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IlfROBTJCTIOir HISTOBY

The a ttem p t to  id e n t i fy  atom ic groups as s p e c i f ic  

c a r r i e r s  o f v e rra ie ld a l a c t iv i t y  is  an  in s ta n c e  o f th e  co n tin u in g  

e f f o r t  o f pharm aco log ist and chem ist to  in te r p r e t  pharm acological 

a c t i v i t y  from chem ical c o n s t i tu t io n .  The work rep o rted  in  th is  

paper was undertaken  to  determ ine i f  o r  to what e x te n t th e  c a r ­

bonyl group is  re sp o n s ib le  fo r  v e rra ic id a l e ffe c tiv e n e ss*  The 

p re p a ra t io n  of compounds e x h ib itin g  th is  fu n c tio n a l  c h a r a c t e r i s t i c  

and a  method fo r  t h e i r  pharm aco log ica l e v a lu a tio n  w i l l  be des­

c r ib e d .

The a p p l ic a t io n  o f  chem otherapeut 1c concepts to  a n th e l ­

m in tic  drugs has been made p o s s ib le  by the i s o l a t i o n  and id e n t i ­

f ic a t io n ' a  v a r ie ty  o f  p la n t  p r in c ip le s  • Over 560 crude 

v e g e ta b le  drags s a id  to  possess v a lu e  as a n th e lm in tic s  have been 

l i s t e d  by l i l l i g 1.  The v e rm ic id a l compounds o f known c o n s t i tu ­

t io n ,  bo th  s y n th e tic  and o f v eg e tab le  o r ig th ,  d i f f e r  so w idely  

in  s t r u c tu r e  th a t  com plete chem ical c l a s s i f i c a t i o n  has not been 

p o ss ib le *  Greene , how ever, recogn izes f iv e  cheraioal type* to 

which th e  c o n s t i tu t io n s  o f th e s e  substances may be re fe r re d *  v iz * , 

(a) thym ol, (h) p h lo ro g lu c ln o l, (c) la c to n e , {d} a lk a lo id s , (©} 

h e te ro g en eo u s«

W ithin re c e n t y ears  th e  s t r u c tu r a l  c h a r a c te r i s t i c s  o f a 

lim ite d  number o f a c t iv e  v e rm ic id a l p r in c ip le s  from p la n t  sources 

have been e la b o ra te d  s u f f i c i e n t ly  to  g ive  support to  more compre­

h e n s iv e  s tu d ie s  o f  th is  phase of chem otherapy. S h ile  the  s t ru c ­

t u r a l  d e ta i l s  o f  mary p r in c ip le s  have no t been e s ta b l is h e d  d e f in ­

i t e l y ,  i t  is  p o s s ib le  to  say w ith  c e r ta in ty  th a t  th e  carbooy l group



z

e x is t s  l a  the m olecules o f many eojspounds o f  d if fe r e n t  o r ig in s . 

la  tM s  oat©gory may he mentioned r o t t le r in ,  embelin (em belic  

a c id )  * a sp ld  ium compounds» s a n to n in , a r te m is in  sM  t& aaeetin#

Tim fo:rmaXa fo r  r o t t le r in  g iven  by Butt and Soswaml3 i t

HO

OH
4although the analyses o f Hoffmann and fa r !  o f  r o t t le r in  and tome 

o f  i t s  d er iv a tiv es  require turo carhen atoms, one oxygen atcm and 

one double hand lo se  than the formula o f  Butt and Sotwami*

'Bnfcella, a taenlei& e from the fr u it  o f - tffibella jglaaadqtl-  

or £*, xU 22t. *e«or<iing to  AbderteldsB** 

Biochemisohes Handlexikon 1* assigned the stru ctu re

0

but elsew here6 i t  i t  ta id  to  be 2 ,5-dioxy-3-lauryl-p-ben30<iuiBone*  

F i l io in ic  a c id , one o f th e  s tru c tu ra l u n its  found In  

male fer n  e o n ttitu en ts  and w hich, in  i t s e l f ,  i s  in e f f e c t iv e  be­

comes a c t iv e  ag a in st tapeworm* with, the appearance o f  a butyryl 

s id e  chain  in  butyryl f i l l c i n i o  a c id . I ts  Isomer a sp id in o l, which 

a lso  contain* - the butyryl r a d i a l  i s  held  to be com pletely in e f -  _ 

fe e t ir e *
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F i l l c i a i c  a c id  B u ty ry l f i l i e i n i e  a c id  A sp id iao l

l lb a s p ld in  and. flav& sp id ic  a c id ,  tuo a c t iv e  c o n s t i ­

tu e n ts  o f male f e r n ,  have been  a ss ig n ed  th e  form ulas

C rt^cuJ^co CCl-t;C o U  r'x-'a.Xc H3
O «i
o A lbaspidin °

HO

C bf^C C H ^ CO

O N

C «  3

Act*z150 CoH%)%c ^3

F l a v a s id l e  Acid
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F iU c ic  acid ., a n o th e r e f f e c t iv e  c o n s t i tu e n t  o f male 

f e rn  is  probably

C/*3(C/*JiC0l

cf43(cH ^xCO

f i l i c i o  a c id
7S ch lo ssb e rg er m etiom  as compounds th a t  a re  p ro ­

bably  s im ila r ly  c o n s t i tu te d :  Icosotoxin , pazmic a c id ,  a lb o -  

p a n n in , flavop& im ln, p a im o l, f l e s in g in ,  hom oflendngin , and 

ta n a c e t ln .

In  th e  sa n to n in  s e r ie s  o f compounds, th e  q u e s tio n  o f  

th e  s t r u c tu r e  o f  sa n to n in  has been s e t t l e d  by th e  d e te rm in a tio n  

o f  th e  p o s i t io n  o f th e  la c to n e  r in g  in  th e  sy n th e s is  o f
g

desm otroposan ton in  by Clemo, Haworth and la l to z u

£ o

H O

CH:

Bes mo t  ropo s a n t o ni n

O  c o
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Hyposantoftln ^
a cc o rd in g  to  d lusehfee '

A rtem isin*  a p r in c ip le  fM e h  acconKjanie# sa n to n in  

in  sp e c ie s  o f A rtem esla bu t w hich i s  le s s  a c t iv e  th a n  san ton in*  

ha.® been  g iv e n , by Wedekind1®* th e  f o r s u la

o - c  H - C H3

M y

powder

11S tau d ln g e r and B ualeka i s o la te d  from D alm atian in s e e t

o ln e ra r la a fo lira a )  two p r ln o lp le * ,  l y r e th r in  I

and F y re ih r in  I I  w hich C h ev a lie r  and Fonchet te s te d  and found to  

be e f f e c t iv e  a g a in s t  hog as c a r id s  ,  dog tapeworms ,  exyo ris  * i r i s h o -  

cephalus and an^ylos tousa*



iy r e th r in  I

v-c -c ft-a

c .~o -<o-CU.t

Hi. ^ c o O C /H j

- a / r \ - CM-Ctf= c{c//3)

Pyrethrin  IX

I t  I f  s ta ted  in  Frkri&el*s A rsnelm lttel Synthes e that

th e  a c t i v i t y  o f p h lo ro g lu c in o l d e r iv a tiv e s  doe* not appear u n t i l

a f t e r  th e  in tro d u c tio n  o f a b u ty r ic  a c id  re s id u e  in to  th e  f i l i c i n i e

a c id  m olecule* The b e l i e f  th a t  venal c l d a l a c t i v i t y  is  connected

w ith  th e  p h lo roglue 1 no 1 nucleus and a b u ty r ic  a c id  re s id u e  comes

from th e  o b se rv a tio n  t h a t  f i l l s :  su b s ta n c e s , upon decom position ,

y ie ld  p h lo r  o g lue i  no1* b u ty r ic  a c id  and is© b u ty ric  ac id s  «

l o t t l e r i n  decomposes in to  t  r 1met by1p h io r og luc1no! and b u ty r ic  a c id ;

ta n a c e tln  in to  c a te c h o l and b u ty r ic  acid*  The*® observation*  led
13 14gferrer and co-wor'kers * to  sy n th e s iz e  and study  a s e r ie s  o f 

a c y l s u b s ti tu te d  compounds analogous in  s t r u c tu r e  to  f i l l s  d e riv a ­

tiv e s*  fh is  group com prisedi nae thy 11 h i orbu ty ro  phono ne ( i s o a s p id in o l )



?

jBethyleae-d i -  {xnethy Iphlorfcutyrophenone} # phiorhutyropheaom » 

pfclori ® ohm tyreph© a© a®, a»tfcyl®*»^i-{i&lorbutyroFluM i®tt®) f 

mtharl<aifli'-di-’ip3kl'orlaohtityropli«aontt} aad a ra ster  o f  s im ila r  

r e t© re ia o l  pheaoae*«

oM

^coCc/f^c&s
Oil

Phlo rbu t^ropheaooe

tfcl x> f f

CO c  H  Cc

o H

P h lo r i  t  ©bufcy raphes® n©

<? /•/

C3//
M®thylphi©,rhatjr©ph©miie

HOMO

—  CM, —

o

oft

CO

o H

SSathy lea s-d  1 -  ( methy Xphlorbuty rephen®ae)
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pHHO*

c

OH

cc>

Me tb y le u e -d l-  (phlo rbutyrophenon©}

art Off art

CO'C

art
. M eth y len e-d i-(p h iori«:®*mW rfcpheben* I'

