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is a t  a similar distance from a tom 0~' of the  molecule 
a t  ( x - a ,  y, z - c ) .  The molecules are thus  l inked by  
the  H bonding into long chains, the  shortness of the 
O - t I - O  distance showing t h a t  the  bonding is ve ry  
strong as has a l ready  been indicated by  the  infra-red 
spectral  da ta .  The binding between chains is much 
weaker  since no H-bonding is then  involved. A 
d iagrammat ic  picture of the  bonding is shown in 
Fig. 4. 

We wish to express our thanks  to Prof. L. J .  
Haynes  of the  Depa r tmen t  of Chemistry  for suggesting 
this invest igat ion of the  tetronic acids to us, and to 
Dr  J .  R. P l immer  of the  N a t u r a l  Products  Uni t  for 

supplying the  crystals.  To both of them we are also 
indebted for most  helpful discussions. 
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The bromodilactone from jaeobine, C10HlaO4Br, crystallizes in the monoclinic space group P21 
with cell dimensions, a = 8.70, b = 6.34, c = 10.44 A, fl = 98.2 ° at  - 150 °C. The structure was deter- 
mined by use of the heavy atom to obtain the projected distributions l@0(x, z) and the generalized 
projection 1Cl(x, z). With the available range of data, tip to k =4,  least-squares refinement, with 
two different weighting schemes, one a ftmction of IF] and the other of sin 0, has reduced the overall 
reliability index,/¢, to 0.12. 
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Bond lengths and angles in the absolute structure (above) are normal, the lactone group contai- 
ning certain features of interest. Both groups 

x y 
-C-C-0-C- 

H 
O 

are planar within experimental error, the bond y being longer than bond x by approximately 0.1 I .  
The analysis, together with that  of jacobine bromhydrin, provides clarification of the structural 

and configurational aspects of the pyrrolizidine alkaloids of the jacobine group. 

Introduct ion  

F r o m  Senecio jacobaea L., several alkaloids have  been 
isolated and  s tudied (for earlier work, see B r a d b u r y  
& Culvenor (1954) and Adams,  Gianturco & van  

Duuren  (1956)). Three of these, jacobine, jaconine 
and  jacoline, are closely re la ted  as epoxide-chior- 
hydrin-glycol .  The alkaloids can all be hydrolysed into 
a pyrrolizidine base, retronecine, and a dibasic acid, 
indicating a di-ester s t ructure .  In  1958, the  dibasic 
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acid represented the principal structural problem of 
the alkaloids, and this problem was critically depend- 
ent on the interpretation of the structure of the 
dilactone obtained by HC1 hydrolysis of jacobine. 
Both Adam et al. (1956) and Bradbury & Willis (1956) 
formulated the dilactone as a 7-1actone, I and I I  
respectively, being guided mainly by the interpreta- 
tion of the infra-red data. However, Geissman (1959) 
pointed out serious objections to I and I I  which would 
disappear if the compound were formulated as a 
di- ~-lactone, III .  

CI CH3 

I I 
C H 3 ~ C ~  C 0 

I I I 
ojC CH ~ C %  

~ O  ~ ~CH O 
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CI CH2 CH 
I 
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At this stage, the structure of the dilactone con- 
st i tuted a major clue to the elucidation of the struc- 
tures of the group of alkaloids and warranted struc- 
ture analysis. For X-ray studies, the bromodilactone 
was considered more suitable and we are indebted to 
Dr C. C. J. Culvenor of the Organic Chemistry Divi- 
sion, C.S.I.R.O., for the supply of excellent crystals of 
this derivative. 

A brief note on the preliminary structure analysis 
was presented at the First  I.U.P.A.C. Symposium on 
the Chemistry of Natural  Products, Australia (Taylor, 
1960): comments on the conformation of the lactone 
group were also given subsequently (Mathieson & 
Taylor, 1961). In conjunction with the analysis of the 
bromhydrin of jacobine (Fridrichsons, Mathieson & 
Sutor, 1960), this analysis provides clarification of 
the structural  aspects--configurational and conforma- 
t ional--of the pyrrolizidine alkaloids of the jacobine 
group. Chemical evidence has been presented in paral- 

lel by Geissman (1959) and by Bradbury & Masamune 
(1959) regarding structure and by Masamune (1960) 
regarding configurational details. 

