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Drehverm6gen ,  Schmelzpunkt ,  Mischschmelzpunkt ,  UV- 
und I R - S p e k t r u m ,  im chromatograph ischen  Verha l ten  
und im pharmakolog ischen  Tes t  als vo l lkommen  ident isch 
erwies. 

Summary. The to ta l  synthesis  of the  E rgo t  alkaloid 
E r g o t a m i n e  is described. 

A.  HOFMANN, A. J.  FREY und H. OTT 

Die ausfi ihrl iche Publ ika t ion  wird sp/i ter in den Helv .  Pharmazeutisch-chemisches Laboratorium, Sandoz A.G., 
chim. Ac ta  erscheinen. Basel, 17. April 1961. 

N a t u r a l  C h r o m a t o g r a p h y  and the 
A c c u m u l a t i o n  of P e t r o l e u m  in R o c k s  in V i e w  

of  A n a l y s e s  of  B i t u m e n  f r o m  the  
A t h a b a s c a  D e p o s i t  in C a n a d a  

Pe t ro l eum is the  only organic l iquid which occurs in 
sed imenta ry  rocks in signif icant  quant i t ies .  Pe t ro l eum 
consists ma in ly  of hydrocarbons ;  whereas  its u l t imate  
source, the  organic  m a t t e r  in mar ine  sediments ,  is com- 
posed of small  quant i t i es  of a large va r i e ty  of di f ferent  
compound  types.  I t  is known t h a t  fluids, main ly  wate r  
solutions, f low wi th in  sed imen ta ry  rocks, percola t ing  
th rough  the  maze  of capi l lary  pores. Colloidal minera l  
part icles  in the  pores m a y  select ively fi l ter ou t  polar  
compounds  f rom the  f lowing fluids. 

F igure  i shows a pho tomic rograph  of a thin section of a 
common,  g raywacke  type  sandstone,  prepared  f rom a 
drill core f rom the  Woodbine  fo rmat ion  of E a s t  Texas,  
t aken  f rom a dep th  of app rox im a te ly  4800 feet. The  clay 
minera l  aggregates  are visible in the  pore channel .  
L a b o r a t o r y  ch romatograph ic  columns and sandstones  
of ten have  similar  composi t ions  and textures .  

Fig. I. Pho tomic rograph  of a th in  sect ion of a sandstone.  Woodbine  
format ion,  E a s t  Texas.  Dep th  app rox ima te ly4800  feet, Magnification 

a p p r o x i m a t e l y  300 × .  

I t  has been long known t h a t  beds of c lay  minerals  act  as 
select ive filters r emoving  asphal t ic  and polar  substances  
f rom pet ro leum ~. I t  is also known t h a t  cer ta in  non-hydro-  
carbon cons t i tuents  m a y  be preferent ia l ly  d i s t r ibu ted  in 
pe t ro leum deposits  ~,3 in a pa t t e rn  which resembles  
ch romatograph ic  bands.  I t  was found in the  l abora to ry  
t h a t  among  a group of organic compounds  the  hydro-  
carbons m o v e  wi th  the  least  res t ra in t  th rough  clay packed 
columns 4. Fur the rmore ,  organic ions have  been eluted in 
qua r t z  sand and clay columns with  sea water  only 5, in 
accordance with  the  ch romatograph ic  principles of 
MARTIN and SVNGE 6. The  ch romatograph ic  ' p la te '  t heory  
can be used to predic t  the  m o v e m e n t  of the bands in beds 
of sand and c layL Consequent ly ,  one m a y  conclude tha t  
c h r o m a t o g r a p h y  is both  a l abora to ry  process and a 
na tura l  phenomenon.  

The  Table  lists some of the components  of the  semi-solid 
Athabasca  b i tumen  from nor theas te rn  Alber ta  (Canada). 
This  analysis s fur ther  subs tan t ia tes  the  fact  t ha t  this is 
the  largest  known pe t ro leum deposit .  Geological field 
relat ionships show t h a t  the  pe t ro leum in the  Athabasca  
deposi t  was brought  into its present  rest ing place by 
percola t ing fluids. These two observat ions,  together  wi th  
the  fact  t ha t  most  of the b i tuminous  sandstones lie ex- 
posed on the  surface, make  the Athabasca  deposi t  well 
suited for a s tudy  in na tura l  chromatography .  

