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auch unsere Honigbienen, so wie es heute noch ihre 
n~chsten Verwandten, die indischen Bienen, tun, ihre 
Waben unter freiem Himmel gebaut  haben. So mag 
auch fiir die Fourageure die Lage ursprfinglich so ge- 
wesen sein wie heute noch ftir die Quartiermacher, 

Man wird fragen, ob denn eine Richtungsangabe, 
die mit  einer betr/ichtlichen <~Missweisung~ verbunden 
ist, fiir das Bienenvolk tiberhaupt einen Wert hat. Die 
Antwort lautet:  die gewiesene Richtung erscheint nut  
uns falseh. Die benachrichtigten Bienen kompensieren 
die Abweichung bei der Riickiibersetzung des Schwer- 
kraftwinkels in den Sonnenwinkel und fliegen richtig. 
Das hat  sich bei F/icherversuchen sowohl ftir die starke 
{~Missweisung~>, von welcher hier die Rede war, wie 
auch fiir die kleinere <~Restmissweisung~> ergeben (2 
p. 585 und 589). Das bedeutet, dass die verschiedenen 
Bedingungen, die bei der T~tnzerin ftir die {~Misswei- 
sung~ mitbest immend sind - Anblick blauen Himmels, 
Art des Polarisationsmusters, Anblick der Sonne, Grad 
ihrer Verschleierung, Betrag der ~Restmissweisung~> 
und wohl noch anderes - von den Empfiingern der 
Nachricht nach Sinn und Ausmass entsprechend in 
Rechnung gestellt werden. Ein Bienenvolk ist bei sei- 
ner uralten, auf Inst inkte gegriindeten Tradition - ganz 
anders als eine menschliche Gesellschaft - eine Ver- 
sammlung gleiehgestimmter Seelen, die auf die Art und 
Weise, wie sic angesprochen wird, einheitlich reagiert 
und einer individuellen Auslegung und freiwilligen Ent-  
scheidung wenig tibrig l~sst. 

Summary. Bees are able to indicate direction to 
their hive comrades by  means of a waggling dance 

of 2 kinds: in the horizontal plane with regard to 
the sun they point directly towards the goal by a 
waggling walk using the same angle to the sun as they 
took in their flight. Inside the  dark hive in the verti- 
cal honey-comb, they transpose the angle between 
goal and sun to the field of gravity,  whereby the sun's 
direction is shown by  a waggling walk upwards, and 
the angle to the right or left of the sun's position is 
given by a dance-direction in the corresponding angle 
to the right or left of the zenith. 

If a piece of blue sky is made visible in an obser- 
vation hive to the bees which are dancing in orien- 
tation by  gravity,  they recognise the position of the 
sun by  this polarisation sample, and the effort to 
orientate themselves directly by  the sun (as in the 
horizontal plane) comes into conflict with the orien- 
tation by  gravity.  The result is a dance direction which 
corresponds remarkably  well with the halving of the 
angle between what  the dance direction should have 
been by  gravi ty  and what  it should have been by  
light orientation (Figure 1). This is also true when 
the bee is orientating itself by polarised sky light 
over its back, while the sun is at the other side of 
the honey-comb under its front (Figure 2), a situation 
which does not occur during flight but  which is im- 
por tan t  for its dance in the swarm. The bees receiving 
the information compensate the deviation of the angle 
determined by  light, and fly to the right goal. 

As the sun itself, as well as the piece of blue sky, 
was made visible to the dancers, its influence domi- 
nated and they orientated themselves by  its light 
(Figure 3). 
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Optical Rotatory Dispersion Studies ~. Config- 
urational Assignments among the Aporphine 

Alkaloids 

The aporphines represent a large group of alkaloids Z 
based on the skeleton I (or its antipode II). The absolute 
configuration of several members of this class was first 
considered by BENTLEY and CARDWELL ~ in terms of the 
or fl orientation of the hydrogen atom attached to the 
single asymmetric carbon (starred in I and II). In actual 
fact, the aporphine skeleton also represents a permanently 
twisted biphenyl system and, as has been pointed out 
recently 4, the ehirality of this twisted biphenyl is uniquely 
determined by the absolute configuration of the asym- 
metric carbon atom. In terms of the Cahn-Ingold-Prelog 
convention 5, the biphenyl system of I belongs to the (S)- 
series, while the (R)-notation must be attributed to the 
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1 Paper LXII ;  paper LXI see C. DJEm~ssI, J. Fisn~lhN, and T. 
NAMBARA, Exper. 17, 565 (1961). 

