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l .  ( . 'oca l ru :s  (ur t , thy , l lscy le : r :go l r incs)  :  ( locr r ine (nrc t l iy lbenzoy lecgonine) ;

c in t tanr . l , lcoca inc (nrc thy l r : innanroy lecgoninc)  ;  a- t r t tx i l l i r te  (nreth l ' l -a-

t r t tx i l loy lcr :gor r ine)  ,  p- t rux i l l ine ( rncth1, l -p- t rux i l loy lccgorr ine) .
2. ' l ' ropeints or t l t- tropeines: I lcnzol ' l t ropine ; troPacocairte ( lrcnzo1' l-

{-tropehte).
3. Acylecgoni'nes : Renzoylecgonine
4. Alkylecgorthrcs : I\lcthylecgonitte, rrrethylecgonidinc.
5, Dthydroa'ytropane.
$. l lygrines : I lygrine, p-hygrine, cuscohygrinc (cuskhygrirte),

h1 'gro l inc .
' I 'he alkaloidal conteut of coca leaves varies fpom 0'5 to l '5 per cent.,

but higher percentagcs have been recortlccl by de Jong I for Java leavcs
(season I908, I .0-2.5). I ' ruxi l lo ancl Java cocas are r icl ter in alkaloir l  than

IJol ivian coca, but thc prolrort ion of cocaine present is said to be about

50 per cent.,  whereas i f  ntay be 70-80 per ccnt. of the total alkaloid in

lJol ivian leaves. Coca lcr ives grown cxl ler inrental ly in India and examined

by l f trward containetl  0..1-0.8 l lcr ccrrt .  of nlkrr loicl ,  Iargcly cocaine. Snral l

qunrrt i t ics of alkaloit ls havc also t leerrt f trutrcl in the lcaycs of E. ptt lchrum
(Soutlr America), ^U. ntonogynltrn (ftrclirt), H. ntorttenurn, E, laurifoliu,nt,,

E. retusum, tr). areolatunt and ,I4. oL,at.un.2i" ' de Jorrg lrtrs pointed out that

the youngest leavcs arc r icl iest ir t  ciutt i tnrylcocuirrc; in the older leaves

this is rcplaced by cocainc or tr t txi l l ine.s
A process of est irnation for t l ie total alkaloids w&s given in the

8th Revision of the U.S. Pharrr iacopctia i trrcl  a survey of methods

available was publishccl by Ll icr l ing, Papc and Viehover in 1910.4 l \ Iore

reccrrt ly processes have lrc'cn descri lxd by Peyer and Gstirt ter 6 and Goris

arrcl Chalmeta,6 rvho provir le a cri t ical revicw of r lethotls. ' Ihe proport ion

of cocaine in t l ie total al l ialoid.s is inrporttnt and various methods are

avai lablc by which this rrr:r ; , '  l ic cst i trratet l .6 l \ fost of the cocaine of com-

ntcrcc is not obtairrct l  t l i r t 'ct ly fnrrn t l ie lcaves, btt t  from ecgonine got by

ttre hydrolysis of the sc'condary trlknloids ancl lix that reason methods for

estirnation of t l re tolrr l  t :cgonine obtairrul l lc fronr coc& leaves are of

irnportatrce atid ltavc bcctr tlc'visccl by Greshoff and by cle Jong.?

Cocaine, C'?II2'O{N. Clocaine is rnade either frotn the crude alkaloid as

exlrorted lronr Soutl  - lntuicu.8 or fronr ccgott ine obtained by hydrolysis

of thc total alkaloir[s ertructcd I 'nrnr Java coca leaves,e the ecgort ine being

then nrct lrylatcrl  antl  l r t 'nzo1' laterl  to cocaitre by recogtt ised rnethocls.r0

r \cconl ing to  I \ le r<: l<  t l r r ' ( :on\ rcrs io t l  o f  ecgonine i r t to  r :oca ine nr t ly  t le

accrinrl .r l ishcd irr on(f ol)( ' rat iot i  l -ry heabirtg the former with nrethyl iodit le

anrl bcrrzoic anlr; ' r l r i r l t :  rrrrt l t ' r  1i t 'cssttte. l1 l l i r t l iorn and \\ / i l lst i i t ter 12 lbrrrtd

t l i a t  t hc  t r ux i l l i r r cs  i r r r r l  t . i n r r i r t r r \ ' l coca i t t e  c t t n  bc  co t r vc r t cd  i n to  c t ' go l t i ne

r r rc t l r l ' l  cs t t ' r  l11 '  1r , r ' l i r rg  t  l r t^ i r  so l r r t ions i r r  methy l  a lcohol  (6 l la r ts )  r 'ont i t i r r ing

su l l l l r t r r ic  ac i r l  (?  l r i r r ts )  l 'o r  sevcra l  hot t t ' s ,  o t 'by  pass ing hyr l roget t  ch lor i t lc

i p to  a  so lu t i on  o t ' l l r t . a l l l r k r i r l s  i n  n t c l l r y l  a l coho l .  ' l ' h c  
mc thy l  es te r  ca t r

thcr t  bc  l rcnzo; ' la t t t t l  lo  coct l i t ie '

Cocainc crys t r r l l i .s t 's  f ronr  a lcohol  i I r  rnono( : l i t t i ( : ,  l i r t t r -  to  s ix -s ic lcd

pr isnrs ,  nr .p .  [ )8" ,  ar r t l  i s  s l t iw ly  vo la t i le  a lxrv t :90o,  l l .1 l .  187-8" /0 ' l  t ru t t .  I t
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l f l6,253, 497 ; ct.l?]:,:?1, 49! ;_rI:Y:: ?ud \Vrssrxc, rler., r0l5,48, lu0?. 1ll: lpi, l., ruo:1, 16, zoos[(4+) lbid., 1015, 4x, rgo7, zos7. ( 'Ji) Ibi(l., l0rE, sl, rur:i ; 
' ,\ ' ir.r.s,rA.r1ri,, 

,,; i l
l f  i1"l*, iHd.,rt6o,33, l lz5. latiy rroc. rtnua. .4c,t,I.,$r.i., r r, [2, 49Rud. t,6i 
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1fl13, ::, \O!1q: G.r.u,rucn arrd.Ita,un t:n,_Arctt. I ' trrtrttt., i l ,: lr, ZSO, \. 
'1"1'17trr'.1

P,r_rl.Utl ,n/:^:1. G.rDe,uD., ibid., t,r,2l,'56, rto. 1,roj'tuii,-,',,irj,'S'fi1rrr. (s0)
f., i.!!rr|..r.1,f.:1925,,19.q, L75s ;__1e28,186, r,L7 ; t luil. Srtc. (ttt i ttt., luzrJ, 1ivj, \zu, i{,0.
Stt) cujd,rx, Arch. Phnnn,, r$4r,279, rrz, (41) Nor,r,r; . ,  Klt i t t t .  l , t tr l r t t , l , .-X iuai.
y?. s,fg; Awrurowr, Chun. Zentr., l9ll8, [i], .196. (42) ,tletlctl. 4il's Luttds\,u1t'.
1!r{,r8: !tg) chem. ze'ntr., l8gz, [iij, lno. (41) ,tnn. ,lurtl l]ttt. Ituit., t{rg$)iiil:sy1frl.-,_3, s8E. (4e lrcc. trau. chili., r{/ll, ro, riir. (+(i) J. t'hit. rfl,*Iut. .,ts

ALKALOIDS OF ERYTHROXYLON COCA
' l ' l re lubi tat  of  Eryt l t rua:y/otr  sp1,.  is  l r r i r r r : i l r i r l l , r ,  I  l r t .  rvt .stcur s i r l t :  o l 'SoutI