The sa tu ra ted  hydrocarbon  con ten t  of app rox ima te ly  
100 b i tuminous  rock samples was determined.  The  
samples came from three bore holes from the  nor th-  
eastern par t  of the deposi t ;  the  two holes which were the  
far thes t  were approx imate ly  40 miles apart .  If  fluid flow 
was operat ional  for a prolonged period of t ime,  the  
chromatograph ic  concept  requires t h a t  the  sa tu ra t ed  
hydrocarbons  be evenly  d is t r ibuted  over  a large area  in 
the  deposit .  This was found to be the  case, because the 
sa tura ted  hydrocarbon  conten ts  of the  samples  showed 
only minor  variat ions.  
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Composition of the Athabasca petroleum from the Abasand Quarry, in the vicinity of McMurray, Alberta (Canada) 

Constituent Type Amount Method of Analysis 

Total petroleum a 

Asphaltenes 

Saturated hydrocarbons 

n-Paraffins 

Monocyclic naphthenes 

Condensed naphthenes 

Alkyl benzenes 

Cyclo-alkyl benzenes 

Naphthalenes 

Phenanthrenes 

Pyridines 

Benzothiophenes 

Thiophenophenanthrenes 

glossy, brownish-black, semi-solid 16.47 weight% 
organic matter of dry rock 

colloidal particles in the petroleum 22.3 weight% of total 
petroleum 

n-paraffins, iso-paraffins and naphthenes approx. 11 weight% 
of total petroleum 

approx. 1 weight% 
of saturated 
hydrocarbons 

relatively common 

~ ---~.  common constituents 

( ) ~ )  common constituents 

~ / ~  present in sample 

/ ' N / J "  

. ~  present in sample 

possible constituents iij  
N 

~ / ~ q 9  ~ possible constitu~ts 

C C j ~ ~ S  9 possible constituents 

extraction with CHIC12 
at room temperature 

precipitation and digestion 
with n-pentane 

elution chromatography 
mass spectrometry 

elution chromatography, 
urea adduction, ultraviolet 
spectroscopy 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

elution chromatography 
mass spectrometry 

a An elementary analysis of the petroleum gave the following results: C ~-~ 80.10%; H = 10.68%; N = 0.54%; S = 6.63%; O (by 
difference) ~ 2.05%; C/H ~ 0.63. 

To be able to use the Athabasca deposit for a s tudy of 
natural  chromatography, one must account for the pres- 
ence of the asphaltene colloids in the petroleum. The 
colloids seem to be chiefly responsible for the high viscos- 
i ty  of the petroleum. Some of the colloidal particles and/or 
their aggregates are too large to have flowed through the 
smaller pores in shales and sandstones. Asphaltenes can 
be separated from petroleum% but their sizes and molec- 
ular weights vary,  depending on the environment and on 
the means of s tudy l°. I t  is known tha t  asphalt can be 
prepared from petroleum residues by air oxidation. 
Figure 2 illustrates such an effect, using crude petroleum 

in a simulated geological environment.  The asphaltene 
colloids are, apparently, the products of chemical re- 
actions taking place after the petroleum reached its 
reservoir. 

The concept of natural  chromatography may help to 
explain the accumulation of petroleum even when the 
exact origin of petroleum components, is still being 
debated. I t  points to the preferential accumulation of 

9 p. A. WITHERSPOON, Report of Investigations ZO6, Illinois State 
GeoL Survey (1958). 

l0 R. S. WlNNIFORD, Preprint, Div. Pet. Chem. ACS 5, A-11 (1960). 
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Fig. 2. The development of asphaltic matter in petroleum by pro- 
longed exposure to air. Asphaltenes were determined by precipitation 
with n-pentane. Temperature : 50 ° ~ t °C; rate of air flow : approx. 
2.5 ml air/min/ml of liquid crude oil; O crude oil, Perry, Oklahoma; 
A crude oil, Pembina Field, Alberta; • crude oil, Perry, Oklahoma, 
with 0.1% surface active agent added (Poly-Tergent B-300, Olin 
Mathieson Co., ethoxylated nonyl phenol, containing 9-10 moles of 
ethylene oxide) ; ® crude oil, Perry, Oklahoma,with 5 weigh t % colloidal 

sulfur added. 

h y d r o c a r b o n s  in rocks,  regard less  of w h e t h e r  t h e y  were  
syn the s i zed  in ' source  rocks  ' n  or  de r ived  w i t h  m i n o r  
a l t e r a t i o n s  on ly  f rom l iv ing  m a t t e r  1~,~. 