Experimental 
The compound, CloH1304Br, crystallized from ethyl 

alcohol in the form of needles elongated along b 
belongs to the monoclinic system, the cell dimensions, 
determined against a s tandard (Si, a=5.43054 A at 
20 °C), being 

a = 8.70, b = 6.34, c = 10.44 J~; 
fl = 98.2 ° at  - 150 °C. 

The space group is P21; the density, as measured by 
flotation in MgBr2 solution, is 1-55 g.cm -8, which ac- 
cords with 1.95 (i.e., 2) molecules in the unit  cell. 

In tensi ty  data  were collected at  - 1 5 0  °C (for de- 
tails, see Fridrichsons & Mathieson, 1962a) for the 
0-4 layers about the b axis, two packs of four films 
being exposed for 6hr. and 10 rain. respectively for 
each layer (Cu Kc~, 200 mA, 35 kV). The amount of 
data  collected was 85% of theoretical (Table 1). 

Table 1. Observed, n, and total, 1V, number of terms in 
each layer with the final values for the reliability index, 
R, which was determined only for the observed reflections 

k n /V R 

0 214 256 0.094 
1 212 251 0.111 
2 194 225 0.125 
3 171 210 0.130 
4 156 183 0.214 

0-4 947 1125 0"122 

Two-dimensional structure factors and Fourier syn- 
theses were computed on SILLIAC (Freeman, 1957) 
while corresponding three-dimensional calculations and 
least-squares refinements were carried out on UTE- 
COM ( - D E U C E )  using coordinated programs devised 
by  Rollett  (1961). 

Structure analysis 
The bromine atom of the asymmetric unit  was 
located from the Pat terson projection for which 
F2o(hO1) terms were sharpened to correspond approxi- 
mately to point atoms. Attention was first concen- 
t ra ted on the centrosymmetric b axis projection. The 
first distributions were (a) 1Qo(x, z) (Fig. l(a)) using 
terms for which the geometrical structure factor, 
SBr>0 ' I  and (b) an image-seeking function, X(x, z), 
using terms ~ F o .  ~Br (Fridrichsons & Mathieson, 1962b), 
Fig. l(b). Most of the peaks were common to the two 
functions but, in the image-seeking distribution, a 
high peak in the region of x= ½, z= ½ was obviously 
spurious, due to failure to remove the Br -Br  vector 
from the calculations by the alternative use of 
(Fo 2 - ~ r ) - ~ r -  The peaks common to the two distri- 
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(b) 
:Fig. 1. Distribution corresponding to (a) the electron-density 

function 1Q0(x, z) and (b) the image-seeking function Z'(x; z). 
The atom sites shown are those selected at this stage of 
the analysis. Contour intervals are arbitrary as also in 
Fig. 2. 

butions were selected, without reference to a chemical 
model (see Figs. l(a) and (b)) and the structure fac- 
tors for the atoms selected (Br+14  atoms weighted 
as C) gave an R of 0.30. The analysis was continued 
with @ and A @ distributions; 2@0 and ~A @ showed tha t  
four of the sites were incorrect (cf. Figs. 1 and 2) and 
indicated three alternative locations. The resultant  
structure factors improved to R=0.235.  After 8@0 
and sA@, the distribution in projection could be cor- 
related with a chemically sensible skeleton, essentially 
based on the structure proposed by Geissman (1959), 
Fig. 2. With the lighter atoms differentiated into C 
and O by the difference maps, R was reduced to 0-18. 

Fig. 2. Electron-density distribution a@o(X, z) 
with the molecular model superimposed. 

To locate the y parameters of the light atoms, the 
cosine generalized projection for the hll data was 
calculated with signs based on the Br contribution 
(yBr= 0). From this symmetrical distribution, approxi- 
mate values for y parameters were derived and ren- 
dered a little more precise relative to one another by 
reference to reasonable bond lengths. For  (Ca, C5) and 
(C6, 04), y parameters were not deducible directly 
from 1Cl(x, z), but  satisfactory assessment was pos- 
sible by  reference to the probable stereochemistry. 
Two cycles of sine and cosine generalized projections 
were used to refine the y parameters and improved 
x, z coordinates were obtained from a modulus projec- 
tion I@11 (Fridrichsons & Mathieson, 1955). 