H ullr-pharm acological «tod ies Indicate.- that U * n ie l t o l  a c t iv i t y

is  a s so c ia te d  * I th  the c-toloregloclaol nucleus a  ad • l id e ~

c h a in , bu t th a t such a c t iv i t y  i s  a sp o o lf i e  a t t r l h a t e  o f n eith er  

tli© nucleus nor sid© ~eiisin , sloe© on th e  one hand re s  o re i no 1 is  

an  e f f e c t iv e  nucleus and on the other the butyryl ana isob u tyrl 

ra d ic a l# , say  h© t d b s t i tuted  by ©ther Mgti&T a c id  remnants v lth r­

o a t d e s t r u c t io n  o f  a c t iv i ty *  X arrer found maxissu®. e f fe c t iv e n e s s  

to  appear w ith  In tro d u c tio n  o f  th e  itoc&proio a c id  reside©  and 

to  disappear a g a in  mi tin f a r th e r  in c re ase  in  th e  le n g th  o f the  

sMo-oh&ia* A dditional studies, on the sy n th e s is  o f bydroay- 

phenene® have been conducted by BQeseh1* , Sesenenad and co~
18 1? "1 RvorK ers * and by #ojalm  # The g re a te r  number o f members o f 

th is  group o f  compound# e x h ib i t  ip  v i t r o  g e rm ic id a l o r v e rm io ld a l



p ro p e r t ie s *  The d e r iv a t l r m  o f th e  ph i© rog lao Ino l ana r e -

s o re in o l  s e r ie s  a re  th e  mm t  a c t iv e ,  h a t  th e  phenones o f
19e&teohol @m& hydrequlsone lik ew ise  possess a c t iv i ty *  • The 

w eakest phenonos &r© th o se  o f phenol* f t  Is thus seen  th a t  

a c t i v i t y  i n  th is  s e r ie s  Is  augmented fey th e  p resence and aocussu- 

l o t i o n  o f  h y d r o s  1 greaps i n  th e  nucleus* p~Hydresy&ee tophencne 

i s  s a id  to  b© abou t tw enty t i t « s  ■ m ar© a c t iv e  th an  aeetepftcstciie*

With reus'd  ■■to the 'a c t iv ity  ■pf.ketonts as. a .o le ic  

F renkel makes th e  fo llow ing  generals r a t  ions > $ven th e  s t a b le s t  

ketone*  have a  v e rm ic ld a l a c t i v i t y  * bat t h e i r . ©rimes a re  misses t  

com plete ly  In a e t iv e i  n u c lea r su b s t I to t  ion  in  th e  j&enoiiea de­

c re a se s  t h e i r  to x ic i ty ;  conversion  o f p h e n o lic  hydroxyl to  e th e r  

o r  e s te r  linkage#  decreases ve*sai©idcl p r o p e r tie s i th e  introduc*  

t io c  of hydroxyl grow* in to  th e  a c y l r a d ic a l  d ecreases act I v i ty ♦ 

I n t e r e s t  was f i r s t  a r s w s l  In the santonin  s e r ie s  by

the e f fo r t*  o f C aim izsaro , Wedekind, S tra u b , K obert and Si©burg*
20desno tropos a n to n i n v accord  i t s  to  Stm vfa  » Is . non- to x ic  to

20as c a r l  els a id  m arine worms* b u t  T rendelenburg f in d s  I t  is  e q u a lly
£A

as I r r i t a n t  to  wem  onuo le  a s  s a n to n in* Coppola s t a te s  t h a t ' t h e  

e x lo e  is  le s s  to x ic  th a n  th e  fee tone* T etm tyd ros& n ton in  and 

a r te m is in ,  i n  which th e  ketone and  la e te a e  c h a ra c te rs  a re  re ta llied*  

a re  i r r i t a n t  to  worn muscle#

In the santonin s e r ie s  o f  compounds grea ter  emphasis has 

been a ttr ib u ted  to the lactone r in g  as a fa cto r  in  anthelm intic  

a c t iv i t y  than upon say other corn t i tu t io n a l  c h a r a cter is tic*

T rendelenburg* teutonsohlM ger» Gluschke and o th e rs  adhere to  th is
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21v im *  Lmutem<shJM.g@r , a f t e r  a  study o f s y n th e tic  la c to n e s , 

b e liev ed  th e  a c t i v i t y  to  depend upon the  lac to n e  r in g  in  con­

ju n c t io n  w ith  th e  p resen ce  o f a c y c l ic  r a d i c a l ,  th e  p u re ly

a l ip h a t i c  la c to n e s  • in v e s tig a te d  by him b e in g  i n d i f f e r e n t .  Ton
22O ettin g en  and G arcia  , on th e  o th er hand d e te c te d  a c t i v i t y  in  

h e ta -a n g e lie a  la c to n e ,  v a le ro la c to n e  e a rb o x y lic  a c id ,  and in  th© 

d i la c  tone o f  ace to n e  d ia c e t ic  a c id  a g a in s t  Lumbrlctxs t e r r e s t l s .

In  v ivo  experim ents a g a in s t  as c a r ls  in  c a ts  were 100 p e r cen t 

success fu l  in  seven o f te n  exp© rime nts in  th e  case o f th e  d ila e to n e .

t f C — CO
11 I#.C

—
1

C O

B e ta -an g e llc a  la c to n e  T a le ro la c to n e  c a rb o ^ y lie  a c id

CH-l  --7X
\
C/i'.

C
x o

' 2-

C K  --------

D ilac to n e  o f ace tone  d ia e e t ic  a c id  

5?r©nde 1 enburg and h is  su p p e rte rs  base t h e i r  view o f th e  

la c to n e  group as the  c a r r i e r  o f a c t iv i ty  upon th e  f a c t  th a t  a c t i v i t y
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d isa p p ea rs  upon c leavage  o f th e  la c to n e  r i n g .  ©sMita**^ 

s tu d ie d  th e  Methyl and e th y l - e s te r s  o f sento&l&le a c id  and 

o b se rv ed , c o n tra ry  to  fren d e len b u rg *  th a t  th e  d isap p earan ce  

o f a c t iv i ty -  from sa n to n in  and I t s  d e r iv a tiv e s  by openl m  th e  

la c to n e  r in g  i s  dependent no t upon th e  d isap p ea ran ce  of la c to n e  

c h a r a c te r ,  b u t to  th e  appearance o f a c id  c h a r a c te r ,  in  a t  wm h  

m  © s te ri f lo a t  Ion  r e s to re s  th e  a c t i v i t y .

Gains and I t e a s k a r ^ ,  from ev idence p re se n te d  In  

tw enty-tw o re p o r ts  covering  d a ta  accum ulated i n  t h e i r  esrtens |v e  

e l ln d e a l  resea rch es  in  the  c o n tro l  o f  hook worm i t  s e a s# , express 

a  d i s b e l i e f  in  th e  s igpn ificance  o f  th e  la c to n e  r in g  and a t t a c h  

g r e a te r  im portance to- the  k e to n e  group* According to  them , th e  

dominant group is  -CO~CHg* w h ile  -OC-CH- has a weaker e f f e c t  and

the  groups ~COH»Gfi~ a m  «c-GH a rc  in e f fe c tiv e *
•'-'0£rlusehke~ has s tu d ie d  th e  in f lu e n c e  of n u c le a r s u b s t i ­

t u t io n  in  tw o.*tru es to ra l ana logs -of- sa n to n in , v i s . ,  e y n to a la ra  ■ 

{ 5 ~ te ira l© l-S ~ a e e tic  a c id  la c to n e )  and sy n to n in -b  ( 5 -te tr a lo l-» 6 -" 

p ro p io n ic  a c id  l a c to n e ) -

c/A

CO
i’yntcnin-a.
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w ith  th e  r e s u l t  th a t  s u b s t i tu t io n  in  th e  bensencid  nucleus is  

sup e rflu o u s and .th a t th e  In tro d u c tio n  of r e a c t iv e  groni %. S f f ^ r #  

to  d im in ish  r a th e r  ,'than. augment;. a c t  5 s i t y *. ...
JZ

But2 and LaLande J r .* 1 have dem onstra ted  th a t  oxygena­

t io n  o f llmoaiefte and c e r t a in  o th e r  terpefce'' hydrocarbons In c re a se s  

t h e i r  a sc a r ic id & l p ro p e r tie s*  They p o in t  s ig n i f ic a n t ly  to  th e
gg

a u to x id a tio n  o f  lim enone to  form the  ketone* earv o n e , and l ik e -  

w ise  to  the  fa s t , th a t  te r b e m n e  i t  produced ' s im ila r ly  from o i l  

o f  tu rp e n t in e .  The ke tones and the oxygenated t e r  penes s tu d ie d  

by them g iro  a  s tro n g  £ahl f f  r e a c t  lorn.

CHz
/ x „ o

v

C H3

I \  ) ~ °

O&rvone TertHSnone
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mBMACoLoar sectiof

D iscuss Ion

f h ls  in v e s t ig a t io n  has been conducted w ith  % he o b je c t 

o f e e r x e l n t l v e r m l c l d a l  a c tiv ity -  w ith  m olecular c o n s t i tu t io n ,  

w ith o u t s p e c ia l  reg a rd  fo r  th e  u l t i  m ie  va lues o f  th e  ©oapoundf 

in  them im tlee*  I t  was req u ire d  th a t  a  b io lo g ic a l  method might 

be found o r  evolved- which would a f fo rd  an  ex p re ss io n  fo r  m o lecu lar 

a c t i v i t y  r e f e r a b le  to  -a s u i t a b le  standard*  A, survey o f - the  

l i t e r a t u r e  showed th a t  a  number o f  methods have a t t r a c te d  reco g ­

n i t i o n ,  but th a t  none a re  w holly  a d a p ta b le  to  th e  re- uirem ents 

o f  a l l  in v est!•g a to rs*  Where p r a c t i c a b i l i t y  and s im p lic i ty  a re  

o ffe re d  to  v in d ic a te  a p ro ced u re , th e se  advantages p re v a i l  u s u a lly  

a t  th e  s a c r i f ic e  o f  accuracy and u t i l i t y *

To subm it sy n th e tic  products to c l i n i c a l  t r i a l  w ith o u t 

thorough p re lim in a ry  s tu d y  o f  th d  r p ro p e r t ie s  Is  n e ith e r  expe­

d ie n t  nor wise* Thm d i f f e r e n t  c la s s e s  o f  lab o ra to ry  workers who 