Rdsumd. L a  mat i~ re  o r g a n i q u e  c o n t e n u e  dons  les s6di- 
m e n t s  r6cents  offre une  g r a n d e  var i6 t6  de composan t s .  Le 
p6trole ,  c e p e n d a n t ,  es t  cons t i t u6  e s sen t i e l l emen t  d ' h y d r o -  
ca rbures .  Le d 6 p l a c e m e n t  des f luides dons  les roches  se 
t r a d u i t  p a r  une  c h r o m a t o g r a p h i e ,  off les pa r t i cu le s  col- 
toidales  s 6 p a r e n t  s61ec t ivement  de  ta  p h a s e  mobi l e  les 
c o m p o s a n t s  polaires .  L a  r 6 p a r t i t i o n  des  h y d r o c a r b u r e s  
sa tu r6s  dons  u n e  p a r t i e  du  g i s e m e n t  de l ' A t h a b a s c a ,  au  
Canada ,  r6pond  ~ la n o t i o n  de c h r o m a t o g r a p h i e  na ture l le .  

B. NAGY 14 a n d  JOSEFINA LUGAY 

Department o/Chemistry, Fordham University, New York, 
October 20, 1960. 

n G.T. PHILIPPI, Preprints, 42nd Annual Meeting AAPG. 36, (1957). 
xi W. G. MEINSCHEIN, Bull. AAPG. 43, 925 (1959). 
ia E. G. BAKER, Science 129, 871 (1959). 
xt The work which is reported here is sponsored by the National 

Science Foundation. 

V o a c a n g a - A l k a l o i d e  V 1. 

Verkni ipfung  v o n  Vobas in  mi t  D r e g a m i n  
u n d  T a b e r n a e m o n t a n i n  

Vobas in ,  C21H~4N203, e in  N e b e n a l k a l o i d  aus  de r  S t a m m -  
r inde  y o n  Voacanga a/ricana Stap f  2, geh6r t  d e m  glei- 
chen  S p e k t r a l t y p  a n  wie T a b e r n a e m o n t a n i n ,  C~oH26N20 a a 
ode r  C21HzsNzOa 4, Voacaf r in ,  C22H2~N~O 4, Voacaf r ic in ,  
C~2Ha4N~O45 u n d  D r e g a m i n ,  C~lH2,N203 e. Als Chromo-  
p h o r  w u r d e  in  d iesen  S tof fen  e in  S t r u k t u r e l e m e n t  de r  A r t  
eines 2 -Pheny l - indo l s  2 ode r  eines 2-Acyl- indols* ver -  
m u t e t .  

I m  V o b a s i n  k o n n t e  n u n  eine d e m  2-Acyl indol  en t -  
s p r e c h e n d e  k o n j u g i e r t e  C a r b o n y l g r u p p e  nachgewiesen  
w e r d e n  : V o b a s i n  b i lde t  ein g r a n a t r o t e s  2, 4-Dinitrophenyl- 
hydrazon, C~H28N~O~ ~, Smp.  172-175 ° (Zers.), dessen  
tangwel l ige  U V - A b s o r p t i o n  MeOH (~max 217,5; 317 u n d  413 m ~ ;  
log e 4,43; 3,96 n n d  4,13) u n d  dessen  I R - S p e k t r u m  (in 
CH2C1 ~ B a n d e n  bei  3,03 (NH) u n d  6,20 ( C = N )  Ix) au f  eine 
s t a r k  k o n j u g i e r t e  K e t i m i n g r u p p i e r u n g  h inweisen .  R e d u k -  
t i on  yon  V o b a s i n  m i t  K a l i u m b o r h y d r i d  f i ih r t  zu Voba- 
sinol, Cz~H~N203 ~, Smp.  100-102 ° (Solvat ) ,  dessen  UV-  
S p e k t r u m  d e m j e n i g e n  e ines  n i c h t  k o n j u g i e r t e n  2,3-Di-  
a lky l indo l s  e n t s p r i c h t  ¢I Me°H 224; 279; 285 u n d  294 mp~; ~--max 
log e 4,48; 3,89; 3,90 u n d  3,85). Die n e u e n t s t a n d e n e  
H y d r o x y l g r u p p e  is t  im  I R - S p e k t r u m  n i c h t  e r k e n n b a r ,  
l~isst s ich a b e r  d u t c h  A c e t y l i e r u n g  nachw e i s en :  O-A cetyl- 
vobasinol, C2~H2sN,O, 7, Stop. 160-162 °, im  I R - S p e k t r u m  
(KBr)  A c e t y l b a n d e n  bei  5,73 (CO-Aceta t ) ,  8,15 u n d  
9,75 m~.  

