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streak so often observed. He has also shown from 
potent ia l  energy considerations t ha t  the  15R structure 
is the  most  stable next  to 6H, bu t  the  question still 
remains how such extremely improbable  structures 
with large iden t i ty  periods grow into stable forms. 

The present work has been conducted under a 
scheme sanctioned by the Council of Scientific and 
Indus t r ia l  Research of India.  
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Crystals of al-bromopicrotoxinin (C15H1506Br) are orthorhombic, space group P212~2 ~, with lattice 
parameters a =  13.40, b = 11.60, c = 8"86 A, and four molecules in the uni t  cell. A three-dimensional 
analysis confirms the structure postulated for picrotoxinin (C15H1006) by Con_roy on chemical 
evidence. By consideration of the anomalous scattering of X-rays by the bromine atom, the absolute 
molecular configuration of al-bromopicrotoxinin, and hence of picrotoxinin itself, has been estab- 
lished and shown to be the mirror image of the structure as it appears in the previous literature. 

Introduction 

Picrotoxinin (C15H1606) is the physiologically active 
component which, together with picrotin (C16tt180v) 
forms the addition compound picrotoxin, a bitter 
tasting convulsive poison found in the berries of the 
East Indian creeper, Anamirta paniculata and first 
isolated by Boullay in 1812. These extremely toxic 
berries have been used by natives to catch fish. Because 
of its stimulating action on the central nervous system 

picrotoxin has been used extensively in medicine as 
an antibarbiturate. 

The chemistry of picrotoxinin and picrotin has been 
a subject of investigations for many years: e.g. by 
Horrmann (1916), Angelico & Monforte (1923), Robert- 
son, O'Donnel & Harland (1939), Sutter & Schlittler 
(1949), Slater et al. (1956). The structure (I) for 
picrotoxinin was proposed by Conroy (1951) and 
subsequently (1957) supported by his conformational 
analysis. 
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The crystal structure studies in this field have 
been concerned with the halogen substituted deriva- 
tives of picrotoxiniu (C~sH1506X) for which two 
structures (II(a)) and (II(b)) were p~oposed by Conroy, 
to account for the occurrence of a and fl isomers. 
Conroy did not identify which of the proposed struc- 
tures he thought was a and which was ft. 

In  the preliminary X-ray diffraction studies of these 
compounds (Craven, 1958) it was shown that  a-bromo- 
picrotoxinin was a mixture of two crystalline modifica- 
tions here called a~ and a2. The relationship between 
these is still unknown. Crystal structure analysis of 
both compounds was begun and it was found in a two- 
dimensional investigation, that  both the a~ and as 
isomers were suited to crystal structure analysis 
using the heavy atom technique. The results are now 
reported of a three-dimensional analysis of at-bromo- 
picrotoxinin which confirms the postulated molecular 
structure (II(a)) except for reversal of sense by mirror 
reflection. 

The crystal data 

The crystals were small t ransparent  prisms obtained 
from 1:10 dioxane-ethyl alcohol solution. The cell 
parameters were determined from oscillation and 
Weissenberg photographs taken with Cu K s  radia- 
tion. The crystal density was measured using the 
method of flotation in a mixture of chloroform and 
bromoform. 

al-Bromopicrotoxinin (C15H1506Br) 
Orthorhombic, 

a=13.40,  b = l l . 6 0 ,  c = 8 - 8 6 / ~ .  
M.W. 371 

U = 1378 A~, Dm= 1.78, Dx = 1.80 g.cm. -8. 

Z = 4, Space group P2~2121. 

Experimental 

The intensity data were recorded on multiple film 
equi-inclination Weissenberg photographs using Cu K s  
radiation, 6 layers being photographed about a and 
5 layers about both b and c, and the intensities were 
estimated by eye. Since after 50 hours exposure in 
the X-ray beam the crystals turned yellow and de- 
composed, several crystals had to be photographed 
to obtain all the data. These were chosen as nearly 
as possible to be cubes with an edge of 0"02 cm, No 
absorption corrections were made. Of 1710 accessible 
reflections unrelated by symmetry,  1460 were ob- 
served, ranging in relative intensity from 1 to 1200. 
The 250 intensities too weak to be recorded were all 
estimated to be half the weakest observable intensity. 

The structure determination 

All the calculations in this work were carried out on 
the I B ~  650 at the University of Pit tsburgh Corn- 

OF ~ I - B R O M O P I C R O T O X I N I N  

putation and Data Processing Center using programs 
designed by Shiono (1957, 1959, 1960) unless otherwise 
acknowledged. 

The bromine atom position as determined from the 
Patterson projections (Craven, 1958) was colffirmed 
by calculation of the three-dimensional Patterson 
sections at u = ½-, v = ½- and w-- ½. 

A three-dimensional Fourier synthesis was then 
computed including in the summation the 1200 
reflections for which the amplitude of the bromine 
contribution amounted to more than one quarter of 
the corresponding observed structure amplitude. 
These reflections were assigned the phase angles of 
the bromine atom contributions. The resulting electron 
density distribution showed, apart  from the bromine 
peak, about th i r ty  fairly well resolved maxima, 
large enough to correspond to the twenty-one carbon 
and oxygen atoms. Of these maxima the eleven largest 
and most spherical were assumed to be carbon or 
oxygen positions. When the spatial arrangement of 
these eleven peaks was compared with models of the 
molecular structures proposed by Conroy (II), a 
particular orientation of model (II(a)) was seen to 
correspond most strikingly to the eleven selected 
maxima of the calculated electron density map. 
Approximate atomic positions in the crystal for all 
oxygen and carbon atoms were then immediately 
obtained from other existing maxima on the map, 
and the structure factors calculated from these posi- 
tions enabled a second Fourier synthesis to be pre- 
pared, all but  about twenty reflections being included 
in the summation. The atomic scattering factors 
used in the structure factor calculations were those 
of Thomas-Fermi (1935) for bromine, and Berghuis 
et al. (1955) for carbon and oxygen. 

In this map all the spurious maxima were found to 
have disappeared a n d  the molecule was clearly re- 
vealed. Calculated structure factors gave a reliability 
factor R = 0.30. Further  refinement was by two cycles 
of differential syntheses and structure factor calcula- 
tions, using the following isotropic temperature factors 
derived from the preliminary two-dimensional in- 
vestigations, B B r  = 3"0/~e, Bc--Bo = 2.5/~2. An n-shift 
of 1.7 was used in the differential syntheses. 

The reliability index was reduced to R=0.19 ,  
after which it was apparent that  in further refinement 
it would be necessary to consider the anisotropic 
thermal vibration of the bromine atom which was 
evident both in the peak shape in the second Fourier 
synthesis and also in the peak curvatures calculated 
in the differential syntheses. 

A series of three cycles of differential syntheses and 
structure factors was computed in which the carbon 
and oxygen parameters were held constant and only 
the three bromine positional parameters and six 
bromine anisotropic thermal parameters were allowed 
to change. The final values obtained for the thermal 
parameters were B n = 4 . 1 2  he, B2~=2.38, Bs8=3-50, 
B28=-0.80,  B12=1.14, Bsl=0.30.  
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T a b l e  1. Atomic  parameters and standard deviations 

Atom x y z a(r) (A) 
Br 0.2028 0.9759 0.8327 0.0022 
C~ 0.4567 0.6303 0.6803 0.017 
C~ 0.3773 0.5360 0.7167 0.017 
C a 0.2720 0.5788 0-7173 0.017 
C4 0.2610 0.7084 0.7647 0.018 
Cs 0.3026 0.7607 0.6187 0.017 
C 6 0.4145 0.7536 0.6628 0.015 
C~ 0.5454 0.6241 0.7812 0.019 
C a 0.3241 0-7674 0-8864 0"018 
Co 0.275] 0.8666 0.9647 0-016 
C~0 0.3554 0.6874 1.0170 0.018 
C n 0.4816 0.8090 0.5422 0.017 
C~u 0.4958 0.7091 0.4288 0.018 
Cls 0.4853 0.6018 0-5214 0-018 
C~4 0.4442 0.4853 0.4830 0"018 
CI~ 0.2644 0.6805 0.5019 0.016 
O~ 0"4119 0.8121 0.8021 0"012 
O 3 0-5801 0-6361 0.4690 0"013 
Oa 0"4608 0.4233 0.3765 0"015 
04 0"3875 0.4483 0.6026 0.014 
O~ 0'2542 0.6951 0.3636 0.014 
O 6 0-2350 0.5787 0-5646 0"012 

T a b l e  2 

(a) Bond lengths with s tandard deviations 

d ~(d) 
(k) (k) 

B r - C  o 1.98 0.016 
C~ -C s 1.50 0.024 
C s -C10 1.54 0.025 
C a -C~ 1.53 0.025 
C1 -C~ 1.56 0.024 
C 2 -C a 1-50 0.024 
C a -C a 1.57 0.025 
C4 -C~ 1.53 0.025 
C 5 -C 6 1-55 0.023 
C~ -C 7 1.49 0.025 
C 6 -C~1 1.54 0.023 
Cn-C~  1.55 0.025 
C12-Cla 1.50 0.025 

(b) Bond angles 

(o) (o) 

Br -C~ -C 8 116 1.2 
C o -C 6 -C10 104 1.4 
C 9 -C 8 --C 4 115 1.5 
C 9 -C s -O~ 108 1.4 
ClO-C 8 - C  4 114 1" 5 
C10-C s -01 112 1"4 
C s -C 4 -C a 124 1.5 
C s -C 4 -C a 102 1.4 
C a -C 4 -C~ 97 1-3 
C 4 -C~ -C 6 97 1.3 
C a -C 6 -C1 115 1.3 
C 6 -C 1 -C2 115 1.4 
C~ -C s -C a 114 1-4 
C~ -C a -C 4 103 1.4 
C 4 -C s -O 1 104 1.2 
C a -01 -C 6 107 1.2 
O~ -C 6 -C a I00 1.3 
C~ -C o -C n 111 1.3 
Cn-C 6 -01 115 1.3 
Cx -Cs -O 1 111 1.3 
C 1 -C 6 -Cll  104 1.3 
O 6 - C n - C ~  102 1.3 
Cll-C12--C13 105 1-4 
C~-C~3-C ~ 111 1.5 

d ~(d) 
(A) (A) 

