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dehydra t ing  agents  resul ted in a mix tu re  of (A) and (B). 
On periodic acid ox ida t ion  (A / afforded fo rmaldehyde  
and vanillJn. 

Results and discussion. The compound  (A), C18HlsO6 
(on the  basis of in tegra l  p ro ton  count  and by  difference 
of the  sugar componen t  f rom the  pa ren t  compound,  
C24HusOll + H=O --  C6H12Os), showed significant  I R  ab- 
sorpt ion bands at  1700 cm -1 (=,fi-unsaturated ester car- 
bonyl) and a t  1650 cm -1 (due to dissolved water  in poly-  
h y d r o x y  system)7. I t  did no t  show the  molecular  ion 
peak  in its mass spectrum, bu t  instead intense f ragment  
ions appeared a t  m/e  168 ( f ragmenta t ion  a t  'a '  and 'b ') ,  
153 (m/e 168-Me), 131 ( f ragmenta t ion  at  'b') and 
31 (CI-I2~t{); consis tent  wi th  s t ruc ture  (II) for (A). 

I n  cont ras t  to a sharp one band at  1700 cm -1 in the  
IR- spec t r a  of ku tk in  and componen t  (A), the  compo-  
nen t  (B), ClaHleO s (M+, m/e  312), showed a twin  peak  
at  1710cm -1 (CHO) and 1700cm -1 (a, f i -unsaturated 
ester). Again, the  band  at  1650 cm -1 ascribed to dissolved 
wate r  in po lyhyd roxy  systems 7, is comple te ly  absent  
in (B). The  locat ion of the  a ldehyde funct ion in (B), 
associated wi th  a o C F I - C H =  grouping, was confirmed 
f rom its NMR-spec t rum,  which exhibi ted a double t  at  
9.8 ~ (J ~ 4 cps). This  evidence toge ther  wi th  the  mass 
spectral  f r agmenta t ion  pa t te rn ,  s ignif icant  peaks at  
m/e  164 ( f ragmenta t ion  at  'b'),  153 and 151 (fragmenta-  
t ion at  'a '  and 'aV), and 149 (m/e 164-Me), indicate  
s t ruc ture  (III)  for (B). 

On the  basis of the  s t ructures  (II and I I I )  for the  
ma jo r  degradat ion  products  of kutkin,  we propose the  
revised s t ructure  (IV) for the  glucoside. The  physical  

da ta  (NMR -s and IR-spect ra ,  high opt ical  rota t ion,  
[~]~ - -  165 ~ and analysis. Found :  C, 54.54, 54.81, 54.65; 
H, 5.55, 5.86, 5.81. Calc. for C2~H2sOn, 2H~O (IV): 
C, 54.54; H,  6.06.1RASTOGI'S formula,  C2aH2~O10.2H~O (I) 
requires:  C, 55.6; H,  5.6. Found1:  C, 55.0; H,  5.3) are 
also in agreement  wi th  the  s t ruc ture  (IV) for ku tk in  9. 

Zusammen/assung. Neuer  S t ruk turvorsch lag  fiir kutkin,  
den Inha l t s to f f  einer indischen Hei lpf lanze  Pierorhiza 
kurroa Royle  ex Benth.  
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Distribution of Tetrahydrocannabinol ic  Acid in Fresh Wild Cannabis 

Tet rahydrocannabino l ic  acid (THCA) was repor ted  as a 
major  ac t ive  componen t  in the  wild, fresh cannabis  p lants  
grown in Sapporo district,  J apan  1. The  ac t ive  substances 
have  been considered to be in the  highest  concent ra t ion  
a t  the  flower of female  plant .  There  have  been, however ,  
few surveys  on the  quant i t ies  of T H C A  wi th  re la t ion to 
the  seasonal d is t r ibut ion  a t  t i le different  sections of the  
p lan t  body.  The  object  of this paper  is to demons t ra t e  
t h a t  T H C A  seems to be conta ined in the  par ts  in pros- 
perous growth,  and especially concent ra ted  a t  the  brac t le t  
in the  period when the  seeds are at  the  peak  of r ipening.  

Materials and methods. Fresh,  wild cannabis  plants  
grown in Sapporo district ,  .Japan, were collected for 
5 months,  f rom June  to October.  The  amount s  of TIKCA 
in top  and middle leaves, bract,  bract let ,  flower, and 
flower bud were measured  by  using gas chromatography.  
As pre l iminary  t r ea tment ,  the  samples dried a t  room 
t empera tu re  should be hea ted  at  110~ for 15 rain in 
order  to t ransfer  T H C A  to t e t rahydrocannab ino l  (THC) 
for the  convenience of de terminat ion .  