z For pertinent references see R. H. F. MANSKE, The Alkaloids 
(Academic Press~ New York 1954), vol. IV, chapter 30. - T. A. 
HESRV, The Plant Alkaloids (Blakiston, Philadelphia 1949), p. 306. 

3 K. W. BENTLEY and H. M. E. CARDWELL, J. chem. See. 1955, 3252. 
4 ~{. SIIAMMA, Exper. 16, 484 (1960). 
5 R. S. CAHN, C. K. INGOLD, and V. PRELOG, Exper. 12, 81 (1956). 
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a n t i p o d e  I I .  Th i s  e m p h a s i s  u p o n  t he  b i p h e n y l  m o i e t y  is 
i m p o r t a n t  for  ou r  s u b s e q u e n t  r o t a t o r y  d i spe r s ion  dis- +55| 
cussion,  s ince  t h e  r e l e v a n t  a b s o r p t i o n  b a n d s  are  all  / 
assoc ia ted  w i t h  th i s  a r o m a t i c  p o r t i o n  of t h e  molecule .  .45~- 

All of t h e  n a t u r a l l y  occur r ing  a p o r p h i n e s  possess o x y -  
g e n a t e d  (hydroxyl ,  m e t h o x y l ,  m e t h y l e n e d i o x y )  sub-  
s t i t u e n t s  a t  pos i t ions  1 a n d  2, whi le  t h e  o t h e r  a r o m a t i c  /+35 
r ing  m a y  or  m a y  n o t  h a v e  s u c h  a g r o u p  a t  pos i t i on  11. 
As n o t e d  in a n  ear l ie r  paper% t h e  p resence  of a C-11 sub-  

x s t i t u e n t  man i f e s t s  i tself  b y  r a t h e r  h igh  specif ic  r o t a t i o n s  ~+?_,5 
(at  t he  sod ium D line) a n d  a n  u l t r a v i o l e t  a b s o r p t i o n  '= 

c o  

m a x i m u m  n e a r  270 m~,  whi le  t he  C-11 u n s u b s t i t u t e d  
m e m b e r s  show m u c h  lower  r o t a t i o n s  as well  as a b a t h o -  ~÷15 
ch romic  sh i f t  to  282 m~t. I n  add i t ion ,  t h e  s pec t r a  of b o t h  
g roups  c o n t a i n  a m a x i m u m  in t h e  300 m ~  region.  These  --~ 
a re  t h e n  t h e  a b s o r p t i o n  b a n d s  wh ich  a re  of p r i nc ipa l  ~- +5 
conce rn  to  us.  

(+)-]3utbocapnine (III) m a y  be  cons idered  as t he  con-  
f igu ra t iona l  reference  s t a n d a r d  of t h e  C-11 s u b s t i t u t e d  
aporph ines .  I t s  ab so lu t e  con f igu ra t i on  is e s t ab l i shed  b y  
i ts  conve r s ion  6 in to  ( + ) - m o r p h o t h e b a i n e ,  w h i c h  is t h e  
a n t i p o d e  of ( - - ) - m o r p h o t h e b a i n e  of k n o w n  abso lu t e  con-  
f igu ra t ion  L ConveI"sety, ( + ) - g l a u c i n e  (IV) m a y  be  t a k e n  
as t h e  p r o t o t y p e  of t h e  l l - u n s u b s t i t u t e d  a p o r p h i n e s  a n d  +15 
i t s  a b s o l u t e  c o n f i g u r a t i o n  h a s  b e e n  e s t ab l i shed  r igorous ly  s 
t h r o u g h  i ts  r e l a t i onsh ip  ~ to l audanos i ne  (of s ame  s ign of 
ro ta t ion) .  Consequen t ly ,  b o t h  ( + ) - b u l b o c a p n i n e  ( I I I )  a n d  +10 
(+ ) -g l auc ine  (IV) be long  to  t he  b i p h e n y l  s y s t e m  I a n d  t h i s  
appl ies  also to  ( + ) - b o l d i n e  (V), ( + ) - d i c e n t r i n e  (VI), ( + ) -  
g l a u c e n t r i n e  a n d  ( + ) - l a u r o t e t a n i n e ,  al l  of w h i c h  h a v e  b e e n  ~ +5 
i n t e r r e l a t e d  z w i t h  I V  i0. ! 