Att tcr ica,  and al though int l iger i , , r r ,  
" l r . 'c i r ' , r  

. , , , - . ' , , , .  i r r  l r r<[ i i r ,  : \ l ' r ic .  *n4
Ar^ rs t r& l ia ,  t l rey  havc  n( )  e ( :o r ro r r r i , ' r ' , rh rc .  ' l ' \ r , r  L i r r t l s  ' l ' ( :oca  lc r rvgs  gre
availablc in conrntcrcer, l]olivitrrr ot' Ifuarrrrr.o lt, irvt.s rtt.r ivt:rl I 'rorrr I l. cocq
Ltt t t t .  arrd Peruviat t  c l r ' I ' ruxi l lo l t ' in, .s ol l ta i r r r  r I  I ' r . , , r r r  IC, t rut i th,nsa l lusby;
both arc cul t ivatet t  in , Iovt t .  I r r  S.rr t l r  Arrr t  r ica . , ( , i r  l t , i r \ ' ( .s ar. ( ,  chcrvcr l
rv i th  l i r r rc  by  the  I t rc l ia r rs  i rs  i r  s t i r r r r r l i r r r l ,  i r r r r l  i r r ( , ( . - \ l x ) r . t c r l  to  I r ) r r ro l re  1 i r l
t rsc in rnccl ic ine ancl  fo l t l tc  prcpur i r t iou of  t , ( r t . r , i r r t ' .  l r r r i  t .hc pr, i l r , ipal  Jource,
ol 'coca leaves is Java. Crut l r : -cot ' l i r re is rrurrrrr l ' i i r . l r r r i :c l  i r r  Sout l r  Anrcr ica
lncl  exported for re l in i r rg i t l t t l  sorru 'asi l t 'c ts oI  t l r is  i r rc lustry have ]reen
discussed recently.l

The alkaloids of coca leavcs lxkrrrg to six groul)s :_
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is levorotatory, [n]u - l5'8o, slightly solull le in cr.rlr l \r ' i ttc.r, rcarli l l , soltr|fc
in alcohol ,  ether,  benzene or l ight  petrolr ' t tnt .  1 ' l rc i r r l r rcorrs solrr l iorr  is
t lkal inc to l i tmus, I tas a s l ig l r t ly  b i t i t ' r  tastc ant l  n ' l t t ' r . r  r rp l r l icr l  to t l r r :  torrguc:

l l rc ldrrces a charactcr is l  i r :  nt tntbt t t :ss,  ' l ' lur  l r t ' t l rochlr , r i rk ' ,  l t  .  I I ( l l ,  t l rc
s r r l t  c 'h ic f l y  used in  n ic t l i c ine ,  c rys ta l l i ses  f r t t t r r  i t k ro lu r l  in  s l ro l t  l r r i s rns ,
r r r .1 r .  200-2"  (d rg) ,  [ * .1 , ,  -  71 ,95o (c  :2 ;  I I r0 ) ,  - - -  67 '5o  ( i r ry t< :o r rs  r r l lo l ro l ) .
I t  i s  rcad i l y  so lub le  in  w i t tc r  (1  in  0 ' , [  a t  2 i t " )  r r  i r l co l ro l  (1  in  2 . ( i  t t t  : t J ' ) .
l - rut  insolublc in ether or l ig l r t  1 l r : t ro lerrrrr .  

' l 'o  cnsr l rc i r l rst ' r r t ,c ol '
c inr tanty lcocaine and a-truxi l l i r re ( f , ro: t t ropl ' l r :< icairrr , )  i t  l ) ( 'n"nangirrr i r tc l tsf  ,
iutc l  sotne form of I l laclagi tn 's t r 's t  arc rrsccl  r t 's1rr : r : t ivr '1.1,  :  t l r t :  l r r t t r . r  r l t , l rc,rr t ls
on thc fact  that  on adding arrrr t rotr ia to a solrr t iorr  o1'r ,or , i r int :  l ry ' r l rocr l r lor , i r le,
a whol ly crystal l ine preci l l i t r t tc:  is  I i r r r r ret l  i f  l l r r :  s:r l t  is  not  c.orr l i r r r r i ru i lcr l
rv i th t rpprceiable quant i t ics of  t ruxi l l inc,  T ' lur  , , ln ' r , rn i r t t : ,  l t  .  I I " ( l rO{ .  I I "O,
is precipi tated as orangc-ycl low lcr l lets,  n) .1) .  127o, t r .hcrr  l rot i rssiurn
cl tmmale is added to &n acic l  solut ion o{ '  t l r t ,  l r1 '<lroclr lor . i r l t , .  ' f [c

p la t in ich lo r ide ,  Bz .  I I ,P tC lu ,  i s  n r ic ' rocrys ta l l j r r r ,  i r r r t l  s1 ; i r r , i r rg l ; ,  s t , l r rb lc  i1
rvater. Aqueous mercuric chlorjdc gives rv.it lr a solrrt iorr of c:ot,airre
hvclrochlor ide a bulky precipi tatc of '  the mt:r<:rr l i r , l r lor ic lc I t  .  I I t l l  .  I Ig( t l r ,
rvh ich  nury  be  c rys ta l l i sed  f ronr  a lcoho l .  ' f l r r .  r r i tn t tc ,  I | . I INO' .2 l l " ( t ,
rn.p.  5t i -63o, per iodide, l l  . I I I  .  f2,  nr .p.  I6 lo,  forrnir [ r ' ,  nr .1r .4,2",  s i r l icry latc,
u'hich is triboluminescent and other salts, havt: also bcr,n usctl irr rr,.. i i" i,,".

When heated with mineral acids /-cocainc is h1,1l1.r,1r,st'r l inlo /-t.cg<.rnincr
(p.96),  benzoicacid and rnethl ' l  a lcol to l  anr l  a l ikc <, l rarrgc tukc.s pl : rcc rv j t I
baryta rvatcr .  I f  the alkaloid is boi ler l  wi th u ' t r t t . r ,  r r rct l ry l  a l r : r , l ro l  is  spl i t
off ancl & new base, benzol' l- l-ecgoninc is forrrr,rl, rvlri<.h irr ttrrn gr1 }e
h1'c l ro l l 'sed by acids or alkal is into / -er ,goninc i r r r r I  l r t , r rzoic aci t l .  Cor:ai lc
is, therefore, methylbenzoyl-/-cc,gouine.

I) t : tect ton Owfng to the i l legi t i rnr te usc of  cocairrc rr iu<: l r  i r rgc,rrrr i ly
I tas bccn expended in c lcvis ing eas),  nreans of  r letct . t i r rg i r r r r l  i r l r . r r t i i5, ing i t
a lone, or in admixtrrre rv i th synthet ic Iocal  ana,st l ic t ic ,s ancl  ot l r t . r ' r i r .g l r r i r :
materials. A useful anrl crit ical summary of tests has bccn giverir lry
Ilvers.rs Cocaine may be <letccted by the nurnbncss it proriuc,,i lr4,c,, ir
droP of a solution is applied to the tongue. fn a lurlf-satrir:rtc'd solrrt iol of
alum it gives a charactcristic crystall ine precipitatc rvith a clrop c,f sirturatcrl
solutiott of potassiunr pt'rrnanganate.la The alkaloicl fonrrJ a <:oloullcss
solution with sulphuric ar,icl, which orr ryarnring at 100" follorvr:t l b1, rrrklit iorr
of a l itt le water, develops an orlour o1'rrrethyl benzoatc irntl rk,irosiis clyslals
of benzclic acid on cooling.