Fur ther  refinement was carried out by the least- 
squares program of Rollett  (1961) which utilizes 
a block diagonal. The weighting scheme used, a 
standard one in Rollett 's  program, was as follows, 
the optimum value, IF*l, being taken as 20 (see 
Table 5): 

~/w~=IFol/lF*[ for IFoI<_]F*] 
o r  

Vw2= [F*l/lFol for IFol > [ r* l .  

With  the hll data, three cycles using quarter shifts 
reduced the corresponding R to 0.15. The other layers 
were then scaled against 2'c values and included in 
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Table 2(a). _Positional parameters derived from w 2 and w a weighting schemes and their mean; 
for one molecule in the unit cell defined by a right-handed set of axes 

x y z 

Atom w 2 w 3 w 2 w 3 w 2 w 3 
Br 0.I699 0.i699 1.0150 1.0150 0.1655 0.1655 
C 1 0"2995 0.3045 0.7714 0.7694 0.1257 0.1265 
C 2 0.2172 0.2138 0.5603 0.5620 0.108~ 0.1098 
C3 0"456s 0"4569 0"788 s 0"7822 0"2199 0"220~ 
C 4 0"550 a 0"5534 0"5868 0"5910 0"2078 0"2068 
C 5 0"5562 0"5530 0"9789 0"9815 0"2031 0"2043 
C 8 0"7022 0.7028 0'6134 0.6061 0"3052 0"3056 
C 7 0"8504 0.8501 0.6018 0.5958 0.2431 0.2418 
C 8 0.6933 0-6944 0.816~. 0.809 s 0.3859 0.3881 
C 9 0.8304 0.8283 0.8804 0.8648 0.491~ 0.4914 
Clo 0"5460 0.5446 0.7912 0.7945 0.4458 0.4460 
01 0"4139 0.4148 0.7924 0.7889 0.3527 0.3521 
02 0'5251 0.5255 0.7799 0.7817 0.5571 0-5570 
O 3 0.543 o 0.5399 1.1021 1.1039 0.1167 0.1163 
04 0"6800 0.6794 0.9858 0..987 s 0-2985 0.2981 

Table 2(b). The corresponding e.s.d, of the carbon and oxygen atoms 
x(C) y(C) z(C) x(O) y(O) z(O) 

w9 0.022/~ 0.040/~ 0.021/~ 0.015 ~ 0.021 A 0.012/~ 
w a 0.020 0.039 0"020 0"015 0"025 0.012 

t h e  r e f i n e m e n t ,  ha l f - sh i f t s  b e i n g  u s e d  a t  t h i s  s t age .  
F r o m  a n  o v e r a l l  v a l u e  of 0.27, R r e d u c e d  s t e a d i l y  t o  
0.134.  D u r i n g  t h e  l a t e r  s t ages ,  t h e  B r  a t o m  p a r a m -  
e t e r s  w e r e  n o t  v a r i e d .  

I t  w a s  c o n s i d e r e d  a d v i s a b l e  t o  r e d u c e  t h e  i n f l u e n c e  
of low-angle terms since these are more specifically 
affected by such factors as spot-shape, absorption and 
extinction, and to accentuate the contributions of 
high-angle terms. To this end, a different weighting 
scheme was adopted in which terms are weighted 
according to their sin 0 value i.e. wa=sin 0. I t  may 
be noted tha t  this weighting scheme bears a close 
relationship to w = l / f ,  which Cochran (1951) has 
shown is equivalent to refinement by difference syn- 
theses. For completeness, the refinement was carried 
through by both w2 and wa weighting schemes to 
determine whether any significant difference occur- 