C~-C~4 1.50 0.025 
C a -C~5 1.48 0.024 
C8 -O1 1.49 0.021 
C 6 -01 1.41 0.019 
C~. -O4 1.44 0.022 
C.~ -06 1"44 0.021 
C12-O~. 1"46 0.022 
Cla-O 2 1"41 0.022 
C14-0 4 1.37 0.023 
C1~-O 6 1.36 0.020 
C14-O s 1-21 0.023 
Cls-O 5 1,24 0.021 

with s tandard deviations 

~(~) 
(o) (o) 

Cla-C 1 -C 2 102 1.4 
C13-C l -C~ 110 1.5 
C 6 -C 1 -C 7 113 l-4 
C 2 -C 1 -Cv 113 1.4 
CI~-Cla-O 2 60 1.1 
Cla-O 2 -C12 63 1-I 
02 -C12-Cla 57 1.1 
Cn-C12-O 2 112 1.4 
C 1 -Cla-O ~ 118 1"5 
C12-C13-C14 131 1"6 
02- Cla (~14 121 1-5 
C 1 -C13-C14 109 1-4 
Cla-C14-O4 108 1-4 
C13-C14-O a 130 1" 7 
O 4 -C14-O a 121 1.7 
C14-O 4 -C 2 112 1"4 
C a -C a -Cla 102 1"4 
C 6 -C a -C15 118 1"4 
C a -Cla-O 6 111 1.4 
C a -Cla-O a 130 1' 6 
O 6 -C15-O a 119 1"5 
C15-O 6 -C a 106 1"3 
O 6 - C  a - C  4 103 1-3 
O 6 -C a -C 2 109 1"4 

T a b l e  3. Some intramolecular distances 

Br-C a 
-C 5 
-C s 
-01 

d a(d) 
(k) (h) 
3.30 0.018 
3.42 0.017 
2.98 0.018 
3-41 0.012 

C2-Clo 3.18 0.025 

C~-C10 3.36 0.026 
--01 2.86 0.022 
-02 2.77 0.023 

d ~(d) 
(h) (A) 

C12-O a 3.29 0.023 
-Cls 3-18 0.024 

Cla-Cla 3-11 0.024 
-05 3.56 0.022 

C14-Cla 3.34 0.024 
-O a 3.70 0.022 

Oa-O a 4.29 0.020 

T a b l e  4. Some short intermolecular approaches 
Except  for the bromine atom, only those intermolecular 
approaches are listed which come near or within the sums of 
the Van der Waals radii as given by Pauling (1960) i.e. carbon 

(methyl group) 2.0 A, oxygen 1.4 A 

d (h) a(d) (h) 
Br(IV)-02 (II) 3.37 0.013 

-02 (I) 3-88 0.013 
-03 (II) 3-91 0.015 
-C 7 (I) 3.93 0.019 
-O 5 (III) 3"93 0.014 
-Cn( I  ) 3.99 0-017 

C2 (I)-Cn(IV) 3.89 0.024 

C 3 (I)-Clo(II) 3.98 0.025 
-C14(II ) 3.79 0.025 
-C15(II ) 3.97 0.024 

C s (1)-O 2 (III) 3.31 0.022 
ClO(I)-O s (II) 3.39 0.022 
Cn(I)-C15(III ) 3.81 0.022 
C12(I)-Cls(III ) 3.88 0.024 
C14(I)-O1 (IV) 3.38 0.021 
Cls(I)-O 2 (III) 3.29 0.021 

Molecule (I) x, y, z ] 
(II) ½--x, y, ½+z 
( i i i )  ½+x, ½--y, 
(IV) ~,½+Y, ½+Y, ½--z 

A t  t h i s  s t a g e  i t  was  s e e n  t h a t  t h e  o b s e r v e d  i n t e n -  
s i t ies  w e r e  c o n s i d e r a b l y  a f f e c t e d  b y  e x t i n c t i o n  (see 
T a b l e  6). I n  o r d e r  t o  l i m i t  t h e  e f f e c t  of  e x t i n c t i o n  
on  t h e  f ina l  a t o m i c  p a r a m e t e r s ,  52 r e f l e c t i o n s  (all  
t h o s e  fo r  w h i c h  F o > 5 0  u p  t o  s i n 0 - - 0 . 3 5 )  w e r e  
i n c l u d e d  in  t h e  f i na l  d i f f e r e n t i a l  s y n t h e s i s  w i t h  t h e  
o b s e r v e d  s t r u c t u r e  f a c t o r  e q u a l  t o  t h e  c o r r e s p o n d i n g  
c a l c u l a t e d  v a l u e .  T h e  f i na l  d i f f e r e n t i a l  s y n t h e s i s  w a s  
t h e n  c a r r i e d  o u t  i n v o l v i n g  al l  c a r b o n  a n d  o x y g e n  

a t o m s .  
I n  t h e  f i na l  s t r u c t u r e  f a c t o r  c a l c u l a t i o n s ,  t h e  

h y d r o g e n  a t o m s  w e r e  o m i t t e d  a n d  t h e  l i g h t  a t o m s  
w e r e  g i v e n  t h e  i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  B c - -  
1.8 ~2  a n d  B o = 2 . 5  A 2. T h e  l a r g e r  t e m p e r a t u r e  
f a c t o r  fo r  t h e  o x y g e n  a t o m s  is c o n s i d e r e d  t o  a r i s e  

f r o m  t h e i r  l y i n g  m o s t l y  a t  t h e  p e r i p h e r y  of t h e  

m o l e c u l e .  
T h e  f ina l  r e l i a b i l i t y  f a c t o r  is R = 0 . 1 7  fo r  al l  r e f l ec -  

t i o n s  ( u n o b s e r v e d  a m p l i t u d e s  i n c l u d e d  as h a l f  t h e  
m i n i m u m  o b s e r v a b l e  v a l u e ) ,  or  R = 0 . 1 5 ,  w h e n  t h e  
52 r e f l e c t i o n s  s e r i o u s l y  a f f e c t e d  b y  e x t i n c t i o n  a r e  

o m i t t e d .  
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- ~ C,o _ c~ - y  
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-A  - Y  '~ 

" T 

(b) 

Fig.  l(a),  (b). The  final th ree-d imens iona l  e lec t ron  
dens i ty  d is t r ibut ion .  

The final atomic positional parameters are listed in 
Table 1; the bond lengths and bond angles are in 
Table 2 and these are illustrated in Figs. 3(a) and 3(b). 
Tables 3 and 4 show some intra- and intermolecular 
non-bonding distances, calculated using the program 
for the IBM 650 by Templeton (1957). The standard 
deviations listed in these tables were calculated 
according to Cruickshank (1949, 1950, 1954). Fig. 1 
is a complete electron-density map made from sections 
of the final three-dimensional Fourier synthesis. The 
resulting molecular configuration is shown in Fig. 2 
in a view corresponding to Conroy's postulated struc- 
ture (II(a)). Fig. 4 is an a t tempt  to show the molecular 
arrangement in the crystal. Molecule (I) which cor- 
responds to the listed parameters of Table 1 and the 
map Fig. 1, is shown most heavily shaded. The ob- 
served and calculated structure factors are listed in 
Table 6. 

The  absolute  conf igura t ion  of the molecule  

The anomalous scattering of X-rays has been used to 
determine absolute configurations of molecules of 
similar complexity to picrotoxinin since the method 
was first proposed by Bijvoet, Peerdeman & van 
Bommel (1951). The procedure in the present work 
follows that  described by Peerdeman & Bijvoet 
(1956) and applied by Peerdeman (1956) in the case 
of strychnine hydrobromide. 

With Cu K radiation the complex scattering factor 
for bromine has been given by Dauben & Templeton 
(1955) as A f ' = - 0 . 9  and Af"=l.5. This gives rise 
to an anomalous scattering effect large enough to be 
observed photographically, provided tha t  the small 
differences in scattered intensities are not masked by 
absorption effects. 

A crystal of az-bromopicrotoxinin was ground to a 
sphere of diameter 0-03 cm. and Weissenberg photo- 

C?. 0 

CI Cl ' 

'0 2 

c ~ W (  

C l 0  

~ C 3 ~ C4~ Br 

Fig. 2. The  absolu te  molecu la r  conf igura t ion  of 
a 1-bromopicrotoxinin .  

Table 5. Comparison of Ihk~ and I ~  
Calc. Obs. 

^ ^ 

131 590 620 < 
141 194 220 < 
151 2600 2660 = 
161 372 348 > 
171 525 535 
181 115 95 >~ 
191 810 840 

1,10,I 117 141 
1,11,1 352 362 = 
1,12,1 ]38 160 
1,13,1 308 340 > (?) 

612 196 260 
712 1060 980 > 
812 1340 1031 >~ 
912 225 280 

10,1,2 2420 2750 < 
11,1,2 305 256 > 
12,1,2 730 700 
13,1,2 225 255 < 
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graphs were taken of the layers hkl and hk2 using 
Cu Kc¢ radiation. The intensities l/el and lk l  ( - l / e l ) ,  
h12 and h12 (=h12) which lie close to each other on 
the respective films, were compared visually. In 
Table 5, the observed intensity differences are seen 
to have approximately the same magnitudes and the 
same sense as the calculated differences except for 
the reflection (1,13,1) whose behaviour is not under- 
stood. Since both observed and calculated data refer 
to a right handed set of coordinate axes, the correct 
absolute configuration of the molecule is taken to be 
tha t  which, by chance, had been used throughout in 
the crystal structure determination. A comparison 
with Conroy's proposed structure (II(a)) as drawn by 
arbi t rary choice, shows it to be the mirror image of 
the true structure of c~z-bromopicrotoxinin. Conroy 
(private communication) now has chemical evidence 
supporting this result. 

Discuss ion  

The molecule, excluding the bromine atom, is ap- 
proximately spherical with complex convolutions, the 
result of fusing together what may be described as 
one three-membered, three five-membered, one six- 
membered and one seven-membered rings. Although 
all bond lengths lie within three times the calculated 
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standard deviations from their normal accepted values, 
the bond angles show the strain inherent in a molecule 
of this nature. 

In  particular, the six-membered carbon ring (C1 to C6) 
adopts an irregular form somewhere between the 
normal full and half chair configurations. (C2C3CaC6) 
are roughly coplanar. The best plane through these 
atoms was calculated by the least-squares method, 
using the program of Stewart (1958). The distances 
of the atoms from the best plane varied from 0.11 
to 0.13 /~, while C1 and C4 lie at 0.19 /~ and 0.98 
respectively on opposite sides of this plane. The bond 
angles within the ring (see Fig. 3(b)) are 114 ° or 115 ° 
except for the angles at Ca and C5 which are 97 °. 