Itefclgnsg may also l-re nrade to clescriptions of tc:sts, clas.sil icrl as
incl . ic t r ted in brackets,  1>ubl ishct l  by var ious ar l t l r r - , rs, tu ((r)  nr icr . , , . l r , . rn ical)  ;
( (D) dist i r tct ion f roni  f -cocainc) ;  ( (c)  d ist i r rct ion'  

' l . ronr 
othc,r  loci t l

anicst l rct ics,  especial ly l r rocainc).  
' l ' l re scr ics of  p i r l rc,rs l ry '  Off t , r , l raus arr t l

l | : t : : t  (c) .may be speciai ly ment ioncr l  t rs dcal i r rg i ,xh, , r , r t iv t ' ly ,  u ' i t l r  r r rc,an.s
of ident i f icat ion of  drugs of  th is typc,  and espc., ia l l l ,  lv i l f r  th l  r l t  tcr . t iorr  o{ '
snral l  < luant i t ies of  cocaine in tn i i t , , r . , r  l ikcty to l -x:  nrct  q, i t l r  i1 i l l ic i t
tra.l l ic in clrugs. Strait, Aird arrcl \ l 'ciss haveilr,.scli lrt,cl rr rrrctlrr,t l f irr t lre
tsolttttot't antl spectrograplric nle&surcrrrent of cocainc fi.orn l-rrain l issuc.l0

L'OCA I I{]]

d-,1,-Cocaine (r lst iLlrt ,ainc, d-Cor:airrc). I ' l r is subst.attcc was isolated

J'r<lrrr coct kraves by Liebcnnzrnn ancl ( l icscl, l? btrt  is bel ievecl to have beetr

lrrot luccd by thc actiorr of 'alkal i  on l-cocaitte i t t  thc proccss of extract ion.

I t  w&s synthcsiscrl  lnrnr f  -ecgoninc (t l- , !-ccgori ine) by I l inhorn ancl

I lartparclt  18 anrl u'as ol l taincd by \Vi l lst i i t ter attr l  col l t t lmrators r0 by the

rcs<rlut irrrt  of t l l^, l t-ccgorrirre rncthyl estcr, lbl lclrvecl by l-rcnzoylat ion. I t

r l i f icrs corrsiclr:rarlr ly l ' r 'orn l-cncait ic irr  cl t i tr t ictcr ;  l t I . l ) .  45", thc srt l ts

c r ys ta l l i s c  wc l l  an r l  : r r c  l c ss  so lub le  t l r an  t l t osc  o1 '  l - coc t i i ne ;  I | . I IC I ,

rn.p. 205',  [ol i l ' "  - '+- -t : ] '0 (I IrO) ;  hycirogcrt d-tartratc, m.p. 139o, [ l l ] i , ' "  +
191o ;  i tu r i t : l r lo r i r lc ,  I l  .  IL \uCln,  ln .P.  ld8 ' .  

' Ihe n i t ra te  is  spar i r tg ly

so l r rb lc  i r t  u ' t r tc r .
dt-{-Cocaine. 'l ' l i is wirs prel)tu'ed by Willstii,bter atrcl collaborators 10

f ronr  sy .n thct i< :  r / / - / r -c<.goni r re .  I t  c r5 's ta l l iscs  in  hcxagonal  p la tes '  n l .p .

lJl .5", givcs i .u lr5' t l ro<,lr lor iclc, m.11. 208o, i t t tcl  ct i f fers frotn natural l-cor:ait tc

i r r  g iv ing a  s1- l i r r i r rg ly  so l r rb lc  n i t t 'e t tc ,  rn .1 t .  172o.  
' l l rc  hyt l rogen d- tar t ra te

h,rs nr.1i.  ldd',  l l l l t j ' "  - i -  39' i rrrcl  t l ic r/-a-lrr<-rt t tocit t t t l l l tor-p-sulphoryrt9,

l ) l . l ) .  t r l2 -3 ' ,  p l l i l ' '  +  312 ' .  
' l 'he  i t t t r ich lor ic lc ,  l l  . I IAuCl4,2 I I2O is

r : r ys ta l i i nc ,  I r l . l ) .  65 -70 'o r  164 -5o  (d r y ) ,

Cinnamylcocaine, ( lreII23O4N. ' I ' i r i : ;  al l l r loicl  wtrs is<-r latccl by Giescl 20

I 'r .opr . Ial ' i r  cor.a lctrvcs altcr i t  had bcctr l l rc 'parct l  by Liebermann z: '  bY

hcatirrg ccgonine at l00o rvith cinnattr ic arthvclr i t le tr tr t l  rnethylat ing the

rcsult ing ,, i , , ,r , . , tr .ylct 'gt lr t ine (c<l lourless trcccl lcs, l l ) .p. 216"). I t  is almost

insolr.rblc in wrrtcrr ' ,  l lut casi ly soluble ir t  ot 'gtt t t ic s<l lvettts and crystal l ises

I ror l  }enzenc or  l ig l r t  l le t ro leunr  i t r  rosct tes  c l f 'neec l les ,  rn .p .  l? lo .  [o ] , ,  -

4 ' .7 ' (CI ICI . ] ) .  
' lhc  hych '<- rch lor ic le ,  I ] . I IC l l  .2 I I2O,  fornrs  l la t tened neec l les ,

rrr.p. l7U' (rtry) frorrr wltcr. 
' Ihe 

l t lat inichlori<ie, Ir I .p. 217", t ts l l recipit tr ted,
is arnrrrphous, but t :rystal l ises otr startdirtg. ' lhe auriclr lor ide ftrrms yel lorv

r reer l lcs ,  r r r .p .  150o.  \ \ ' l rc r r  warmecl  rv i th  l ryc l roch lor ic  ac i t l  the base is

hyr l ro lysed,  f r r r r r ish ing l -ecgot t ine,  c i t t t ru t t t ic  ac ic l  a t rd  nrc thy l  a lcohol .
' l ' l rc iso11l,r ' ic d-r.rxs,ruyLcocArNu (nrcthylcit t t tatt toyl- d-r! 'ecgotr ine)

prcparerl  by l t i rr lxr lrr i rrrr l  l )cckers 22 by thc action of cinnamoyl chlori t le

nt  fs r f -COo on r l - ,y ' -ccgorr ine rncthy l  es tcr ,  c rys ta l l ises in  pr isns,  m.p.68o,

1. " ] "  *  2"  ( l i tOI [ ) .  i l 'hc  l ry t l roch lor ide,  B. I ICI ,  fornrs  t teed les,  nr .p .  l86o;

Itre pt, iLi ,r ir :hlol i t lc, rrce t l lcs, nr.p. 208o, atrd the aurichloride orange needles,

n r . p .  l 6do .
Truxi l l ines, C3B[[r6O,JN". Lr 1887 l lessc isolatct l  frottr Pcruvian coci l

lc lvcrs  i r r r  iu l ro l ' l l l r , , r rJ  r r lk t r lo i r t  rv l r . ic l t  l te  t tamct l  cocat r t i t te  23;  a  year  la ter

L ic l l r r . r r ranr l  2a cx tnr i r rc t I  t l r is  nra tcr ia l ,  ar rd  by f rac t ionat ion o f  i ts  so lu t ior rs

by a t l t l i t ion o I  pc t ro l t :ur r r  l r rovc<l  i t  to  bc : l  mix ture o f  a t  least  two isorner ic

[ irses, rv]r ich Irt :  rr iurrc(l  a- utrcl p-truxi l l ines. The pure alkaloids havc rtot

l r t ,gr r  o l l t i r in r , t t  l r 'o r r r  t ,oc ' i r  lcuvcs orv i t tg  to  thc  d i l l i cu l ty  o1 'separat ing thenr ,

br r t  c i rc l t  l t l rs  l rc t : t t  l r r t '1 t i r t ' t ' t l  sy l r t l tc t ica l ly .26

a-' l l rruxrr,t . tN l : t  (L'ot 'utt t i t te, y- isatrctpylcocaine). An artrorl lhotrs l t ' l r i tc

porvrler, rn.1l.  t iOo, ctrsi ly soluble cxccpt in l ight petroleumr and watcr.

