments of 
Gm:_r;er-ia prrssel'iuo£des were obtained in 1932 f rom Boetsap in Griqua
land -west, but proved to be onl ~- slight.l5· toxi<:. Of t.h e <lriecl, 
ground plall t, 4 kilos \Yel'e required to produce symptomR in a sheep. 
Rabbits were fonn<l to he uns~tti sfact.ory as test animals; however, 
by working wit h sheep i t w.as <lf'finitely showu t hat the aetivP 
prinf'iple is not extracted f rom th e plant by eold " ·ater or by con
tinuou s extraction with h ot petroleum. H is, howeYPr, r emoved h~-
96 per eent . alcohol al1ll by exhaustiYe extract ion of t lH• plant \l·ith 
boiling ether. 

In 19:J4, lllnt t>I·i ;ll of Get.l)l:' l'ia ospel'll wa,; obtaine!l hom Yereeni
ging- a nd " ·i t h it th e work perform ed which is reported iu fhe presen t 
paper . Since t he quan ti ty required for a single lethal dose " ·as ven 
considerahlP (in ex<:ess of 4 kilos for a sheep ) the principle wa c; 
adopted of purif~·i n g- t he toxic ether extract in whif'l1 a snbstance was 
prese nt g-iYing- a positiYe reaction " ·ith ,,~agner ' s 1·eag-ent ~md !'on
seqnently con,;iclere!l to be alknloiclal in type. Th i ~ suhstance \Ya ~ 
isolaterl and shmYn to be a bitter principle. 'l'he yirld i:-; very small 
(average about O·OG per cent. on weigh t of <lri e(l plant) anrl 
pharlllacolog-ical t ests have sh own that it is not the substance produc
ing Yerm ee rsiekte al t houg-h it does not seem to be entirely devoid of 
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toxi(' prop er ties . Jo g m . giYen to a 8heep in t hree su r·cessive dose,: 
oYer 2 rla y ~ was ,,·ithout efted bu t i n t est s UJlOl l ea ts i t pro ve tl 
po~itiYe, the a nimaL; Yomi t in g (' Out inu o u.,;]y fm about '.! Lla .1·s, ;1fte1· 
haYing· r eceiYe<l lloses o f I gm . b.,. mo u th . These c•x periJll ents are 
full.'" re po r tetl l a te r i n t·h is p;qw r , a nd 11·o ulrl sPelll to in<li('ate t'b,a t 
t lte s ubstan ce in qu Pshon exPrts lo ;t slig ht degTPP t]H• sa lll l-' p harma co
log ic;tl adiott as does t he Ye nnee r.-;ie kt e-ln·oJu('tll g p rin ciple . [b 
iwlation a rul ('lte nr i('al t'Xa nri tr;d toll <ll'P rPpodPrl in t hP present <·o nl -
111 nu i(' a. tin11. 

Iso L.·\'I'IOX ol' TH " H nT1-: 1: !'Ju x r t:rLE. 

\Ym king upon li1 P h.l'l'() t hes is t ha t the JJwil• ri al g'li"J ll g t hP 
lJusiti n• iorlinP rea cho rt was a ba se , e t hpr· ex tral'i s of tltP plant \\'PlOP 
s it<t ke n re pea tP <ll~· '" it h d ilulP aci d a nd theJ• , aHPr fi l tr at ion <tJHI 
making alkalin e Ly w diulll hy<lro:xirl e, ca rh on: tl e or ammonia , t h e 
aqut·ous solutiou \\'<l ,'i agn itt :; hakPJJ 11·it h e t her in t ill' e:q>t>r·t:ttion o i' 
tran :-deri ng· t hP ha sP t o th is soh ·en t. T he r ecovery, as judge<l b y t h P 
in te n s i t~ · of th P iod inP !Pa ctio n, \Ycl.,; extrem ely ]JOOJ'. T h is s ugg-Psted 
t lutt tht> s ubst:tn <·e \Y a s bhile lo11·nnls ;d knl is. 

lr1 o rd er to e•li 111 in n l" t> th e use of alkali , a.n ether PX\.ra d was t'lle11 
,; lt a ke tt 11·ith d ilutP h n lro(' ltlor ic a <· i<l. \Yhil'lt t ook o ut t be nta tPrial 
fairly readily , awl il~i s :-;olttti on th en ,; ha ke n 11·i t.h dtlorofo rlll . 'l'lH• 
m;ttP r i;tl b e ing ~ough t pas:;e tl a t o nce into t h e c'hlorofonn hut not , 
aR wa s Px peded , :1 ~ a h y d roch lorirl e , s i nee on test ing· I Itt• exira(' I it 
11·a ,; found to h P <·hlorid P h ee . (lt t PYaporat ion of t he ('ltlomfonn , a 
palP ,l" el lo11· oil n• tt tain<-~ tl in ,rltidt large rhom h ir; c ry staL.; grad ually 
a ppP<n ed . 'l' lt t> :i<IIII P t'l'ys ta b 11·e n• <l e pos it<·d togt>t her " ·it lt a li ttle 
oil 1r lt e n an Pilt Pr est rar· t of th e plant 11· a ~ <l ecolor iserl by <:'h a r eoa l 
<Itlll allo\\·Pd to e1·apo r;tip to dr.\' 1\Pss at 1'00111 tPI II Jle ral ur<' . 1\.1· \\·a sh 
ing \\·ith lWll Zt' IIP <llitl i. hPll ]IPhoi PU ill t•ih<·' l' t hP hul k of tlt P oil 
<1 dlw rin g· to t he n .\·:;t;tl s ,,·: t.' l'PtiiOYPd ;tt td 1 ' <-·n~-~ta lli .; a bon l'Onl<l t ltPJt 
he pffeded hy di ssohing· in (' hloroforllt , ;1drling· ;t slig h t Px ce,;s of 
petro lPllllt et hP r <ltHl ,; dti t t .~· t hP d on d1· sol u tion i ll l it e ic E' l''hest for 
l'iOlllP hours . Sn<·lt n ysl: tl ,; lt ;td a h il tt>r t a ::;tP a lld ga1·p a posihn· 
reaction " ·itlt \Y ,tg-Jw r ' ,; rt>ag<-'Jit hut II'E' I'<-' fr<' l' f n> lll lt ihog·Ptl an<l 
,,.Pl'P t he refore not a lk.lloidal i ll c:h;t nu·l f' r. 

'l' hP IIIP i ho rl 11·a ,.; g rn d ua l h i ntpl'OYP<l uiJ t il fi n;tlh the follo11·i ng 
tPI'ltll iqll <' 11·as \\·o rked on t " ·lt i. (' h h as lwPII fo u lld to g iY<> <· o n l'i i. stP llt l~r 
g·ood rt>s tllts . 

}[!-:T1JO!l 0 1-: T S O I. .-1'1' 10:\ . 

'J'!J p <lt· iPd , g round p Lt n t 11·a s ex tracl r• d ll\ l' i'h er i ll <I So.'d tl t> L 
:t pr :trn tu :-; u n t il t hP ,;ol n• ttl ,,-,1 ..., 110 lon g·p t· ('o lmtn·tl. 'l'h<· t>xlr;tl' t " ·;1 s 
t h e 11 <·Oil('Pn t rrtterl unti l it s Yolum e r ep resP ttlt>d <l ho u t· I ,..J.O!I <·. t· . IJPI' 
kilogT.U IIl of plant m ntt> r ia l. 'l' hi s e th er ea l .;ollli io ll 11as s h<tkeJt 
l'PJW<tl ed l.l· in cl lnrg'E' sepa rato r.\· f ut tnel 11·i th ] per r'P id . hy<ho(' h l01ir : 
acid until t h e aq uPou s ph ;tse 11 0 l o 11 g·e1· g a , ·<· a JH!'iltiYe i<nl in(' l'E'<tl'i io ll 
or O ll l~· a Yel',l slig ltt rpa r li on. 'I'lt rough i h P al'i <l sol ut ion, abo u t '_! ·:> 
to :~ l i.tre:-; i tt volmne, a ;;h pam of air ,,·a s 11 0\\' <h<tll' ll 1111 til t he .; 11 1el1 
of e t'h e1· cou ld no l on g-e r b e cli.;h n g ·ui sh r cl . A goo<l <l eco lori sing <'hnr
coa l ( K a blba mn) ;) to 7 gT<lllL'i IJ E'I' litr P of :>oht t ion , \l·.::~ s t h e n a<l rl e <l , 
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t h e mixture sh aken au d fi.lteretl iuto a large separatory funn el. 'fhe 
\later-d ear aq ueon,; plta8e was no 11· s haken \1·ith ,;mall quantit ies of 
e hlorofo nn u ntil thi~ sohent no longer r emoYell material g iYing a 
posi tive iocl iue reaction. 'l'h e pale yellow chloroform extraet was 
allowerl to e1·a.porate, either spoutaneou~ly Ol' b;y hlo\l'ing OYer i t a 
stream of a ir U11til all the solvent \YHs removed. There r ema inell : 1 