Table 3(a). Bond lengths within the molecule for the 
different weighting schemes and from the mean param- 

meters 

Bond lengths 

Bond w 2 w 3 Mean ((~l) 
Br -C 1 1"997/~ 2"024 ~ 2.007 0.03 
C1-C 2 1-517 1.532 1-524 0.06 
C~-C3 1"572 1"534 1"552 0"03 
C3-C a 1"533 1"492 1"512 0"05 
Cd-C 0 1"559 1"542 1"550 0.03 
C6-C 7 1"526 1"529 1"527 0"03 
Cs:C s 1"54 a 1"558 1"551 0.05 
Cs-C 9 1"559 1"512 1"535 0"03 
Ca-C 5 1.508 1.537 1.522 0.05 
Cs-Clo 1.512 1.514 1.513 0.03 
Cs-Oa 1.188 1-195 1.190 0.04 
Clo-O2 1"205 1"197 1"200 0"02 
C5-O4 1"360 1"365 1.362 0.02 
Clo-O1 1"396 1"391 1-39 a 0"02 
O4-C s 1.403 1.478 1.437 0.04 
O1-C3 1.488 1.47 s 1.483 0.02 

Table 3(b). Approach distances in the crystal. The 
number inside the bracket denotes the molecule (see 

Fig. 5) 
Approach 

Atoms distance 
C5(1)-O2(2) 3.29/~ 
Cs(1)-O2(2) 3.62 
Clo(1)-Clo(2) 3.49 
Clo(1)-O~(2) 3.15 
O1(1)-O2(2) 3.27 
O2(1)-C4(2 ) 3.29 
O2(1 )-C 6 (2) 3.34 
O2(I)-Clo(2) 3.30 
02(1)-O1(2) 3.39 
02( I)-O2(2 ) 3.39 
O4(1)-o2(2) 3.11 
C1(1)-O3(3 ) 3.22 
C2(1)-O3(3) 3-39 
%(1)-o3(3) 3.70 
C4(1)-O3(3) 3.36 
Oa(1)-O3(3) 4.00 
09(1)-C,(4) 8.92 

Table 4. Planes through the lactone groups and the 
deviation of each atom. Equations refer to orthogonal 
axes X ,  Y, Z, Y and Z being coincident with y and z, 

while X is perpendicular to z. 
Lactone group i 

Plane: -- 0.0996X-- 0.9949 Y-- 0.0155Z-- 1.6445 = 0 

Lactone group 2 

Atom In A 
C 3 + 0.04 
c8 +0.02 
Clo -- 0.00 
01 -- 0.07 
0 2 + 0.02 

:Plane : -- 0.6181X-- 0.5461 Y -  0.5654Z-- 1.7] 93 = 0 
Atom I n / ~  

O z -- 0.01 
05 -- 0.04 
C s + 0.04 
O 3 + 0.05 
04 - 0.04 
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T a b l e  5 .  Comparison of measured structure factors with values calculated from w~ parameters. 

% % t~l  l%1 l ~ t  t+'oJ ivj IFj I~1 

oo~_C soe. o,~ s1__~_t 111~ 

1 8 . 4  9 1  - l z  7 . 5  77  1 74 4 68 ! - IZ  7.1 50  -4 9.Z  

78.1 74 .4  12.1 11.2 14.0 11.7 -10 14 .0  12.7 -2 1.8 
4 34.6 32.4  -7 21 .4  1 1 . 0  4 35+7 40 .0  -9 7 . 4  4 .2  -1 8+4 
5 8 .8  11.7 -6 20.4 19.8 5 43 .9  47 1 -8 17.0 17.5 o 5.? 
6 13.6 29 .2  -5 34.8 29 .7  6 15.Z 19.4 -? 25 .6  24 .9  
? 16.3 14.8 -4 16.7 15 .8  7 17.6  29.1 -6 15 .4  15.1 02_~{ 
8 9 .6  I0.3 -3 16 ,5  13 .2  0 15 .4  Z6.Z -5 5.0 Z .5  

-Z 44 .5  38 .q  10 16.6 17.0  -4 31 .4  26 .4  [ 57,Z 
10_~ ol 6 . 5  ? . 6  1[ 11.0 e . 7  -1 33 .9  17 .?  2 52.?  