Solut ions of t l t"  basc rrrc lrcvorotatory and possess a bit ter tastc. When

\r, irnrrcd rvit l r  h5't l rot: lr lor ic rrcid t l ie base unclergoes l tyclrolysis with t l ic

prorluct ir .rrr of l-ccgonirrc, ntet l tyl  alcohol and a-truxi l l ic acid (CrIIrOr),

1)ir
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(y- isatropic acid),  nr . l ) .228o, ' I ' l re syt t t . l rcsis of  t l rc alkakr i r l  rvas
lccoprpl ished by thc act ion of  a- tnrx i l l ic  atrhyclr i t lc  orr  l -ccgonirrc and
rrrctlrylation of the resrrlt ing a,-truxil loylecgottittt ' .

p-'l'rruxru,rNr (iso(|uandne, E-isatropyk:ocuirw). 'l'his llase sinters at
4io nnd decomposes above l2oo, [oJ,, - 29.8'. It untlergor:s ]ryclrolysis,
furnishing B-truxi l l ic  acid (E- isatropic aci t l ) ,  nr .p.  206o, wi th c( 'goninc anr l
rncthyl alcohol. It also has been synthesised by Lieberrrrann ttrrcl l)rorl ' .26

Ivlethylcocaine (Itrthylbenzoylecgrtttine). 'I'lris basr: was isrilirlerl lry
Giinther 26 fiom comnleroial cocairrc, lry clissolvirrg thc lattr 'r in irn alr:olxrl ic
solut ion <l f  hydrogen chlor idc and ln ict ional  prcci l l i tat iorr  rv i t l r  c l l rcr ,  t l re
ncw zrlkaloidal hydrochlorit le br:irrg lrrcc:ipitatctl lrrst. ' I 'hc lrasr: rnt,lts at
l l0o,  possesses the samc l rhysi t l logicrr l  l r r r i l lc : r l ics as r :ot :a i r rc arrc l  f  ic l ls  i r r r
i tur ic l t lor ide and a plat in ichlor idc <'h, 'sc ly rcscrrr l r l ing t l r t '  ( lorr( . . \ lx)rr t l i r rg
sal ts of  that  base. I t  l l ro l lably n ' ,srr l ts f rorrr  t l rc rrsc o1'et l ry ' l  r r lcolrol  as a
solvent in the comnrercial preparal.ion of cocairre l 'rorn cr.gonirrc, lnrt it is
st ,ated by Gt inther to bc isonrcr ic,  r rot  ident icrr l ,  r+ ' i th <.ot ' : r t : t l ry l i r re (et l ry l -
lrcrtzoylecgonine) prcpared synthetically by lstcli l l , irrg berrzr.rylccgorrine
rvith ethyl alcohol.zT

Benzoylecglonine, CsIIrd(CO . C6I{b)OsN. 'J'}ris acyl cstcr of ccgr;rrirre
was isolated about the sarue tirne b)' Skraull antl by }lerck li'orn l)r:r.uvian
coca lcaves. Accorrl ing to de Jong 28 it clocs not occur irr .ftrv:r (:oca. It
was subsequentlyprepared lly Paul 28(4) by tlx' rr<:l iorr of rvater orr cr-rcaine
an<l later synthesised by Liebernrann and Gicst l " l,y the ac,tiorr <-r1'berrzoic
anhyrlride on ecgonine. It crystall ises frour lr 'ater v' ith, 4II2O in rrcecilcs,
trr.p. 86o or lg5o (drA, dcc.), [r],, -- 63.3", ancl tt issolvr:s rcadily in alkaline
liquids ftrrming salts. Whcn boiled with cli lrrtc hydroclrloric acitl, i t is
hydrolysed into ecgottine ancl benzoic acicl, arrcl on cstcrif ication with
nrethyl alcohol furnistrcs cocaine, an<l with otlxrr aliphatic alcohols yiekls
honrologues of cocaine : of these thc r:thyl ester (co<:acthylirrc), rn.p. 108-Uo,
tlrc propyl ester (cocapropyline), tn.1l. 78-79.5", and the tsobuty.l cstcr,
m.p. 6l-2", among others, have bcr:n llrellared.
_ l-EccoNrNE, CgHr60aN. II2O. ' l 'his substtrnce rvas l irst obt:rinetl by
Lossetr 30'as the l inal basic hydroll ' t. ic l lrotltrct of the acti<-rn of ar:it ls c,rr
cocaitte, and ip obtainable in l ike lnanner fi 'om scveral of t lre alkaloids
occttrrittg with cocaitrc (see ulnttc). It crystrrl l ises lrorn dry alcolrol in
Itroticrclinic prisms, ru.l). luio (tle.c.), g0bo (dry), ["]" - 48.4", is solrrbk: irr

: : t  
t "" , .  spar ingly so i r r  u lcohol ,  insoluble i r r  nrost  orgarr ic l i t l r ic ls.

Ecgonine forms salts rvith bascs and acids ; thc hydrochloricle cryst,i l l ir",
i r r . rhornbS, h.p.  246o, [o] , ,  -  57.r" ;  the arrr i r , l r lo i ' ide,  l ] .  r rAucj , , ,  forms
yellow pristrts, m.p. 20?b (rlry)arrcl t lre platinichloricle, retl rrceclles, ui.1i. :120"
(rlry). lJarium-ecgorrinc f l}a(C0lIlrLrui{)2.1 cr1,51all isJs in prisnratic necclles,
readi ly soluble in water, , i l  a lcoh.r l .

. . Ucgortine is readily estcri l i t.t l  irr lr lcscrrcrc of hl,t lrogcn chlorirle, anct irr
t lt is way various alkyie,, 'gonirres lurr," been prcg,,rrc,l. the nrtrst inrportarit
o l ' t l rese is the methyi  estcr ,  b.y.  177" f l5 nrrr i . ,  t t ' t , i " l ,  according to t lc  Jorrg 28
occurs in Java cocu. It rvas l lrclralr,rl by l,) irrl ioln and Kleirr l0 irr It]88 ns
the hydrochloride crl,stull ising, with I II;0, in colc,urless prisms, nr.p. 2IZo

( ' ( ) ( ; A I N  l t  l t 7

(dec,) ,  \Vhen bcnzo1, l111ct l  i t  l t r rn ishes c<.rcairrc.  l r ) r ,gorr ine also rcr tcts rv. i th
acicl chloricles ancl unlrydrides to folnr rrcyl derivativcs aud in aclctit ion to
benzoylecgotrinc, cirrnanroyl-, i,rovalcroyl-, anisoyl- and truxil loyl-ccgonines
have been preparetl ; thcsc, in turn, by csterification with methyl alcohol
lurnislr t lte corrcsllourling cocaines.

d-,!-EccoNrNIi (d-UccoNwn). This isomcride of ecgonine was prcllarcd
by Einhorn and l\Iarcluardt tt by the action of potassium hyclroxicle solution
on ecgonine arrcl is fornrecl whcn the cocair)es are hyclrolysed by alktrl is.
It crystall ises 1'rorrr dry alcohol in tablets, for rvhich m.p. 254o, 257o and
264o have been rccorrlcd, [*]r, * 2l.Io (c : 4.3: I{rO) : the hydrochloriclc
fornrs monocl in ic l l r isrns,  t r r .p.  2136o, au * l .6o (c :  4.4:  I  :2 c lcnr.)  ;
t lre aurichloride, lJ . IIAuCla, has rn.p. 220' (dec.). It forms esters l ikc
tlrose yielclcrl by /-ccgorrine, arrd from it d-tl-cocaine (rnethylbenzoyl-d-,!-
ecgonine) has bcen pre,pared (p. gS).

dl-$-EccoNINE. 'l'his wtrs prepared by WillstAtter and llode by the
recluction of tropirrorrecarboxylic acicl.32 It fornrs rhonbic crystals,
rrr.p. 25lo (rlec.) arrcl yiclcls a ]rytlrochloricle, I i . HCI . ]II,O crystall ising
irr slencler treecllers, rl l . l). 74p" (tlry, dec.) ernd an aurichloride, glistenirrg
treedlcs, nr.p. 213". On bcrrzoylation and nrcthylation it yields dl-tlt-cocaine
(p. 95). Accorcling to \Vil lstritter zrnd Bonrmer,ss the d-ecgonine of the
earlier workers has tlrc sanre rclation to natural /-ecgonine as ry'-tropine has
to tropine atrcl they retiarnecl the d- anrl dl-ecgonines, d-r!-eegonine and
dl-rlt-ecgonine rcspc:ct.ivcly, ancl these narnes have been used throughout thc

. foregoing dcscriptions, rvith the derivatives benzoyl-d-f-ecgonine ancl
d-t!-coeafire, etc., in their appropriate lt laces.