pale, :>tnn>"-colourecl, viscou s oil 11·ith a pleasantly aromatic s mell. 
On standing, t his generally cn ·stallised , but a 111ore eonveni Pnt pro
eedure was to boil u p th e oily r esi1lne wi th successive llmmti ties of 
water, (l ec.a11 t t hese allll boil agai n with a pinch of (;han:oal aucl filter 
whilst bot into centri f uge t ube;;. 1~pou cooling, t h e liqnid rlepositetl 
a volu n1i1Jou;-; l5 t'op of beautifull y formed la l'ge rhombic crystab . 
Crystal li::;ation wa ,; complet e(] in t h e ice-che:;t and the mother liquor :; 
centr ifuged off. T hey eontaiuecl a small qu anti ty of 11 011-crystal 
lisable aei d i1: oily m ateria l '"hil'11 was r emoved by cblOl'oform extrac
tion a nd r e;,;t'rvecl for fu rth er inYestigat iou. In a ll, about 1!)0 to 200 
e.c. of \Yater 11·as r t>quirecl to clis:;olve t'he chloroform resid ne f rom an 
orig inal kilogram of }Jlani. mn lerial. "\ s 111 all q11:mtity of tarry 
imrnui ty insolu hle i n w:d f) l' was discanlecl. 

T he crystal, 11·ere \r a~h ell on th e ('ertifuge hy il5e-<:old \Va tt'r an(l 
<h iell i n va('n O over sulphur i(; acid . 'l'he y iel<l average1l 0·06 gm. per 
100 gws. of dr ied Gei!)PI'ia a szJern m aterial , b ut was found to Yar y 
somewh at. iu <liffenmt batehes. Thus, in one exceptional instance a 
yield of 0-248 per cent. was J·ecorclec1, h o\\·ever , the figure wa~ 
generally fou nd to be het"·een 0 · 05 an <1 0 -10 per cent. '!'her !:' was 
some in<1ieahon th at t h e more toxi c hatches rontaine<l the brg-t'r 
proportion of t his constituent. 

PROPER'J'TES OJ:' TilE :-)'GJ!STAKCJ:: . 

T h e material , <I S isola t ed , crystallised iu large I:homhs, often 
g-roupeil together (st'e Fig-. 1) . It was colourless an(l otlnurlt'sc; a wl 
exh ih itA cl a clouble m elting point. At 78° partial li quefa ehou 
occunecl hu t the material rapi<1l~r 1·e~ol i tlifi etl and " ·hen th e tempern-
1urf' \Yns raist'(L lllt'ltecl sh arpl~- at 189°. All m elting poi nls "·e1·e 
ohseJTed ou a Kofler Pledrit·a ll y-h t'nLt>cl mino,;eope stage. Thett' 
nppenrecl to be loss of subsinn et> at t h e lowt'r te mperature a 111l t hi s 
\Ya :-; confirlll eil b~· Wt'ig-hing· and t'l t> mentary nnnl_,·sis . A pp:nE'ntly 
1 n:ol E>rule of \n lier is lost at 78° l111 t rt'g-nint'tl upon recrysta lli.-;nhon 
fl·o n1 nq neou:; or moisi sol n-'n is . 

'l'b e s nh siunee was readih soh1hle in ehlorofonu mul "·nn11 
absolute alt-ohol , sparing] ~· ~olnhlt' in eth er an<l in,.;olnble i.11 
pet.rolP11 m E>ihPr. I n hem1e 11 !:' nn <l \rarm dln·l act'iaie it 1nts slig-ltt]_,. 
solnhlt'. · 

Recn stallisation is most eas ilv e:ffeeted from waier b u t wa ,-; 
R n cee:;sfuil~- aceomplishetl from otb"er sohents as descr ibed belmY. 
From 1leterminn tions it appe.arefl that t h e di ffere u('e in sol n bility i 11 
watPr heh,·een 100° a111l 0° is l-14 gms. per lOO c.c . an(l tll t' onl er 
of ,.;olubilit,~- at room lempera t urfl i s 0 -3 g-ms. pPr JOO e.r. water. 
Solut ion s of the substan ce have an inten selY hitter taste which is 
very p er sistant; its ilust irri tates th <cJ eyes :~ 11 cl na sal mu eous mem
bran es . 
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H,et.;rydall itmtion from chloroform 11·as accomplished by dis
sohing th e material in a small quantity of t hi s solvent, adding 
petroleum et'her until a sl ight tmbidity persisted and setti ng the 
mi:xtnrP aside in t he ice c hest. I t som etimes happen ed t h at er ystals 
formed haYing the m elti11 g point~ Go-70° <UHl 1G!J 0 ((3 fo rm) togethe1· 
with th e typical form m elting at 7S0 and 189° (<' form ) . \\' h en 
1·ec r.1·~talli sation ''as eH'ectecl hom hot eth y l <ICetate the f3 form pre
tlominated or ap1wared exclusiYel~· . Upon rectystalli satiou from 
water, it revert-eel in to t he ,, form m e ltin g at IR9° 'l'hat this 
cliffe1·ence \\·as not clu e t o h.nln1tion in tlw <)(!UPOllS solvent allll 
sep<lration of anhvdrou~ s11hstau ce from i he eLhYlacetal e was clearlv 
]JrOYPc.l since, . . . 

(1) the eleJJJ en tary an aly~e;; of t he h1·o produeis were iden Lieal , 
(2) t he f3 form sufferecli h e sam e loss of we ight , (G ·4 per cent. ) 

a s d id t he" fonn 011 lwating ;d So-90° . I t seem s, ntl he r, 
to be a t.;ase of iso n1 eri csm. The following investiga tion ~ 
f ully substanti ate thic; Yiew. 

Fig . ·1. Gl· igCJ"i n cr y s t al lisecl from watC' r. X G3. 

T so~mJu s~r oF THE Sc11s·n.:-;c1·:. 

Upon he<lling ~O lll t· of the" fon11 at 100° aJid takiu g· samples <lt 
inten·als for meltin g point deh··rm i 11a l ion, it was fountl t hat after t'he 
prelimin ary l oss of a11 proxim~1 tely 6 per cent. of substance a L 78° 
the resi(lue m eltecl ~harply a t 189° One hour later, \Yit hout further 
loss of v>eight, the m elting poi u t lwd alter e(], som e crystals melting 
at 1G6° a ncl som e a t 189° . Four hours later the weig ht was still 
con~lant bu t t he m eltiug p oi nt b y lJeh,·een 16,)0 aucl 170° . In <l 
similar manner the h eatiDg of illP f3 Jor111 for per iods of time extend 
i ng from ~ t·o 2 h ours .'·ielrl ecl mi.'dures of this a nd th e "form . Th e 
( L fo rm seems to h e t hat m ore easil:v asstun ed. 
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A thffe rence in the optical rota tory po"·er in ,1ifferent solvents, 
as recon l efl helo" ·, offer s further eYi rlent:e in favour of the hypothesis 
o f isom erisn1. B eforP p <ls:>ing on to these figures, a sum111 ar y 1s 
pn~sente ,l , in th e chart ahoYe, of a dditional exper iments caniefl out 
x1·hilst inYestigating- t his isomeri sm. Th e organie sohents use ,l were 
no l; S}H' c-iall)· <lehydrate<l HJHl then~ a re suggestions that the very 
g-reat uffini t ,. of the substance £01' the one molecule of "·ater with 
whi ch i t n~·stullises enuhles it t o assun te this hvdrated state even 
"hen n ysta"!LisPfl , for P:\nmple, h om moi st ethyl n'cetate. 