The five-membered carbon ring (CllC1~ClaC1C6) 
forms with the epoxide O2 a chair-form six-membered 
ring in which (CllC~eC~3Ct) are coplanar, (maximum 
distance from the best plane is 0"03 ~) while 02 and 
C6 are 1.16 ~ and 0.96/~ out of this plane in opposite 
senses. 

The five-membered ether ring (C8C4C~C601) has 
(CsC4C6Oz) approximately coplanar (maximum dis- 
tance from the best plane being 0-10 /~), C5 being 
0.77/~ out of this plane. 

The three-membered epoxide ring is symmetrical 
about the line from 02 to the midpoint of C12CI~, 
within the significance test of three times the cal- 

03 02 

Clz, C13 1.50 C12 

t"37 

1.50 

C7 ~ 1 4 9  1.50 1.55 

\ 
\ 

C1 Cll 

C2 05 C6 

o, \ ,.4, 

• 4 4  

¢5 \ 
c31.s7~ c / . . - ' ~ ~  o, 

1.53! ~ 1-49 

1.54J ~"s",,~O 
C1 ~ o C9 1.98 Br 

.121 

/ \ "~ / ./ .. I,,, , - / ("  • 121 Clz, ] ..,~^C13 i ] / ,,r C12 

t 
' '  " / I O 2 \ ~  ' IO2~ 1 o 2 -  

Oz, II2 113 ~/C1,~" ) ( .  Cll 

109 114 5 I15 111115 

o~-r--z, c , ; j  I \ 

~I~,, 1o2 , '~ ", 
, 9 7 C  /A, 

b >  lq7 o, 

124 "~ 102 

Clo C9 ~ " _ _  Br 

(a )  Cb) 

Fig. 3(a), (b). The bond lengths and bond angles in az-bromopicrotoxinin. 
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Table 6. The observed and calculated structure factors for a~-bromopicrotoxinin 
(Those  ref lec t ions  m a r k e d  * are cons idered  to  be  ser ious ly  a f f ec ted  b y  e x t i n c t i o n - - s e e  t ex t )  

al 2 o o 5q 96  5 q -  3 I 
4 81 135 81 O 
6 62 62  6 2 -  o 
g 18 12 18-  0 

I0  33 . '8 33 o 
12 17 18 17- 0 

14 b 2 b o 

l~ 4 4 4 o 
5 1 I o 25  3Z o z 

• 2 4 8  70  4 8 -  o 
• 3 49 69 0 4 9 -  

4 Zb 28 26 o 
5 Z9 28 o 29 - 
6 18 15 18 - o 
7 47  50 o 4 7  
8 12 8 1z  o 
q 79 91 o 7 9 -  
io 19 14 19 - 0 
II 28 29 o 28 
1z o z 6 o 
13 20 17 0 2 0 -  
14 24 25 24 - o 
15 zo  18 o 2o 
16 4 2 4 -  o 
I t  4 5 o 4 
o z 0 23 40 23 o 
I 33 47 o 33 -  

. 2  4 6  52 4 6  - 0 
s 9 5 o 9 
4 6 3 6 0 
5 3Z 34 o 32-  
6 lZ lZ IZ o 
7 IZ 9 o 12 
8 33 39 33 -  o 
9 T 4 o 7 

IO 25 29 25 o 
II 6 4 o 6 
12 55 61 5 5 -  o 
13 7 z o 7 -  
14 6 7 6 0 
15 9 IO o 9 -  
16 5 0 5 0 
1 7 . . - -  z o o 2 -  
• l 3 o 37 86 o 57 
• z 85 117 85 0 
0 3  lOb 158 o 1 o 6 -  

4 15 14 15- 0 
5 7 4 o 7 
6 51 54 51 o 
7 23  21 o 23 
8 Z9 . 2 4  2 9 -  0 
9 8 4 0 8 -  

1o 13 I I  13 - o 
II 15 17 0 15 

IZ  11 13 II o 

13 14 13 o 1 4 "  
14 5 5 5 -  o 
15 5 Z 0 5 
16 1z 3 t z  o 
• o 4 o 57 75 58 o 
1 3 0 0 3 -  

• z 69 95  6 9 -  0 
3 36 42 0 36  
4 13 9 1 3 -  0 
5 34 40 0 34 - 
6 25 25  25 0 
7 23 27 o Z3 
8 28  29 Z8 - o 
9 6 5 0 6 -  

1o 4 3  4 8  43  o 
U 34 31 o 3 4 -  
1z 18 14 "18 - 0 
13 2O .17 o 20 
14" 8 9 8 o 
15 16 15 o 16- 

16 5 1Z .5 0 
I 5 o 4 3  4 7  0 4 3  
z 31 29 31 o 
3 17 16 o 1 7 -  

• 43  39 4 3  - o 
s 18 9 o 18 
c sl" 4 7  51 o 

7 35 4:' 0 35 
8 18 12 16  - o 
9 38 38 0 3 8 -  

1o 31 z s  31 o 

1~ 42 46  0 . 4 2  

14 II Io 11 o o 

15 zo  16 o z o  
o 6 0 32 31 32 o 
1 41 3 7  o 41 

z 2 6  3O 26-- o 
3 ~ 73 0 64 

4 6 0 b 4 6 0 
$. 68  72 o 6 8 -  
6 16  10 1 6 .  0 
7 2O 16 o 2 0  
8 16 11 1 6 "  o 
q 3~ 34 o 3 5 "  

1o • o 16 9 16 o - 1  o 1 4 6  6 2  0 4 6  
11 12 7 0 12 2 32 49 0 32 
12 20 13 2 0 -  0 3 29 32 o 29 
13 5 4 0 5 " 4 14 R 0 14 
14 12 15 12 0 * s  74 IOZ o 7 4 "  
15 12 14 o IZ "  * 6  59 72 0 59 
1 7 o 76 81 o 70 7 Z4 27 0 Z4 
2 38 31 38 o 8 14 5 o 14 
3 49 47  0 4 9 -  9 11 7 o 11 " 
4 55 60 5 5 "  o IO 36 30 0 36 

5 46  45  0 46 11 6 4 0 6 " 
6 58 52 58 o lZ 26 /.7 0 26 
7 31 26 0 3 t -  13 8 9 o 8 
8 Z3 25 23"  0 14 21 17 o 21 " 
9 6 9 0 6 15 22  22  0 22 " 
tO 12 IO 12- o i t ,  4 5 o 4 
II i0 9 0 I0 17 ii II 0 II 
12 21 23 21 0 0 1 1 41 67 o 41 
13 7 8 0 7 -  *1 98 114 6 4 -  74- 
14 19 19 19- o *2 55 80 51 19 

15 9 9 0 9 " 3 50 69 49 - 11- 
0 8 0 8 2 8" 0 * 4  87 12l 6 9 -  53 
l 24 19 0 24 -  *5  50 62 47 18- 
2 0 9 3 9 o 35 45 30 18" 
3 54 58 0 54 7 21 16 20  - 8"  
4 6 0 6 0 8 46 54 4 2 -  20 
5 41 39 o 41" 9 28 27  10 27 
6 12 5 12 o 1o 21 19 19 9 
7 44 39 0 44 11 6 7 3 5 -  e 
8 49 48  49 - o 12 23 22 12 20 
9 6 o o 6 13 8 7 5 -  6" 

18 14 18 0 14 19 18 18 - 2 lO 
II 14 6 o 14- 15 9 I I  7 5 "  
12 21 19 21" o 16 10 11 8 S 
13 24 23 0 24 17 I0 II I0 - 2- 
14 16 I I  16 o o 2 1 7 3 7 o 
I 9 o 36 3?. 0 36 * I 55 79  4 0  37-  
z 34 35 34 0 * 2 69 83 31. 62 
3 13 11 o 13" * 3 89 122 7 4 -  50 
4 32 30 3 2 "  0 4 32 38 28 16- 

5 1 0 5"  i. 5 74 90  30 68 ° 5 74 90  30 68"  
6 41 36 41 0 6 16 18 2 - 15 

7 IZ 9 0 13" 7 70  79  10 - 70 

8 9 o 29 23 29 - o 8 13 8 11 7 

1 10 36 35 3 6 -  3 -  
9 8 o 9 11 15 14 2 15" 
7 3 7 o 12 16 14 15 - 3 

13 14 10 0 14 - 13 7 1o 2 6 
o 1o o 17 15 17 o 14 18 20 7 -  16" 
I 39 37 0 39 - 15 7 8 Z -  7 - 
2 8 1 8 -  0 16 4 3 4 -  0 
3 15 8 o 15 17 II 15 1 - 11 

4 39 38 39 0 0 3 1 35 44 0 3 5 -  
5 30 29 0 3 0 -  I 30 39 8 2 9 -  
6 7 3 7 -  0 * 2  65 87 65 I - 
7 28 25 0 28 * 3 44 56 24-  37 
8 25 22 25 o " 4  49 60 4 8 -  11-- 
9 18 10 o 1 8 -  " 5  43  53 39 19 - 
I0 16 II 16 - o *6 35 43 35 3 - 
II 4 3 o 4 -  '7 43 54 41- 12- 

12 6 7 6 0 8 41 43 40 -  9 
I 11 o 22 27 o 2 2 -  9 25 27 26 9 -  
2 Zl 19 21 o IO 19 19 9 16 - 
3 23 18 o z 3  II 17 15 9 14. 
4 32 35 32-  o 12 Zl 22 14 15 
5 13 9 0 13- 13 15 15 lo  12 

6 32 34 32 0 14 12 12 12 1 
7 15 12 o 15-  15 4 I 2 .  3 
8 23 24  23- o 16 1z 12 12 2. 
9 7 3 0 7 0 4 I 30 30 30 0 

1o 15 11 15- o 1 2 4  2 4  16 18 - 
11 16 II o 16 * 2 53 65 31 42 

0 12 0 14 17 14- o 3 24 26 21 - 12 

l 12 10 0 12 4 21 21 9 21 - 
2 9 4 9 -  0 5 61 69 15 -  59-  
3 29 4 0  0 29  6 39 41 24  - 31 
4 6 3 6 o 7 40 42 20 35 
5 32 39 o 3 2 -  8 49 55 ,?.3 43-  
6 7 9 7-  o 9 14 13 lO - 9 - 
7 13 16 o 13 IO 18 Zl 18 - o 
8 4 o 4 -  o 11 21 19 13 17 
9 20  18 0 20 -  ~ 12 17 17 15 7 - 