Constitutiort. of lic{ontne, CglfrbOaI{. The facts recorded above furnish
evidence of the cxistcnce of a hydroxyl and a carboxyl group in ecgoninc.
Binhorn observcrl 3r tlrrtt clelrydlating agents renlove the elements of il
tnolecule of lvuter froru ec:gorrinc, forrning aNrryDRoIicGoNrNE, CelfrsOpN
(ecgonidine), whic)r crystall ises in neeclles, m.p. 235o, [n],, - 84.6o, is
unsaturated, corrrbinirrg with two atorns of bromine, and sti l l  contains the
-COOII group of the parent base, since it esterilies alcohols. The nrethyl
ester, D3,9' t.092t ; n-:" 1.50.10 ; [o]i,o' ._ 54.960 ; B . HBr, m.p. l47o, has been
prepared by tigriurnov.34 lithyl anhydroecgonine has been found in residues
obtained in workir)g LrJ) the sccondary alJcaloids of coca leaves 36 and may
be fonned in this l)rocess, but lllatchett and Levine 36 have isolated the
rrrethyl ester (rnetlr;, lecgonidine) from both Java and Peruvian coca seeds.
Whcn heatecl rvitlr h1'clrochloric acid at 280", anhydroecgonine loses a
tnolccule of carbr-rti dioxicle with the fcrrmation of tropicline (p. 74),'whence
it alrPcars that :rrrhy{roecgonine is a carboxylic acid of tropidine.sE

'I'he closc rclatiorrshill of ecgorrine to tropine is brouglrt out by its
oxidation producLs, wlrich rvhcn clromic anhyclricle in acetic acid is the
:.rgent used urc 3? : tropinone, Crlfr3ON (p. 74), tropinic acicl, C8I[r3O4N
(p. ZS) and ecgorrinic trcid, C?I-frloaN. The latter cry'stall ises from berrzene
irr c<llourlcss nccdlcs, rrr. l). 93o, and has bcen slroryn by lVil lstatter ancl l l<iclc
to be .|y'-nrctlr; ' lp1'rlolir lortc-2-acetic acid, 38 anrl this rvas confirnrccl by
t}i: j :::: 'and l lolltrttclu's 30 synthesis of the acid.
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\\rhcn ccgol l ine is t rcatcd rv i t l r  l ) ( inr i r t tgat tat t :  i r r  nci t l  solut iorr  a new
lrrrse, rrorccgonine, CrI:[rrOrN, is the pririt ' i1tal pxrtluct. It stands in the
s:rrrre lclation to ecgoninc &s thc sinri lall l ' l l loclucctt trt, l l igenilre (rtortropine)

clocs to tropine (p, ZS) anrl, l ike its anakrgue, is a scconclary base produced
lr l ' t [e oxidat ion of  a nrcthyl  groul)  at tached to t i i t rosct t .  I t  cr t 's l .a l l ises
i1 iong ncedles, m.p. 238', is very solrtl l le in water arttt gives a charlctciistic
rrrrr i r :h lor ide,  nr ,p.  z l lo,  crystal l is i r rg in yel low r tcct l les.{0 Simi lar ly on
rlcgrarlirt ion by Ilofrnatrn's rc:actiotr {r anhydroecgonitrc givcs rise 1.o
6-cyclolrcyttatrienecarboxylic acid, C8IIsO2, whilst tropiclinc yiclt ls t lrc
corrc.sponding cyclohepLatrictre (p. 7 7 ).' I 'he close relationship cxistirrg betwcen ccgonirre arrd troll ine is cvident
l 'ronr tl ie following diagrtttrrntatic surnu]ory of t lre results of reactiolrs :-

f)ri ltvr;rr,rTloN :
'l'ropine C8H15ON -> T'ropittittc OrIIr.N * |

I)rrrvpaa'rroN ANr) I)rccanuoxyr-A'r'roN : I
EL:gonhrc CeHl'OaN tlnlrydroecgonbrc ('ellrsozN

OxroauoN : (a) Clrromic acitl
' I 'rcpittc CBH'EON , 

'Iropittonc 
- Tropittit ' ttcid , I ltgtrtirt ic ttt ' id

Ecgoiine cru*brN * crl irroN 
--+ 

cjlr.onN 
-> 

[:rl lr.t)rN
(b) Permanganatc

'I'ropine CsII'EON -> 'I'ropigenine C?HrsON
llcgonine CeHr'OaN ---> norEcgonhrc CsHraOsN

Ilxrrausrrvg Mritrryr,A'l'roN :
Tropidittc CsHrsN --+ T'ropilidcne CrH, (6-cgclo Ilelit:rtrienc)
Anhydroecgonine CeIIlaOrN --+D-cycloHeptutr'it:ttcatbo;cylic ucid (isIIsor

It rvill be seen that ecgonine ancl its derivatives tliffer frorn tropine
itrrtl its dcrivatives throughout by COr, so that tlic lbrrncr protrably starrtls
lo tlre latter in the relation of a cturboxylic acid, and hencc the frirrnule
trssigned at various times to tropirre by Ladenburg, I\Icrl ing arrd lVil lstd.lter
itttvc been suitably nr<ldi{ied to reprcscnt ecgorrine : thus Einhclrn az ttt
iirst represented ecgonine as N-rnethyltetrahydropyridyl-B-hydroxy-
lrropionic acid, CuHrNMe . CIIOII . CII,. COOH, which was modified to
(I) (after Ilterling) by Ilinhorn and Tahara.ag

'lhere are two probable formule (II) and (III) for ecgonine derivable {a
Irorn WillstitteCs representation of tropine (p. 76).

'-i'-i''o'
NUe CH.C00E

ll

'l'ROPrlNIl (lll,0Lt P

(II)Cn2--CE-CHz (rrr)

Tlic position assignerl lo thc hyrlroxyl group in formukr (III) cxpltrins
( I ) thc fonnation of anhytlroccgonitte by loss of water between the -_(lIlOII
gr'()up and the neighbouring *-CI[, gnrup ; and (2) Willstii,tter ancl ]\ltillcr's
t, ltservation 46 that an unstable p-kctorric acid precedes the.fclrrnation of
tropinone, when ecgottitrt: is oxidisctl by clrt 'onric acid. I, 'urther, when
rtrrhl 'droecgonine ethyl cstcr is re<luccd by soil ium in alcohol, it yields

COC,I I I,l E

clihvrlroccgonidine (VI), a -CI-IOII-group in ecgonine having been
convcrted into -.CIIr- and the amide corresponding to tlr is on oxidation
with sodiurn lrypobrornite yielcls fsotropylarurine. isonrcric with tropylamine
(or r/-tropylanrine (IV)) obtained by the recluction of tropinoneoxime, but
not iclentical with ciLher; it follows that thc amino group in the latter
amines ntust occlrpy a position clifferent from that irt tlsotr<lpylamine (V)
antl, therefore, frorrr the carboxyl group in dihydroecgonicline (VI) ancl in
ecgonine.