BENTLEY a n d  CARDVCELL ~ n o t e d  t h a t  al l  of t h e  a b o v e  
a p o r p h i n e  a lka lo ids  were  d e x t r o r o t a t o r y  a t  t h e  s o d i u m  D 7= 0 
l ine a n d  t h e n c e  genera l ized  t h a t  t h i s  cou ld  be  used  as a ~ 
c r i t e r ion  for ass ign ing  abso lu t e  conf igura t ions .  I n  v iew of 
t h e  p o t e n t i a l  d a n g e r  of u t i l iz ing m o n o c h r o m a t i c  r o t a t i o n s  ~ -5 
as c o m p a r e d  to  r o t a t o r y  d ispers ion  cu rves  n for such  con-  _~ 
f i gu ra t i ona l  i n t e r r e l a t ions ,  we dec ided  to  m e a s u r e  t he  ~ - t 0  
r o t a t o r y  d i spers ion  c u r v e s  of seve ra l  a p o r p h i n e s  of  k n o w n  ~- 
as  well  as  u n k n o ~ m  a b s o l u t e  conf igu ra t ion .  Such  a s t u d y  
b e c a m e  p a r t i c u l a r l y  p e r t i n e n t ,  because  of t h e  e x t e n s i v e  -15 
r o t a t o r y  d i spers ion  m e a s u r e m e n t s  a n d  s u b s e q u e n t  s tereo-  
chemica l  genera l i za t ions  w h i c h  h a v e  b e e n  pe r fo rmed  
r e c e n t l y  a m o n g  tw i s t ed  b i p h e n y l s  ~2. -20 

W e  shal l  s t a r t  ou t  w i t h  t h e  we l l -known  fac t  t h a t  t h e  
tw i s t ed  b i p h e n y l  c h r o m o p h o r e  (as in  I or  I I )  n o t  on ly  
c o n t r i b u t e s  to  op t i ca l  a c t i v i t y  xs, b u t  t h a t  in  p a r t i c u l a r  i t  
will p l a y  a v e r y  i m p o r t a n t  role  in  a n y  C o t t o n  effects  t h a t  
m a y  b e  o b s e r v e d  in t h e  r o t a t o r y  d i spers ion  c u r v e s  of 
apo rph ines .  Secondly ,  i t  m u s t  be  po i n t ed  o u t  t h a t  t h e  
p resence  of a C-11 s u b s t i t u e n t  (e.g. I I I  vs. IV) m a y  r e su l t  
in  o u t  of p l ane  b e n d i n g  of t he  C-1 a n d  C-11 groups  as well  
as in  a d i s t o r t i o n  of b o n d  a n d  to r s ion  angles  in  t he  
a p o r p h i n e  f r a m e w o r k  14,1~. W i t h  t h i s  i n f o r m a t i o n  as  b a c k -  
g round ,  we m a y  cons ider  t h e  op t i ca l  r o t a t o r y  d i spers ion  
cu rves  of t h e  va r i ous  a p o r p h i n e s  b o t h  in  t e r m s  of r e l e v a n t  
op t i ca l ly  a c t i v e  a b s o r p t i o n  b a n d s  a n d  in t e r m s  of abso lu t e  
conf igura t ion .  Because  of t h e  r a t h e r  h i g h  a b s o r p t i o n  
(e ca. 10000) n e a r  300 m~,  m o s t  of t h e  u l t r av i o l e t  r o t a t o r y  
d ispers ion  m e a s u r e m e n t s  h a d  to  be  c o n d u c t e d  in v e r y  
d i lu te  so lu t ion  a n d  the re fo re  are s ub j ec t  to  a fa i r ly  large  
er ror  in  t h a t  region.  However ,  f rom a q u a l i t a t i v e  s t a n d -  
po in t ,  t h e  r e su l t s  (t o 320 miz) a re  c o m p l e t e l y  re l iable ,  a n d  
t h i s  was  checked  w i t h  ' b l a n k '  m e a s u r e m e n t s  o n  r acemic  
aporph ines ,  w h i c h  d id  n o t  give r ise to  false r o t a t i o n s  
assoc ia ted  w i t h  s t r a y  l i gh t  x~. 