V o b a s i n  enth~il t  e ine  C-Methy l  -~, a b e r  ke ine  C-#. thyl -  
g r u p p e  (Mikrochroms~iure -Oxyda t ion) .  D u t c h  Mikro-  
h y d r i e r u n g  z s ind  in  V o b a s i n  zwei unges~i t t ig te  Grupp ie -  
r u n g e n  n a c h w e i s b a r ,  w o v o n  eine m i t  de r  K e t o g r u p p e  
i d e n t i s c h  ist.  Die  a n d e r e  e n t s p r i c h t  e iner  ~ . t hy l en funk t ion ,  
die d u r c h  se lek t ive  H y d r i e r u n g  abges i i t t i g t  w e r d e n  k a n n :  
in  Abh i ing igke i t  v o m  v e r w e n d e t e n  K a t a l y s a t o r  e n t s t e h t  
aus  V o b a s i n  u n t e r  A u f n a h m e  y o n  1 Mol Hz e n t w e d e r  in  
n a h e z u  e inhe i t l i che r  R e a k t i o n  D r e g a m i n  s, ode r  a b e r  ein 
G e m i s c h  aus  D r e g a m i n  u n d  T a b e r n a e m o n t a n i n  (Smp.  
215-216% [~]~ = -  58 ° in  CHCI~), aus  d e m  die r e inen  
Alka lo ide  * d u t c h  G e g e n s t r o m v e r t e i l u n g  u n d / o d e r  f rak-  
t i on i e r t e  Kr i s t a l l i s a t i on  a b g e t r e n n t  w e r d e n  k6nnen .  I n  

D r e g a m i n  wie in T a b e r n a e m o n t a n i n  i s t  e ine  C-Methy l -  
g r u p p e  als Tell  e iner  C - A t h y l g r u p p i e r u n g  n a c h w e i s b a r .  
Somi t  i s t  in  V o b a s i n  a n  de r  e n t s p r e c h e n d e n  Stel le  e ine 
~ t h y l i d e n g r u p p e  v o r h a n d e n .  I n  t A b e r e i n s t i m m u n g  m i t  
de r  d u r c h  zah l re iche  D e r i v a t e  ges iche r t en  S u m m e n f o r m e l  
des Vobas in s  e rgeben  die A n a l y s e n  de r  D i h y d r o d e r i v a t e  
D r e g a m i n  u n d  T a b e r n a e m o n t a n i n  die Z u s a m m e n s e t z u n g  
C~IH~eN2OsL Es  d a r f  a n g e n o m m e n  werden ,  dass  s ich 
diese b e i d e n  Alka lo ide  n u r  in  d e r  r / iuml ichen  Lage  ih re r  
A t h y t s e i t e n k e t t e n  un t e r s che iden .  

W i i h r e n d  V o b a s i n  bis h e u t e  n u r  in  V. a/ricana u n d  Ta-  
b e r n a e m o n t a n i n  n u r  in  Ervatamia coronaria 3,4, ~o g e f u n d e n  
wurden ,  k o n n t e  D r e g a m i n  sowohl  in  E. coronaria 4 wie 
ouch  in V. dregei E.M.  * fes tges te l l t  werden .  

Summary. Chemica l  p roof  is a d d u c e d  for t he  2-acyl-  
indole  m o i e t y  in  vobas ine .  R e d u c t i o n  of t h e  e t h y l i d e n e  
m o i e t y  p r e s e n t  in  v o b a s i n e  fu rn i shes  t h e  d i a s t e reomer i c  
2-acyl indole  a lka lo ids  d r e g a m i n e  a n d  t a b e r n a e m o n t a n i n e ,  
whose  cor rec t  mo lecu la r  compos i t ion ,  C21H2eN203, is t h u s  
es tab l i shed .  

U. RENNER u n d  D. A. PRINS n 

Wissenscha/tliche Laboratorien der J.  R. Geigy A.G., Basel, 
9. Februar 1961. 
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