1o 3 4 2-  0 ! 13 12 13 6- IO 
I 13 o 5 2 o 5 -  ' 14 5 6 I- ~ -  
2 4 3 4 0 15 14 16 1z 7 - 

3 5 I o 5 16 It 9 4 - 1o 
4 19 25 19 - o o 5 1 45 52 o 45- 
5 12 II o 12-  * I 60 85 20  56-  

6 26 29 26 0 2 17 19 14 10 - 
7 12 14 0 12-  3 4Z 43  I t  - 41 
8 7 11 7 - 0 4 43  45  4 3 -  6 
o 14 o |6 14 16 - o 5 32 29 31 9- 

1 • 3 0 4 6 39 42 29 2 - 
• 7 4 0 7 29 25 3 - 29- 

3 11 13 0 II 8 30 26  17- 25 

• 7 12 7 o 9 25 23  8 24  

5 14 0 .? 14 .  0 9 

H ~ L Fol IF, t Ao . K U IF . I IF j  a., 

8 tS I 13 11 11 6 -  

q 13 12 13 - 1 - 
10 11 10  11 - o - 
o 13 I 8 9 0 8 -  

26 26 7 - 25 - 

12 II 12 " o " 
8 8 3 7 

13 12 13 l - 
9 7 9- 1 - 
7 5 5 4 

3 7 I - 3 - 
I 8 12 12 3 I 

o 14 1 16 18 16 - o 
12 11 10 6 - 
15 15 13 7 
9 II 3- 8 - 

1o II 7 - 7 

16 16 b - 14 

J o 2 lO 1 lO - o 
52 76  52 o 
45 60 45 o 

69 92 69 - o 
23  18 23  o 
18 19 18 o 
21 14 21 o 
37 4 2  37 o 

34 34 34  o 
29 28 29 - 0 
21 17 21 - o 
17 13 17 o 
25 25  25 o 
7 8 7- 0 
8 IO 8 0 
6 0 6 -  0 
5 I 5 o 

o o  I 2 72 126 o 72 - 
] 5  51 5 - 35 - 
83 I|S II 82 
15 19 4 - 14 
35 38 35 5 - 
21 22 16 - 14 - 
18 14 17 2 

IO 5 I 21 19 19 1 o .  
18 1o 1 - 18 - II 

12 8 7 I -  8 
13 12 II 8- 8 
14 18 17 16 - 8 1 

15 II 7 IO 5 2 
o 6 I 70 88 7 0 -  o 3 
I 29 30 29 ~ " 4 
2 19 20 17 7 - 5 
3 48 58 26 - 40 6 
4 36 35 19-  31 - 7 
5 41 40 4 41 - 
6 31 28 IS- -'7 
7 36 33 4-  36 I 
8 40 37 38 13 - 2 
9 35 33 30-  19 - 3 

1o 30 26 29-  8 4 
i I  9 4 7- 5" 
12 IS 15 15 9 - 
13 5 2 5 1 * 1  
14 5 2 3 3 - ~z 
15 1o 8 2-. IO - * 3 
o 7 I 50 47 o 50 - 4 

1 33 35 2 33 - 6 
2 26 24 25 7 6 
3 14 13 2-  14 7 
4 20 ZO l--" 15 8 
5 I? 16 16 5 9 
6 32 30 32 5 - lO 
7 23 21 IZ 20 - 11 
8 26 .23 8 25 t2 
9 28 25 IO 27 13 

1o 26 20 0 26 - 14 
II 26 23 8 25  - 15 
12 16 14 8 13 16 
13 16 16 8- 13 

14 II I I  5 - 9 - I 
15 4 2 4 o ~2 
0 8 I 52 52 52 -  0 3 
1 20 18 18 7 4 
Z 45 46 45 1 5 
3 28 31 20 -  20 6 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

o "9 I 39 40  0 39 - I 
42 45 8 - 41 2 1 

2 
3 
4 
5 ZO 14 14-  14 
6 15 13 7 
7 8 

8 17 12 13 -  lO - 9 
9 

10 

11 24  21 8-  23  - 12 
12 9 8 8 -  3 13 
13 14 Iz 5- 13 14 

o IO l 38 37 38-  o 15 
1 

32 28  31 -  8 - 7 29 30 8 28  - 
6 4 6 -  2 8 3.5 36 32 o 14 

12 4 5 10 9 19 17 8 17 
22  17 17 15 tO 4 6  4 8  18 - 42  - 
21 20 21 0 II 23 14 9 22 - 
33 30 17- 29 r 12 28  25  4 - 28 
20 18 19- 4 - 13 21 16 19 I .. 
16 15 16 I - 14 I0 9 Z I0 - 
12 15 I I  5" 15 8 7 8 - l 
16 14 13- 9 - 16 4 5 4 - 0 
H 1o 4 -  1o - o 2 2 46  52 46 - 0 

4~ 45 44 3 - 
49 41 9 

36 38 6- 36 3 29 30 26- 14 - 
26 26 1 2 .  Z4 4 62 59 14- 60 
42  45  2 - 4 2 .  5 41 4 2  12 3 9  

6 42 44 41 - ~1 
14 4 "  57 63 54 19 - 

26 21 15- 2 ~ -  28 22  4 28 
51 4 7  51 - 6 

32 29 10 31 IO 25 24 25 - 4 - 
14 {3  9 II - II 43 4 4  34 27 - 

22  20  21 9 - 
30 29  27  - 15 
10 I I  9 - 3 
14 15 II 8 - 

15 17 1 3  7 - 16 3 5 o - 3 -  
z 42 4 s  4 z  6 -  * 0 3 2 90  107 0 9 0 -  
3 10 8 7 -  7 1 4 0  50  z o  - 3 5 -  

4 2 4  22  2 3 "  8 * 2 82  7 4  7 61 
5 13 10 13 -  I - 3 33 33 3 - 33 
6 18 20  11 - 14 " 4 4 2  4: '  7 , 41  o 

? 27 24 27 4 .5 57 64 4 7 -  3 1 -  
8 2 4  2 l  2 4  4 6 18 16 18 - 1 - 
9 13 9 5 -  lZ - 7 Z3 2: '  3 Z3 

~10 z 9  27  2 8 -  8 8 $ 4 1 5 

l l  20  2 0  19 5 9 25 Z'/ H 23  
12 10 9 9 3 - 10 31 33 8 30 - 

0 i1 1 25  17 0 25  I1 11 12 0 11 - 
1 3 0  2 8  7 2 9  - l Z  z o  19 I1 o 16 

z 32 32 l Z -  3o 13 10 1 3  8 6 
3 17 18 4 -  16 14 8 7 2 6 -  
4 8 9 8 -  0 -  15 4 2 4 -  ! - 

5 9 8 7 -  5 16 8 8 5 -  6 -  
6 17 12 9 14 * 0 4 2 66 62 66 o 0 
7 9 8 5 7 -  * I 64 75 55 34 
8 20 18 3 -  19 * Z b5 7 4  52 40 - 
9 16 17 5 15 3 64  67  41 - 49  

lo  4 6 2 4 - 4 4 4  4 5  10 - 43  
11 16 18 3 -  15 - 3 25 2 0  25 ~ - 

o 12 I 31 31 31 - o 6 20  15 19 6 - 
1 19 18 18 5 - 7 42  37 31 29 - 

2 21'o 22 21 I "  8 ~4 35 3 - 34  

3 15 15 10 -  11 - 9 20  20  14 - 13 

4 21 19 ZO-  8 10 31 30 ) o  lo  
5 IZ 12 8 8 H 12 13 I~ 5 - 

6 6 5 4 4 [ IZ 11 9 4 - I0  - 
7 9 6 8 - 4 -  / 13 lO 1o 9 -  4 

b 14  14  14  11 - $ 

culated standard deviations in bond lengths and The asymmetry of the carbonyl bond angles C 1 3 - C 1 4 - 0 3 ,  

angles. 03-C14-04 (130 ° and 121 °) and C5-C15-05, 0~-C15-O6 
The calculated bond lengths and angles in the two (130 ° and 119 ° ) is believed to result from the proximity 

fl lactone bridges are almost the same. The small of C12 (3.44 .~ and 3-29 • from 03 and O~ respectively 
angles Cla-C14-04, and C5-C15-06 (108 ° and 111 °) - -see  Fig. 2). 
for the lactone carbon atoms C14 and C~5 must be a The two lactone bridges C5 to C8 and C13 to C~ are 
consequence of the strain in forming the fl bridges, each approximately coplanar and almost parallel, 
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0 5 2 19 2b 0 19 - 
1 46 52 23- 40 - 
2 19 15 1.  19 
3 35 31 35 ,) 
• 29 26 9 2 • 
5 37 39 37- t - 
6 21 17 16- 14 
7 43 47 43 I - 
8 39 42 2 39 
9 34 30 6 - 34 

1o 33 33 25 .2Z . 
II 8 5 ~ -  0 -  
12 26 2S | b  - 21 
13 20 20 8 18 
14 II 1o 9 b - 
15 18 15 l u .  : ~ .  
o e ;' t7 tO 17 0 
I 65 65 e4  13 
z 43 44 16 40 - 
3 46 47 4 J .  22 - 
4 37 34 8 .  36 
5 27 24 22 16 
b 50 47 9 -  4 9 .  
7 25 Z4 22 .  12 .  
8 28 24 6 28 
9 30 26 2 8 .  12 

1o 28 24 24 .  15. 
II 22 17 17 14 
12 17 13 1o 1 4 .  
13 13 12 1o. 8 .  
14 13 1o 2 13 
,5 15 IZ tl  1o 
0 7 2 29 32 0 29 - 
I 19 12 I 19 - 
Z 11 11 7 -  8 
3 47 45 40 25 - 
4 51 52 34 37 
5 57 51 56- 8 - 
6 31 22 30- 1o - 
7 23 21 20 13 - 
8 12 1o 1o 6 
) 7 z 7 -  1 

lO 12 7 o 12- 
11 1o 7 2 1o - 
12 17 14 I 17 
13 16 12 12 9 
14 4 7 1 -  4 - 
o 8 z 21 15 21 - o 
1 28 24 11 26 
z 31 29 5 3; - 
~} 28 26 2 6 -  lO - 
4 42 39 13 - 40  
5 24 Z5 15 - 19 
6 41 36 17 - 37 - 
7 7 6 7 -  o 
8 17 12 6 - 15 
9 7 4 1 7 