E v e n  a cu r so ry  in spec t ion  of F igu re  1-4  will show 
i m m e d i a t e l y  t h a t  a co inc idence  in  s ign of t h e  sod ium D 
line r o t a t i o n ,  as e m p l o y e d  b y  BENTLEY a n d  CARDWELL a, 
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Fig. 1. Rotatory dispersion curves of corydine (VIII), isocorydine 
(IX), norisocorydine hydrobromide (X), and magnoflorine iodide 

(XI) in methanol. 
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Fig. 2. Rotatory dispersion curve of bulbocapnine (III) in methanol. 
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Fig. 3. Rotatory dispersion curves of glaueine (IV), boldine (V), 
N-methyllaurotetanine hydrobromide (XII), and laurifoline chloride 

(XIII) in methanol. 

:t L ~ w) L A ~¢) 

X~'~ OH OCH 3 

~+'~.-~_"=""_-:-:7"7"-:,y . . . . . . . . . . . . . . . . . . . . . . . .  

,'i" 

c= 

-12 

-tti 

-ZD 

+( z~ 

Ji 

o ,c, z Ho "c% 

CHzO,- ]# '~  

C H 3 0 ~ H " C H  3 

6 ' 
3DO /+Off ~O 5 0 500 550 

Fig. 4. Rotatory dispersion curves of dieentrine (VI), domesticine 
(VII), nantenine (XVI), anolobine (XIV), and xylopine (XV) in 

methanol. 

does not necessarily reflect the sign of the long-wavelength 
Cotton effect. On the basis of the structural  and absolute 
configurational information now at hand (see above dis- 
cussion), we feel justified to make the following two 
empirical generalizations concerning the optical rotatory 
behavior of the various aporphines. 

(i) The presence of a methylenedioxy subst i tuent  
significantly enhances the amplitude of the long-wave- 
length Cotton effect curve (e.g. bulbocapnine, domesticine, 
dicentrine, xylopine, analobine; Figure 2, 4), without 
significantly changing the respective ultraviolet spectra. 
However, since systems which do not  contain the me- 
thylenedioxy subst i tuent  may also on occasion exhibit 
enhanced amplitudes (e.g. laurifoline chloride), this par- 
ticular feature of the rotatory dispersion curve may not  
safely be used in assignments of the methylenedioxy 
function. 

(2) All of the C-11 unsubst i tuted aporphines at our 
disposal carried at  the same time an oxygen function at  
C-9. The change from the 1, 2,10,11-tetrasubstitution 
pattern (Figure 1, 2) to the 1,2,9,10-tetra-oxygenated 
aporphines (Figure 3, 4) is accompanied by (a) incursion 
of a background curve of opposite sign to tha t  of the long- 
wavelength Cotton effect and (b) the reversal of the sign 
of the long-wavelength Cotton effect. 

We shall now discuss the basis for the structural and 
configurational conclusions tha t  may be derived from 
these rotatory dispersion data. Thus, domesticine (VII), 
which has not  been related chemically l° to one of the 
absolute configurational standards, may confidently be 
assigned the same absolute configuration (I) as (+)-di- 
centrine (VI). All the alkaloids in Figure 3 have such 
similar rotatory dispersion curves that  a common absolute 
configuration must  follow, in accord with chemical evi- 
dence =. The same stereochemical identi ty can be inferred 
for the alkaloids whose rotatory dispersion curves are 
collected in Figure 1. 