M isM  th e  task  o f  p r  w e l in io a l  e v a lu a t io n  cahr&oe ' c o l l  a c tiv e ly  

a  v a r ie ty  o f  o b je c tiv e s  In  research*  Each group is  l ik e ly  to  sanc­

t io n  such methods as- a r e  s u i te d  to  th e  p o cu ln r itie s  of i t s  s p e c ia l  

occupation* The chem ist and th e  c o lla b o ra t in g  pharm acologist a re  

o f te n  r e s t r i c t e d  i n  cho ice  o f  methods by having a t  t h e i r  d isp o sa l 

l im ite d  q u a n t i t ie s  o f m a te r ia l  fo r  study* In  p a r t i c u l a r ,  th e  

chemi s t who must work w ithout th e  co -o re  r a t i  en o f  a pharmacologist
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1* su b je c t  to  tbm te m p ta tio n  o f a cu rso ry  fe le lo g le a l trea tm en t ,

In th is  connection , an a^ualanoe o f  r e p o r ts  a r e  found in  which 

tli© chem ist lias con ten ted  h im self e l t h  very crufi© approximations 

to  r e l a t i v e  a c t i v i t i e s #

The p o s i t io n  h e ld  by th e  c lin ic ian * la  c o n tra s t  to  th is  

a t t i t u d e ,  1ms h m n  r ig h tly #  as almays, to  re s e rv e  Judgment u n t i l  

a c tu a l  c l i n i c a l  t r i a l *  U n fo r tu n a te ly , la  tr.e  p a s t ,  th e  c l i n i c a l  

©valuation o f  anthelmintic* has had a s  ©JspirScal b asis*  The 

c l i s i e a l  o b se rv a tio n s  sometimes gave f a l s e  in d ic a t io n s  o f  the  t r u e  

m in e  o f th e  substance, being s tu d ied *  For exam ple, th e  m o t  th a t  

a. number o f  p a rasite®  had boon e lim in a te d  from  th e  body n&« reeog- 

s i t e d  as evidence o f  m e r it  although i t  furnished so p ro o f  th a t  

numerous o th e r  p s n l t e s  d id  s o t  renaln behind*

Following: the researches ©f H a ll , £h illir ,g© r,  Foster and 
•24$ 3©other*' **" * upon dogs, i t  became more w idely recognised tlmt 

th e  g rea test p re c is  Ion  f o r  determ ining the a c t iv i t y  o f  an  anthel*  

mint I c demands con tro l o f  th e  experiment through ® aerlfiee  o f the  

t e s t  anim al * % t h i s  method ,  fo llo w in g  ada&jbl s t m t  Ion o f  the drug,,

a. meant. 1* m i l  o f  the n w l t f  o f  para# l t e s  e l l  at as ted end a fte r  a 

s t ip u la te d  tim e, the eurafeer o f  rnrasito#  so t elim inated Is d eter­

mined* *he .e ff ic ie n c y  is  represented as per cen t o f t o t a l  onaber 

©f parasite#  elim inated* I t  is  n o t contested  th a t  th is  method 

doe# furnish  a r e l ia b le  index to  th e  u se fu ln ess  o f a n  anthelm in­

t i c  in  th e  treatm ent o f  v a rio u s  type*- o f  norm d isease**  Unfortu­

n a te ly , in  view o f  th e  elrenmstaatte* o f m t y  la b o r a to r ie s ,  i t  1#
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not s u i t a b 2e to  a l l  c o n d itio n s  o f  experim ent# I t  is  c o s t ly  and* 

moreover# in fe s te d  anim als a re  not a  Isays co n v en ien tly  o r immedi­

a te ly  availab le .#  ISosfc Im portant*  tbe express Ion  «pmt cen t e ff ic ie n c y *  

does not r e f l e c t  the  a c t i v i t i e s  o f in d iv id u a l  m olecules — a Icncml- 

edge o f  fM cfe chem otherapeu tic  re se a rc h  demands as th e  most v a lid  

datum fo r  comparing' a c t i v i t i e s  #

I t  Is  not su rp r is in g #  then# th a t the s©arch f o r  a  s u i t ­

a b le  t e s t  o b je c t:- fo r  u se  i n 'a n  aeonm i©  y©% f e a s ib le  in  v i t r o  

method con tinues# ' leech es#  earthw orm  # fish#, frogs#  and th e  eisdo- 

p a ra site s  {© specially  as oar Ids) have been employed under v a rio u s  

experim ental c o n d it io n s • Recently* Bath*51, has in tro d u ced  th e  

vinegar e e l  {A ngu illu la  a c e t i l# el&imiisg fo r  It  advantages over 

the earthworm# Its, responses are a lleg ed  vo be more comparable 

w ith  hematodes th a n  w ith  cesbodes#

In  v i t r o  s»thod* - eng>ldying worms as ex p erim en ta l animals 

have been a p p lie d  according; to  two g e n e ra l concepts# E ith e r  s t r i p s  

o f  worm mas o le  ©re mounted i n s  t i s s u e  chamber and th e  m uscular 

responses a r e  reco rded  w ith  th e  a id  o f a  Kymograph# o r  th e  e f f e c t

o f  th e  agen t i s  determ ined by i t s  d i r e c t  a c t io n  on th e  I n ta c t  ob jec t#
3MIhe  worm so*e l e - s t r l p  method was dev ised  o r ig in a l ly  by Trmidmlenbnrg 

fo r  th e  e v a lu a tio n  o f  sa n to n in  and some o f I t s  d e r iv a tiv e s  a f t e r  

S traub  had observed th a t  s t r ip *  o f  worm m uscle were e f f e c te d  by 

aspl& luau T rendelenburg  used earthw orm 'asm o le*strip s from which
34th e  nerve cord and v e n tr a l  gasig lia  had been d is se c te d #  Schneider 

claim s th a t  more a c c u ra te  r e s u l t s  a re  obtained by the use  o f whole
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sound worms i n  th e  t i s s u e  b a th  in  p la c e  o f th e  muscle s t r i f e s •

f  os on no .; h lco  recommend* th e  - us m ® f  * e g a s s t i  o f , as c a r  Id  s wi t h
5̂6 3jyorgans attached a* th e  most s u i t a b le  t is s u e *  3 o i lm a n  ' * 

ta n o a itjw t'e d  t h a t  a l l  c l i n i c a l  verm icide# a re  m arkedly to x ic  to  

earthworms* S ince th e n , t h i s  anim al has been th e  c l a s s i c a l  t e s t  

o b je c t  among th e  Methods u s in g  th e  in ta c t  worm* The e f f e c t iv e ­

ness o f  th e  verm icide  i s  u su a lly  base,! upon th e  s u rv iv a l  tim es

o f  th e  worm  when they  a re  exposed to  th e  a c t io n  o f th e  subs ta m o
34i n  a  s u i t a b le  so lv en t*  Schneider ,  however* uses as c r i t e r i a  o f 

a c t i v i t y  th e  r a t e s  o f c o n tr a c t io n  and r e la x a t io n  and th e  degree o f  

sh o r te n in g  o f  th e  worm and c l i t e l iu m .

The cho ice  o f a  b io lo g ic a l  method fo r  th e  p re se n t Inves­

t ig a t io n  hangs upon a c o n je c tu re*  That Is w hether th e  a c t i v i t i e s ,  

a s  determ ined  by any o f th e  c u rre n t  m ethods, a re  s t r i c t l y  compara­

t iv e  in  term s o f in d iv id u a l m olecules* As regards the method 

approved by H a ll and co -w o rk ers« p rev io u s ly  r e fe r re d  t o .  I t  has 

a lre a d y  been intim ated th a t  in  so f a r  as i t  embraces both th e  

p a r a s i to t r o p ic  and o rg a n o tro p ic  f a c to r s  i t  is  th e  most co n c lu s iv e  

t e s t  fo r a p p lie d  therapy*  b u t th a t  i t s  d a ta  a r e  inadequate  fo r  

c o r r e la t in g  pharm aco log ica l a c t i v i t y  w ith  chem ical s t ru c tu re *  Turn­

in g  to  the muscle s t r i p  method i n  e i t h e r  i t s  o r ig in a l  o r m odified  

form s, i t  seems obvious th a t  the responses ©f the  t i s s u e  ae& ture 

th e  i r r i t a n t  p rop erties of a  su b s tan ce  to  a g r e a te r  ex ten t than  they  

do any s p e c i f i c i t y  o f  a c t io n  a t t r i b u t a b l e  to  atom ic groups o r l in k ­

ages o f  th e  m olecule* H ere , th e  refinem en ts o f  measurement depend
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tap©m an  a c c u ra te  i n te r p r e ta t io n  o f  th e  r e l a t i o n  betw een th e  to n ic  

and c lo n ic  phases o f  th e  t i s s u e  c o n t a c t  ions and upon th e  rovers i -  

b i l i t y  o f th© p ro c e s s e s , th e  l iv e l ih o o d  o f  th e se  phases be in g  

fu n c tio n s  o f  e o n e e n tra tlo n  and tim e o f  exposure r a th e r  th an  s p e c i­

f i c  a c t io n  is  a p p a re n t . A# Ulusehk©3 ®* who used th is  method In  a  

study  o f s a n to n in - l ik e  ooopewnds has s a id :  " It would* indeed* be 

rem arkable i f  substances such  as phenols* v o l a t i l e  o i l s ,  camphor, 

t a r t a r  em e tic , e t c .  d id  no t a f f e c t  th© ex trem ely  i r r i t a b l e  worm 

auascl©n . The a u th o r i ty  fo r  th e  method depends upon th© o p in io n , 

long held* that a n th e lm in tic s  a re  e f f e c t iv e  by v i r tu e  o f  a  s p e c i f ic  

a c t io n  on worm muscle# S lu sch k e , by h ig h ly  c r i t i c a l  a n a ly s is  

involving: c a re fu l  c o n s id e ra tio n *  o f c o a e e n ire tio n s  o f s o lu t io n s ,  

c h a ra c te r  o f  co n tra c tio n ® ,-an d  tonus in c r e a s e ,  concluded, th a t  sub­

s ta n ce s  such a# p h e n o l, o r e so ls , xy l e n d s ,  thym ol, p i c r i c  a c id ,  and 

nap t  ho Is do not possess a  s p e c i f ic  s a n to n in - l ik e  a c t io n .  This a rgu ­

ment does not d isp o se  of th e  f a c t  th a t  a  number o f substances*  such 

as thym ol, which Gluschhe says a re  not santonin-liS t©  i n  a c tio s*  have 

proven t h e i r  m e rit  i s  th e  hands ©f field -w orkers combating h e lm in th ic  

in fe s ta t io n s #  I t  p o in ts  only  t© th e  l im i ta t io n  o f  th® method i s  

f a i l i n g  to  p ro v id e  a mean* o f  coiapferisg the a c t i v i t i e s  o f  th o se  sub­

s ta n ce s  w hich e x e r t  t h e i r  to x ic  p ro p e r t ie s  th rough  some t i s s u e  o th e r  

than  m uscle or a r e  e f f e c t iv e  because they a c t  th rough  some o th e r  ro u te  

o r  by some o th e r  mechanism.