1o 7 3 7 o 
18 13 14 10 l l  

IZ 18 17 11 13  - 
13 20 16 1o - 17 * 
14 13 11 o 13 
o 9. 2 7 5 O- 7 
1 21 14 21 - 5 
Z 1o 7 I 1o 
3 39 37 39 6 " 
4 39 38 37 12-  
5 36 3 1  • 36 - 5 " 
6 29 26 29 - 4 - 
7 43 36 40 15 
8 29 26 28 7 
? 22 17 22 - 2 • 

1o 6 5 3 -  5 
11 16 13 9 13 - 
12 7 4 2 7 
13 15 9 I I  10 
o 1o 2 7 4 7 o 
1 28 23 19 21 
z Z9 Z7 Z2 19 - 
3 2Z Z2 6 22 
4 31 29 o -  31 
5 21 20 14 15 
6 35 34 2O 29 o 
7 24 24 18- 16- 
B 21 zo  6 20 
9 5 2 3- 4.- 

lO 4 3 Z -  4 -  

~o 5 , o  , ,6. 
: 11 z 16 11 0 1 

1 23 20 3 - 23-  
2 10 ]I 10- I - 

28 28 28 2 - 3 
4 22 18 22  4 - 
5 29 26 27- 11 - 
6 23 22 21 - 11 
7 22 18 18 | $  

9 9 - 3- 
I0 4 7 4-" 1-- 
11 4 5 2 4 

o 12 2 13 8 13 0 
I 20 15 19- 5 
Z 20 II 4- 19- 
3 21 19 20 5 - 
4 23 24 i 23 
5 11 9 ~ 11 
6 25 28 1 25" 
7 1Z 12 1 lZ- 
8 9 8 3 -  8 
9 16 12 15 3"  
0 13 2 17 1l 0 17 
1 16 16 14- b 
2 8 8 7 2 
3 lb 16 16 0- 
4 Ib 16 13 9 - 
5 16 19 15 - 2 - 
b 13 11 11 - 7 
7 21 18 20 5 
0 14 2 4 4 4 0 
I II 9 I0- 
2 8 8 3 8 -  
3 15 17 8 12 - 
4 14 IS 9- I0 
1 o 3 39 44 o 39 - 

* 2 75 103 o 75 - 
3 26 32 o 26 - 
4 65 70 o t,5 
5 19 6 o 19 
b 69 72 o 69. * 
7 27 22 o Z7 
8 45 46 o 45 

lO 17 16 o 17 - 
11 23 25 o 23 
12 6 1 o u 
13 Zl 16 o 21 * 
14 22 23 o Z2 
15 4 6 o 4 
16 9 I~ o 9 -  
o 1 3 27 31 0 27 
1 20 23 19- 
2 33 31 I - 33 
3 47 53 47 6 * 
4 28 25 25 13 
5 68 81 68- .~- 
6 27 28 27- 6 
7 57 73 49 29- 
8 9 8 z -  9 -  
9" 21 18 18- 12 

1o 25 23 18- 18 
11 15 13 '12- 9 
12 18 14 15 8 

.13 8 6 7 2 
14 5 5 3-  3-  
15 20 19 20 - 1 - 
16 7 6 7 2 

* o 2 3 53 55 53,. 0 
I 38 41 38.- I - 

* 2 45 50 5 4 5 -  
3 38 32 35- 15 
4 65 75 1- 65 
5 26 24 4" 26"  
6 53 58 6 52-  
7 17 I5  12- 11 
8 33 38 8"  32 

; 9 25 23 22 12 
1o 21 20 1 - 20"  
11 12 9 2 12 - 
12 II 16 2 11 
13 II 1o 7 8 
14 5 8 1 -  5 
15 3 2 2 2 
16 3 3 2 -  2 -  
*o 3 3 64 70 0 64 

1 4 3  3"/ 4 2 -  8 -  

2 17 14 10 - 13 - 
3 46 50 45 11 
• 30 26 28 - 12 
5 62 75 4 6 -  40 -  
6 8 3 4 7 
7 36 36 36 2 
8 19 19 3 18- 
9 17 17 0 - 17- 
I 24 23 14 20 
l l  13 13 2-  12 
12 5 6 I 5-  
13 16 16 16 2-  
14 5 8 5 2 
15 12 15 II - 3 -  
16 3 2 2 -  2 
0 4 3 39 36 39 0 
I 31 32 25-  19 
2 22 20 3 -  22-  
3 52 56 50 12- 
4 79 93 50 61 

" I  ,2 , 
27 2 12 2 4 -  

7 23 22 15- 18 * 
8 34 36 7 34 

32 33 29 14, 
I 19 17. 16- 9 -  
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11 f $ 14 16 13- 3 
12 ZO 23 10 17- 
13 18 20 15 9- 

4,  14 4 8 1-  
15 7 7 6 3 -  
16 11 22 2 11 - 

o 5 3 40 37 0 40 
1 9 1 7 5 
2 50 50 1o- 4 9 -  
3 42 38 35 Z3 
4 31 25 3 31 
5 49 52 49- 3- 
6 34 31 l -  - 34 
7 50 53 46 20- 
8 27 21 17- 21- 
9 17 12 14- 8 

lO 1o 12 1 IO 
11 20 16 18 6 
12 21 23 8 -  20"  
13 lO 12 10 I " 
14 5 4 4 3 
15 3 5 3- o 
0 6 3 39 28 39" o 
1 57 62 56 - 5" 
2 18 16 16 7- 
3 42 43 41 I1 
4 46 47 5 " 46 
5 25 19 • II 23 
6 21 t8 14- 15 - 
7 19 15 17- 7- 
8 31 29 31 - 7 
O 28 20 26 lO 

I 15 12 12- 8"  

I t  31 75 26- 18- 
12 5 6.  4- 3- 
13 1o 7 8 6 
14 12 9 3 II 
15 9 ) 6 6" 
o 7 3 57 ~5 o 57 
1 44 43 31 31 
2 44 45 7 43"  
3 25 25 23 1o 
4 21 16 1 21 
5 22 20 2 2 -  O" 
6 18 19 17 4 "  
7 36 36 35 8 -  
8 35 30 4 35-  
9 20 ' 13 ZO* 1 

10 37 38 6 37 
11 9 .  1 

13 10 5 8 " 6 
14 12 IO U 5 
o 8 3 9 2 9 o 
1 49 48 49 - 0 
2 24 19 9 - 23 - 
3 26 20 13 23 - 
4 14 lZ 14 2 

29 30 -  

36 29 . 36 
9 32 26 30 12 

1 5 4 0 5 -  
11 28 24 28- 1 - 
12 9 10 9 O* 
13 15 14 12 8 
o 9 3 22 21 0 22 
1 25 25 20-  16- 
z 53 53 1o- 5 2 -  
3 12 9 1 - 12 
• 15 11 14 4 
5 12 1o 7-  9- 
6 19 13 2 -  I e 
7 14 H 12 7 
8 25 22 l o  2 3 -  
9 21 16 17- 12 
I0 17 18 3 16 
II 13 II 8 I0 
12 15 12 5- 14 o 
13 2 3 2- I 
0 10 3 29 26 29- 0 
I 41 40 41 - 5- 
2 21 16 1 - 21 
3 17 14 15 7 
4 19 16 7 - 17 
5 16 14 16 * 0 
6 7 7 5 5 
7 23 24 23 - 3 
8 5 2 4 3 -  
9 16 18 15 4 * 

10 10 6 3 9 - 
II 16 15 16 * I 
0 l l  3 37 35 0 37 
1 17 14 9 14 
2 25 24 4 - 2 5 -  

12 11 9 -  8 -  
17 15 6 - 15 

5 6 2 4 4 
6 9 .  8 5 -  7 

7 #l $ 7 6 6 -  3- 
8 17 17 1 17- 
9 4 3 4- I 
I0 Z4 30 4 - 24 
0 12 3 9 9 9 0 
1 32 36 32 - b 
2 9 Ig 2 -  9 
3 8 13 8 o 
4 I0 6 7 -  6 "  
5 U 6 7- 8 
6 5 6 O -  5 
7 4 7 4 -  1 
8 16 lO 14 - 7 

0 15 14 15 I - 
13 3 18 21 o 18 

I 8 3 4- 6 -  
z z z  26 6- 22 "  
3 8 7 7- 2 
4 21 21 4 20 
5 16 17 16 2 - 
6 13 13 IZ- 5 
7 3 7 3- 1 
0 14 3 14 14 14 0 
l 15 1~ 14- 5 - 
Z 8 lO 4 7 
3 15 20 14 5 - 
0 0 4 17 18 17 - 0 

* 1 74 88 74 o 
z 43 41 43 o 
3 42 44 43 0 
4 7 1 7 -  o 
5, 9 7 9 -  o 
6 29" 20 29 - 0 
7 8 2 8 0 
8 32 28 3Z o 
9 32 33 32 o 

11 28 22 28 - o 
12 19 13 19 o 
13 5 3 5 -  o 
14 8 1o 8 o 
15 14 11 14 - 0 

* o 1 4 58 76 o 58 
1 36  3"/ 1 0  3 5  - 
2 30  27  1 " 30  - 

3 45 47 II - 43 
4 13 9 7 II 
5 19 15 15 10 
6 19 IZ I 19 
7 ZO 18 16 * 11 - 
8 50 40 O-  . 5 0 -  
9 • 20 15 lO 17 

56 43 37- 42 lO 
11 17 9 Z I~- 
12 26 &3 11 24 - 
13 15 13 4 14 
14 15 14 10 - U 
15 4 ~ I 4 -  
16 3 2 2 2 
o z 4 18 25 18 - o 

, ,  ~ l ° ,~. 33. 
2 ZO 5 -  

31 8 .  3 Z -  
5 20 13 0 " ZO 
6 4 4 Z 3 
7 22 22 22 - (, - 
8 5 9 2 -  4 -  
9 28 34 28 I 

1 17 15 9 - 14  - 
II 21 Z6 2 0 -  8 
12 u 13 II I 
13 IZ 9 II 3 - 
14 4 5 4 -  2 -  
15 3 7 1 -  3 
0 3 4 32 45 0 32 
I 36 35 16 32- 
2 78 93 33 - 71-  

z 3 38 44 38 - 
4 38 35 28 Z6 
5 32 35 17 27-  
6 31 26 29" 12 
7 30 32 29-  9 " 
8 22  22  9 zo  - 

