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iso series. A l t e r n a t i v e l y  if t h e  s u b s t i t u e n t  a t  C-21 was  re-  
p l aced  b y  h y d r o g e n  (deoxya j m a l i ne  a n d  i s o d e o x y a j m a -  
l ine in  R u n  E) t h e  two  r a t e s  were  a l m o s t  i den t i ca l  b u t  
w i t h  a v e r y  s l igh t  a d v a n t a g e  in f avo r  of d e o x y a j m a l i n e .  

A s t u d y  of molecu la r  mode ls  r evea l ed  t h a t  t h e  q u i n u -  
c l id ine  s y s t e m  in  b o t h  a j m a l i n e  a n d  i soa jma l ine  is s t r a ined .  
I f  one  looks a t  t h i s  s y s t e m  d i r ec t ly  fac ing  c a r b o n s  20 a n d  
21, one  obse rves  a s i t u a t i o n  r e p r e s e n t e d  b y  express ions  
I I I  or  IV,  where  t h e  h y d r o g e n  a t o m  a n d  t h e  h y d r o x y l  
g roup  on  C-21 are  no t  in  a h o r i z o n t a l  p lane .  Because  of 
t h e  b u l k  of t h e  C-21 h y d r o x y l  g roup  in IV,  i t  would  be  
expec t ed  t h a t  t he  a p p r o a c h  of t h e  e t h y l  iodide  molecule  
f rom the  t o p  would  be  s l igh t ly  h inde red ,  so t h a t  
fo rm I V  shou ld  e t h y l a t e  s lower  t h a n  I I I .  Th i s  was  indeed  
f o u n d  to  be  t h e  case s ince i soa jma l ine  I I  or  I V  was  ha l f  
as slow as a j m a l i n e  I or  I I I .  As expec ted ,  th i s  s te r ic  effect  
b e c a m e  more  p r o n o u n c e d  w h e n  t h e  bu l k i e r  a c e t o x y  der i -  
v a t i v e s  were  used  ( R u n s  C a n d  D), a n d  less i m p o r t a n t  
w h e n  t h e  a c e t o x y  g roup  was rep laced  b y  t h e  m u c h  smal l e r  
h y d r o g e n  a t o m  ( R u n  E).  
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These  r e su l t s  are  the re fo re  in  comple t e  a g r e e m e n t  w i t h  
t h e  ear l ier  conc lus ions  2. T he  d a t a  also p o i n t  o u t  t h e  use- 
fulness  of r a t e  m e a s u r e m e n t s  to  s t u d y  r e l a t i v e l y  sma l l  
s te r ic  d i f ferences  in  t h e  s t r u c t u r e s  of a lka lo ids  a n d  t h e i r  
de r iva t ives .  

Experimental. The  a p p a r a t u s  used  cons i s ted  of a con-  
v e n t i o n a l  c o n d u c t i v i t y  cell w i t h  b l a c k  p l a t i n i z e d  elec- 
t rodes  p u r c h a s e d  f rom the  F i s h e r  Scient i f ic  Co., a H e w l e t t  
P a c k a r t  Model  200 A B  audio-osc i l l a to r  to  f u r n i s h  a 1000 
cps  cu r r en t ,  a Leeds  & N o r t h r u p  Model  1553 sh ie lded  

ra t io  box,  a Leeds  & N o r t h r u p  Model  4754 a-c decade  
re s i s t ance  box  in series w i t h  a f a b r i c a t e d  100 K o h m  
s t ep  t y p e  re s i s t ance  box,  a Leeds  & N o r t h r u p  a i r  capaci -  
t o r  (nora. max .  0.001 M.F.) to  b a l a n c e  t h e  cell c apac i t ance ,  
a n d  a H e a t h  oscilloscope, Model  10-12, to  a c t  as a ga lvano -  
m e t e r  in  d e t e c t i n g  t he  ba l ance  po in t .  The  e q u i p m e n t  was  
a s sembled  so t h a t  t h e  res i s tance  of t h e  cell cou ld  be  
m e a s u r e d  us ing  t he  classical  W h e a t s t o n e  b r idge  a r r a n g e -  
m e n t .  