R ecognising  th is  weakness o f th e  muscle s t r i p  m ethod, i t  

seems p ro b ab le  th a t  th e  use o f th e  I n ta c t  worm should p ro v id e  fo r a 

w ider l a t i t u d e  o f  eeagp&rls<m» The d e s i r a b i l i t y  o f a  more e x te n s iv e
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study  o f th e  us# o f  th e  earthworm is  in d ic a te d *  f'he most common 

o b je c tio n  to th e  us# o f  th is  sn is& l i s  th a t  i t  is  ware s e n s i t iv e  

to  a c t iv e  su b s tan ces th a n  th e  p a th o lo g ic a l  p a ra s i te s *

W hile th e  earthworm. i s  wore s e n s i t iv e  to  chem ical agent*  

th a n  th e  © n& cparasitio  worms* th e  l a t t e r  a re  more s u s c e p t ib le  to  

©m'lronwemt&l in flu e n ce s*  In  B inge*1* so lu tio n *  o r i n  sugar s o lu ­

t io n s  they  seldom  l iv e  more th an  two days* In  n u t r ie n t  s o lu tio n s *  

th e  medium undergoes p u t r e f a c t io n  a t  th e  optimum tem pera tu re  fo r 

th e  p a ra s i te *  I t  is*  th e re fo re *  d i f f i c u l t  to  determ ine w hether th e  

resp o n se  o f th e  p a r a s i t e  Is caused by I t s  u n n a tu ra l environm ent o r  

by th e  m ed ic ina l agent*  S t i l l  a n o th e r  fa c to r  may b© recogn ised  in  

th e  d if fe re n c e s  In  s o lu b i l i t y  and a b s o rp tio n  in  th e  i n t e s t i n a l  

ju ic e*  as compared w ith  th e s e  p ro p e r t ie s  under th e  co n d itio n s  o f
«Q

in  v i t r o  experim en tation*  ifudioe and B orehardt have dem onstra ted  

such d if fe re n c e s  In  n o tin g  th a t  the  e f f e c t iv e  doses o f  a lk y l  

h a l id e s  as a n th e lm in tic s  Is reduced, somewhat by p a n c re a t ic  ju ic e  

and to  a  g r e a te r  e x te n t by Ml@*

In  view o f  th e  o b je c tio n s  c ite d *  th e  sk e p tic is m  d ire c te d  

a g a in s t  th e  u se  o f  th e  earthworm m  a  t e s t  o b je c t  fo r  th e  ©valua­

t io n  o f  a n th e lm in tic s  is  to  a  g re a t  measure ju s t i f i e d *  B eeeutly*  
dfsBata and LsXasd® have a g a in  eog&M lsed the  im portance o f  u s in g  th e  

p a r a s i t e  fo r  w hich am a n th e lm in tic  Is  sought In  d e te rm in in g  th e  prob­

a b le  a n th e lm in tic  v a lu e  o f  a  g iv en  substance*  In  a  study o f  th e  

e f f e c t s  o f  some osygeaated terpen©  hydrocarbons upon, i s c a r i s  

■luaforlcoldes.* th ey  have m inim ised the o b je c tio n a b le  in f lu e n c e  o f
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•m riro x ssm ia l c o n d itio n s  upon as ea r id s  by m a in ta in in g  a  c o n s ta n t 

tem p era tu re  o f  37#56Ci: 0*5°C d u rin g  th e  experim ent and by U n i t in g  

th e  p e rio d  o f  o b se rv a tio n  to  f iv e  hours* S h ile  t h e i r  method In t ro ­

duces a  refinem en t i n  te c h n ic ,  th e  l im i ta t io n  e f  th e  o b se rv a tio n  

period, topes as th e  n e c e ss ity  of em u lsify in g  many substances, in  o r­

d e r  to  a f fo rd  c o n c e n tra tio n s  s u f f i c i e n t ly  h ig h  to  produce p a ra ly s is  

o r  d ea th  w ith in  th e  s t ip u la te d  time# I t  db es not seem l ik e ly  th a t  

d a ta  o b ta in ed  by th e  use  o f  em ulsions i s  a c c u ra t @ ly. -m oaparat1v© 

w ith  th a t  o r  t ru e  so lu tio n s  u n le ss  th e  s t a b i l i t y  o f an  em ulsion , 

th e  degree o f d i s p e r s io n ,  and th e  em u ls ify in g  ag en t do no t in f lu ­

ence th e  measured a c t iv i ty #

From, c o n s id e ra tio n  o f th e  many a sp e c ts  p re sen te d  i n  th e  

fo rego ing  c r i t i c a l  d is c u s s io n  of b io lo g ic a l  methods a  uaashor o f 

in fe re n c e s  may be drawn in  fav o r o f  further- study  o f  th e  q u a n ti­

t a t i v e  n a tu re  o f  th e  responses o f  th e  earthworm  to  a n th e lm in tic s j  

1# So s c i e n t i f i c a l l y  v a l id  e x p re ss io n  fo r v e rm le ld a l 

a c t i v i t y ,  based upon th e  use o f th e  i n t a c t  e a r th -  

m ers* e i t h e r  in  term s o f  a b s o lu te  or com parative 

v a lu e s , has been u t i l i z e d *

2 # th e  g r e a te r  s u s c e p t ib i l i t y  o f  earthworms over asc& rids 

and o th e r  p a r a s i t e s  p rov ides f o r  a more s e n s i t iv e  

method*

3# A more s e n s i t iv e  t e s t  o b jec t w i l l  d e te c t  weaker

a c t iv i ty #  The u se  o f  s o lu tio n s  h o ld in g  lower concen­

t r a t io n s  o f  s o lu te  I s  made p o s s ib le ,  thus ten d in g  to
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o b v ia te  th e  n e c e s s i ty  o f ©mulsi ty in g  many sub­

s tan ces  *

Bartim©iras * wi fch re g a rd  tc  the! r  w ide a v a i l a b i l i t y  

and th e  a b i l i t y  to  w ith s tan d  ©nvi ronesental changes a re  w e ll 

adap ted  fo r  ro u t in e  la b o ra t  cry experim en ta tion*  They may be 

k ep i fo r  months i n  m oist e a r th  and w il l  l i v e  during  the  w in te r 

months In  a  war® room i f  th© ground in  maich th ey  a re  p laced  i s  

m oistened fre q u e n tly  w ith  w a te r•

B xperlanst& l

O aring the  month o f lo g o s t  1934* a  p re lim in a ry  s tudy  

was u n d ertak en  to  de te rm ine  in  a  g en e ra l m y  th e  s u s c e p t ib i l i t y  

and s e n s i t i v i t y  o f  tlx® ©artfcwsma to  chem ical ag en ts  and to  

env ironm enta l co n d itio n s*  P a r t ic u la r  a t t e n t io n  was d ire c te d  to  

th e  n a tu re  o f  th© responses observed* I t  was found th a t  e a r th ­

worms w i l l  l iv e  in  d i s t i l l e d  w a te r fo r  from s e v e ra l  days to  a  

week o r longer*  bu t th a t  they su rv iv e  fo r  much longer periods in  

0*2 to  0*4 per c en t so lu tio n *  o f sodium ch lo rid e*  In  normal s a l in e  

s o lu t io n  they  show i r r i t a t i o n  and sev ere  d i s t r e s s  symptoms* S ix  

o u t o f  s ix  worms were s t i l l  a l i v e  th re e  weeks fo llo w in g  immersion 

in  0*5 p e r  cen t s a l in e  s o lu t io n ;  tiara© out o f  th re e  worms had n o t 

d ied  a t  th e  end o f  th e  second week in  a  c o n tro l  experim ent d u rin g
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the month of Decoder •

flie  g r e a te r  tmaber o f  ootqpounds used c o n s is te d  o f c y c l ic  

and aom-eyeli© ketones* "font s@i@ chem ical v a r ie ty  ees provide:? In  

th e  m e  o f  thymol# vinegar* and phllooarplne hydrochloride* A ll o f  

th e  substances mMefc proved to  ho h ig h ly  to ri©  to  th e  eaythsforra p ro ­

duced s im i la r  e f f e c ts  a long  the  c o a rse  o f  a c tio n *  I r r e s p e c t iv e  o f 

t h e i r  s t r u c tu r a l  c h a r a c te r i s t i c s *  ftom phenomena o f to x ic i ty  appeared 

a leays In the same o rder*  h e re  mentioned * I*#** excitem ent and 

I r r i t a t i o n *  p a ss in g  d i r e c t ly  to  a  s ta g e  o f  c lo n ic  o r t e a lc -e le td o  

c o n v u ls iv e  movement** follow ed by lo s s  o f  i r r i t a b i l i t y *  p a ra ly s is *  

Impaired d o rs a l  c i r c u la t io n  and death*  I f  the com m itiv©  movements 

a r e  vary  severe*  ra p tu re  o f  th e  body n a i l  is  l i k e l y  to  occur* In  

th e  p a ra ly s is  s ta g e*  th e  -segments p o s te r io r  to th e  e l i t e  Hum a re  

th e  f i r s t  to  be a f fe c te d *  She segue at*  a n te r io r  to  the  e l i t e l lu m  

a re  a f f e c te d  in  a scend ing  order*  Feeble  an v eaea tt o f  th e  pros tout! on 

p e r s i s t  fo r  mm» 'tim e a f te r - - th e  worm •-!*#* .become e th e r s  Is e fcamoblle. 