The incursion of the above mentioned background 
rotation (of opposite sign) is clearly linked to the batho- 
chromic shift of the band near 270 m~t to 282 m~x, which 
has been noticed* to accompany the removal of the C-11 
substi tuent.  Since the absolute configurations of di- 
centrine and the alkaloids in Figure 3 are firmly estab- 
lished (via glaucine 8) and since the ultraviolet absorption 
spectra of all these substances are virtually identical, we 
conclude tha t  a negative Cotton effect curve (overlapped 
by the tail of a positive background curve presumably 
centered a t  shorter wavelength) identifies absolute con- 
figuration I for that particular 7, 2, 9, 1 O-substitution patter~. 

Turning to the alkaloids in Figure 1 and 2, whose ultra- 
violet spectra are superimposable, we feel justified in 
postulating that  a positive Cotton effect curve with no 
apparent background (corresponding to the 270 m~t alkoxy- 
phenyl bands) corresponds to configuration I, this gener- 
alization applying to the 1,2, 10, 11-substituent pattern. 
With the absolute configuration of (+)-bulbocapnine (III) 
established 6,15 we thus regard the absolute configurational 
problem in the corydine group (isocorydine and norcory- 
dine) as solved. 

The above limitations to certain substi tution patterns 
are justified in the light of our earlier findings x2 that  the 
rotatory dispersion behaviour in the twisted biphenyl 
series is extraordinarily sensitive to alterations in the 
position of substi tuents in the biphenyl nucleus. 

Assuming tha t  the sign of the background curve in 
domesticine (VII), dicentrine (VI) and the alkaloids of 
Figure 3 is correctly associated with the 282 miz band, the 
opposite absolute configurations (II) may be assigned to 
anolobine (XIV) and xylopine (XV), which share with the 
afore-mentioned alkaloids the substi tut ion at  C-9 (and 
absence of subst i tut ion at  C-11) as well as the band  at  
282 m~, even though the longer-wavelength features of the 
absorption spectrum differ appreciably. This represents 
another instance of the advantage of rotatory dispersion 
over monochromatic rotat ional  measurements as B E N T -  
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LEg and  CARDWELL ~ were no t  able to  util ize the  re la t ive ly  
low D line r o t a t i o n  of  anolobine  (XIV)  for a conf igura t iona t  
a s s ignment .  However ,  i t  should  be po in t ed  ou t  t h a t  so far  
r o t a t o r y  dispers ion m e a s u r e m e n t s  b e a r  ou t  the i r  a s sump -  
t ion  a, t h a t  a posi t ive  D line ro t a t i on  is assoc ia ted  wi th  
abso lu te  conf igura t ion  I. W e  shal l  refra in  f rom a t t e m p t i n g  
to  corre la te  a t  th i s  t ime  t h e  r o t a t o r y  dispers ion behav io r  
of t he  p re sen t ly  discussed apo rph ines  and  t h e  prev ious ly  
i n v e s t i g a t e d  12 e l a g i t a n n i n - d e r i v e d  p o l y a l k o x y - b i p h e n -  
yls ,  since we are aware  of t h e  complex i t y  in t he  re la t ionsh ip  
of r o t a t o r y  dispers ions and  s t e r eochemis t ry  in these  s t ruc-  
t u ra l  t ypes  ~7. 

Rdsumd. Les conf igura t ions  absolues  de cer ta ins  a lka-  
loides de I ' aporph ine  o n t  6t6 d6t6rmin6es ~ pa r t i r  de  leurs 
conrbes  de d ispers ion ro ta to i re .  
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The Stereochemistry of Quinolizidine 
and Octahydropyrocoline 