The  t e m p e r a t u r e  was m a i n t a i n e d  a t  2 5 . 0 4 - 0 . 1  ° b y  
s u s p e n d i n g  t h e  cell in  a c o n s t a n t  t e m p e r a t u r e  b a t h .  T h e  
n i t r ogenous  base  (3 m g  in each  case) was d issolved in 10 ml  
of ace ton i t r i l e ,  a n d  t h e  so lu t ion  i n t r o d u c e d  in t h e  cell. 
1 m l  of e t h y l  iodide was t h e n  in jec ted  in to  t h e  cell b y  
us ing  a g r a d u a t e d  syr inge,  a n d  a t i m e r  was s t a r t ed .  T h e  
br idge  was  b a l a n c e d  a t  a p p r o p r i a t e  in te rva ls ,  a n d  t h e  
r e s i s t ance  a n d  t i m e  were r ecorded  u n t i l  t h e  r eac t ion  h a d  
gone  p rac t i ca l l y  to  comple t ion .  The  r a t e s  were ca l cu la t ed  
us ing  t h e  e q u a t i o n s  g iven  in Ref.  la. 

Rdsumd. Les a u t e u r s  o n t  mesur6  les v i tesses  de r6ac t ion  
e n t r e  l ' a j m a l i n e  p lus  d6riv6s e t  l ' i odure  d '6 thy le .  Les con-  
c lus ions  s t6 r6och imiques  de  TAYLOR au C-21 en  o n t  6t6 
conf i rm6es .  
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Oxygen Isotope Paleotemperature Analyses  of 
Lower and Middle Jurass ic  Fossi ls  from Pl iens-  

bach, Wiirttemberg ( G e r m a n y )  

I. Introduction. Ut i l i z ing  t h e  e s t ab l i shed  t e c h n i q u e s  of 
Oss /o  16 p a l e o t e m p e r a t u r e  ana lys i s  1, 22 B e l e m n o i d  speci-  
mens ,  2 Pe l ecypod  spec imens  a n d  seve ra l  E c h i n o i d  sp ines  
f rom the  G e r m a n  Lias  7, d a n d  $ a n d  Dogger  ce a n d  d were 
e x a m i n e d .  T h e  ana lyses  were m a d e  on  a n  A t l a s - W e r k e  
M86 m a s s - s p e c t r o m e t e r  us ing  C a r r a r a  m a r b l e  s t a n d a r d  
a n d  t he  r e s u l t a n t  d a t a  were  co r rec t ed  to  re fe r  d i r ec t ly  to  
t h e  P D B - 1  Chicago s t a n d a r d  2. One  of us  (P. FRITZ) col- 
lec ted  t h e  m a t e r i a l  f r om t he  P l i e n s b a c h  a rea  n e a r  S t u t t -  
g a r t  (Germany) .  The  s t r a t i g r a p h y ,  l i t ho logy  a n d  t h i c k -  
nesses of t h e  r e l e v a n t  s t r a t a  are  s h o w n  in T a b l e  I. T h e  
t a x o n o m y  of t h e  s p e c i m e n t  is i nc luded  in t h e  T a b l e  of 
Resu l t s  (Table  I I ) .  

I I .  Data obtained (see Tab les  I I  a n d  I I I ) .  

I l i .  Interpretation o/Data. F r o m  t h e  B e l e m n o i d  resu l t s  
l i s ted  in  T a b l e  I I ,  i t  is e v i d e n t  t h a t  ( a s suming  t h e  m e a n  
ocean  ~ to  h a v e  been  zero in t he  Jurass ic )  t h e  sea  t e m -  
p e r a t u r e s  a t t a i n e d  a m a x i m u m  in  t he  U p p e r  T o a r c i a n  
a n d  Lower  B a j o c i a n  f rom in i t i a l ly  cooler  cond i t i ons  in  t h e  
P l i en sbach i an .  Th i s  m a x i m u m  was fol lowed b y  a decl ine  
in  U p p e r  B a j o c i a n  t imes .  I t  is i n t e r e s t i n g  to  c o m p a r e  t h i s  
p i c tu re  w i t h  d a t a  o b t a i n e d  b y  one  of us  (R. BOWEr) else- 