Acceptirrg this vicrv of the constitution of ecgonine, the formuke of its
rlcrivatives and of cocaine nlay be written as follolvs : anhydroecgoninc
(VII), ecgonine (\/III), r lorecgonine (IX) ancl cocaine (X).
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0cc a1:jg (nctbylbonzoylocgonluo)

IVil lstbtter anrl I lornnrer a6 made it clear that the synthesis of ecgonine
and consequently of cocaine hacl not been effectecl, a point on whi<:h there
had bcen sonre corrfrrsiotr owing to the fact that the alkali labile natural
ecgonine had bcerr regardecl as the optical antipode of the alkali-stable
so-callerl r/-ecglrtine, rvli i lst thc optically inactive isomeride synthesised
by lVillstitter antl Jlocle a7 has been regarded as tlie dl-fornr of natural
ecgonine. 'I ' l ie vicw tuken by the former authors is that the alkali-stablc
forrn (d-ecgonine) is a ,y'-ecgonine having the sante relation to natrrral
l-ecgonine as ry'-tropine (p. l0f) Itas to tropine, whilst the inactive fornr is
clne of four pt-rssiblc nrcenrates.4a

\Vil lsti i tter and Ilodc ae converted tropirrone into f-ecgonine by
treating sorlium troll inone with carlron dioxicle antl sodirrur, when it yielcled
sodiurn troll inonccrrrboxylatc. This on reduction rvith socliunr in alcohol
g&ve sorne r/l-f-ccgonine (t,. 97), which on estcri l icatiort with methyl
alcohol ancl bcnzo5,ln1l,rrt yieldcd a, d/-cocaine. A sirnpler synthesis of
,/-ecgonine was a<:hievccl by lVil lstritter and llonuner,40 and refcrence is
utaclc on l). tJO to this and otlrer l)rocesses, sonle of which have lnen

I)rotected by patents. 'I 'hese inrprovcnrcnts lurvirrg enablecl the prellara-
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t iorr oI lncthyl tropinonecarboxylate kt bc unclr'rt.akt,n, \Vil ls{i ittcr, IVolfcs
rrrr{ }I i i<ler 60 reinvestigatecl the reduction of this estcr nnd found tlurt }roth
rtt-,lt-t-cgoniltc and dl-ecgonine rncthyl cstcrs arc firrnrerl, and fronr thc.sc tlie
sor.r(.slx)nrl ing tl l 'r!-cocaittc and dl-cocttittc werc olrtrrirrccl l ly l lcnzoy'lation.
r//-Cor:ainc w&s resolved into its oJltically active conrlloncnts lry
t:r '-r 'stir l l isation of thc hydrogcn-d-tartrate to give thc /-biisc (naturnl
c,,cr,irre) and of the hyclrogen l-turtratc to give tJrc rl- l lasc. rl l-,1r-1;o"utt 

"c<,uld rrot be resolved directly, but its componclrts wcre ribtainctl lry
rcsolr-irrg dl-t!-ecgonine mt:thyl ester nrrtl bcnzoylat.ing.the trvo fcrlrns.

a-Ucc;oNtNE (XII)  is  the ni l rne givt .n to a basc, isorrrcr ic wi th ccgonine,
antl preparcd by Willsti i ttcr 6r b1' t l ie acldit ion of' hydloc,y'irrricr acicl to
tr. lr inorre (XI) and hydrolysis of thc r:yanohy'drin s<-r lbrrrrccl :

f%-1n1n, T'{' ?,', Jo. tu-1u'
I Nu, F I P" I (od).cozs I l{atr cn'oa
l l r l i r l l l

(n)cEr--cu -6a (III)c8a'-cts -cEz (EII)c8(os)-cB-cEe

It occurs in bri l l iant snolv-rvhite crystals, m.p. 305" (dec.) antl is rc:adily
solrrblc in water or equeous alcotrol. The benzol,l derivtrt ive, rn.p. l0$o.
is t ' r t 's ta l l inc and on nrcthylat ion givcs c-cocaint , ,  a birsc crystal l is ing in
l r r isr t ts,  m.p.  87o, and yielding an aur ic l r lor ide,  nr .p.  222'  ( i lec.) ,  crystal l is ing
irr  lcal lets.  I t  is  b i t ter  to the taste but has no local  arra:sthet ic act iorr .

Dihydroxytropane, CsIlrsO2N. This base was isolalcd fi'onr thc rnixture
of lrydrolysed bases obtairrcd in rvorking up the all<aloirls of'Java coc'a ; it
o('( ' Irrs in thc fraction lcss sclluble in ether than tropinc ancl ry'-tropinc, has
rrr.p. 209-909.5o, ["]?J" - 22" (IJIOI{), yields a hyrlroclrlt-,ridr:, [o]rrt" +. 1.7s.
(IIpO), a picrate, m.p. 253' (dec.) and furrrishes a <li lx,nzoatt:, whose sulpliutc
furs [cr l f6"+ 52.1 ' (EIOII)  and ]rydrochlor ide,  I l  . l tc l  .zI IzO, rn.p.  t t5o or
2oi t"  ( I ry) ,  [ " ]?, ' '  + 41.8 ' (d i lute alcohol)  and r-r i t rate,  I ] . I INOB, rn.p.  192".
On reduction with hydriodic acid and red phospholus tlre cliliydroxytropane
is cotivertcd into tropane and on treatnrent with phosphorus oxychloridc
it f ielcls :r base, C8II' 'ON, b.p. L88"1752 mm., picratc, rn.p. l7Z' (dec.).
'l'lris 

dihydtoxytropane is probably reprcsented by fornrtrla (XIU).5:t 'I'he

<libcnzoyl-derivat-iye has local anresthctic properties. 'l'hc fsovalcrl'l cstcr
is tlrc uikrloid valeroidine found in Duboisio iyoporoides (p. go).

Tropacocaine (Berwoyl-r!-trop|i,ne), Cr6Hr0OzN, \ry&s discovercd lry
(i icscl 63 in Java coca leaves ancl has sirrce been lound in Pc,rrrvian coca.sa
Its prcpnration from the forrner source Ins bcen dc:scribed by Ilara and
Srrkatnoto.bs It crystall ises in necclles, rn.p. 49o, is insoluble in water, but
sohrble in alcohol, ether or dilutc &nrrrtorria ancl is generally prellalccl by
bt'nzoylating f-tropine, arrtl purif ied as the hydrochloride. Its alcoholic
solrtt iotr is alkaline artd optically irrirctive. The liydrocLloridt: lbrnrs
ttt 'ctl lcs, ln.p. 27lo (dec,), arrrt t l te hytlt 'olrlornide leallets. The aurir:hloricle
st' l laratcs in minute yellow needles, tn.p. 208o, frour hot aqueous solutions ;
t l ie picrate has m.p. 2lJ8-.9o. lVhen hcated with hydrochloric acirl or'
brrrvta water the alkaloit l is h1'drolysctl to benzoic acid and f-t.ropine.66

f-Tnorrvn, CBIII5ONI. I 'his busc is & stelcoisomeritlc. of trr-rl l ine

HI',( inDi i l ,S 10[

Qt.7S),  f  t  cr t 's l i r l l i .sr .s i r t  colc,ut ' l t 'ss tablcts or 1rt ' isrus,  t ) ) .1) .  108o, b.1t .  2.10o,
is rnisciblc rvith wrttt 'r ' , ethet' or al<:ohcll, alkaline in reactiott attcl optically
inactive, ' l ' lrc lr1'rlrot.hlorit lc lbrrrrs )rygroscoli ic trercdlcs ; the ourichloricle
crystall iscs in lrri l l iarrt yellow plates, nr.p. ?25" (tlec,), and the picrate irr
long rreecllcs, rrr.p. 258-9o (dec.). r/- ' I 'ropine esteril ies with organic rrcids,
furnislrirrg a scrics t-rf '  clcrivatives, which frorn their analogy witlr t lrc
trt i l leittes lurvc bectt callccl r/-trop€incs, but unlike the forruer cxcrt l i tt lc or
t to  r r ry< l r i i r t i c  i r< ' t ion .