9 24 25 17 17 
I0 13 14 9" 9 
11 15 16 12 - 9 
12 26 31 14 - Z3- 
13 Io II 3 o 9 
14 5 7 2 4 
15 4 3 4 -  1 -  

4 4 64 65 64 0 

I 52 52  48 * 19- 
2 35 33  33 12 
3 52 60 41 32" 
4 18 16 16". 6" 
5 26 ?.,5 13" 23 
6 24 29 1- 24  
7 30 30 25- 141 * 
8 16 15 15 2 
9 13 14.  11 7 * 

'o  Z7 27 24-  12 - 

t l  4 4, 2"3 :'4 2 3 -  1 
12. 7r  :'1 0 :'1 
13 18 19 1'7 5 
14 5 8 4 -  3 -  
lb  5 '7 2 5 
o 5 4 62 7:' o 62 
1 47 47  2,.5 39 - 

2 Z9 25 25 - 16 - 
3 37 38 37 - I - 
4 31 29 6 - 31 
5 Z3 25 2~ 8 - 
b II II 8 - 8 
7 20 19 14 - 14- 
8 15 11 10 IO- 
9 20 18 18 7 

11 1o I 2 
12 8 11 3 - 7 - 
13 16 18 7 - 14 
14 14 14 9 10 
15 5 8 4 3 
o 6 4 26 28 Z6 0 
I 37 36 35 - II 
2 2.0 20 18 7 
3 7 13 3 b 
4 44 39 18 - 4 0 -  
5 Z3 21 5 - Z3 
6 3:' 37 1 - 32 
7 z1 18 7 - 20-  
8 7 10 7 -  z 
9 28 24 28 5 - 
IO 8 IO b - 5 - 
II Ib 16 II - I0 
12 4 Z 3 2 
13 4 5 3 2- 
14 15 19 4 - 14- 
o 7 4 :38 33 o 38 
t t o  ~, z to  
2 51 49 42 - Z9 - 
3 3L 30 3 0 -  7 - 
4 32 27 32 5 

36 35 3b 7- 
e Z3 18 16- 18- 
7 7 8 7 - ,  Z- 
8 21 20 17 13- 
9 5 IO 4 2-  

1o 6 2 5-  33 
II~ 7 8 3 6- 
12 17 II 8 - 14 - 
13 Zl 20 20-  4 
14 2. 7 2 o- 
o 8 4 6 1 6- 0 
I 18 15 5 17 
z 25 2.9 19 17 
3 30 2,7. 26 15 - 
4 38 34 2. 38- 
5 35 39 10 34 
6 33 38 6-  32 
7 25 Z2 3- ; '5- 
8 20 20 2 -  19- 

l 9 10 12 lO 
1 6 6 b- o 
II 9 9 9- 2- 

IZ 6 4 5- 3 
13 n u IO 4 -  
o 9 4 8 lO o 8 
I 35 30 35 7 -  
2 1o 11 8 6 - 
3 25 28 25 - 4- 
4 26 27 26 7 
5 15 17 14 3 - 
6 5 3 4 3 
7 23 23 23 - z 
8 9 14 9 0 

19 o 4 8 4 1 
4 6 2 -  3 

11 14 1o 13 5 - 
12 6 8 5 -  7 -  
o IO 4 2 23 26 0 
I 17 14 16 - 6 
2 21 21 1 21 
3 8 9 3 7 -  
4 29 31 2 - 29 - 
5 21 21 II - 18 
6 Z5 3O V 24 * 
7 16 15 6 15 
8 27 29 5 - 27 - 
9 II IO 5 - IO 

1o 8 6 8 2 
II II 14 2 - I0 - 
0 II 4 9 1 0 9 
I 7 3 5 5 
2 9 10 9- Z -  
3 20 ZO 19 - 6 -  
4 20 22 19 4 
b 23 27 2Z 7 - 
6 13 11 8 -  1 0 -  
7 13 14 8 * 10 
8 1,o 12 lO 1 
9 lO 12 6 8 - 

projecting from the same side of the carbon ring In Table 3 are listed some intramolecular distances 
(C1-C6) but slightly divergent ~rom their points of giving the approximate size of the cage, e.g., distance 
attachment.  The maximum atomic distance from the Cxs : • • C15 is 3.18 A. It  is of great significance in 
best lactone planes are 0.10 A and 0-03 /~, and the explaining the unusual chemical properties of picro- 
angle between the lactone plane normals is 17 ° 30'. toxinin that there should be steric hindrance to a 

Together the two lactone bridges form a cage sur- rearward nucleophilic attack at the epoxide ring 
rounding Cls on the reverse side from the epoxide Os. (Conroy, 1957). The inertness of this epoxide ring 
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T a b l e  6 (cont.) 
H ~ ~. I~.) lg] ,% B. . r L I1=, I I ~ l  ~ 8 .  . K ~- tF . I I~ l  a ,  e, H K ~ IP.J I~ I  ~ ,  6. , K t - I Q l e ~ l  A. e~ 

0 IZ • 6 Z 6-  0 
1 10 10 Z 10 
Z 10 13 6-  8 
3 13 9 Z 10o 
• ZI Z3 2 21 - 
5 10 11 6 -  8 
6 :~0 20 4 19 
7 13 17 1 13 - 
0 13 4 13 11 0 13 - 
! 8 4 7 -  4 
4 3 z 3 -  0 -  
3 18 19 18 - 
• 4 5 3 z 
5 lO 14 9 • 3 • 
1 o 5 IZ 9 o IZ 
Z 13 5 0 13 
3 35 28 0 35 - 
4 35 34 o 35 - 
5 63 67 0 63 
6 55 48 o 55 
? 30 24 0 30 - 
8 6 Z 0 6 
9 34 26 o 34 

1o 14 9 9 14 
11 17 16 0 17 - 
lZ  6 z o 6- 
13 14 14 0 14 - 
14 9 8 0 9 -  
15 3 o o 5 
o 1 5 lZ 6 o IZ - 
I lZ 13 • 11 - 
z 35 30 31 - 16 
3 38 37 ~'5 - Z8 
4 35 5Z 35 I - 

~6 37 34 Z5 Z8 - 
55 48 5 5 -  z 

7 31 Z9 3 - 31 

10 13 9 IZ - 4 - 
11 13 
1Z 6 1 ~  $ 9 - 3 9  

13 21 19 18 - 10 - 
t 4  15 13 IZ 8 
I5  8 6 7 2 -  

o 2 5 2Z 17 2Z 0 
1 44  40 Z6 36 
Z 57 54 4 ~ -  Z9 
3 5Z 46 ..,15 49 - 
4 35 32 19 30 - 
5 43 44 ZO 38 
6 33 29 7 -  32 
7 35 Z8 1o 34 - 
8 22. 19 4 ZZ - 
9 16 IZ 4 14 

10 6 6 Z 5 

i~ 2.1 ZO 16 13 
5 3 Z .  5 -  

13 7 I I  i . 7 .  
14 8 LI 4 - ? .  
I5 13 I5 • -  IZ 
0 3 5 Z9 Z9 0 Z9 
1 18 13 17 z 
z 36 34 2 7 -  Z5 
3 31 26 Z 8 - 1 4 -  
• 4 z  35 6Z Z -  

5 19 15 17 6 
6 37 34 36 - 7 .  
7 42 41 36 - 2Z 
8 40 39 35 zo 

16 18 z 19 
1 7 7 6 Z 

IZ 5 • . . 
13 4 6 Z .  3 .  
14 IZ "/ 1Z - Z "  
15 9 -  
o ,  5 ,;,69 ~; 
I 27 Z8 Z7 I - 
z 3z Z4 14- Z9 
3 30 31 3 3O - 
• 7.8 Zl  I z  26 - 
S 2.9 2.1 15 - Z5 
6 Z4 Z1 ZZ II 
7 Z9 24 11 z7 - 
8 21 17 8 - 19 " 

0 15 14 9 D. 

U IS  14 14 "4-  
lZ ~ 9 s -  1 
13 1 6 ~ 
14 ,10 13 9 3 - 
0 S 5 $ Z 0 8 
1 ~11 38 6 5Z 
Z Z6 Z4 ZO " 16 
3 Z6 Z3 Z3 - 13 " 
"4 34 Z6 14 31 - 

5 43 39 43 4 
6 :'6 Z5 2 6 -  6 - 
7 ZO 16 1 - ZO 

I 8 21 17 Z ZO 
~9  38 35 17 34- 

"10 45 $ 9 8 6 -  6" 

H 16 14 3 I5 
IZ 10 i0  10 - 0 
13 4 6 4 
14 • 6 2 3 -  
0 6 5 64 56 64 0 
1 I S  17 I S  3 
2 68 57 68- ? 
3 34 26 5 34-  
4 24 15 18 • 16 -  
5 31 27 16- Z7 
,6 3Z 30 z z -  Z3 
7 Z9 Z5 15- 25- 
8 ZI 19 ZO - 4- 
9 34 30 27 - Z l 

1o 13 IZ 1o 8 
11 1o 14 1o Z 
IZ 7 10 6 - 3 
13 4 2 4 -  1 
o 7 5 4O 26 o 40 
1 39 28 Z l -  33 
2 18 H 18- 1 
3 37 31 19- 3Z-  
4 13 14 12: 4 "  

6 Z8 Z9 27" a- 
7 24 18 19" IS 
8 21 zo  1o 19 
9 19 Z:* 10 16- 

1o H 13 10- 5- 
11 lZ  14 O- lZ  
12 8 9 6 6- 
0 8 5 21 ZI Zl 0 
I 35 Z8 3Z IS-  
z 35 Z7 IZ-  33 
3 zo 17 16- l Z -  
4 1Z 11 I IZ 
5 15 14 I 0 -  H 
6 23 19 Zl 10 
7 6 Z 6o 0 -  
8 19 19 18 - 6 
9 16 13 8 -  13 

1o 17 z o  17 1 - 
U 1o lZ 6 8 -  
lZ H 18 10 - Z 
0 9 5 IZ 10 0 IZ -  
I 49 4/ 3- 49 
Z ZI 16 1 Zl 
3 33 34 9 -  3Z-  
• Z8 Z3 6 -  Z8 -  