*h© '©envulsjsiat' s ta g e  is ' r e l a t i v e ly  s h o r t  "lm d u ra t io n  and may no t bo 

observed  i f  th e  d i f f e r e n t  phases fo l io *  one an o th e r i n  ra p id  succes­

sion*  Complete c e s s a tio n , o f  movement I s  not mm ev idence o f  death*  

s in c e  by t r a m f e r r i n g  com plete ly  p a ra ly se d  worms to  very  d i lu t e  

s a l in e  s o lu tio n s  the p o se r  o f movement is  a lm ost In v a ria b ly  re s to re d  

t© some e x te n t and r e v iv a l  is  o f te n  com plete in  s e v e ra l  h o u rs ,  a l ­

though d e a th  m y  ext* m  *

I t  mat concluded th a t  th e  d e a th  p o in t Is a  more s u i ta b le  

and exact c r i t e r i o n  of v o rm ic ld a l a c t i v i t y  th an  any of th e  o th er 

phenomena ©f to r  I c i t y  no ted*  A te c h n ic  was th en  developed v M ah



2 2

mad® p o s s ib le  th e  d e te rm in a tio n  of th e  d e a th  p o in t w ith  f a i r  

acc u ra c y .

Attem pts to  r e l a t e  th e  d a ta  ob tained  by d i f f e r e n t  e x p e ri­

m enters by u se  o f  th e  earthworm have been  a n s a t is fa c to a y  f o r  a  

number o f  reasons s fh e re  i s  laeS: o f  u n ifo rm ity  as regard s th e  

v e h ic le  o r s o lv e n t chosen f o r  th e  su b s tan ce  te s te d ;  the  rep o rte d  

s u rv iv a l  tim m  correspond  to  a  w ide range o f  c o n cen tra tio n #  s the  

modes o f  e x p re ss in g  a c t i v i t i e s  vary and a re  f re q u e n tly  vague#

For th e se  reasons an  e f f o r t  was made to  app ly  th e  more 

so lu b le  su b s tan ces  to  th e  t e s t  o b je c ts  a t  equal co n cen tra tio n ® •

gechnle o f  Method*- fh© t e s t  o b jec t#  were sound v igorous s p e c i-  

aen* o f  iumbrlmm t# rg » « tr i«  o r  £ .  rab<?UT« o f f a i r l y  w n lfo m

stare* m easuring 8 to  12 cm# in  a re lax ed  s ta te #

The o b je c t o f  the  method i s  to  de te rm ine  th e  tim e in  which

a  Verm icide i s  j u s t  f a t a l  a t  a  g iven  © oacom tratior to  a d e f in i t e  

nussber o f earthworms* In  our stud ies* , the . d e a th -p o ln t  was chosen 

as th e  tim e which would ju s t  perm it th e  s u rv iv a l  o f  one o f  th e  th re e  

o b j e c t s  a t  th e  c o n c e n tra tio n  used* The p rocedure fo llow st The 

worms a re  immersed in  a  s o lu t io n  of th e  su b s tan ce  to  be fees ted* te n  

co# o f  s o lu t io n  be in g  a l l o t t e d  to each worm used* At in te r v a ls  * 

depending upon the  concent r a t i  on employed * th re e  worm® a re  removed 

a t  one tim e try means o f a b lu n t boo3e# adhering  mucoid s e c re t io n  is  

removed c a re fu l ly  w ith  c lo th  o r  b l o t t i n g  paper and they &r® th en

p lac ed  i n  15-0 co* beaOcers c o n ta in in g  100 c c . o f  0#3  p e r sen t sodium

c h lo r id e  s o lu t io n  p repared  w ith  d i s t i l l e d  w ater# A fte r  18 hours*



th e  worm* i n  each feee&er a re  eocaalnad# %  n o tin g  th e  number th a t  

have 41 @d o r reeev e red  In  each ease* I t  is  p o s s ib le  to  ie te ra lE ©  

a t  & g iv en  e e n o e a tra t ic n  approxim ately  w ith in  what tim e rang® the  

de& th-poln t o r * o r v i r a l  tim e  11 os*

Shso o r  th ro #  series o r  groups of twelv© morass ©aefe a re  

re q u iro d  fo r  ©aeh cos& entr&tion* Tm  f i r s t  group is  used fo r o r­

d in a l  t e s t s *  fhre© storms a re  t r a n s f e r r e d  from th e  s o lu t io n  o f th o  

T onuio ido  to  th e  r e e u f e l t a t lo n  b a th 3* a t  l v 2# 4t and 8 hours r e -  

s p e e t lv e l j*

* In  th e  r e s u s c i t a t io n  b a th s ,  th e  su b s taaees th a t  have ©au*©4 

p a ra ly s  1 s or® washed from th e  t is s u e s  and mne onlay coa t m o t i l i t y  

Is  W fJ i ly  regained*  The,renewed a c t iv i t y  appears to b© pur-'®e©lass 

a n d , th e r e f o r e .  Independent of c e re b ra l  function*  I t  magr be d©pend­

en t upon th e  i n t r i n s i c  son t r a c t  11® feme 11 on o f worm mmol© and should  

n e t be in te rp r e te d  as m  in d ic a t io n  o f  jeau aaen t recovery* In  th e  

f i n a l  exam ination  to  dee Ida upon the  mesfeer o f worms th a t  have r e -  

ease  r e d ,  a  beam o f  In te n s e  l ig h t  o r  a 1 r e s t  'M chanl-eal s t im u la tio n  

.are u se fu l  l a  In i t ia t in g . .a a v e w a t*  i n  th e  re covered t© « t-e b je e ts •

I t  i s  h e lp fu l  a l s o  to- owu&ln© th e  d o rs a l  b lood v e e se l for th e  e e e d i­

t i o n  Of, th e  c ir c u la t io n *  A tu rb id  appearance  o f  th e  s o lu t io n  o r  th e  

d e te c t io n  o f p u t r e f e e t lv e  odor a re  oeartain  in d l e a t ions of death*

The second and th i r d  groups o f  worn* a re  used to  d e f in e  more aoou- 

r a t e ly  th e  tim e  l im i ts  w ith in  w hich th e  t r u e  s u rv iv a l  tin© l ie s *

C lo se r tim e in te rv a ls  fo r  rem oving th e  worms a r e  observed fo r so lu tio n s



M

which cause d e a th  sp e e d ily  th a n  f o r  solution®  which r e q u ir e  

lo n g e r  p e rio d s to  be e f f e c t I r e *

Use r e s u l t s  o f  th e  f i r s t  group of experim ents i s  

g iv en  in  f a b le  I* In  o b ta in in g  th ese  d a ta  i t  became a p p aren t 

t h a t  i t  would be im possib le  to  u t i l  i r e  the same c o n c e n tra tio n s  

f o r  a l l  verm icides owing to- th e  f a c t  th a t  m ny o f th e  le s s  

so lu b le  ones 'd o  not a f fo rd  so lu tion®  o f s u f f i c i e n t ly  h igh  con­

c e n tr a t io n  to  e x e r t  th e  a c t i v i t y  o f  th e  agen t*  and a ls o  because 

o f  the. d i f f l e n i ty  of d is t in g u is h in g *  in  such cases*  between the  

e f f e c t  of the  s o lu t io n  and the in f lu e n c e  o f environm ental condi­

tio n s  # A s a tu ra te d  s o lu t io n  ©f san ton in*  fo r  ex am p le ,'d id  not 

k i l l  any of th re e  worms'■dm t h i r t y  hours* Hvtdenc© of th e  e r ro r  

in  assum ing e ffeb tiv e iae iji a t  high^iSLm tlpus mm  subsequen tly  

found and i l l u s t r a t e d  in  th e  '£im©~Concemtrati on curves (Fig* I)  

f o r  thymol and c&rvone, from  w hich I t  may be seen, th a t  th e  o r d i ­

nate* * re p re se n tin g  su rv iv a l t in e s  a t  d i f f e r e n t  c o n c e n tra tio n s*  

approach  & T-asymptot@* Below c e r ta in  concent r a t i  out th e se  sub­

s ta n c e s  w i l l  not c au se  d e a th  in  any tim e*

She i n a b i l i t y  to  find  & s u i ta b le  common c o n c e n tra tio n  

fo r  th e  p re p a ra t io n  o f a i l  so lu tio n *  is  r e s p o n s ib le ,  no doub t, fo r  

'fee in c o n s is te n t  end u n s a t is f a c to ry  system* in  vogue fo r  rep o rtin g ' 

experim en ta l data*  Syafeels such  as Hv»# *-+*»■ M+4%.. e tc* *  e x is t  

c h ie f ly  fo r  need o f  a more a c c u ra te  and d e s c r ip t iv e  d esig n a tio n *

I t  seemed d e s ira b le *  th e r e f o r e ,  to study th e  su rv iv a l 

t im e -c o n c e n tra tio n  r e l a t io n  fo r  se v e ra l substances w ith  toe o b je c t 

o f  f in d in g  a m athem atical ex p ress  le a  which would perm it th e  c a le u -



l a t i o n  o f  a c t i v i t i e s  under ei th e r  id e n t ic a l  c o n d i t ions o f  tim e 

o r  eoaM tttvfttion* fhymol ism  adopted te n ta t iv e ly  as a  s tan d ard  

or referen ce subftame© because i t  p o ssesse s  recogn ised  vain© as 

a n th e lm in tic  and has vrtde rare© o f  e f f e c t iv e  c o n c e n tra tio n . Th® 

re s -a lts  o f  th i s  study a re  g iven  in  t a b l e  I I  and a r e  expressed  

g ra p h ic a l ly  i n  F ig . I .