,\ tendency is uot i t:euhle for the (J form to separate from the 
urgauic soh ents (this form also sh ow~ the double m elting point, 
68° a ud Hi9°, 11·a ter being lost a t the former temperature) aHhoug-h 
even hom e hloroform-petroleum ether , mix tures of o. and f:J forms 
h ave been ob tai ned an tl hom nlcohols of various strengths this is 
usuall~· the case . 

OPTICAL R o TATotu .PowER. 

'fhis wa;; deter m m erl in different solvents, uswg either o. or fJ 
forms, in a Zeiss t riple-fielrl instrument with 2 elm . tube. 'l'he 
1·esults may he snmmarised as follows: -

l. a form front water : solvent absolute alcohol. 

W = 0 ·1010 gm. 
v = 15 c.c. 
0 = - O· f\2°. 

- 0·82 X 100 X 15 

2 X 10·1 

2. a form from water : solvent 5 per cent. alcohol. 

W = 0·0508 gm. 
v = 16 c.c. 
0 = - 0 · 38°. 

• ) . f3 form from ethyl 

W = 0 ·0523 gm. 
v = 15 c.c. 
e = - 0 ·4.2°. 

[ 
a J 19 = - 0 · 38 

- D 2 
- 59·85° . 

X 100 X 16 

X 5 · 08 

acetate : solvent absolute alcohol. 

[a J :0 = -0·4: : :~~3 X 15 

- 60 · 23°. 
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4. a form from water : ·solvent chloroform. 

W = 0·0502 gm. 
v = 15 c.c. 
e = - .o · 285 o . 

- 0·285 X 100 X 15 

2 X 5 ·02 

-42·58°. 

5. (3 form from ethyl acetate : solvent ethyl acetate. 
W = 0·0508 gm. 
v = 15 c.c. 
0 = - 0·29°. 

[ a J ~0 = - 0 · 2: : ~ ~~8 X 15 

= -42·83°. 

It is clear from the above that no matter whether the starting 
material is the a or f3 form of the substance, it exhibits the same 
optical rotatory activity in the same solvent. 'l'wo constan ts were 
observed, for absolute or dilute alcohol , i n t he mean - 60 · :12° and 
for chloroform or ethyl acetate in the mean - 42 · 71° . 

It i s possible that this duali ty is related to the two isomeric 
configurations t'he substances may assume anrl may be an expression 
of keto-enol tautomerism (see discussion later) . A similar irregu
larity of m elting point was observed in the case of carolic acid 
(M.P . 112° and 132°) by Clutterbu ek, Raistrick and Heuter (1935). 

ELEMENTARY ANALYSIS AND MoLE C ULAR CoMPOSITION . 

Numerous analyses were performed upon specimens belonging 
to the a or f3 forms with consequently differing melting points but 
no difference whatever was observed in r:omposition. All materials 
were nitrogen-free . 

MICROANALYSIS.* 

Material. 

a form crystallised from water, M.P. 78° and 189° . ... . 
a form crystallised from water, M.P. 78° and 189° .... . 
f3 form crystallised from ethy.i acetate, M.P . f.8° and 169° 
a form heated ! ~· hours then crystallised from ethyl acetate, 

M.P . 65° and 169° ........ . . . .. . . . .... . . .. . . . . . . 
a form heated I t ho•1rs t hen crystallised from water, then 

recrystallisecl from chloroform : petroleum ether, 
M.P. 65° and 168° 00 00 00 00 00 00 00 . .. .. .. .... .. .. . 

C15H 220 5 requires .......................... . 
Residue after heating t o constant weight at 100° ..... . 

C15H 200 4 requires . . . ....... .. ........... ... . 
Loss of weight . .. . ... .. . 6 ·4 per cent. 
H 2 0 on C15H 220 5 requires 6 ·38 per cent. 

c. 

64 ·02 
63 99 
64 ·28 

64 ·00 

64·08 
63· 84 
68 ·21 
68 · 19 

H. I M.W. 

8 ·08 308 
7 A7 298 
7·84 

7·82 

7 ·90 
7 ·80 282 
7·89 
7·61 

* AJI microanalyses by Dr. Backeberg, Universit y of the Witwa t ersr a nd, 
to whom '"e wish to express our thanks. 
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\Ya tt>r vapour evoh ed on heatirw was i llentified lrY its adiou 111 

re;d or iu g t h e blne eolour to anhy dro~t s eopper sul ph a t"t·. The mole
n tlnr fo r mula of t he snb,;! ance is t her efo re C",H ""O" H 2 0 . Tests 
cani eJ ou t for m et ho:xyl CH_/) grOUlJS and <li oxy -lll ethyl ene 

0 
CH2 < groups proYed n egatiYe . 'rhe snbslaneP was toun cl to g ive 

0 
Ge r ta in col ou r r e.aetions; t'he:se a n<l other propPdiPs are li ~ t e<1 bel ow. 
S iuce n eith er br om ine water nor brominP in ehlo rofon ll \1' <1" decolor
isell n or perlll angamtte r e<l ueell in t h e eo l<1, the suhstall!·e ,,·ould 
appear t o he fully saturated , t h at is to say no ethyl eni c- l in kages 
C = C nre presen t. It gaY<' no !'Olonr IYith tehnn ih ottH' thnn t·. 

Colour 'I'P8/s and other R eal'/ions. 

\\" agn0r 's iodine reagl?'nt . .. . . .. . . . .. .. . 

Acid potassium iodide . .... . .. . . . . . . . . 
Phosphotungst ic acid . .. . . . . . . ... ... . . 
P~c ~d . . .. .. .. .. . .. . . . . . .. . . . . . . . 
Sulphu ric a-c id , co ncentrated . ... . ..... . 
:'iul phuric acid . 50 pr r cen t . by Yolume 

flnlphuric acid added to a solu t ion of tlw 
"" bstancc iu acetic anhy dr ide (Lit:lwr 
nutnn-Storch ) 

Nitric acid . .. . . . .. .. . . . ...... . . . . . .. . 
H ydrochloric a(·id .. . .. . . . . . .. .. . . . . . . 

Diazobenzcnesu I phonic acid . .. . .. .. . .. . 
l?crric chloride . .. . . . ... . . . .. .. . . .. .. . 
Bromine in chloroform ... .. .. . . . . . . .. . 
Potassium perma ngana t e . . . .. .. . .. . . . . 
Molisch test ... . .... . . . .... . , .. . .... . . 
Fchlings solution .. ... . .. . . . .. . . ... . . . 

Schiff 's reagen t .. . . . .. . . ... . .. . ..... . . 
Ammoniaca l sih·cr n it rate (T o llcns) . .. . 

.-\ n,orphous p recipitate. 

r-<il. 
\\'b ite a morphous p recip itatP. 
Y Pllo w a morphous p recipita t e. 
i\i l. 
Ccri~P <·olourab on : sarn(· a h~orpt ion :-:pec.:t rum 

as in hy droeh lor ic acid. 
rnten sc trnn~itory c·ritn!-'.011 eolott l'. 

C\il. 
Brigh t rcddish -maun • <·o lo urat ion ap pt'a ring. 

slo 11·ly a t room t em per11 t nre, rapidly on 
wa rm ing . T his colour· t.hough faint, is very 
dHcmctrristic. T hf' solu t ion <·xhibit s t h ree 
absorption bands 11·i th cent res at 543, 506, 
and 466 (sf'e l<'i!,[. 1 ) and has a faint greenish 
ft u or('SC'l~n (·C' . 

?\il. 
.\Til. 
N o cle<..:olorisat ion . 
~o decolorisation in the told. 
i\'cgM.ivt•. 
SJj~ht rrduction on pro!on.ued Uoili ntr ; m ot e 

ma rl<ecl when mate ria l fi rst boi led wi th 
dilnt<' hyd rochloric af' id and then test ed (sec 
la ter in t <• xt ). 

C\ il. 
X o red uctiun. 