Analysis  of bract le t .  Fresh  samples (2-4 nag), dried a t  
r o o m  t empera tu re  for 1 or 2 days, were placed in small  
tes t - tubes  which were then  hea ted  at  110 ~ for 15 mill  in 
an electric regula t ive  drying apparatus .  Af te r  cooling, 0.1 
ml  of 0.5% ethanol ic  solut ion of t e t r ame thy ld iaminod i -  
pheny lme thane  as an in ternal  s tandard  was added at  
15~ wi th  which the  samples were ex t rac ted  simul-  
t aneous ly  for 20 lnin a t  room tempera ture .  1 or  2 ~1 of the  
TFIC-solntion thus  obta ined  was submi t t ed  to gas 
ch roma tog raphy  as described below. 

Analysis  of leaf. Pulver ized leaves (20-30 mg), dried at  
room t empera tu re  for 1 or 2 days, were hea ted  as de- 

scribed above  and were ex t rac ted  3 t imes  wi th  each 10 ml  
of me thy lene  chloride at  room tempera ture .  The  ex t rac t  
was submi t t ed  to column ch roma tog raphy  on silica gel 
(1 • 3 cm) using methy lene  chloride as the  elut ing solvent.  
The  first  20 ml  of eluate  was evapora ted  in a small  tes t -  
tube  and the  residue was dissolved in 0.1 ml  of 0.5% 
ethanoIic solution of the  in terna l  s tandard.  1 or 2 tzl of the  
solution was then  submi t ted  to gas chromatography .  

Gas chromatography.  R u n  at  210 ~ using a stainless 
steel column (1 m • 4 mm) of 5% SE-52 on Shhnal i te  W 
wi th  a He  flow of 30 ml /min  and a hydrogen  f lame 
ionizat ion detector.  

Results and conclusion. Most of T H C  thus  de te rmined  is 
present  originMIy in the  form of phenolic carlooxylic acid, 
THCA,  in the  fresh p lan t  and can readi ly  be genera ted  
through the  decarboxyla t ion  of the  acid by  hea t ing  or 

~H3 ~H3 

GH s CH~ 

can~abinolic acid Totraflydrocanmbinoi 

1 K. OKAMOTO, Rep. natn. Res. Inst. Police Sci. 20, 109 (1967). 
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Table I. Contents of tetrahydrocannabinolie acid in fresh samples at different periods 

EXPERIENTIA 26/8 

Date Sex Top leaf Leaf of middle Braetlet Bract Flower Flower 
of collection of stem height of stem bud 
(1968) (%) �9 (%) (%) (%) (%) (%) 

July, 17 Male 0.65 - 2.59 0.45 2.11 

June, 19 1.47 0.61 - - - 
July, 17 Female 1.86 1.20 4.77 - - 
August, 23 0.21 0.50 1.44 2.17 - 
September, 17 0.12 0.19 5.62 - - - 

Tile % values are relative to the air-dried tissue weight and the means of 3 or 4 determinations with the relative mean deviation of =L 5%. 

Table II. Contents of tetrahydroeannabinolic acid in braetlets at 
different periods 

Date IX/1 IX/21 IX/28 X/9 X/19 X/30 b 
of collection 
(1968) 

Contents (%) ~ 2.68 5.84 6.60 8.45 9.40 10.90 

The % values are relative to the air-dried tissue weight and the 
means of 3 or 4 determinations with the relative mean deviation 
of • 5%. b The plant bodies were at the onset of withering. 

dur ing s torage 2. Since THCA can hard ly  be ex t r ac t ed  wi th  
t he  o rd inary  organic solvents,  t he  process of decarboxyla-  
t ion of the  acid to  THC as a p re l iminary  t r e a t m e n t  of ana-  
lysis was essent ial  for the  m e a s u r e m e n t  ; w i t hou t  t he  t rea t -  
m e n t  the  values of THC ob ta ined  f rom fresh p lan ts  were 
very  small.  A l though  the  dehydrogena t ion  of THC to 
cannabino l  on smoking  was observed to  some ex t en t  3-~, the  
hea t ing  process  a t  110~ for 15 rain was unaf fec ted  for 
such t r ans fo rmat ion .  