In  F ig . X I, th e  fu n c t io n , log^Q C / t ,  p lo t te d  as o rd in a te s  

and C, th e  a b s c is s a e ,  graphed from th e  d a ta  I s  ta b le  I I ,  a re  seen  

to  be in  l in e a r  r e l a t i o n .  G is  concent r a t  ion  (m oles/X i te r  I ■; t*  the  

s u rv iv a l  time in  m inutes*

0 -  c o n c e n tra tio n  __ m o le s / l i t e r  -  "apparen t"  s peed o f f a t a l i t y  
t  su rv iv a l tim e m inutes

C/t i s  no t th e  a b s o lu te  speed o f  f a t a l i t y .  It Is deslg *  

m ted  " m m m & r  o f  f a t a l i t y ,  because i t  is  not Senoan hoe mmoh

o f  th e  d i s io lv e i  ag en t i s  d i r e c t ly  re sp o n s ib le  fo r  t i e  death  o f th e  

b e s t  o b je c ts .

Yh© em p iric a l l in e a r  equation  is

(1) log10 C /t — k +  BC

ibm ve  B I* the s lo ? e  /A

Y -a x is . In  e x p o n en tia l ___ , ______„

bC
{%) C /t -  ŝ g,

fh© r e l a t i o n  betw een the  c o n s tan ts  A and B of eq u atio n  ( 1 )

loglQ C / t ) and A th e  in te r c e p t  os th e  

'o rm« (11 h^ftnfat**
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to  ua  a&& b o f  e q u a tio n  (2) !«

i  =  lo g 10 a

B b lob^Q© ■=== *4 348 b

Tbs va lues fo r c o n s ta n ts  A and B a r e  o b ta in ed  f r o m  th e  

graph* (fig* XI)* A i$  th© apparen t speed of fatality-at aero 

concent ra tio n *  o b ta in eb  by extrapolation; B is  computed acco rd in g  

to  tii© ex p re ss io n

b _  / i  io g 10 o / t  _____

S u b s t i tu t io n  o f  tk© oospated  v a lu es fo r  t 'm  thymol e w r i  In  equa­

t i o n  (X) glees

W  log  C /t — *®,6 10400

For eareonet,.- I t  i s  found

(4) lo g  0 / t  =  *5 .3  250 0

fh© u su a l c r i t e r i o n  o f  potency In  b io lo g ic a l  assay  sa©tfcods 

Is  the  dose th a t  e l i l  cause a d e f in i te  p h y s io lo g ic a l e f f e c t  l a  a s t i p ­

u la te d  ti;re* t i-m  is  u s u a lly  f i r e d  as one o f the  c o n d itio n s  of experS-  

meat* .voteney- v a r ie s  I n  an in v e rse  sen se  s i t s  the minimum e f f e c t iv e  

dose* fhe  potency of an unteuovn su b s tan ce  in  r e l a t i o n  to  a re fe re n c e  

su b stan ce  is  express ad by th e  r a t i  o s

walB&t af standard Ui 
welgfct of mUmcwB (r}
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l a  th e  p ro f e n t study* th e  co n ce n tra tio n *  of the  s tandard  

(Cf ) and of th© unknown (Cr ) may to© s u b s t i tu te d  fo r weight o f s ta n d ­

a rd  and w eight of un&ncwn k e s a i e  the §«se velum© o f  s o lu t io n  p e r 

worm is  used in .e a c h  te s t#

(weight} *

stsiM fam^M  i  ==. j»**jggLi£ -  £ 1
potency'of s (weight }y (weight )r ,c?

(volume) r

I f  th e  r e l a t i v e  n a t i v i t i e s  o f  two verm icides a re  in  p ro ­

p o r t io n  to  th e  re c ip ro c a ls  o f  th e  concentrations a t  which they a c t  

a t. .equal a p p a ren t speeds i n 'producing  id e n t ic a l  p h y s io lo g ic a l e f fe c ts *

th e n

(sj w lT lS y  ,of i ~ ,-x. _  c
a c t i v i t y  o f  s J. c

C« r

M d when* a p p a re n t speed o f  s ta n d a rd  ( s ) =• a p p aren t epeed
o f  verm icide ( r )

(C /t), =  (C /t)r

lo g (C /t)s -  log (C /t) j,

From e q m tio a  11 ) ,

B |C |   Ay +  ByCy

BSC, -  (jjy -  il5 ) +  ByCr 

For active *ub»tanoo«, Uy-Ag ) i* in eign lf l e a n t .

BSC, =  Br0 ,
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Br /S.s

S u b s t i tu t in g  in  ( 5 ) ,

aatly i.te ...Q i x
a c t iv i t y  o f  s

( a t  equal a p p aren t speeds o f 
f a ta l i ty }

I t  i s  thus shown th a t  th e  a c t i v i t i e s  o f  two verm icides 

a r e  to  each o th e r  as th e s r a t io  o f t h e i r  rat#* , o f ohang# o f

and th a t  B, th e  s lo p e , is  a  s u i ta b le  c r i t e r i o n  of a c t iv i ty #

(6) a o t lT i t r  o f  oarTOiTO _  J  (carvcme) _  28Q -  JBbll .
a c t iv i t y  o f thymol B (thym ol) 1040 1*0Q

I f  th e  r e l a t i v e  a c t i v i t i e s  a re  determ ined from th e  graphs 

by comparing th e  c o n c e n tra tio n s  corresponding  to  eoual va lues fo r 

lo g  ( C / t ) ,  th e  c o -o rd in a te s  should  he e x tra p o la te d  to  h ig h e r  con­

c e n tra t io n s  to  o b ta in  the  most n e a rly  c o n s is te n t  va lues*  She h ig h e r  

c o n c e n tra tio n s  conform more n e a r ly  wl th  th e  doses g iv en  in  a c tu a l  

trea tm e n t and g iv e  more c o n s is te n t  values over a w ider range o f 

co n e e n tra t ion*

I t  becomes more ev id en t th a t  th e  con stan ts ' By and Be in  

eq u a tio n  ( 5 ) a re  e x p re ss iv e  o f  m o lecu lar a c t i v i t y ,  i f  th e  r a t i o  

0*24/1*00 is  d e riv ed  in  a n o th e r  way*

I f  th e  "m olar v e rm ic id a l a c t i v i t y * * ( ? ) ,  be d e fin e  : as 

lo g  ap p a ren t speed o f f a t a l i t y  ( lo g  C /t)  when the  verm icide  is  

a c t in g  a t  u n i t  m olar c o n c e n tra tio n , th e n , when C — 1 , l e t  th e

apparen t speed, o f f a t a l i t | -  w ith  change in . molar c o n c e n tra tio n .
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vera&icid&i acr-iiviticsc* o f  s -Xfcstarccs * r anf * ,  he

mi

? r _  lo g (C /t ) r  _  ( log  c r  -  lo g  %r )
¥_ lo g (C /t 1 ( log  G_ ~ lo g  t n J

(?) r- -log- t  lo?; t r
— n:     ...a. • ...a.
10 0 -lofc lo g  t .

For tgyiaol, a t  u n it  iml&r eonaesitratJen*

=  1

*-log t — 5*6 - f~  104 <!

LI k,m I j © fo r  car r  o m U Z lI  X ?  iS O i ' • X CO VK3

:ttl.rs£: r  r e p re s e n t  »3*ui* ■/ Oi

, / - n  i
1 O' *

* 0  .L- r ■t X 1

.er. iuib*x it--.it 1

Jz -  -tS.«3 f  SSO *  0.236
T* —5 • 6  - h  1040 1*000i g

If the corjstcnfc A, is Oropool*





**#
m

s
m

i

4#
N

1
1
C

2
4*

1a
«
« •

€
I
I

m  c$

1
m
4 *

I4>
Hm
%w»
1

£  & 
g f

4»

i?
9  «4

fl «-4; ss §
I  i

! 1
s8 s

5

1 I  
i  I

?m
I
I

1
£i
+*m
»

1?
*4
►

«N

1
H

4
4*#
C?

1
?
2
1
ftt ■

2 
&

I  *9  «H

1 15#  4*44
g  1

3 I

s

£  r

I

2  S
ft*

I  2

I  $

z  I
,  5
1 ‘  
!  I

4*
m «n 49 O

* I
I  £44
4* A

H  i
£  o  
9  4*
9  0
/»  O  
«* m

i  I► *
A© «3

-  I
£  *
« %
* A

i t
¥>

I

N
©

1e



32

has ‘been p o s s ib le  'have been l im i te d ,  so t h a t  an assum ption th a t  

such a  r e l a t io n  e x is ts  between a l l  compounds by bo th  methods o f 

e v a lu a tio n  remains unproved u n t i l  a d d i t io n a l  d a te  can be gathered*
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I*
i a r t i t s l  t l

A

©symoqmimne 
.1

M # p » e
2

dloarfeosyXt* a©*4-:L#A~

l-saetbgr elo&exa u#-
.6 l#jtm~2 *tb&$m&maqrt&m 
a©S4~l #4-4ie*fcyX m % «

X $&>**&

acid**l*4-ai©ti}yl m % m
«

it f tiwnifw

s680^

ftfft

.JMrasota.

SS-A ia f n frp 'h A ha l l iy  4  y #  y.f 4 #  

Bbil^sarpla© feyd rock ier i<S«

0.006 

0*006 

0*00S ;,-

®*00€  *
; . J r

o-oos

0.005

0.005

0 .005

0 .0%

9 .9 0 5

S a tu ra te d

105-120 

75-90 

50-60 ... 