Fig . '2. Action of H Cl upon Geig e r in. Absor ptio n sp ect r u m ol' <: herry · red 
solu t ion. Bands at 543; 506 ; 466 m,"· 
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P RESENCE OF A LACTONE GROVPIKG . 

Although the substance is practically iusol u ble in cold ''".a ter, 
it dissolves very slowly in boili ng dilute alkali. 'l'he action of 
a lcoholic alkali is more mpid and was used to demonstrate th e 
presen ce of one lactone grouping in the molecule . Comparative 
resistance of a lactone to aqneous alkali but r eady hydrolysis by 
alcoholic alka li is r ecorded by Hansen (1931) in the case of 
dihyclroiso-alan toladone. 28 · 2 mguJ. of material was dissolved in 
5 c .c. of aleo'lwlic potass i nm hydroxide (0 · 0804 N), a rlrop of phenol 
ph thalein was .arl<l ed anfl the mixture immediately back titrat ed hy 
deciuormal hydrochloric aciu. Alkali neutralised amounted to 
0·20 c.c . There is t hus no free earboxyl group presen t in the 
substa nce . A further 6 c.c. of alcoholic potash was added an<l the 
mixture hack ti t r ate cl after stan<li ng overnight at 37°. 

5 c.c. ale. KOH is equivalent to 3· 65 c.c. of 0 · 1086 N hydro
chloric acid . 

back titr ation rec1uired 3·0 c.c. 
flifference 0 · 65 c.c. 

difference in preliminary t ih ation 0 · 25 c.c. 
: . Amount of alkali n eutralised by substance 

'l''heory for 1 lactone group 

0·90 x 1·086 c.c. of ~ / 10 . 

0·98 c.c. 
1 · 00 e. c . 

I n a second experiment, 28·2 mgm . of mater ial rlissolved in 
5 c.c . of alcoholic potash was left for 1 hour at ~no and then back 
t itrated . 1 ·08 e .c. n / 10 was neutralised asagainst the theoretical 
value of 1· 00 c.c. 

A definite excess of aci d \\·a,; then added and after h alf an hour 
t he mixture again titrated . No change was observed, indicating that 
no spontaneous reformation o£ the lactone ring takes place when the 
free acid is l eft in solu tion for t h is length of tim e. 

OrTICAL RoTATORY PowEit OF THE FnEE Acm. 

l n preliminary experiments, the rotation was determined of 
th e reaction mixture of th e mater ial .and alcoholic potassium 
hydroxide before and after acidifieation. The same value was 
obtained in each case, thus:-

47 · 17 mgm. in 5 c.c . ale. potash for 3 hours at 37°. 

Volume maile up to 22 c .c. Rotation observed + 0·48°. 

[a] 21 = + 0·48 X 100 X 22 

D 2 X 4·717 

+ 111· 9°. 
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In a nother ca ~e, 50 mgm . was left in 5 c.c. ale. potash OYernight 
a t ;:no. 'l'he solution was diluted to 15 c.e . Rotation observed 
+ 0·70° . A drop of concent ratell acid was now added to brin g to 
a cid reac tion hut th e rotation 1em ained unchangeLi . 

[ J 
20 + 0 ·70 X 100 X 15 

a = ----------

D 2 X 5 ·0 

= + 105° 

T'h e free ar:irl anll its salt s .are t herefore strongly dextrm otatory (see 
preparat ion of Geigeric acid , later). 

Considering t he aboYemen tionerl proJJerties of ,t he substauce 
i.,wlatecl front Oeig f' na ospera, i t i s considered tha t it belongs to th e 
dass of hitter princi_ples. Ko substam:e with iden tical proper ties 
ha s been de:-;nibecl in th e li te rature aml fo r this reastJn it is pr oposed 
to assign to i t the nam e G eiger-in . 

There is, however , a r ecord of the isolation of a erystall iue 
substan ce hom Chrysanthem.v m c-inera ri11 e/olium by T homs in 1891 
(see KlPin , 19:33) and from th e tla la available it appe.are1l to show 
cer tain poin ts of simi larity " ·it'h Ueigerin . 'rlms the lllel! iug IJOint 
is recon ler1 as 188-189° and the formula giYell as C3 4 H .,,0, 0 , although 
with som e reserve. Moreoyer t he solubili t ies appear to be very similar 
to those of Geigerin .anrl this substanee, which 'l'honu; rle::;ignaterl 
" P yrethrosin " , also gaYe a rerltlish-violet colouration on war m ing 
with hydroehlori c acid. 

U nfortunately, a ttempts to ob tain t he journal in whie'h T homs' 
paper appeared " ·er e unsuecessfu l both in Sou th Africa and by 
purehase from Europe and it would not have been possible to extend 
the eomparison of t he bYo substances any further h a d i t not been for 
i he kindness P rofessor Th. Sabalitschka, of th e Pharwakologi,;ehe" 
Iustitut, Berlin, who ver;;· kindly m ade a r~opy of 'l'h oms' artid e 
(B erichte d. Deutsch . l'harw azeu t. Ues. 1 , 241, 1891) which he se11 t 
to one of us (C.R. ) . l wis h to exp ress my sincere t hanks to Professor 
Sabalitschka . 

Thoms iloes not r ecor!l t he optical .aetiYi tv of h iR ,;nbstauce 
P yrethrosin , nor \\'as a molec ular weight rleterm;uati on carried out . 
From the general description , h o" ·eyer , the colour reaction with 
hy drochlori e aei cl and th e pr oduction of a su bstan ee reducing 
F ehling's solution " ·hen t h e mater ial is boiled \\· ith dilute ~u·id , a 
substance which Thoms proves is uot a .;ugar, t here r emai ns li ttle 
rloubt th at " P yr eth rosin " anrl " Ge igeri11 " ar e i dentical. The 
t rue molecular formul a ic; c l5 n 22o t. not c3,HIIOIO· Thoms' 1':-;•re
throsin may not h ave b ee n q ui te pure. H e usecl on l~· org·anic solvents 
for cryst allisatioll and it is difficult under t h ese eonditions to 
elinJi!l :J le traees of sticky or tarr:v m aterials . The occmTeiJ ce of oue 
anrl the sam e bitter principle in Ch1·ysanthemmn cinemriaefo livm 
and G ei,qeria a s]Jenz is of great inter est . Thoms made no phan na
cologieal t est upon his matel'ia l ot h er t h a n to sh ow th at it was r1eYoi c1 
of insecticidal · propert ies . Both plants belong to th f' famil:v 
Compositae and it would be of interest to examine South African 
Gei gen :11 species for t h e JWf'se nce of t he insectici dal pyret'hrin oils. 
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)u~SEKCE o .F I-lYmWXYL G1wurs -· OH FHO.H THE GmGELUK 

){OLECL"LE. 

In order to e,;tablish i.he presen ce or absence of hydroxyl group,; 
iu Geigerin , attempt.; \Yer e made to acetylate the substance, as 
follom;;, but without su<;cess . ln ea(;h case the material was recovered 
un changed . 

(i) 50 mgm. substance ''"as dissolved in 2 c .c . of chloroform , 
0 · 2 c .c. of acetic anhydride added and the mixture left 
oYernight. Petroleu~ ether was then added, causing 
the separation of a crystalline material in small stellate 
clusters of prisms. These proved to be unchanged 
Ueigerin " ·ith M.P. 73° an<l 167-9°. 

(ii) :30 mgm. substance was Jissolvecl in 1 c .c. of pyriuine, 
0·15 c .e. of acetic anhydride added and t he mixture 

· re_ft for several days. On adding petroleum ether, 
unchanged Geigerin crystallised out, U.P. 76° and 
168-9°. 

(iii ) 50 mgm. of substance in 2 c.c. chloroform plus 0· 5 e .(;. 
acetic anhy dride wa;; refluxed for 8 hours . On ad<lition 
of petroleum ether to the slightly yellow solution, 
unchanged Geigerin crystallised out, both a and (3 forms 
being present. :YI.P .'s . 74° anu 166° also 77° and 
187-8°. 

Boiling with aceti (; anhy<lride and sodium acetate 
led to com plete destru ction and tar formation . 