where  in G e r m a n y  s a n d  in some o t h e r  coun t r i e s  of W e s t -  
e rn  E u r o p e  4 (which  were  i n t e r c o n n e c t e d  b y  seas d u r i n g  
t he  p a r t  of t h e  Ju ra s s i c  u n d e r  cons idera t ion) .  L ias  e 
(Lower  Toa rc i an )  B e l e m n o i d s  f rom t h e  T r imeuse l  loca l i ty  
o n  t h e  Ma in  R i v e r  n e a r  B a m b e r g ,  B a v a r i a  (Ge rmany)  
gave  t h r e e  t e m p e r a t u r e s .  These  are  24.2°C, 27°C a n d  
28.4°C. One  of these  is t h e  s ame  as a n  U p p e r  T o a r c i a n  
re su l t  l i s ted  in t h i s  paper ,  b u t  t he  smal l e s t  f igure is 2.8°C 
be low t h e  p r e s e n t  m i n i m u m  (which  is de r i ved  f rom t h e  
U p p e r  Toarc ian ) .  Th i s  is c o n s i s t e n t  w i t h  a g r a d u a l  r i s ing  
of t e m p e r a t u r e  f rom Lower  i n to  U p p e r  T o a r c i a n  t imes .  
F r o m  Swi tzer land ,  3 p r ev ious  d e t e r m i n a t i o n s  h a v e  b e e n  
m a d e - - 2  on  Belemnites tripartitus f rom the  T o a r c i a n  of 
K a n t o n  A a r g a u  a n d  C a n t o n  de V a u d  (readings  of 27.3°C 
a n d  23.4°C r e spec t ive ly  be ing  ob t a ined )  a n d  2 on  a n  un -  
iden t i f i ed  B e l e m n o i d  f rom the  T o a r c i a n  of C a n t o n  de Fr i -  
b o u r g  (giving 23.5°C). F r o m  France ,  f r om the  P l iens -  
b a c h i a n  of t h e  Vend6e,  2 spec imens  of Hastites umbilicatus 
gave  t e m p e r a t u r e s  of 24.3°C a n d  24.6°C re spec t ive ly .  A 

I S. EPSTEIN, R. BUCHSBAU~t, H. A. LOWENSTAM, and H. C. UREY, 
Bull. Geol. Soc. Amer. 62, 417 (1951); 64, 1315 (1953). - H. C. 
UREY, H. A. LOWENSTAM, S. EPSTEIN, and C. R. McKINNEY, 
Bull. Geol. Soc. Amer. 62, 399 (1951). 
The Carrara Standard has a value of --1.6°/o0 relative to PDB-I. 

a R. BOWEU, Experientia 19,401 (1963). 
4 R. BowE~, J. Geol. 69, 309 (1961). 
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EXPERIENTIA XIX/9 

T a b l e  I .  T h i s  s h o w s  t h e  r e l e v a n t  f o r m a t i o n s ,  
t h e i r  v a r i o u s  c lass i f i ca t ions ,  t h i c k n e s s e s  a n d  
l i t ho tog ies  t o g e t h e r  w i t h  t h e  t e m p e r a t u r e s  
o b t a i n e d  

T a b l e  I I .  N u m b e r s  1 -22  a r e  B e l e m n o i d e a ;  23 s e v e r a l  E c h i n o i d  sp ines  a n d  24,  25 P e l e c y p o d a  

(i) Lower Pliensbachian (Lids •) 

S p e c i m e n  n u m b e r  T a x o n o m y  6J018 (%0) r e l a t i v e  A v e r a g e  d O  TM (%0) T e m p e r a t u r e  in  °C 
to P D B - 1  r e l a t i v e  to P D B - 1  