Ilundtlyl-, lt-tropii ine (f-honatlopinc), Cr'II2rOsN, is {r, thick
urrcrystall isablc oil. ' l 'ropyl-t|.,-troptine, Cl?If2sO3N, crystall iscs in
ccl lour lcss t rcet l lcs,  rn.1l .  80o.

'l'ropine zrnrl ry'-troliirre are nrutually convertible as alrendy clcscril>cd.
lllixtures r.rf trolline aud f-trclllinc can be separated by nreorrs of
the picrates, t lrat ol ' l-tropine being the more soluble in water 0z (t..18
per ccnt. in rvatcr at 16"). l3y thc actiou of sodium arnyloxicle on tropinc,
Willstt ittcr luts slrorvn that f-tropine is produced 68 and this has been
conlirnted by l ltrrrow'cli l f anct Tutin,6e who also support lVil lsti i ttcr's vierv
that botlt bitsr,s ut'e irrlcrnally conrperlsated, the relation being that ol '
cis-trans-isotru'risrr\.60 ' l 'he s1'nthcsis of ry'-tropine has been describcd
a l ready  (p .77) .

'I loger arrcl Sclnvurzenbcrg 61 have isolatecl a base (m.p. 53o, b.11.
225-80' ; pir:ralc, r)r.I). 237" (tlec.) ) isonreric with trolt ine and f-tropine,
lrorn coca leavcs.

I'IYGltINlrS. 'flris group of coca alkaloids w:rs discovered by Losscn 62

itt an ethereal cxtract of a slightly alkaline percolate of Peruvian coca
Ieaves. Licbcrnratttr artd his l lrpils 

63 re-investigatecl Lossen's supposcrl
irotnogcneous basc, and obsen ect tlr.at by distillation uncler rccluccrl
pre$sure it coulct be scparalecl into trvo prodttcts, hygrine and p-hygrine.
Ilygrirre has also bccrr lbund in Conaoluulus hanmde (p. 0Z).

Hygrine, C8II' 'ON, b.p. 92-4"f2O mrn., 11I-S"/50 mrn. or 193-5"/
760 uur., Drtt '  o'g+0, [o], -_ l '3o, is a colourless, strongly alkaline l iquirl
lvhich absorbs carbon dioxide fronr the air and decomposes on exposure to
light. ft fbrnis att aurichloride and a characteristic picrate, yellow ncedles,
In.p. 158o, d/-Iblrn, 149-50". On oxidrit ion by clrrornic acict l iygrinc
yiclds lrygric acicl, C6II '1O2N, Il l .p. 16'1o, rvhich hcatcd alonc t-rr rvith
strong sullrhuric rlcid loses cartrotr dioxide, giving .f/-nrcthylpyrnrlit l inc,
CbIIrrN. I]<-rth h1'gric acid and hygrinc are tertiary anriucs irntl hygrirrc:
gives,a cry 'st t r l l i r rc oxinre,  nr .p.  116-2O" (dl- for l l l ,  n l .p.  l?5") .

. I lygric acid wils synthesisetl by Willsti i tter Ly thc I 'ollon'irrg
rne t l iot l .61 I t t l i l ' l  l ; rornopropylnralonatc,  CI{r I } r .  C}I2.  CII , .  CII(COrUt)r ,
o l lLairrct l  l ry ct . r t t t l t : t tsat ior t  of  t r i rnct l iy lcne brunr i t lc  wi th ct . l11, l  soct io-
rrr i t lotr t r tc,  on l r rornini i t i t - r t t  ) , ic l t lc t l  c thyl  aE-dibronroyrrol i l ' l r rur lorratc,
C l l r l l r  .  C l I f2 .  ( j I12  .  C l l r (COz .  C2I Is )2 .  ' fh is  rcnc ts  w i t l r  r ru r t l r l ' l : r rn i r rc
li lnnirrg t,$'o lrrr.rrlucts both clcrived frorn .|y'-nrc{lryll lyrrolit l ir c-tl : l l-
r l icarboxyl ic acir l ,  r ' i2. ,  the t l inrct l ry laruic le (XIV) anr l  the r l iet l rS' l  estcr .
' f l r r :  lbnncl 'on l reat ing wi th hydrochlor ic acid at  125o, anr l  thc r t ic th l ' l  cstcr
rvit lr water at 160o, both undergo hyclrolysis arrcl partial decarboxylatiou



102 ,I'NOPANE GIIOU P HYONI N IT,g

215' l50 mnt. on(l lr:rs spccil i,c gr:at' i ty 0.$82 rrt I8". It givcs an aurichlorit le,
Cr4l'I8rON,. ZIIAuCIn, and lbrrns a colourlcss crystall inc dinrethi<lclir le.
When oxitl isetl by clrromic acid, it yields a small quantity 9f hygtic rcid.

Cuscohygrine, CralI24ON, (Cuskhygr.inel. This third hygrine, first
recognised in "cusco " Icaves by Liebermann anrl Cybulsli i ,0? was
characterised by thcse authors ancl by Ifcss anrl llappcrt.os ft hus nory
been fotrnd irt Conz,oluulus lmrnadrc. It boils at 169-700/23 nrnl., has
specific gtavity o'9767 at 17", is opticall) ' inactive, absorbs carbon rl ioxide
forming an unstablc cnrbonate, is rniscible rvith water and gives a crystall inc
hyclratc, I l . 3+II2O, ru.p. 40o. ' l 'he alkaloid lbrms crystall ine strlts with
acids ; hyclrobronride, rrr.p. 234o, nitrate, nt.p. 2}go (dec.), ancl yields a
methiortide, nr.p. 2.1-1o, ancl a crlrst^l[ 'ne oxime, nr.p. 53-4o. ft contains
two tcrtiary nitrogcrr atonrs ancl, on oxiclation with clrromic acid, ftrrnishes
hygric acirl. f, iebcrnrann assigucrl to it formula (XX), which l less and
I"itrk 60 rnodil ictl to (XXI) nrairrly on the following evidence. On long
standing in etlte:rctrl sohrtiorr ovcr potassiunr hydroxide, the alkaloit l is
partly cottvcrtett into dl-hygrine. It cloc:s rrot conclcnse with benzalclchl'dc
as it shoulrl i f i t t:orrt.aincct th.e chain _--CIf,. CO . f lIr-. Ctrscohygrine
yiclds two h;,dnlzoncrj, regarded us stcreoisorueric, which on rcductiorr
l 'urnish di-N-rnetlrl ' l-9-pylroliclylrnethanc (XXII) and aa-di-.l/-nrcthyl-
pyrrolir lylproyrane (XXIII). On treatrnent witl i  nitric oxide in presence
of soditrnr ethoxiclc,?0 t, lre alkaloirl yiclrls honrohygric acid (N-methyl-2-
p1'rrolit lylacctic rrcit l (XXV) ) arrcl a rnixture of bases believed to be of the
type (XXIV), sincc on rcduction t)rey l 'urnish cli- i/-methyl-2-pyrrolidyl-
rnethane (XXII). Soli l arrtl Slrriner ?1 have corif irmccl th; fo;r;ation of
i/-methyl-2-l lyrrolit l1' l1""11" acid lrom cuscohygrine and have syrrthcsisecl
the acirl. 'fhe Lit.ter htrs also becn prr:pared by King, Clifton and Open-
sharv ?2 but the acirl hi.us not 1'et been converted into substance (XXII).
The idcntity of the cli-Al-mcthylyryrroliclylnrethane (XXII) formed in these
reactions reurains in rloultt, since the synthctic product, which exists in two
stereoisonteric l 'olrns, srrltsecprently l lrr: l iarerl by IIess atrd Anselm 73