40-80 

15-25

Vaotaote 4

250-180

120-125

2-4 

15-20 

roetnota 4

( 1# Footnote 5

1* Est* taaa  Xod&fc Go*
&• Tcwfeid dl»per»i©ii
3 . &a*$«a*lea in  aaaota *© Imtlon
4# Spaeimess apparently after 30 ^ourt.
5* Specimens a c t iv e  and hardy a f te r  3 hour*.
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fhl* compound, according to Mantascfc , a©e* sot

exist as the dlketone^**^*^*^*^ mr in keto-enol equili-

1 4
brixm, but entirely as the esol form# 2*S-dIhy#rexy~ * ~

diiiydroterepnthalic acid diethyl e s te r*  It was prepared, after

47
the technic of Upsenskl and furln with a slight modification 

la the method o f  purification: 100 g# of diethyl succinate*

27 g. of metallic sGdlum in fine g ran o la s  {prepared in hot 

ĵ&ydrout xylene) and 4 oc* of absolute ethyl alcohol tat placed 

in a 1 liter grlenmeyer t lasic equipped with a mercury seal to 

exclude air and moisture* fhe mixture was allowed to  stand at 

room temperature for a week and then heated In an oven at 70° G. 

fpr 8 hour®, a t  to0 0* for 16 hours and at 110 0* for 16 hours*

I t  th e  end of th i s  tim e th e  m ix tu re  had becca© a dry powder ant 

possessed a deep carmine color* It an# transferred to a 4 1* 

beaker and ms treated slowly* while cooling in an ice bath* with 

sufficient 76 per cent alcohol to remove the unaffected sodium



40

p elle ts*  asd to the pa§ te* thus fonsed, was added enough water to 

eeiqpletely d isso lve the sodium derivative* Tim sodiiaa derivative  

was deeeapesed by the addition o f hydrochloric acid ,  th e  precip itate  

was collected  oa a Bhcfcner t turael* washed w ell with water* dried* . 

and crysta llized  from hot ethyl alcohol* The y ie ld  of purified  

product was 4$ §♦* corresponding to 65*2 per cent o f  the theorectl*  

eel* s*p* * X&?~lf0 ° 0*

X*4Mtietfcy lo o te r  was d isso lved  in  400 e@» o f hot ab so lu te  e th y l  

a lcoh o l ( preserved ever e&lciw® oxide and d i s t i l l e d  from sodium) placed  

in  a  l i t e r  Feoad~feettemed f la sh  attached to a reflu x  condenser In  

which'was f i t t e d  a calcium  ch lorid e  tube* 3 g . o f  f in e ly  chipped 

sodium was added a t  one time to  the so lu tio n  and a f te r  the f i r s t  

vigorous react Sen, a gent 1© heat was applied  u n t i l  the sodium had com­

p le te ly  disappeared# The disodium d e r iv a tiv e  separated as a bulfcy 

carmine colored so lid  producing a tMcfc somewhat pasty mix tore*

Frequent a g ita t io n  m s req u ired 'to  Iseep the sodium d is tr ib u te d  

through the mis tore# i f  te r  a l l  o f  the sodium had disappeared* the  

'mixture was re fluxed- for  one hour on & water hath . Methyl iod id e  

was then added In 5 eo« portion s d ir e c t ly  to  th e  cooled  liq u id  a t  

in te r v a ls  o f one hour and h eatin g  was resowed a f te r  each a d d itio n

F ifte e n  grams o f  cyclohexanedione-^ *5-d icarb cxy lie  a c id -
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51mm mthQ&  o f  Mmmamm w m  me&t To & a ix tu * o  ooa~

s la t in g  o f  110 g» o f  fodltta didkrossato# 80 «©♦ o f  .oo'jscoatiatod. 

»ttlfarlo mold aM  &0§ sc* i f : « u x  m s  added fO g* o f menthol* 

a l l  1m « iv  portion* ffee M st's fe  *&* a g ita ted  vigOTomsl,? w ith  

a !»©olgbmiofel t t im a r  sMle pond t i l  tig the temperature to *t*o

' 40 a im tM  -wi thcmt I I mg. iho  $ t i  raring* ■ mixture wa*

co o led , oxttaoted  throe tim es ^ iih  other* the oil*®* extracts'

traotodi fro*  t ip  i f * t i t l a t e  *  1th .ether* the ether a o lu tlo o  dried  

0*0*. mt&j&wQm se&ia* , them d i s t i l l e d  a  no the- fr a e t io a

h e iiiia g  a t  w®$'9 §* w m . f i m t A  .m**(6Q $* i

r e d is t i l l e d  &4m th e  fr a c t io n  seww lag  orer sharpl* a t  m $ °  S* 

MPeftNrt f 0* t i l t  M olog to& l tM t»»

hundred g r im  Of ehresiUHi tr ie s* * #  ma# d isso lv ed  in  a mixture o f  

2S0 00* of glacial acetic acid and TS cc. of x&fcer* This eolation 

mm  added slowly over a  period o f severa l hcrars to 80 g* of rapthe- 

lone dissolved l a  4 TS ee  .  o f  g la c ia l  acetic acid contained in a a 1.*

sjPatiuaeoesT r to  §0 ° S* a u i «ial*lal*Sac t M i  te% *ratare Curl m

n o r#  easiieg w ith  m t m  m m  a f t e r  removal o f  th e  e th e r  diS’* 

t i l l a t i e m *  %M r m Mm mm $ tm m  d i s t i l l e d *  T m  mtfmm *e« «*•*

4 -  . .Hi* method o f  flee***®* mm ®«flofod* ■ f e e
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eueliem  F il t e r  and mailed w e ll m fch water*

( 0 | F if te e n  grams o f  the moist aaiae~thyiaol'

was dise-elred- I n -'2&0 ce* o f  'eoxtttfttzetei su lfu ric- m&M d ilu ted  

■te l  1# w ith  water &m ox id ised  at v M ; t « f l i t i t t t f l ' t g r  the - 

gradual a d d itio n  o f  19 g .  ©f $ odium n i t r it e *  ' th e  mixture was 

heated fo r  1 /2  hour on a e n te r  hath end' then steam  d is t i l le d '  to  

remove the thymoquliaon«* ffc® product, amount! m& to  f  g** when 

r e c r y tta llix e d  from petroleum  benzine, was obtained la  yellow  

c r y s ta ls  m elting  a t  43-45 C*

S M M tif rM tT fw ^ rrw —

CgHgCBO O^gOOOHg --IS S ? -— CgHgCH=OHGOCgHg H„0

A so lu t io n  of 36 g* of . sodium h f  fj* a - mixture

o f  :5 tf -ee* o f  /water end M ? g* o f  #§ fo r  ;oemi 'a lcohol wet. s tir re d , 

rigorou sly  for th ree hour* w ith  &f g* o f  eeotopho&ene l e c t i o n  

b o il in g  a t  201~202 } SM Tf g* o f  0* S . F* beaealdehyde* the  

temperature was hept around 25 C* I t  was not permitted to drop 

below 15 0* or r is e  above 30 0* Ffce m ixture was a ct a s id e  for

56 hoars In am lo e  box, a f t e r  ehI eh i t  was cooled 1m a freesIn g  

mixture* then f i l t e r e d  through a Mchner form el, washed w ith  water 

u n t i l  the washings were neu tra l to  11 turns, and f in a l ly  washed w ith  

SO oc* o f  o m lM  a lcohol*  ' fh e  y i e l d ■■Of -®rai## ■ thoromghly a i r -  

d r ie d  p roduct was l i d  g » , a f fo rd  log 130 g* o f  p u r i f ie d  l i g h t ,  yellow  

c r y s ta ls  w hich m elted a t  50fr»50T C* fh e  .ctm ie m a te r ia l  was p u r i ­

f ie d  by s a tu r a t in g  a lcoh o l w ith  i t  a t 50 0** a llo w !ng the so lu tio n

to coo l grad u a lly , and- f in a l ly  cooling' I t  in  a  fr e e s !e g  mixture*



Twenty-* tx  ee# o f  bromine was added, w ith  co o lin g  and 

s t i n i & i i  to  104 g* o f  be nz&lacetoxhenonc d isso lved  In  500 eo* 

o f  carfccn d isu lfid e*  The dibromid© was c o lle c te d  on a Bdehner 

funnel and washed w ith  two 125 ee* portion* o f  hot a lcoh o l*  The 

product» dried in  a i r ,  weighed 145 g* and Melted a t 155*5*155*6° G* 

An a d d itio n a l csoantity o f  Impure product, era ©anting to 15 g* and 

M elting a t  105*115° C* was obtained from the caroon d is u lf id e  

11 I t  ra te  and a lco h o l im h ln g s  * Eeorys t& llisa t  Ion o f  the lagrare 

t a i l in g s  y ie ld ed  11 g« o f  product m elt la g  a t  105-155 ° 0*

PlBCT̂ an.SSCTHAHSt (at»mrl-altiha-hvdrox?» tT rg 1 lcaton*i S9

C.E.QBS* .GHBVGOO .H, -t- ZXaOCH6 5 6 5 5

— CgHgClOCHj^CHOO^Sg + CSgOB + ZBaBr

c ^ gc ( e a ^ ) = 8Hcoc6Hg +- h 2o

- 221*. CgHgC{0H)=QHCOOgHg +  0H.0H 

, O6H8C(OE)=0Ht»CftE8 CgBjjOOqHJ,OOC8*5

l a  a 1 l * t three-neefeed9 round-bottomed fla sh *  f i t t e d  

w ith  condenser, s t i r r e r ,  and dropping :foan®l was placed 140 g* o f  

benz&laeetephenoiie-dibroiaid© (m#p*, 155*5*156*6° 0*} and 126 on* 

o f  a b so lu te  methyl a lco h o l ( refloated and d i s t i l l e d  ever  ealatwm 

turnings* A so lu tio n  o f sodium a e th y la te , prepared from 17*5 g . o f  

sodium and 154 cc* o f ab so lu te  methyl a lco h o l was added ra p id ly ,
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m 4. washed w ith  a sm all rolume o f a lc o h o l, Th© y ie ld  of crude, 

whit© <^rr«tali ^ 0 * t iO:C*..} was 44/®** ©ferreeyQAding to. 72

''par cent o f th#  th e o r e t ic a l*  B e e iy s i& ll io a t lc a  from S© 0 0 * o f '

-hot  © il^ i/a i^ l^ l'E ffo iN I© |l;:;3S &* # f  p e d e s  Is # m elting  atT';

m  *m ° s .  ■

Bl-Ehaiwl fr tk a tcn e  (CJBLC0C{QH)gQOC-B*) *~. m n r n n T r - r - m M m - r '  . mii.m ...mu i i . i l , . r . . . . , . > . . , . . . 11. . . :   ̂ ^  © O  '*

T hirty-* ix  grams o f  aShoaooyldiferoiJKJBiothaiie wo© re­

fluxed w ith  a  solw t ion of 17*5 g* o f  fused sodium a c e ta te  in  70 00* 

o f  g la c ia l  n o e tic  ©old out 11 p reeijp ita tlon  ©f sodium bromide ©eased.