Since cer tain substances ma.v contain hydroxyl 
groups whi ch are difficultly acetylated but react 
smoothly with phenylisocyanate to form phenylure
thanes, a n experiment was conducted as follows. 

(iv) 50 mgm. of substa nce were dissolved in 2 c .c . of c'hloro
form , 0 · 75 c.c . of phenylisocyanate added and the 
mixture set aside for several rlavs . Some squarish 
crystals appeared but t hese provei to be <liphenylurea 
with M.P . 258°. 'ro t he mother liquor, petroleum 
ether was added and the crystals whic'h separated 
remoYed; t h ey proved to be unchanged Geig-erin M.P. 
78° and 168° also some 187° (a form) . 

It may be concluded , therefore, that h ydroxyl groups are absent 
from Geigerin. 

DF~tOKSTllAT I Os o.F TUB P m·:SEKCE OF OJ\ 1·: KEToJ\JC > CO GHocr. 

'l'o 30 mgm . of snb~tance cl issoh erl in l ii r.r. of hot \Y ater was 
:Hl<l e<l 0 c.e. of hydrochloric :teid a1Hl then 1·5 C.(;. of hot Brarly' s 
reagent- a. solut ion of 0· 5 gm. of 2:4 dinitrophenylhych azi ne in 
:lQ c.e . of normal h ydroch loric acirl. The colour deepene<l and almost 
at once the Jll'ecipitation in micro<:r:vstallin e form commencPCl of a 
deeJJ orange-red substance. T'his was sepa ra tecl hY (;en tr i hwin o· 

wa i'h e<l with 2 normal h yclrochloric aci<l anrl then ·w ith ''"ate; a;d 
finally recrysta ll ised from h ot GO per cent. alcohol. H ;;epnratecl in 
roseitPs of red plates M.P . 250-~u. 
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Microanalysi s. 

Found . .. .. . .. . . 
C21H 24N 40 7 require . . . . . .. . 

C. 
56·58 
56·72 

H. 
5 ·70 
5 ·45 

N. 

12·80 
12 ·61 

A.l3S ENCE OF AN IsoPROPYL S mE CHAl N . 

In order to test for th e presence of an isopropyl side-cha in, a 
group occur r ing in sever al t erpenes and bitter principles, 0 ·10 gm . 
Geigerin , dissolved in a little glacial acet ic acid, 'vas placed in a 
micro-kj eldahl distillation apparatus and a current of steam passed 
throug h whilst an ox idation mix ture of chromi c acid in g-lacia l 
acetic acid was added slowly during t he course of 2 hours . 

T'he distillat e was neutralised and again dis tilled, the first 
20 c.c. being tested for acetone. Brady ' s reagen t gave no t urbidity 
and all colour tests were negat ive . 'rhe r esi rlua l oxidation mixture 
wa s p laced in the ice-ch est when large colourless rhombic crystals 
(60 mgm.) separated. 'rhese were recrystallised from water and 
sh own to be u nchanged Geigerin . M .P. 78° and 168-9° . 

[a J ~1 = - 0 ·4: : :~~3 x 16 

- 63 ·63°. 

Alcoholic KOH nent r alised by 15 c.c. of this solution dunng 
12 hours at 37° = 1·7Gc.c.Nf 10 . 

Theory requir es 1 · 67 c.c. 

'l'he lactone grouping was therefore sti ll in tact and m every 
respect t he subst a nce proved to be id ent ical with Geiger in . o other 
pr oduct could be isolated from the reaction mixture . 

Geigerin , th erefore , cont.:'1ins no isopropyl sid e ch ai n and th e 
whole molecule would appear to be fairly stable towards oxidising 
agents. 

ZINc D u sT DISTILL ATION. 

In preliminary experim ents, Geigerin was distillerl with zinc 
dust in a glass tube h ea ted to about 400° anrl in presen ce of a curren t 
of h y rlrogen . T he reaction products wer e dark , pleasant -smelling 
oils, dissolving in eth er " ·it h a blni sh fluorescence . F ractionation 
from a bsolute alcohol was attemvted bu t insufficien t m aterial was 
obtained i n a pu re state for analysis . 

It appeared tha t these oils contained hy dro-aromatic hydro
ca rbons. rrhey gave an intense reel colour \\"ith vanilin-hydrochlorie 
acid . A di stillation \Yas t herefore carried out at a higher tempera
t ure, 700° , and t he hydrogen stream stoppecl after all ai r 'ha d been 
displaced from the appar atus. Th er e r esulted a \Yhi te crystalline 
distillate mixed with a l ittle yellow oil. Th e crystals were easily 
drainecl an d proved to he n aphth alen e. They suhlimeo easi ly, h a d 
M .P. 79°, y ielded a picr ate cryst allising in needles " ·i th ~LP . 150° 
a nd possessed th e ch aracteristic smell of naph th alene. 
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A potash ±n ~io.ll IYas earrietl ou t in a ni ckel crue ible a t 280°-~100° 
for :{ 'lwu rs using 1 g m. o± Geig e ri n a u<l 15 gn1. of }JOtn ;;~nun 
hy drox ide. 'l' he m elt wa s almost completely soluble iu ,,·ater. It 
was a<"i<lifietl and stea m-tli::;t illed , y iel<ling- an a cicl <li stillate possess
in g- a rancid . buty ri c-li ke smell. Th e so11ium salt prepa r ecl b y 
ne u t ra l isation p roved to be gelatinous whilst th e acid itself <"OUl!l 
not lt P obtainPtl i11 the solicl slate; the mat er ial \Yas th erefore GOJt
vPr ted in ( o t lte insolu hle , a morphou s sih-er salt for analysi s 
Yi el1l: :~:) mg-m. 

F oun1l ... . .... . .. . 

J fi r'l'ounalysis . 

C. 
:)2 -64 

H. 
4·60 

A!.! . 
51· ;JO 

Th P;;e fig ur es agTee most nearly " ·ith c . Ho0 2Ag. Capronic aci<l , 
C.,l-!, 20 2 , possesses an amorp'hous sih-er sa l t hut a copper salt IYb ieh 
t 'l'ysta lli ~e~ i n a !:lta ra d.er istif' manner . The ac:i1l ob tained tron1 
G e igf'r in <l i <l not y iel<l thef:le r rystab. 

F rom th e non-volatile fradioll , oth er r a.n Gid-smelli ng oily a cid s 
\Yer e obtained lHi t in no ca se conlcl anv individual be iden t ified with 
certa in ty , henr·p t he experiments were .rli scontinuecl. The absen ce of 
a.n y ea sil:1· n~rsht lli ~e<l ;;ol i <1 aei d was uote\\·orth y a nrl sin ce m a ny of 
t h e m ateria l,; i;;olated ga 1·e a Gherry-1·erl colour r eadion ,.,-j t h va nilin
lty dro!·hlor ie acirl , s imilar to t hat ohtai ned wttlt !lw naphth eniG a l'irl s . 
t he su:-;pi cion wa s eng erHl er f'd th at the prorlucts m ig·ht belong to tlw 
poly mPt h y l en e ser ies . 

Urtly in one i nst a nce wa s a " ·ell-crystallised sorlium salt obtained 
a n1l th is a r11l t h e corTespo rHling fl ilver salt ou ana lysi ~ appea.r erl t o 
indil'ute a parent rlihas ic acid with the formula C,H,"0 8 • \Vhat 
st ruct ur e such a n a.eid 111igh t 'have it i s impossible to h azzan l , bu t 
sin c·e th e analy tica l fig11res-ag-reed fairly ,.,-ell aurl th ese experin1ents 
arp onl~· of a pr elimi nary nature tlw 1lata " ·ill b e r ef'ord ed. 

Sodium salt. Found . ... .. . . . 
C7H 1 0 Na2 requires . .. . 
Silver salt. Ag. found. 