1 ? --  0 .44 
- - 0 . 5 6  
- - 0 . 6 4  - - 0 . 5 4  18.8 

2 ? --  0 .59 
- 0 . 7 5  
- - 0 . 9 7  - - 0 . 7 7  18.9 

3 Passaloteuthis sp. - - 0 . 4 1  
- - 0 . 6 9  
- - 0 . 8 2  - - 0 . 6 4  19.3 

4 Hastites sp. - -  0 .58 
--  0.67 
- - 0 . 7 1  - - 0 . 6 5  19.4 

5 - - 0 . 7 9  
- -  1 . 0  I 

- -  1.08 - - 0 . 9 6  20 .6  

6 Passaloteuthis sp. - -  0.95 
- - 1 . 1 5  
- -  1.28 - -  1.1"2 21.5 

7 Passaloteuthis sp. - -  1.15 
- -  1.25 
- -  1.31 --  1.23 22.0 

8 Passaloleuthis sp. - -  1.17 
- -  1 . 3 5  - -  1.26 22.1 

9 Passaloteuthis sp. - -  1.50 
- -  1 . 5 0  

- -  1.55 - -  1.51 23 .3  

I 0  Nannobelus sp. - -  1.57 --  1.57 0,23.6 
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(ii) Upper Pliembachian (Lias ~: Domerian) 
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Spec imen  n u m b e r  T a x o n o m y  (~O TM (°/oo) re la t ive  Ave rage  6 0  Is (°/oo) T e m p e r a t u r e  in °C 
to  P D B - 1  re la t ive  to P D B - I  

11 Passaloteulhis paxillosus + O. 14 
- -0 .03  
- -0 .09  + 0 . 0 1  16.5 

12 Passaloteuthis paxillosus + 0.04 
- -0 .25  - - 0 . 1 0  16.9 

13 Passaloteuthis paxillosus --  0.59 
- -  0.95 
- -  1.01 - -  0.85 20.2 

(iii) Upper Toarcian (Lias 2) 

Spec imen  n u m b e r  T a x o n o m y  ~ 0  xa (°/oo) re la t ive  A v e r a g e  ~O TM (°/oo) T e m p e r a t u r e  in  °C 
to  P D B - 1  re l a t ive  to  P D B - 1  

14 A crocoelites sp. - -2 .25  
- -2 .30  
- -  2.31 - -  2.'28 27.0 

15 A crocoelites sp. - -  3.25 
- - 3 . 2 6  - -3 .25  32.9 

(iv) Lower Bajocian (Dogger ~: Aalenian) 

Spec imen  n u m b e r  T a x o n o m y  (~O TM (°]oo) re la t ive  Ave rage  6 0  TM ( ° ] o o )  T e m p e r a t u r e  in  °C 
to  P D B - 1  re la t ive  to  P D B - 1  

16 A croeoeIites sp. - -  2.47 
- - 2 . 6 2  
- - 2 . 9 2  - -2 .67  29.0 

(v) Upper Bajocian (Dogger 6) 

Spec imen  n u m b e r  T a x o n o m y  6 0  TM (°/oo) r e l a t i v e  A v e r a g e  6018 ( ° 1 o o )  T e m p e r a t u r e  in  °C 
to  P D B - 1  re la t ive  to  P D B - 1  