28 19 17 Z3 
IZ 10 6 -  10-  

, , 5 . . , - I  
8 I5 16 I 

U IZ 5 9 -  
I 8 I0 5 -  6 

10 10 13 1 - 10 
10 5 3Z Z8 3Z 0 

1 13 13 11 6 
Z 19 13 18-  Z 
3 9 lO 7 -  5 
4 lZ 6 7 I0- 
5 8 7 8 -  I -  
6 I5 17 11 10 

16 19 14- 

0 11 5 :'5 ~'8 0 :'5- 
1 20 16 3 .  19 
2 11 9 r .  11 
3 15 17 Z - 15 - 
4 11 9 6 9 -  
5 7 4 4 5 -  
6 4 9 4 l 
7 4 8 0 4 

' ~o' ~: ,o ~ 'o o 12 5 
1 17 13 16 4 - 
z 13 14 13 - o 
3 18 17 8 - 16 
4 IZ 13 n 5 - 
0 13 5 14 11 0 14 - 
I 19 23 I 19 
z 9 17 8 • 
3 10 15 Z 10 - 
0 0 6 55 66 55 0 
1 Zl 19 Zl - o 
z 31 Z8 31 - o 
3 10 4 10- 0 
• 13 13 13 0 
5 Z5 23 Z5-  o 
b 5 3 5 -  0 
7 U IZ I I  - 0 
8 38 36 38-  o 

33 30 33- 0 

i ~t ~6 I t  o 
l l  ~ 3 9 0 
IZ • 1 14 1 - o 
13 8 6 8 -  o 
14 8 IZ 8 o 

0 1 6 24 Z3 0 2 4 -  
1 61 63 9 60 
Z 29 21 15- 25 
3 46 37 Z 46 -  
4 29 25 Z l  - 2 0 -  
5 13 7 IZ - 3 - 
6 8 5 8 -  2 
7 Z7 26 Z7 - Z - 
8 14 11 0 - 14 
9 34 29 3 34 

10 5 6 4 -  3 
11 Z5 Z4 1 Z5 
IZ 8 7 7 3 
13 11 8 3 10 - 
14 8 6 8 -  1 
o z 6 45 37 45 o 
1 21 17 5 - 21- 

• 35 34 
5, Zl 16 11- 18 - 

8 37 34 3 3 -  17- 
9 3 • Z Z-  

IO 21 24 21 3 
II 12 7 11- 4 
IZ 16 18 14-  6- 
13 z 6 Z I 
14 3 8 3 1 

0 3 6 "6 4 0 6 
1 58 55 3 58 
2 27 1,8 18 21 - 
3 39 33 7 39-  
• 16 14 16 - 0 - 
5 9 8 9 0 
6 21 15 9 19"  
7 16 14 6 -  14 
8 14 I5  1 3 -  3 
9 17 17 14 - 8 -  

1 lZ 13 11 - 5 - 

11Z 17 2Z 5 - 16 
3 I 2 2 

13 9 11 1 8-  
14 3 5 3 -  1 
0 4 6 38 30 38 0 
I ZZ 19 IZ 18- 
Z 39 33 39 " Z- 
3 21 zo  17 13 
4 18 IZ 1Z 13- 
5 27 31 19 20- 
6 7 7 6 -  3- 
7 ZO 18 13 15 
8 23 23 23 - 1 

O9 14 15 3 - 13- 
l ZO 18 16 lZ 
II 13 13 2. 13 
IZ 10 14 9 - 4 
13 5 7 ~:- 5 
o 5 6 7 7 0 7 
1 25 Zl I Z -  Z2 
z 25 ZO Zl 13 
3 15 14 10 10 - 
• 42 42 33-  26 
5 19 18 18 • 
6 35 36 34 IO 
7 12 15 z 11 
8 II 7 2- 11 
g 13 17 2-  13 - 

1 8 6 7 4 -  
IX 17 2Z o - 17 

lZ 3 Z 3 O "  
13 5 5 3 "  4 "  

0 6 6 43 47 43 0 
I 14 II 14 I 
l 42 37 4Z - 4 
3 4Z 4! 3 - 42 
4 Z3 ZO 21 9 - 
5 25 27 It 23 
6 14 21 4 -  13 - 
o 7 6 1.1 zo o II 
1 1Z 14 8 .  8 
z zz  19 21 8 
3 18 15 • 17 - 
4 18 16 17. 3 
5 8 9 Z 8 -  
6 30 36 27 13 - 
o 8 6 z z  23 ZZ 0 
1 Zl zo 17 11 - 
l 1Z 12 1 IZ 
3 3Z 34 2 4 .  ZZ 
4 9 11 8 • , 
5 2.1 27 5 ZO. 

o ? 6 1o H 
I 9 6 I. 9 

I II II II 5 

3 H 16 1 -  U- 
4 28 31 I S  - Z -  
5 12 U 11 5 
6 19 ZZ 18 3 -  

0 10 6 8 • 8 0 
1 10 5 I IO-  
Z 3 7 2 -  2 
3 ZO Z~, 5 19 
• 6 12 1 -  6 
5 17 2Z Z-  16- 
6 8 12 1 -  8 
o II 6 18 18 o 18 
1 7 1o 4 -  5 - 
Z 18 17 17 5 
3 4 2 2 -  4 -  
4 15 17 15 - I - 
5 7 6 4 -  6 
6 14 19 13 3 
o t2 6 4 1 4 o 
I 7 4 4 6-  
z • 8 4 I 
3 lZ 16 5 II 
4 5 4 I 5 
1 o 7 8 6 o 8 -  
2 17 11 0 17 
3 57 59 0 57 
• 18 11 o 18 - 
5 41 23 o 41 -  
6 Z6 31 o Z6 

Z9 25 0 Z9 
30 Z3 o 30 - 

5 4 0 5 -  

I~ I o o 5- 
8. 

12 4 o o 4 -  
13 11 1o o II 
0 1 7 15 8 o 15 
1 8 6 z -  8 -  
Z Z? 17 26 I0 
3 39 34 33- Zl - 
• 31 23 31 - 4 
5 26 21 8 25 - 
6 49 45 41 27 - 
7 15 8 8 - lZ  
8 13 5 lZ - 4 - 
9 15 16 14 3 

10 4 5 z -  3 -  
11 4 "7 3 3 o 
12 14 12 IZ 7 
13 7 5 4 -  5 -  
0 z 7 Z7 ZZ Z7-  o 
1 zo zo 2.- 19-  
z 5 8 s 1 
3 31 2& 2 4 -  zo 

21 17.. 4 -  21- 
5 15 13 5 - II- 
6 Zl Zl 6 ZO 
7 Z4 25 Z - Z4 
8 10 lZ 6 7 
9 1Z 16 3 - L I -  

1o 7 4 7 -  o 
11 3 4 z 2 -  
IZ • z 3 "  3 
13 5 8 • 3 
o 3 7 35 33 o 35 - 
I 35 33 I 35 - 
z 43 35 15 40 
3 Z4 ZO 18- 16 
4 40 39 38- 1 l "  
5 21 17 ZO Z 
6 28 32 zo zo 
7 19 16 16- I0- 
8 19 16 19- Z 
9 15 15 12 8 

1o 8 1o 8 o 
I I  9 IZ 7-  6- 
17 5 5 3 4 
13 Z 5 Z -  l 
0 4 7 5 Z 5 0 
I Z1 ZO IO- 19- 
z 30 :)3 26 16 

3 36 Z9 zo 30 

45 5 ZO- 40-  
~ .  . . . . .  

7 Zl Z- ~ 14 16 
8 23 Z4 Zl 11 - 
9 Zl Z4 19 - 7 -  
IO 3 5 3 -  1- 
I I  I I  13 9 6 
IZ 8 I I  7 4 -  
0 5 7 35 34 0 35 - 
1 21 Zl 20 9- 

ZO 13 1 19 
3 6 6 o 6 
4 43 44 40- 14 - 
5 12 14 5 11 
6 14 13 13 4 
7 5 5 3 4 
8 18 Z2 18- 1 

1 4-  1 -  
8 9 4 7- 

IZ 5 8 1 • 5 

0 6~ 1 z9 ZO "Z9 - 0 

3 25 ,ZZ 2 5 -  • 
• IZ IS  12- 5" 
5 14 16 ~1. 8 -  
6 . 11. IS  10° S 
0 7 7 Z5 ZO 0 25- 
1 27 Z7 8 - 20- 
Z 19 14 18 6-  
3 13 14 3 - It. 
4 4 5 2 -  3 
5 4 S 3 3 
6 15 ~ 6 13- 
o 8 7 23 24 23 - 0 

19 17 17 7 - 
z 21 22 21 0 
3 18 10 17- 3 
4 7 7 6- 3 -  
5 13 15 5 11 - 
6 II 13 9 - S - 
0 9 7 6 8 0 6 -  
I 23 Z'7 6- ;'3 - 
z :18 19 II 14 
3 "10 6 7 6 
4 6 7 6- I - 
5 3 9 1 3 -  
6 8 7 6 5 
o IO 7 15 13 15- o 
1 14 14 12 6 
2 Zl ~4 Zl I - 
3 13 14 IZ  - 3 
4 6 IO 4 -  4 
5 3 1 2 ~- 
6 6 6 5 3 -  
o II 7 4 6 0 4- 
1 19 19 5 - 18 - 
2 6 8 6- 0 -  
3 9 9 3 8 
o o 8 19 4 19 - o 
I 34 35 34 0 
2 II z II - o 
3 ,37 31 37 - o 
4 7 3 7 -  o 
5 5 6 5 o 
6 7 3 7 -  o 
7 5 5 0 
8 14 7 14 o 
9 13 8 13-  o 
I0 19 19 19 - 0 
11 15 17 15 o 
12 4 3 4 o 
0 I 8 28 17 0 28- 
1 30 29 Zl - 2Z- 
2 28 z z  z -  ;'8 
3 8 4 8- Z 
4 3Z 34 24 Zl - 
5 5 ; 4 -  3 
6 16 16 4 - 15 - 
7 13 11 8- 1o - 
8 18 16 5 17 
9 11 7 3 1o 

1o 14 IO 2 -  14- 
11 LI 9 6- o- 
IZ I0 II 5 ? 
o 2 8 31 Z2 31 - o 
1 41 43 41 5 
z 51 48 51 o - 
3 4 5 O- • 
4 15 1 4 IZ - 9 
5 4 5 4 z 
6 8 9 1-  8 -  
7 • 2 3 3 
8 4 6 4 0 -  
9 14 15 10 - 9 - 

1o 2 2 z -  o 
II 8 II II 1 
12 4 5 3 3 "  

o 3 8 20 11 0 zo -  
I 6 3 1- • 
Z ZO 19 7 18 
3 6 Z • 5 -  
4 9 9 I Q 
5 17 14 16 - 5 
6 4 4 4 1 -  
7 19 2.1 I 19 - 
8 l l  16 4 lo  
9 13 16 3 12 

lO 12 19 1 12 - 

4 8 3 9 -  0 
1 zo 2o 15 1£ 

13 1o z 13- 
3 u 7 3-  10- 
4 Z4 23 3- 24 

5 6 2 1 -  6 -  
6 9 13 4 -  8 -  
"7 u 1o ? 8 -  
8 "7 IO I -  7 
9 7 9 7 -  0 

has proved a stumbling block for chemical workers Pauling (1960). The atoms are also close to making 
for many years, tetrahedral angles, e.g. the angle Cg(IV)-Br(IV)-- .  