C'. 
30 ·85 
31 . 3,1 

H . 
4·02 
3·73 

48 ·62 
49·29 

Xu. 
17·10 
17 ·16 

'l'he free aci d of which Geig-erin i ,; t h e lactone was prepared b y 
<lissolving 0 ·5 gm. Geig-erin in 25 c .c . of approxim ately 0 ·1 normal 
a lcoh olic pota ssium h :vrlro:xirl e an d after 24 hours at 37° acidifying 
the solution with th e r eqni si te quantity of h y drochlori!' ac id . U pon 
s'ha king with eth er , after rlilut ion. th e free a cid paf:lse ll over into 
th e ether ph ase which was wash erl and evaporaterl to dryn ess , the 
r esidue being cry sta lli sed fr om hot p etroleum ether in which it was 
sparing-b · sol11ble. T h e acid ,;ppa rated in beautiful , elong ated flat 

498 



C . li i .\ IL'\c:TO:\ .\:\JJ c:. C. S . !WETS. 

pb tes ( ~Pe Fig-. :1) ancl hacl _\ I. l >. :!01- :!0 J t \\ a~ ouh mocl eraleh 
so lublt> in c·hloro fo rm, more ~o l ubl P in absolu te alr·ohol. ~~· h i ch soh ·e,;t 
wa s usPd for t:he determinat ion of optic-al rotalory lJOWPr . ~~0 mgnt. 
~uh" hutc·p in FJ c-.c-. absolu t e alc·ohollw cii·otation + 0 ·42°. 

.If u ·ru-11 naly s is . 

l•'onnd ...... . . . . .. .. . . ... . 

O· t\-2 X 15 X 100 

2 X :J 

C'. 
(j ;.J . 79 
(j;3 . ~-1 

I[ 

7 . \l:2 
7 ·1"0 

Jt is proposed to ciPs ig-nale thi s substa ll l'f' ' · Ueige rie a c id ' ' 

,_ 

TnF AcT 1 oN o 1:' H Y tJ tWCi t L o tu c Ac II J CPO:\ Ch:u : t-:H J :-.- . 
T hc·' colour rnad io n g-iYPll by <:re ig-P rin ,,·jth h ydrof'hloric ae itl 

has ; \lr~·ad\· hf'Pll ntPnt·ionPd. 'l'h Pr t' df'\'P iops in th f' c·old , mo re 
tP:trlily on 11·annin g , a fai n t dH' t'l'~· -re cl c-olour ,,·!J ich is stahl f' for" 
l'O ns idt>rahle periorl h ut Yery g-racht :-~ 11 .' · :t H~nm e~ a brO\I·npr t int . 
Solutions of h~· clrochlorie ac·icl more c·onc ·pntTated than 10 pPr c·P nt. 
hv 1n·ight yield t'h e c·olour rt>acli ly h ut " ·ir,h \\·ea ke r so lutions onl~· :1 

n wy faint pink ish-ma llYe c-olom· is gradu;tll.\· form eel . C' h lorofor 111 
cloes not ex tr act t his c·olour , hu t it i ~ di ~ch ar~recl :1 t· onc- P h ,· cl ilu t·ion 
with \Y ater ;tnd l'ltlorofonn is t hen capalJlP of e.:drad ing- t.ll tf' han g-Pd 
GPig·p ri n f mm th e solution. S int ila rh ·. if a concen t ra ted solution 
of G e ig·erin iH :ltl per l'en t. hycl n)('hlor :r· a(' icl be dilut-Pcl l argely <l tt•l 
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placed in th e ice chest, cr ystals of unch anged Geigeriu slowly 
seJmrate, but· Geigerin is so m uch more easily soluLle in <.li l u te h y dro
c'hloric acid than in \Yater that t he y ield is far from qu antitatiYe. 

rrhe ch erry -red w lution in 20 per cent . h y drochlor ic acid exhiLits 
a well-marked ab::;orption spectrum, th e centres of t h e ban1ls be in g 
at 543; 506 and 4GG n w respectively, t h e relative in t ensities b ei ng 
in 1lesceuding oroer 54:! ; 4fiG; oOG (see Fig . 2) . It is noteworthy 
that Verrneeri c acid, the active principle of the Vermeerbos, to he 
described in t h e second paper of tbis ser ies , giYes the colour 1·eactio n 
>er y vividly, t he positions of i. he bands being almost i dentical in t he 
twP cases, althoug-h t h e colour tint Yari es sonle11·h aL 

Prolonged acti.on o f h yd rochl.uric acid m ulo ub tedly ca us1"s some 
alteration in the s tr uct ure of Geigerin. Th e foll o11· in g· experiment 
was t.he refon• UJ.rri ell ou t in an att empt to 1li seover t h e n atu n~ of t his 
change . 

0·1 gm . of Geige1·in 1vas r efiu:s:ed for 1 hour w ith f> c .c. of 
20 11er cent. h ydrochlor ic aei1l , t'he b ro11·n solu t ion 11·h ich possessed 
a pleasan t a rom a t ic SJII ell was diluted , n eu t r a li sed with so1li um 
hy <.lrox irle and co ncen tra ted by !l islillatiou; the Jistillate gave no 
precipitate 11·ith Bracl}'s re;lgen l. T he main solution was shal\!·m 
with ether which extracted only a ver y small qu an t ity of resinou s 
ma teria l. It was then aciclifiecl and again ext ractecl ll' ith ei h er 
which r emove r] a vale yellow aci!lic oil. A s all a ttem p ts to imh1ce 
cr ystallisa tiou faile!l , t'hi s m a terial was ester ified ll'i th !liazon1ethan e 
and t h e m ethyl ester crysta llised from hot petroleu m ether in ".h i !'h 
i t was sparing ly soluble . It wa s obtained in ag-greg-ates of Yery 
b en utiful colourless, fla ttened prisms h avin g l 'oin te1l ends. 'l' be 
}{I.P. m1s 98 ·5°. 

'LlJ icro-analys~s. 

Hound. 
C15H 210 4 (CH ,10) rcquirrs . 

C. 

64·96 
64 ·82 

H. 
8 ·11 
8 ·17 

CH 30. 

10 ·32 
10·47 

ThP parent acid ther efor e posse::; ::;e,; tlJe sam e formula c,.)r220, as 
Ge igeric aci1l , showing t hat t he lactone ring must h aYe bee n Olle ned 
during the r eact ion. \ Vh et'ber t h is .aeicl and Geig n ic a1· icl a re 
iden tica l or isome ri c, as is thoug ht to lw more proha hle, lJ<1 s n ot as 
ye t bee n determ in er]. 

The re i::; som e e,;i den ce wh irh sugg-ests that th e .keton1c grou p 
yielr1ing- t h e 2 :4 rlini tr OIJlleny lli ,llh a:wne of Geiger·i n, clescribecl 
earlier , m ay form a part of SO llie ta utomer ic gronpi ng- in ihe molerule, 
since t h e presence of h.nlroe hlori1: aci1l ap pears t o be essen tial for 
t'he formation of deriYat i.Yes of th is fun ction . 'l'h11 s, an attempt ll'as 
mad e t o 11repare t he cl ini troph enylh ych .. a~:on e by 1eflux ing Ueiger in 
with a slig ld. e:s:eess of 2 : 4 clin i troph en yl h :vcl ra :~, ine in al cohol ic 
solution but no re;w tion took place . Si 1nilarly an a ttem pt to pre)lare 
a semiearh awn e fa iled . 
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SltOuld (Jpigeriu e.xhibit ketu-e nol tautomeris m , t h is might 
p.xplain tilP b Yo m elting poinb ob sP rYed \l·ith the pure ,;u b sLlllc(', 
hut t he failure to delect an h ;yrh oxyl g roup hy acet .dati o11 mu~t l1P 
r ecallPtL Cmnpari ,;on ~- ith th e hehaYi mu of caro lic <l cid tnay Jli'OH' 

s igni fi ca n t. iu Lhi ::; co nnecti on (Clutt Prbu e k, l Lt i::;h il'k a ntl Jtt•ut er, 
J!J85) . O n h ealn1e n l ~~- i t h Br;td y'~ t·ea g L'll t. l'a rolit· a cid g iYr"s a11 
innm, d iai P preci pitate of a mot l o-di n itro ph en.dh~-~hazon P hy Yidu P 
of the kr tonil' grou p in it :S si tle l'ilain. 'l'il P t r t roni c a cid ring· 
,; tr u l'lurr , il 0 \\'1'\·er , JIOSSE'sses , in <llidition . a n oxyg l' n at om ,,·hic h 
:< ho,,., ke to-e no l tautomer is m and t hi s !!t or e slo~,-h r e<lds ,,-it h a 
furt he r equ iYalPnt o f thP t·t>ag·l'n t to form <I h isrli n.itrup he nylh .\·dnl
"one . Att PllllJis to al' etyLtt P l' aroli c al' id in ih enol f orm hy hoiling: 
,,· it'h a ·e t·,v l eh l oricle fail t>d. o n l~- unclt an g Ptl s tarting mat Prials hei ng 
recon' red. 