17 Belemnopsis canaliculatus + 0.37 
+ 0 . 5 0  
+ 0 . 7 5  + 0 . 5 4  14.2 

18 Belemno~sis sp. + 0.53 
+ 0 . 8 1  
+ 0 . 8 2  + 0 . 7 2  16.2 

19 Belemnopsis eanaliculaIus + 0.05 
- -0 .11  - -0 .03  16.6 

20 Megaleuthis giganleus - -  0.44 
+ 0 . 3 0  - - 0 . 0 5  16.7 

21 Belemnopsis canaliculalus - - 0 . 1 4  
- -0 .15  
- - 0 . 2 2  - -0 .17  17.2 

22 Belemnopsis canaliculatus - -  0.02 
- - 0 . 7 3  - -0 .37  18.1 

23 Rhabdocidaris sp. --  6.94 
- -  6.95 
- -7 .01  - - 6 . 9 I  43.2 

24 Trigonia naris -- 3.15 
- - 3 . 3 3  - - 3 , 2 4  31.9 

25 Gervillea pernoides - - 3 . 4 2  
- -3 .53  - -3 .47  33.1 

T h e  Be lemno id  d a t a  are  p r e s e n t e d  g r a p h i c a l l y  o n  T a b l e  I I I .  
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Table III.  This shows the data obtained from specimens collected in the Pliensbach area 
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T a b l e  IV .  T h i s  s h o w s  t he  d a t a  f r o m  w e s t e r n  E u r o p e  
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specimen of Belemnites virgatus f rom the  Toarcian of 
D e u x  S~vres gave  a reading of 24.9°C. An Aalenian speci- 
men  f rom Alsace was found to have  a t empera tu re  of 
20.1 °C. Three  Bajoc ian  specimens f rom N o r m a n d y  gave 
t empera tu re s  of 19.5°C, 20.6°C and 21.4°C respect ively.  
F r o m  England ,  3 Toarc ian  specimens f rom N o r t h a m p t o n  
gave  t empera tu re s  of 23.8°C, 25.7°C and 29.6°C respec- 
t ive ly  while ano ther  Toarc ian  spec imen f rom Yorkshire  
gave  a t e m p e r a t u r e  of 31.7°C. These d a t a  have  been 
p lo t t ed  on Table  IV  toge the r  wi th  the  da t a  recorded in 
th is  paper .  

The  consis tency of d a t a  der ived  f rom 4 countr ies  cover-  
ing a considerable  area  of Wes te rn  E u r o p e  is apparen t  
and some commen t s  are necessary.  Firs t ly ,  an overal l  
c l imat ic  change f rom modera te ly  w a r m  wa te r  condit ions 
in the  P l ienbachian  to ho t  condi t ions  in the  Toarcian 
occurred and was succeeded by  a decline in t empera tu res  
unt i l  r a the r  cool condi t ions  are reached in the  Uppe r  
Bajocian.  The  range of t empera tu re s  varies  f rom 8 or  9°C 
in t he  Lias  and Aalenian  to  4°C in the  U p p e r  Bajocian.  
A po in t  m a d e  by  one of us earl ier  (R. BOWEN) is t h a t  the  
inference made  by  some workers  based upon the  scarc i ty  
of l imestones  and coral  reefs in the  Lias  t h a t  cooler condi-  
t ions prevai led  then  t h a n  la ter  in the  Jurass ic  is erroneous.  
The  analyses  l is ted here in  a m p l y  conf i rm this since a t  
least  the  U p p e r  Lias  is shown to be v e r y  w a r m  and ho t  
(in the  Toarcian) .  I t  is appa ren t  t h a t  l imestones  are no t  
rel iable indices of wa rm-wa te r  condi t ions  since thei r  for- 
ma t ion  m a y  be inf luenced by  m a n y  factors  no t  dependen t  
on t empera tu re .  

Secon.dly a word  mus t  be said abou t  the  ampl i tude  of 
t he  c l imat ic  var ia t ions .  A 6°C rise of t e m p e r a t u r e  oc- 
cured f rom Pl iensbachian  into Toarc ian  t ime  and the  sub- 
sequent  decline was th rough  11°C into  the  U p p e r  Bajo-  
cian. Of course these  are app rox ima te  figures bu t  t h e y  
never theless  indicate  the  ind isputable  direct ions of t em-  
pera tu re  t rends  and the  order  of magn i tude  to which  t h e y  
belong. 

I t  is necessary to  add  some c o m m e n t s  on the  Pe lecypod  
and Ech ino id  results  also. W i t h  reference to Pelecypoda,  
i t  mus t  be r emembered  t h a t  LOWENSTAM and EPSTEIN s 
h a v e  observed t h a t  where  t h e y  are  associated wi th  Belem- 
noids in the  pos t -Apt i an  Cretaceous t h e y  give t empera -  
tures  h igher  t h a n  the  Belemnoids .  Our  spec imens - -o f  
Trigonia naris and Gervillea pernoides-- give t empera -  
tures  cons iderably  in excess of the  associated Belemnoids.  
The  ac tua l  figures are reasonable,  b u t  of course m u c h  too 

h igh  for the  low- tempera tu re  Dogger  6. Possibly secondary  
a l te ra t ion  has  t aken  place in the  shells, bu t  this  seems im- 
probable  in v iew of the i r  d i f ferent  phys ica l  s t ructures .  I t  
is more  l ikely t h a t  a biological  f rac t iona t ion  effect  ( 'v i ta l '  
effect) occurs among  Pelecypods  render ing  t h e m  less 
sui table  for t e m p e r a t u r e  de te rmina t ions  t h a n  the  Belem- 
noids. I t  is in any  case in teres t ing t h a t  as in the  Creta-  
ceous, h igher  t empera tu re s  are recorded by  the  Pelecy-  
p o d s  t h a n  by  associated Belemnoidea.  W i t h  reference to 
the  Cidarid spines analysed,  clearly the  resul t  is not  a 
t e m p e r a t u r e  record.  