The intermolecular approaches are normal although 02(II) is 117 ° and the line horn Br(IV) to the mid- 
the distance 3.37 /~ between Br(IV) and O~(II) is of point of C12(II)-C13(II) makes an angle of 83 ° with 
interest. (These particular atoms are chosen since the bond Cz2(II)-C13(II). I t  is possible tha t  there is 
they are conveniently near the centre of Fig. 4.) The an extremely weak intermolecular bonding interaction. 
approach is close to the sum of the van der Waals radii The determination of the absolute configuration of 
for bromine and oxygen atoms (3.35 A) given by az-bromopicrotoxinin establishes the absolute con- 
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T a b l e  6 (cont.) 

a ,< • IF, I IF ,  I ~ s ,  a g L t~ l lE ,  I A. so . x - I~.t IF, I ao so 

10 4 8 10 13 9 -  3 -  0 10 8 7 4 7 -  0 
11 9 13 8 4 -  1 11 12 5 - 10 
0 5 8 12 6 0 1Z - Z 8 9 1 8 -  
1 34 31 10~ 33 - 3 9 11 0 9 -  

Z Z6 Z8 6 -  Z6 I 0 9 10 10 0 1 0 -  
3 2Z 23 17 15 2 18 7 0 18 - 
4 14 15 14 Z - 3 5 3 0 5 
5 18 17 10-  15 - 4 21 22 0 21 
6 I0 12 I 0 -  I 5 21 23 0 21 
7 19 21 17 8 6 t7 12 0 12 - 
8 4 4 3 3 7 6 7 0 6 
9 4 6 4- 0- 8 4 3 0 4 

10 7 9 3 6- 9 9 13 0 9 
0 6 8 Zl 15 21 - 0 I0 11 1Z 0 a 

1 12 10 12 5 0 1 9 16 14 0 16-  
g 18 15 2 - 18- i 16 16 16- I- 

3 9 8 5 - 7-  Z 21 20 o - ZO- 
4 26 24 26 0 17 17 I - 17 3 

5 12: 13 5 11 4 6 3 1 6 
6 18 ZZ II- 14 - 5 Z2 21 Z2- 6- 
0 7 8 17 15 0 17 - 6 6 4 5- Z- 

l 14 11 6 - 12 - 7 20 18 19 6 -  
2 15 14 1 - 15 8 5 4 5 - 1 - 
3 ZI gz 17 13 9 15 18 15-  2 
4 13 lZ 9 9- I0 5 7 3 -  4 
5 17 19 16- 4 0 2 9 12 10 IZ" 0 
6 5 6 4 -  3 I 9 10 7"  6 "  
0 8 8 13 11 13 " 0 Z 11 IZ 10 3 

1 5 4 4 3 3 5 7 3 4- 
Z 17 13 14 10" 4 23 28 2 - 23 
3 8 9 5- 6" 5 5 5 Z 5- 
4 19 19 6 - 18 6 18 Z2 6 1 7 -  

~ ; ,  ,~ ~. , ~ ~ ~- o 
6 8 6 13 1 

0 9 8 13 11 0 13 - 9 Z 5 Z 1 - 
1 9 2 3 -  8 -  
Z t~ 6 8 -  2 -  10 3 6 3 1 

4 10 I t  8 6 - lO 14 17 14 - 2 - 

5 II 14 10 - 3 " I0 14 - 
17 19 1 

6 4 .8_ 3 -  2 4 7 9 7 .  0 

5 3 9 15 15 1 4 .  3 .  
6 5 6 O .  5 
7 I I  15 11 0 . 

"8 4 6 4 O .  
9 3 5 3 .  O .  

I0  7 13 4 6 
0 4 9 5 5 5 0 
1 17 16 16 - 5 
2 17 15 7 15 - 
3 8 5 7 Z -  
4 14 15 0 - 14 
5 5 7 5- 
o 16 Zl  4 15 - 
7 6 8 5 -  2 -  
8 8 12 0 8 
9 4 9 4 2 -  
0 5 9 IZ H 0 12 
1 9 9 8 -  3-  
2 i0 II 4 -  9 -  
3 11 10 10 4 -  
4 7 '  .5 4 5 

5 9 9 9 -  0 -  
6 I0 I0 Z- I0 
7 10 1 4  9 3 - 
8 10 12 5 - 8 - 
0 6 9 5 7 5 0 
1 18 17 16 - 6 -  
z . ,o ~ l :  
3 8 7 
4 13 13 l - 13 

5 7 2 -  5 5 
6 13 18 6 - 11 - 
0 7 9 z l  Z1 0 21 
1 9 8 6 6 
Z 14 15 I - 14 - 
3 5 7 4 Z 
4 3 6 2 2 

7 7 6 -  3 -  5 
6 5 8 5 -  1 - 

8 9 4 6 4 -  0 
14 15 14 - 1 

~ L I~.l IFcl A. B. H K L K I  IF~J A. ~o 
z 8 9 6 7 4 -  4 -  

3 13 15 6 l l  - 
4 5 7 4 ° 3 
5 3 3 I 3 
0 9 9 16 17 0 16 

1 9 1Z 4 8- 
o o ,o ~ , ~: ° o 
1 1 14 1 
2 IZ i 0  !Z 0 
3 4 Z 4 0 
4 16 15 1 6 -  0 
5 8 11 8 0 
6 3 1 3 0 
7 H 8 l l -  0 
8 4 1 4 -  0 
0 1 10 24 Z3 0 24 
I 14 14 1 - 14 - 
2 15 8 i0 - I1 - 
3 5 4 5- 1 
4 9 12 5 7 
5 5 7 5 -  1 -  
6 5 4 1 5- 
7 lZ 1Z 1Z - 1 - 
8 14 20 2 14-  
0 2 I0 6 2: 6- 0 

I 19 ZO 19 - O- 
Z IZ 18 9 8 
3 13 15 12 4 -  
4 4 3 3 -  3 -  

5 3 6 0 3 -  
6 IZ I0 5 - 11 
7 2 5 Z 1-  
8 3 9 3 1 -  
0 3 10 14 12 0 14 

I 8 9 I 8 -  
2 13 13 0 - 13- 
3 4 4 4 1 -  
4 4 5 1 4 

5 5 6 5 I -  
6 11 1z 5- 9 
7 2 3 1 -  1 

0 4 10 8 4 8 -  0 
l 14 13 13 - 4 
2 7 7 0 7 
3 12 16 1Z Z - 
4 6 7 5 -  3 -  
5 8 7 4 7 
6 7 15 l 7 
0 5 i0 15 II 0 15 
I 3 6 3. I- 
2 15 18 I * 15 
3 8 I I  8 -  I 
4 16 19 12 I0 
5 3 4 3 0 -  
6 6 II 5- Z- 
0 6 I0 7 0 7- 0 
1 11 12 9- 5 
Z 7 9 Z 7 
3 6 7 0 6- 
4 9 I0 3- 8 -  
0 7 I0 13 13 0 13 
i 7 8 4- 5- 
1 0 11 10 9 0 10 

Z 5 4 0 5 
3 9 12 0 9- 
4 7 7 0 7- 
5 13 Z3 0 13 
0 1 l l  4 0 0 4 -  
1 4 2 2- 3- 
2 8 6 8 -  0 
3 U 11 II - 0 -  
4 9 9 7 5 
0 2 l l  Z 1 Z -  0 
1 3 Z 3 1 
2 6 7 4 4 
3 7 13 2 6 -  
4 3 9 2. Z - .  
0 3 11 3 1 0 3 
I 9 II 7 6 
2 3 8 0 3 
3 5 9 1 -  5 -  
0 4 11 13 18 13 0 

\ I ® 

® 

z T 
-y[ 

. . . . .  \ -  3.90 --i 

3"3.7 I 

~- 3"41 

/ 
/ 

4-14 

O 3  

X =  

O1 

~ O s  

Fig. 4. The molecular  packing of az-bromopicrotoxinin  in the  crysta l  s t ruc ture .  The  heavi ly  shaded  molecule corresponds to 
the  a tomic  coordinates  listed iil Table 1. 
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figuration of picrotoxinin itself as the mirror image 
of the structure (I) which is shown by arbitrary choice 
in Couroy's papers. The absolute configuration is of 
importance in any consideration of the biosynthesis 
of picrotoxinin, e.g., Conroy has pointed out the 
structural similarities between piclotoxinin and the 
steroid series. His conformational analysis and the 

of absolute configuration in the steroid family by the 
chemical method of asymmetrical synthesis (Dauben 
et al., 1953). Thus, when the evidence of absolute 
configuration is considered, a distinct dissimilarity in 
the carbon framework appears, implying that  there 
is a considerable difference in the course of biogenesis 
in the two series. 

present X-ray analysis show that  the carbon rings of 
picrotoxinia which correspond to the C and D rings 
of the steroids are cis fused, as in the cardiac glycosides 
and aglycones, e.g. digitoxigenin (III). 

Ho ? 

0 

(III) 

(IV) 

The absolute configuration of picrotoxinin at the 
'C/D' ring junction (IV) is now found to be of the 
opposite sense to the C/D junction in the cis fused 
steroids, which is known following the determination 
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