( ) XIDA' i' lYE l h :G ILI IJ .IT IOX OF G E IUEHII\. 

<:leige1·in does n ot decolo u r ise l' olrl perm anga u a te sol utio n b ut. 
1:; f a id,v rPatli l y oxitli secl at t h r boi l ing t empera t lll'e . J g n1. G e.igeriu 
in :20 r·. c . of " ·ater plus 1 gm . sorliulll carbonate r elpti r ed 82 c .e . of 
:! · :) per eent. pota c;siunl perman g-a ttat t> w lu tion , adde d in s m all 
q uanti t ies at a t im <>, b ef or e th P r eal'l ion s lo" ·etl up . Th e r es ultant 
mixtur e was filtered , affonling- a p <.d e :ydlo '" l iquid whi eh g-a,·e a 
y ellrm prPr-ipi tat P ,,·ith Brady 's r ea g en t. lt \\·as th Pr efme concen 
b ·ated by di stillatio n (whilst st ill alkalill e) and t h e di st illate tt>sted 
b ut w i th nPg-at ivP rf's ult; no s uhs ta nt·e r eactin g wi t h Brady's r eagPn i 
was presr n l. Th e lll ain ~ol n tion " ·a s t h en extr-acted ,·er y l horoug-h l.'· 
hy Ptil e1·, t·hi s solvP ni ;;lll\d~· bu t completely re movi11 g- £r o n1 t'hP 
alka l ine liquid t lw ma tl'r ia l g iYin g- t il l' (l init ro ph en:vlh y dra l':o ne . 
U p o n r Yapo rat ion , thP e th Pr l eft a pale oil ,,·it h a p eculia r c ucumb er 
like s mel l. Jt ,,·as f a irl v ea s ih soluhle in \Y <d<>r and \\'a s found to 
gn-e the follo\\'i n g n·'<td i~)l t s : ___: 

Schiff's reagent. 
F r hli ng's soluti on ........ .. . . .. .. . 

Tollen's rcap:cnt (A~N0 3 : ~H/)H) . . 
J ea n's t r st (Phcnylh_n azinc - :\i tro

prussidr) 
m-dini t rohenzcnc -l- alkali. 
Thiophene + H 2S0 4 t est ... 

F airl y rapid ly +. 
Only reduced on boiling for 

l minute. 

slo,,· ly brown. 

Yr llow onlY. 
1 ~herry rel 

U pon aciclif:ving- and add ing B racl< s r ea g-ent, a 2: 4 dinitrophen~·l
h,rrlra>~on e precipitatecl a n tl was sepru·a ted off, w ash ed aml r:rystallise rl 
ftom h o l ll ilute <.1 l eohol. lt cr ys ta ll isrd i n y ello\\' pla t es w it h 
.JL1'. l :'i.S-1Gl0 and pron'rl to b e id en l il'a l " ·ith t'he (l Pr iYa t iv r of 
aeet:tltlPil _v <l P, tlttts : -

.lfict·O-({?I Oi y s is . 

Found .... .. . .. . ... . . .. . ... . . ... .. . . 

X . 

24 ·84-
25·00 

J{ixr-•d \\i th :tcetalt1ehy rl t• 2 :4 cli n itroph en :vl hyrlr~t/.Oll P of }f .P . 
] :)9- !fil 0 . i t harl ~f.l> . ] 60-1()] 0 

001 



CHK\llCAL STUDIES C:PO"' VEIU\1 EERJJOS, " GEl GElUA .-\SPERA ". 

This result was some,Yhat surprising, but it was noticed that of 
the colour tests listed above, only those were positive (and similar 
to acetaldeh yde) whic'h r equired the addition of acid to t he solution. 
The substance isolated from the oxillation mixture dearly eoulcl not 
be identical with acetaldehyde inee i t could not be distilled but it 
was suspected that it was so me mater ial wh ich affords acetaldehyde 
when t re.atell with acids . (Compare the acetals which are stable to 
hot alkalies but y ielll alll ehy lle immediately on :Hl ll itiou of cold 
dilute acids.) 

This supposition "·as proved to he correet in the fullmYing way: 
To some of t he substance was .adrled 2 normal sulphuric: aci d a nd 
t h E:> mixture was gently llistilled aftonling a di stillate giving .all 
the t ests for aceta l llehvlle and hom wh ich acetald eh n le ? :4 di nitro-
phenylhydrazone was ~repared . · 

Tests on Distillate . 

Schiff's reagent .. . . .. . . ... ... . . .. . 
Fehling's solution .... .. ... . .. . 
Tollen's solution .. ... ... ... . ..... . 
J ean's test . ... ....... . ... . 
m-dinitrobenzene + alkali .. . . . . 
Iodoform ..... . .. . .. .... .. . .. . 
Thiophene ...... .. .. . . .. .. .. . . 

Jif icro-anal y sis. 

+ 
Reduced on boiling. 
+ + red . 
+ m'luYe. 
+ 
+ 

N 
2:4 dinitrophenylhydnmm e M .P. 158-1G0°. FonlHl 25·33 
Acetaldeh yde din i tro ph en y lhyclrazone req uues 20 · 00 

The mixed }I.P. wa s I :}D-1G0°. 

It "·as subsequently founll , a,; rf'ported iu t he following paper, 
t'hat Vermeerie aci d , on oxidatio n by means of alkaline permanganate, 
also yield~ a simi la r materia l TI·hieh " ·hen treated " ·ith dilu !e acid 
liberates acetaldehyde. 

The alkaline aqueou:s solution r emainmg after haYing r emoYed, 
by ether extraction, all t he m aterial reacting " ·ith Brady ' s 1·eagent, 
was .acidifiell and again exhau stiYely extracted with ether ''"hich 
now r emovecl a strongly acidic substance . This " ·as couYertecl in to 
t h e sodium salt and t'he latter, after wash ing with aeetoue. cli,;solved 
in absolute alcohol and precipitated by ether. Th er e "·a,; obtaiued 
0·42 g m. o£ a nearly colourless amorphous pm1·cler . ~\.Hempts to 
crystallise. t he free acid from this small quan t ity fai led; however 
an .analysis was performed and after methylation " ·ith diazomethane 
in ethereal solution the methyl ester " ·as ~btained cnst.allisino· from 
hot petroleum ether , in which it is sparingly soluble·, in short h exa
gonal pn sms, U .P. llo-G0 (see Fig. 4). On repetition, the aeicl itself 
was obtained n ystall.ising- in six-si(l ecl prisms , M.P. 200-1°, 

[a ] D + 90°. .A.nalysis inllicated the formula C, 0 H ,_,O,,. 
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Micro-analysis. 
C. H. 

Methyl ester. Found....... . 60·55 6·95 
( \ 0H 140 4 req uires. .. . . .. . . . . . 60·60 7 ·07 

The substa nee appeared to react slowly with Brady's reagent forming 
a yellO\Y precipitate . 

Fig. 4 . Methyl ester of acid obtained bY alkaline permanganate oxidation of 
G~ ige r i n , M .. P. l1 :)-G0 . xGG . .. 

These expe rimen t,:; must be r egarded as purely prelimina1·,y : 
fur th er work a \\·aits the a<:c1Imula.tion of sufficient start ing m ater ial. 
In general , th e chemical work reported ahoYe ~upports the idea that 
Geigerin may be m ade up of hydroaromatic or poly methy lene ring 
.-;ysi em~ but <:ertai n ty upon this point can only be ollta.iu ed by the 
isolation of <l egradation produets in suffi cient quantity to allmY of 
t hei r transformation into kno\\'n ,; nbstan ces. The obj ect of th e 
pre~e nt. <·omJminicat iou i ,.; to record th e isola t ion of the la cton e 
Geigeri n from Gei:.IJI'I' ia aspeu1 a1I<l t o deiicribe its r eaction ,; anrl 
properti es . 'l'he quest ion of its exact chemical stnic;ture will be 
<lealt " ·ith in a notl1 t>r <·ommnll i('ation at som t> futun' rla i t>. 