In  quinolizidine and  oc tahydropyroco l ine ,  due  to  easy 
invers ion  of t h e  n i t rogen  a tom,  t he  ene rgy  bar r ie r  be-  
t w e e n  cis and  trans-fused forms 1 is low, and  t h e y  m a y  be 
t e r m e d  as conformat ions .  Confo rmat iona l  a r g u m e n t s  
a t t r i b u t i n g  g rea te r  s t ab i l i t y  to the  trans-fused forms  ( In  
and  I I a )  have  been  p u t  fo rward  by  ana logy  wi th  decal in  
and  h y d r i n d a n e  sys temsa-5 .  However ,  if t he  f indings  of 
ARONEY and  LE FEVRE* (the vo lume  r e q u i r e m e n t s  of a 
n i t rogen  lone pai r  exceed  those  of hyd rogen  and  a p p r o a c h  
the  m e t h y l  group) are  t a k e n  in to  cons idera t ion ,  these  
bases  are  more  l ikely to  resemble  the  co r r e spond ing  
carbocycl ic  s y s t e m s  w i t h  an  angu la r  m e t h y l  group.  

ga g b  

Assigning,  to  t he  lone pai r  of t he  b r idgehead  n i t rogen,  
an angula r  effect  ~ of 0.8 kca l /M in favour  of cis-fusion, we 
h a v e  e s t i m a t e d  the  e n t h a l p y  of t he  convers ion  I b ~ - I  a 
to  be roughly  -- 1.9 kca l /M.  F o r  oc t ahydropyroco l ine  the  
e n t h a l p y  of convers ion  I I b ~ - I I a  comes  to  be - -0 .3  
kcal]M. I t  is a s sumed  t h a t  t he  r e p l a c e m e n t  of ca rbon  b y  
n i t rogen  does no t  a l te r  t he  g e o m e t r y  and  c o n s e q u e n t l y  
t he  t h e r m o d y n a m i c  c o n s t a n t s  for t he  co r respond ing  
carbocycl ic  sys tems  s have  been  used in these  es t imat ions .  
The  equi l ibr ium, in t he  l a t t e r  case a t  least ,  should  lie 
fu r the r  in favour  of t he  cis-fused conformat ion ,  due to its 
g rea te r  en t ropy .  This  e n t r o p y  effect  may ,  however ,  be  
less p r o m i n e n t  when  bigger fused sys t ems  like E / F  r ing 
of so lanidane  nucleus  are cons idered  9. 

Several  na tu ra l ly  occurr ing bases  w i th  these  sys tems  
have  s u b s t i t u e n t s  whose  pos i t ion  (axial or equator ia l )  
a l ters  w i th  the  cis .~- trans convers ion,  and  th is  should be 
t aken  in to  cons idera t ion  when  p red ic t ing  the  pos i t ion  of 
t he  equi l ibr ium.  In  cevine ~° r ing E /F ,  for example ,  t h e  
C-25 m e t h y l  g roup  is axial  in t he  trans (IIIa) and  equi-  
tor ia l  in t he  cis-fused (IIIb) conformat ion .  Us ing  
des tab i l i sa t ion  value of 2.4 k c a l / M n for p u t t i n g  an axial  
m e t h y l  group cis to  t he  n i t rogen  lone pair ,  t he  cis-fused 
confo rma t ion  comes to  be more  s tab le  by  0.5 kca l /M.  In  
the  case of lupinine  2, however ,  h y d r o g e n  bond ing  which  
is possible only  in the  trans-fused (IVa) confo rma t ion  m a y  
shi f t  t he  equi l ibr ium in its favour.  

BOHLMANN a has  d e m o n s t r a t e d  t h a t  trans-fused ~uino-  
lizidines, in which  the  n i t rogen  lone pa i r  is trans to  a t  least  
two  axial  h y d r o g e n  a t o m s  on ca rbon  a d j a c e n t  to it, show 
a p r o m i n e n t  band  in the  2800-2700 cm -1 reg ion .  This  
cr i te r ion  has  of ten  been  used to  assign trans-fused con- 
fo rma t ions  to  such  s y s t e ms  3-5A~. F u r t h e r  MOYNEHAN 
et  al. ~, on  the  basis  of I .R.  and  N.M.R.  evidence,  h a v e  

x In systems where one of the rings ks frozen only one of the two 
possible cis Lsomers (with N-C bond axial with respect to the frozen 
ring) is easily convertible to the trans form. 
R. C. CooKsoN, Chem. and Ind. 1963, 337. It is suggested that 
compared to dccalin the cis trans energy difference may be greater 
in quinolizidine because it has one less angular hydrogen. 
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