The  au thors  hope  to  cont inue  thei r  inves t igat ions  in to  
the  c l imat ic  h i s to ry  of G e r m a n y  dur ing the  Jurass ic  by  
inves t iga t ing  the  Lower  Lias  and the  period Callovian to 
Kimer idgian .  The  results  ob ta ined  will be publ ished a t  a 
la ter  s tage 6. 

Zusammen/assung. In  der  vor l iegenden Arbei t  werden 
T e m p e r a t u r b e s t i m m u n g e n  an 22 Belemni ten ,  2 Muscheln 
und Seeigelstacheln aus dem mi t t l e ren  und oberen Lias, 
sowie dem mi t t l e r en  und un te ren  Dogger  angegeben.  Die 
Proben  wurden  in der  U m g e b u n g  yon  Pl iensbach  (Wiirt-  
temberg)  gesammel t .  

Aus diesen Ana lysen  geh t  hervor ,  dass ffir die Zeit des 
Toarc ian  ein T e m p e r a t u r m a x i m u m  angenommen  werden 
muss, w/ihrend im mi t t l e r en  Lias  sowie im mi t t le ren  Dog- 
ger niedrigere T e m p e r a t u r e n  vorherrschten .  Die Tem-  
pe ra tu r schwankungen  be t ragen  zwischen Lias y und Lias 

ca. 6°C und zwischen Lias  e und Dogger  d ca. l l ° C .  
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Heterocyc l i c  S tero ids .  S tero ida l  P y r i m i d i n e s  1 

In  con t inu ing  our  search for novel  heterocycl ic  steroids 
we have  synthes ized  steroids in which  r ing A has  a pyri-  
midine  s t ructure ,  i.e. carbons 2 and 4 are replaced by  
nitrogen.  A l though  several  heterocycl ic  steroids have  been 
prepared,  none have  the  pyr imid ine  mo ie ty  incorpora ted  
di rec t ly  in the  s teroid r ing system. 

Condensat ion  of 19-nortestosterone wi th  e thyl  formate  
by  the  sod ium hydr ide  procedure  2 and  ace ty la t ion  of the  
p roduc t  gave 17f l -acetoxy-2-acetoxymethylene-es t r -4-en-  

KBr 3-one (1); m.p.  134-137°; -max~MeOH 261 m~  (e 12900); Vma x 
1760, 1730, 1670, 1610, 1240, 1185 cm -1. F o u n d :  C, 71.20; 
H,  7.86. (Calcd. for CaaHs0Os: C, 71.48; H,  7.82.) Ozono- 
lysis of 1 resul ted  in the  y-ketoacid  2a; m.p.  151-153°; 
KBr Vma x 3420, 1730, 1690, 1250 cm -1. F o u n d :  C, 66.68, 66.70; 

H,  8.49, 8.33. (Calcd. for ClsH2sOs: C, 67.06; H,  8.13.) 
T r e a t m e n t  of acid 2a wi th  d i azome thane  followed by  

ke ta l iza t ion  wi th  e thy lene  glycol  y ie lded the  7-ethylene-  
d ioxyes te r  2b; m.p.  107_109o; VmaxKBr 1740, 1735, 1265, 
1245, 1040 cm -1. F o u n d :  C, 66.65; H,  8.64. (Calcd. for 
C21H3206: C, 66.30; H, 8.48.) 

The  d iphenylene  ketos teroid  3a, m.p. 156-160 °, was 
realized f rom the  react ion of 3b wi th  phenyl  magnes ium 
bromide,  t h e n  dehydra t ion  wi th  glacial  acetic acid s. The  

KBr p roduc t  3a had  -max~MeOH 250 mr/. (e 16100); Vma x 1730, 1700, 
1600, 1495, 1245 cm -1 (found:  C, 81.58; H,  7.65 - calcd. 
for Cs0H34Os: C, 81.41; H,  7.74) and on t r e a t m e n t  wi th  
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