PnAIDL\ COLOGTCAL ExPEHDIFXTS. 

A cat (1,200 gm. ) was given 0 ·1 gm. Geigerin <li s:-;ohe<l i11 J c.c. 
of 30 per cen t.. alcohol subcutaneously . 'l'h e animal looked ill n ext 
day a nd would only drink a little milk ; h owever, l'Omplet e r ecoven ' 
even t u ally took place. 

503 



CHEMICAL STUDIES uPON VElDiEElUJOS, '' GEIGElUA .-\Sl'ERA ... 

About si:s: mon ths later t h e same animal " ·as giYen 1 gm. of 
Geigerin suspenrled in water by stomach tube at 12.30 p.m. Symptoms 
(levelopec.l as follows : -

12.47 
12.55 

1.5 
2.2 

2.40 

lJ.m. 

" 

" 

" 

· Vomited . 
Vom ited ag-am. 
Y omi ted again. 
A seYere at tack of retching, whic'lt brought up 

only a very small quantity of fluid t og-ethe1· 
IYith u tape-"·orm about 5 · 5 inches in leng-1 h 

Further retching. 

The a nimal r emained Yery ill throughout the Lluy, hut drank 
a little mille Intense salivation and retching- occm-recl at intervals . 
Next (lay it r efu sec.l to eat and looked very ill. The following day 
a nother retching attack was obsen-ed at 11.30 a .m. and a considerable 
amount of flu id contain ing m u cou::; was seen in the bottom tray of 
t'h e cage suggesting that vomitin g had occurred unobserved during 
t he n igh t. The animal \Ya.s ki lled. The post mortem examination 
revealed a severe gastro-enteritis confined more particularly to tht> 
f undus region of t h e stom ach . 'rhe trachea and glottis 11·ere normal. 
'l'h e liver sho11·ecl sligh t fatty infiltration. The ·urine in the bladcler 
IYas free from haemoglobin. 

On a subse(1uent occasion, the same dose (l g-m. ) wa,; given in 
t he same manner to a 2 ·1 kilo cat. It remained quiet and listless 
a ll day. Next morning vomited material was observed in the cag-e. 
The animal r efused food anrl l ooked Yery ill. On the following cla~· 
it a ppeared som ewhat improved and was killed fm post mortem 
examination. A sligh t mucou s catarrh was seen in the stomach 
and sm all intestine, otherwise the appearan<~e of all org-ans was 
normal. · · -

A rabbit (1 ·9 kilos) ' '"h ich reeeiYed 0 ·25 gm. Geig eriu by 
stomaeh-tube exhibited no symptoms . A sheep was drenched with 
a total quantity of 15 gm. of Geig-erin given i n closes of 5 gm. at 
iutervals over 2 days . It remained normal. These preliminan· 
p'harm acological tests sugg-est that cats are the most suitable tesi 
anima ls to be used. Geigerin "·ould appear to haYE' little or no 
action u pon rabbits but to he not entirely (l evoi(l of Yermeersiektt> 
]Jrodueing- properties (gastric i rritation) as ju(lgecl hy it.~ effect when 
<losed to cats. It is hoped to c-ontinue thi~ aspect of thP wmJ at 
,;ome later date. 

Sul\IMARY. 

l. 'l'h ere h as been isola ted from toxic cousig-nme11 b of Geige·ria 
aspe-ra, Hnrv. a neutral l actonic bitter principlE> to 11·hich the namt> 
Ge£_qen;n has been assigned. This substance, though not the true 
tox ic principle, woulcl appea r to he not altogt>tht>r clt>YOill of phanna
eolog-iral propt>rties . 
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2. Geigerin 'has t he formula C15H 2 0 0 4 and crystallises from water 
or moist organic solvents with 1 molecule of water of crystallisation . 
It exhibi ts isomerism , the m elting points of the t wo varieties, when 
anhydrous, being 169° and 189° but preliminary softening with 
liber a t ion of water from t he hydrated prisms is observed at about 
68° and 76° r espectively. No matter which isomer is used, the same 
optical activity is exhibitecl in the same solvent, the constants being 

for absolute or dilute alcohol [a J ~O = - 60 ·32° in the mean and 

for c'hloroform or eth yl acetate [a J ~O = - 42·71° in the mean. 

3. Ther e are some gr ounds for believing the isomerism to be due 
to keto-enol t automerism , alt hough no hydroxyl group could be 
detected by acetylation under various conditions. 

4 . Geigerin forms a 2: 4 dinitrophenylhy1lazone in the presence 
of h y drochlor ic aeid, bu t attempts to prepare derivatives of the 
ketonic function in the absence .of an acid fai led . 

6 . P otassium permangan ate is not decolorised by the substance 
in the cold neither can a ny acetone be recovered after the action of 
chromic acid und er the proper conditions for the oxi!lation of iso
propy l side-ch ains to ace tone. Such a group is therefore not present 
in Geigerin . 

6. Cold h ydrochloric acid of concentration over 10 per cent. 
affords a very str iking colour reaction "·ith Ueigerin. The su btance 
dissolves easily , forming a ch erry-retl solution which shows absorption 
bands at 643, 606 an ti 466 m l'. ln time, the colour becomes more 
brown in tint . 

7 . Geigerin is <t monolactone and the corresponding acid, 
Gtigeric acid , has been pr epared and found to crystallise in plates 

with M.P . 201-3° an d [ a J ~8= + l06o. 

8. vVhen Geigerin is boiled for l 'hour with concentrated hydro
chloric acid t he cerise colour changes to hro"·n an<l from the reacti on 
mixture an acid was isolated in t he form of its methyl ester melting 
at 98·6°. 

9 . From r esults reported in the following communication, i t 
woul!l appea r that Gei gerin is closely related, chemically, to th e 
active pr inciple of the plant which causes venneersiekte . Preliminary 
degrarbtion experiments indica te that on potash fusion a mixtu re of 
lif]uirl rancitl-smelling acids is p1·ocluced, and certain reactions su ggest 
t h at th ese;> nwy belong t o the polymethylene series of compounds. 

10. On clisti llation at low temperature with zinc dust, fluorescent, 
oily a romatic substances are produced. At 700° naphthalene is 
formed. 
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11 . "\Vhen Geigerin is oxilli sed Ly hot alkaline potassium per
manga nate, t here ar ises <Ul aciclic fradion hom ,,,·hich the methyl 
ester of an acid , probably iu 0,,H, 3 ! ), ( ! lt'H3 ), " ·as isulatecl in 
c:rystalliue form , ~1. P. 115-()0 , a ucl also a neutral, non-Yolatile sub
st a nce ,;o luble in et her a nd slightly ::;oln ble in water , which ou treat
lll ent with clilu te tu iuetal :1 ci <l in the cold at once liberates 
acetalcl ehycle . The exact nature of this materia l awaits further 
inYestigat ion, but a tteut ion i;; drawn to the analagous behaYiour uf 
! he acetals. 

12. It \Yould appea r from t he literature that Geigerin is in ull 
prohahil it:v t(l enti eal '" i!h the snhstance extractecl by Tho1ns fro nt 
C!t ·ry santhemu rn r:inemriaej oli1.tm in 1891 ancl named by him 
" P yr ethrosin " . His formula for t his subst ance 0 34 H..,O ,., " ·as put 
forwanl with some r eserve. 

J ;l. Jlreliminary p'hannacological experiments upon 1·abbits, 
sheep :wcl eat s are r epor ted. 

Ac1\ 1\" O\I' T .EnG Ei\lEl\T s . 

vVe \l'tSh to express OUJ' thanks to M:r . rr. (lU Toi t, of the farm 
Skaa]Jpla.as, ancl throug h him to Y ereeuip:ing Estates, Limited , for 
t heir kindn ess in proenring Geigni({ aspem mater ial for the Jlm·pose 
of t his 11·or k. 
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