The amoun t s  of THCA were thus  found to  be d i f ferent ly  
d i s t r ibu ted  in the  var ious  sect ions of the  p lan t  body  at  the  
d i f ferent  seasons and to  be higher  in the  pa r t s  in pros-  

perous growth.  As shown in Table I, THCA, t h o ugh  
de te rmined  as a figure of THC, was con ta ined  r a the r  
h ighly  a t  the  top  leaf of s t em in younger  female p l an t  and  
at  the  b rac t  and  flower bud in male plant .  The r emarkab le  
increase of th is  co mp o u n d  in t he  brac t le t  was observed  in 
p ropor t ion  to  the  r ipening of seeds and was the  h ighes t  a t  
the  end of g rowth  as shown in Table II, con t r a ry  to the  
rapid  decrease in the  top  leaL 

Zusa~men/assung. In  Abh~ngigkei t  der  En twick lungs -  
zeit  wird in Wi ldhanfpf lanzen  die Ver te i lung des Tet ra-  
hydrocannab ino l s  gaschromatograph isch  bes t immt .  
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Zur Biosynthese der Cg_~0-Einheit der Indolalkaloide 

Es ist bekann t ,  dass die mono te rpeno iden  Indola lka-  
loide aus T r y p t a m i n  und  Secologanin aufgebaut  werden 1, 2 
und die einzelnen Alka lo id typen  (Corynanthe-,  Aspido- 
sperma-,  Ibogatyp)  dn rch  naehfolgende  Umlagerungen  
ents tehen.  Mevalonat ,  Geraniol bzw. Nerol  werden  spe- 
zifisch in das Co-10-Fragment inkorporier t .  Dagegen ist 
bisher  ungekl~trt, auf welche Weise der  Cs-K6rper  bei den 
IndolMkaloiden en ts teh t .  E in  spezifischer E inbau  von 
Ace ta t  konn te  bislang n ich t  beobach te t  werden  3-8. Ktirz- 
lich wurde  gezeigt  v, s, dass Glycin-(2-14C) spezifisch ill die 
Cg_10-Einheit des Ipecacuanha-Alka lo ids  Cephaelin ein- 
gebaut  wird. K u h n - R o t h - O x i d a t i o n  nnd  nachfolgender  
Schmid t -Abbau  ergaben,  dass 15-18% tier Radioaktivit~tt  
im C-15 lokalisiert  waren.  Bei einer Appl ika t ionszei t  von 
10 Tagen wurden  wesent l ich  h6here  E i n b a u r a t e n  erzielt 
als bei 21t/igiger F i i t t e rungsdauer .  Acetat-(2-14C) ergab 
eine geringere E inbau ra t e  in das Alkaloid als Glycin. In  
diesem Fall  war  die 1Radioaktivit~tt gleiehm~ssig zwischen 
C-14 und  C-15 verschmier t .  Acetat-(2-14C) wnrde  aber  in 

spezifischer ~vVeise, en t sp rechend  der Isopren-Regel ,  in 
fl-Sitosterol e ingebaut .  Die Autoren  schliessen daraus,  
dass zwei verschiedene  Mono te rpen -E inhe i t en  in der  glei- 
chen Pf lanze  (Cephaelis acuminata) aus unterschiedl ichen 
C2-Vorstufen aufgebaut  werden.  Markier tes  Leucin  sowie 
Glycin-(1-14C) wurden  prak t i sch  n ich t  in Cephaelin inkor- 
poriert .  GARG und GEAR 9 ver f i i t t e r ten  Glycin-(2-14C) 
ebenfalls  an Rauwolfia serpentina-Pflanzen und  unter-  
warfen  Ajlnal in und Reserpin  e inem chemischen  Abbau .  
In  der  Reserps~inre und  der  3, 4, 5-Tr imethoxybenzoes~ure  
waren 83% bzw. 15,5% der  Radioaktivit~it  lokalisiert.  
K u h n - R o t h - O x i d a t i o n  und nachfo lgender  Schmid t -Abbau  
zeigten, dass das Koh lens to f f a tom C-18 vom Ajmal in  
15,5% der  Radioaktivit~it  enthiel t .  Die Autoren  pos tu-  
lieren, dass Glycin als spezifische Vors tufe  fiir das Cg_10- 
F r a g m e n t  yon  Alkaloiden anzusehen  ist. 

Wir  haben  ebenfalls  versucht ,  dieses P rob lem zu klgren 
und  verschiedene  mark ie r te  Vors tufen  an Sprosse yon  
Catharanthus roseus appliziert .  Die F i i t t e rungsdaue r  be- 