provecl ttot tcl be ictt:trt ical with the strbstance dcrived from cuscohygrinc.
Iless attcl l lappert 68 lbunrl thlt, alt lrorrgh cuscohygrine could not be
cxhatrstivcly' rrrethl ' latcrl, i t yirlt lecl on retltrctiort two stereoisorncric

lu:]
'".f-T-tj]ryl-pyrrolidine-2-carboxylic ur:irl, whit:h lrrovcrl to bc dl-lrygric

t:::1^!Xy.)^,(*Jg. l6e-170_' (tlryi ) : utrrir:hl,ritlt: (r*.1. r(,0-5" (dec.) ).)rrtr 'sgrlusltt ly Karrer and Widmer 6r olrtt inerl /- lrygric acitl by oxitl ising
'Nr-rrrcth;'lnicotone with chrornic ar;icl. 'l'his 

lir,,riuct ur' ,, lrono-
hytlrate had rn.p. 1191, [a],, -80'12" (IIsO). \f i l istrittcr suggcstccl t6.it
of tltc two f<rrmulre (XVl ancl XVrI; nvailablc lbr thc rcplJrirrtatigl 6f
h1'gt'ine, (XVII)was the nlore probubk,uDd this wrs conli.rr,",l lry K. Ilcss,s
st'nthcsis 86 of dt'hygrine. 'Iire .s.'conrlary alcohrls cor"esponjipg to t1c
kctoncs rcPresented by the two forrnrrlie iXVf arrd XVII; werc lpt,parctl(tl by treat,ing rnagncsiurn ;ry'nyl bronrirle u,ith 1,r,,1,io,ly1 t:lilrritle,
T"t1::ilg-thc 2-propionyll5'tr,r[c so lbrrned anrl rru,thyltrtir,g ih. pr.educt
to (X.\ 'IID ; (Z) by the adtl it iolr of lrrop;,lene oxitlc to nragncsiurrr Pyrry,lbrortritle, h1'4to*.natiort o1' the pro.i,r,,i'in presence of ,lrlrugy platinurrr
arrd nre thylation of the restrlting |l,rrolicly lit67trcr1r5,l alcolrr]l, gTlri,,g (xlX). J
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\Vhen the flnal methylation of cither prorluct is effectcrl with
forn-raldehyde, oxidation of tlie tt'r,onclary alcohol group occurs
sintultatreously in eaeh c&sc, arrd of t lrc two rcsulting ketoires i lat from
Prt-rciuct (XIX) proved to be dl-hygrirre, which rnust thercforc lurve
lirrtrrtt la (XVII) given abot'e. Anothcr synthesis of r/ l-51,gri 'e 6as ltcerr
t ' l l t 'r:tecl rer:errtly by Solm.65

Hy$roline, Csllr?ON. ' l lhis alkakrid \vas is<-rlatetl by Sprit l alcl
l i i ttel 65(,,) lrom e fraction, b.P. 78--ti:1"/12 nrrn., of the rcsirltr,, l  l ir luid
: r l k^ lo ic lso f  coca leaves .  r t lu rs rn .p .  l |3 - . .1 " , [o l i ; , ' -  6 iJ .2o ,  (c :  I l . . { ,  I i2o)
is soluble in water or orgrttric solvetrts anrl yiekls an oily O-Lerrz,r5,l r ler.i ia-
t ive,  l r .p.  105-10' /0.003 ln l r r . ,  char i rct t : r ised by,  au aur ic l r l r l r i< lc,  l l r .p.
r l4 5o, a l l lat in ichlor ide, .nt .p. . IS0-2" i rn<l  a a :  s- i l i r r i t . roberrzoir t .c,  r r r .p.  65' .
On oxidation by chrornic acitl i .t l 'ulrrislres hygr.inc, rvhiclr is opi.ically
ittat:t ir-e, possibly due to raccuristrt iorr, iclcnti l icrl 6y tle lr ic.i i tc, ,,r.1i.
I53-4o and oxim€, fr.P. I?.1-5". f ly'groline is thc:rcfur" .,,g,,1lcrl rrs t l ie
nlc,hol, (XrX) corresporrrl irrg to thc Jg'tonc h1'grirre (X\rIIt.

P-Hygrine, CrnHrf9Nl. ' l 'his, the secotrd fractiorr of Lossr:rr '.s l i ; 'gr.ir)r,,00
t lccot l tPoses when cl ist i l lcd unclcr  atrrrospher ic l ) rcssure,  brr t  i - i t . r . t
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a lcoho ls ,  wh ich  p rovcd  iu l r ( ' t r t b l c  to  t l r i s  l ) roc ( ' ss  r r r r t l  f u r r r i s lu ' t l  l - r r r r t l t . canc
artd n-undccan-(-o l  as l inrr l  prodt tcts.  

'1 'h is 
p icr :e of  cv idcrrce srrp l - ror ts

Licbcrrnann and Cybulski 's  l i r rmrr la (XX) for  cuscolr l 'gr i r rc,  f<rr  whicJr  Solr l
and Slrr incr  7r  luve alsn l ) rovidcd f t r r lhcr  cv idctrr :e or)  sc\rcral  points.
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Bharmacological Action in the Tropane Series. Atropine'- When

,,1;]fu"#'i"it"",,"ily i^ toxic doses, atropine ut nrrt siimulate ts{"t

"r.lri"rffu.f.,rr=.r", 
t6e central nervous system, givi'g rise to ha)g.cino'

t i."r, i" 
"Ln\<pe^t 

s peech, del i riurn ar)cl convul s ions, lottow .2!\, 
t t:pol

;J";;;^"ittp"*lyr., *,rscl", and, secretory glan ds to;pG.eff3ctf,9f

stimulation l)y N-"*lionic, clrolinergic, ,lcrte librey' It is to this

acrion that tlic Ary,XlJf tlrroet anJ *,i tn cbru':-act76t'ic of 
P:ll?,l""",'

poisoning is cl.,e.l in" \.y is but little aff.ectedrfionsequently there is

little iir no 
"ltong. 

in tn\"crctiolr of vting/'L'he initial, t1al1itoiYl

slowing of the heart, rcsults fh$ stinltrlttjlO'i1 cif tlte vagus nucter rlr LIrc

rlredulla and the later quickenirrg q a,r"y'Paralysis of the pacenr&ker to
i . . * \ , - .4-^^,- : " ,^ .  ^ ' r i . l r r .n r ,nd r lcener-  but

inhibitory vagal stirnuii. Itespintlq{rccorllcs. quicker and .deeper, 
but

eventualiy slo"wcr and slurllo*ir,1dd,\ttt is due to respiral.t.{,f:tlt-T::

stinrtrlrttiJa,/cif the vagus nuclei in the

'Ilrcre is oftcn a marked rise iy{crriperrr\. Atropine affects nll organs

containing unst,rif;, i ;;r"r;g,ft*., ' , i , ig thcir \"*""ts, 
and is antagonistic

in tlris respect tJ 
"n"t"g.6i 

ancl nicitine, ant\cneral to the action of

lri locarpinc. '/
,Ihe alkaloi,I)^firincipally usc(l in rncclicine to .h,se tlilatation of the

pupil of the Gri',fti"t1.f,,l,r" to paraly.sis of the circ\mu.scletl-f llt:
;;;.h;tio" ir also paralyie4 as tr restrlt of\crn on. the

i r iS.  
' I ' [S/CSCOInI I ( ) ( l i t t lon lS i I ISO I)arAlysc(t  i ts  t t  I 'ust t ru ur '  ( I \ \ ' r

'" i l1or6"t,.f" 
(.V,,foplegia). Atropine is also trscd in condith{ere