: l h o w t  oh©  how ©  w a s  ’ $b©  m i x t u r e  w a s  :©©©1«4 t o  *©ftai t«wp©*'»'

E tw r©  m d  1 0 0  © c» © f  w a t e r  w a s  a d d e d  w i t h  c o n s t e n t  s h a d i n g  t o  d l s -  ‘ 

a a l w o  t h e  I n o r g a n l © . © a l t  .a n d .  t o  p r e e l p i t a t ®  t h e  i r i h e t o n ®  h y d r a t e *  

f h i «  m s  ' i c p h n r i M 'b y -  f i l t r a t i o n * .  w a s h e d  w i t h  w a t e r  u n t i l  t h e  w a s h -  

log* wmm m X c n g e r a o i d  t o  l i t m u s ,  a n d  t h o u  d r i e d  i n  ah  ©vac a t  

S 0 °  0 .  f h #  y i e l d  a m o u n te d  t o  2 0  g *

S b tea l SdtolfflSE61e (CjHgOOCOaOOgHg)

fh a e n t lr ©  y ie ld  (20 g*i o f tr ik eton e  hydrate was d i s t i l l e d  

a t 5 mm. from a C laisen f la s k  heated by means of a sand hath# The 

f i r s t  fr& otlea co ll© cto d , d i s t i l l i n g  over up to  150° 0» said ©meant- 

ing to about 2 ae# ,  was rejected *  host o f  the. p ©  duct d i s t i l l e d  

between 163° 0* and 1C§° 0* and s o l id i f i e d  to  a ye llow  c r y s ta l l in e  

mass which weighed IS g* th is  yo llcw  m ateria l was c r y s ta l l is e d  from 

20 ©•* of hot g a so lin e  and was thus obtained In the  fo ra  o f  sm all 

yellow  need le*  which* a f t e r  standing in  &■ vacuum d esioaator  u n t i l
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th e  odor o f g a so lin e  was no lo n g e r  n o t ic e a b le ,  molted a t  70-72 C* 

.The m eltin g  p o in t re p o rte d  by Bigelow and H& aslick i s  68-70° C*

The f i e l d  ia«  7 g* The p roduct was p reserv ed  l a  s e a le d  tubes mat 11 

re q u ire d  fo r  the b io lo g ic a l  te s te *

NH

11
O

This compound was p repared  by th e  procedure g iv en  By 

H untress* S ta n le y , m d  P a rk er .

(A} 3 - l f i t r o p h th a lh y d r a z i& e A  s o lu t io n  o f  150 g« o f  hy d raz in e  

s u l f a t e  and 272 g* o f  c r y s t a l l i s e d  sodium a c e ta te  in  400 ee* o f ho t 

e a t e r  was added to  211 g# o f  3 - s itro p & th a 11 c a c id  con ta ined  in  an  

8 inch  p o rc e la in  e ra p o ra tin g  d is h .  The m ix tu re  was evaporated  ra p id ­

ly  over a  d i r e c t  f l mm  to  a  d ry  s o l id  re s id u e  with, continuous s t i r r in g #  

The d ry , powdered re s id u e  was th e n  p la c e d  in  a  b eak er and h ea ted  f o r  

th re e  hours i n  an  o i l  b a th  a t  a  tem pera tu re  o f ISO ± .10° c* *hen 

h e a tin g  was com pleted , the  s o l id  ~m$ e x tra c te d  tw ice  w ith  350 ec» 

p o r tio n s  o f h o t  w a te r to  remove sodium s u l f a t e ,  and f i n a l ly  d r ie d  a t  

105° C» to  c o n s ta n t w e ig h t.
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IB) g-AmlnachtlialtCTdrsaidB. -  A so lu tio n  of aw w uiu* (u lf id e

w&t prepared fey past le g  hydrogen s u lf id e  g&s in to  200 eo# o f  

eusBaoniaai hydroxide ( tp .  gy** 0*90) w ith  c o o lin g  in  an 1c® feath 

untiX th.© ĝ a* m s  longer afesarfeed; 200 c o . mo re o f  eotioe^trated 

cnmenivm hydroxide so lu t io n  was then added and so lu tio n  

d ilu te d  to  one l i t e r #  f© th e  ammonium s u lf id e  so lu t io n , tims 

prepared*. n t  added l a  sm all increments the e n t ir e  y ie ld  o f crude 

'$-ai trofiitfealfeyAnislde# Wm. r e su lt  l e e  su spension  was fee i  led  for  

an hour and a d d itio n a l hydrogen s u lf id e  pasted In l u t i n g *

A fter  th is  treatment ,  the mixture was feolled for an hour more and 

then  s e t  a s id e  to  cool* th e  p r e c ip ita ted  S-aminophtfeaXijydr&a 1 de 

mired w ith  the su lfu r  was c o l loo ted  on & su ctio n  f i l t e r ,  washed, 

w ith  wafer and dried* The d esired  product remaining d isso lv ed  in 

the o r ig in a l f i l t r a t e  was p rec ip ita ted  w ith & s l ig h t  ernes*-.©# 

g la c ia l  a c e t ic  ac id  and was c o lle c te d  mired w ith su lfu r  on a  

suet ion f i l t e r ,  m ined  and dried* The amino compound was removed 

from the crude sulfur, con ta in in g  mixture* fey s t ir r in g  w ith  a 5 

per cent so lu tio n  o f  sodium hydroxide s l ig h t ly  in  excess o f  the  

th e o r e t ic a l requirement • A fter  s t ir r in g  and s l ig h t  warming, the  

m ixture was f i l t e r e d  and the f i l t r a t e  s e t  a s id e  to  permit th e  

sodium s a l t  to  separate* W&$ wm  co l le e  te d , washed w ell' w ith  

w ater , and sp arin g ly  w ith  a lco h o l and ether* th e  fre e  amimphtfcal- 

hydrailda, then raptfrad fo*  m e 1b the pfaasaaeolagloal tm t« ,

«M dl»*olTod in  water and rapraoipitated td th a • lig h t  m m  of 
g la e la l a ce tic  a c id .
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described g av e , in s te a d  o f to lu q u l a o le ,  adhreneed o x id a tio n  p re d ic t*

■ a t  p -te lu i& ln e , v$x»« pf p*~aawqrtelu«&et which ery st& llised  from 

p d lr o l« «  feemxin in. yellow  p la t e s ,  melting. a t  '69~?d c '.£*? and 

p~nit res0to lu en e , a dark fr o m  o i l  which s o l id i f ie d  upon coo lin g  

Sa an ice-b ox  and ^ i e b ,  A ®  asye-tall-lsed from petroleum ferns!a, 

m s  obtained as & sM te  c r y s ta l l in e  s o l id  m elting a t  48° 0* ?&e

exten t o f  ox id ation  or the p a r ticu la r  product obtained I* d eter -  

mimed, fey the amount a t  n i t r i t e  u sed , fey the rea c tio n  time an t t hm 

r ea c tio n  temperature*

The us© o f f in e ly  d iv id ed  copper to  m tu ly& a  th e  r e a c t io n  

r e s u l te d ,  a f t e r  th e  f i r s t  v io le n t  react!om » in  ta e  s e p a ra t io n  o f a  

l i g h t  to  dark  .green, w a te r - in s o lu b le  » t e r t & l  which proved to  fee 

•e ith e r  p , $ •-aao -eap rio -feen so a te  o r  p ^ H a x o ^ - c u p r ie - f e e a s e a te ,  o r  a  

m ix tu re  of the  two. The copper d er iv a tiv e  was p rep a red  fo r  study  

In  th e  fo llo w !%  im n m ti  To a  s o lu t io n  o f  2 g# o f p - to ly lb y d ro a y -  

lamia© in  ZO so# o f  e th y l  a lc o h o l eeo led  to  2 0 °  v* l a i  added s lo w ly , 

w i th  s t i r r i n g ,  2#S ©a, of e th y l  n i t r i t e  4m 30 ao* of a lco h o l#  Bur la g  

th e  a d d i t io n ,  Vm  tem p era tu re  was m ain tained  fee tween 15 and 2 0 ° C .

The m ix tu re  was t r a n s f e r  re !  to m  S r le a m y e r  f la s k  and h^atod  slow ly 

end c a u tio u s ly  on a e a t m  feath under a  r e f lu x  eoudeaser u n t i l  th e  

r e a c t io n  began* i t  th e  f i r s t  in d ic a t io n  cf the exotherm ic r e a c t io n ,  

the- h o s t m s  m lthdrsnra u n t i l  th e  r ig o r  o f  th e  re a c t io n  d im inished 

i o w i M t .  warn s e p a ra t io n  of the  s o l id  appeared to  fee com plete , th e  

m ix tu re  was re f lu x e d  fo r  15 mi n a te s  lo n g e r , a f t e r  which i t  was co o le d , 

the g reen  cry s t a l l !  ne s o l id  e e l  lo o te d  on a f i l t e r  am  p u r i f ie d  fey 

e x tr a c t io n  w ith  e th y l  a lc o h o l in  & Sea& let a p p a ra tu s , the  e x tr a c t iv e
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h e ia g  re p la c e d  'by p u re  so lv e n t s e v e ra l titse s  to  avoid  o v e rh e a tin g  

fe e  copper d e r iv a tiv e *  The y ie ld  o f  copper s a l t s  c o lle c te d  from 

t m  -eeabiBfld e x tra c ts  maoaafced to  1*3 g# The m e ltin g  p o in t mat 

195-196° G* (decom position) a id  remained unchanged a f t e r  an o th e r 

c r y s t a l l i s a t i o n  from a lco h o l#  The p ro d u c t .was d ried , a t .  110° 0 # 

fo r  a n a ly s is*

A ppirs i s  * Seoul red f o r  HgO^BgOax ,0a9 19 *16
I*  6*4$ £

E squ ired  fo r  C14H@06%Cuj On, 18.£8  %
8 .06  $

Found j Ca# 18*82$* M, 8*24$
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