0 8 .4  8 .8  13 5 ,8  4 .9  -Z 2 .5  2 .1  3 40.6 
o13 10 .4  8 .7  1 35.0 35.9  -1 )4 .3  33.5 4 10.7 
- IZ  ZZ.Z 2 J . 3  2 31.1 Z8.Z 11~ 0 31 .9  31.3 5 8 .7  
-11 15.8 15 .5  3 15.8 16 .0  1 8 .8  IO.Z 6 33.0 
-10  15.0 J2 .4  4 IS ,5  19 .4  o13 ? .5  7 .8  Z 19.1 26.Z 7 16 .4  

-9 19 .5  16 .9  5 14.0  9 .6  - IZ  15.Z 15.7 3 30.1 27 .7  8 12.Z 
-8 16.1 15.3 6 18 .4  15.8 -11 13.6 14.1 5 14 .4  21 .0  9 ZZ.6 
-7 Z? ~ 25 .7  ? 12 .0  10.0 -10 4 .9  3 .9  6 13 .4  10 .4  10 3 .?  
-6 20 .8  21 .2  8 13.3 9 .4  -9  18 .9  19.3 7 5 .9  4 .2  12 10.2 
-5  43 .2  38 .4  9 11.7 1 [ . 9  -8  25 .4  24.6  8 15.2 [0 .2  
-4  39.Z 14,4 lO 16.0  13.9 -7 7,4 9.2 9 8.9 8 . 4  IZ...~ 
-3 10 .5  11.6 -6 30 .9  34.9  
-2 78 .9  68 .7  60~. -5  4 4 . 4  44 .8  61~. - IZ  5.0 
-1 53.T 5O.4 -- -- -II 5 .9  -4 16.0 16.5  

0 57.1 46 .0  - 12 .  7 . 0  8 .7  -3 38.9  19.3 -12 3 .4  1 .3  - IO 29 . [  
Z 73 .6  71 .7  -1[ 6 .3  6 .1  -2 48.7 49 .8  -11 6.3  4,Z -0 13.0 
] 38 .8  45.1 o9 19.2 18.9  -1 51.1 51.8 - i o  ?.8  5,6 -7 20.?  
4 39 .8  38.5 -S 4 . 8  3 . 4  0 41 .4  26 .6  -8 17.9 16.1 -6 11.?  
5 4?.O 40 .0  -? 17 .4  16.6 1 34.1 31 .4  -7 1 ] . 9  JO.8 -5  11.2 
6 21 .0  20 .0  -6 14.8 1 ] . 1  2 18.3 22 .5  -6 6 .9  5.1 -4  40 .0  
7 9 .7  9 .8  -5 1 .2  3 .2  3 44.3 44.1 -5 Z0.7 16.Z -3 17.4 
8 13.7 I Z . 5  °4 5.3 4 .3  4 41.3 48 .0  -4 I Z . I  9 .1  -2 39.3 
9 35.3 31.2 -3 ]O.O 26 .9  5 12.6 I? .Z  -1 8 .7  8 .4  -1 17.8 

11 17.9 15 .9  -Z IO.O 7.1 6 36.8 37 .5  -Z 21 .0  22 .0  0 37.4  
IZ  10,6 10.6 -I Z7 .5  16 .7  ? 31.0 Z9.Z -1 16.6 27.1 1 Z3,7 

o ] 7 . 7  40.Z 8 9.3  11.5 0 7 . 9  7 .3  Z 31.1 
~ 5 .9  6 .?  9 ° 2o3  [9 .0  i 3 1 . o  ] 2 . 5  3 28 .1  29 ,?  , s.1 

1 ] . 6  15.0 1 24 .5  13 .?  Z 24.1 25 .6  4 2 ] . 9  18 .0  5 8 .6  
-11 11.7 1 ] . 4  3 31.] 19 .2  11 5.3 Z.0  3 3.Z 3.1 5 37.7 41.0  6 ZZ.4 
-lO 15.1 11.6 4 7 . 4  4 . 8  12 10.0 8 .6  4 21 .9  20.3 6 ? . 4  7 . 4  7 7 .2  

:8, . . . . . . . .  ~ . . . . . . . . . . . . . . .  ~ . . . . . . . .  I . . . . . .  + 3.o 14 .4  "Z l . t  Z0 .0  10.0 4 . ]  4 .Z Z4 .8  ZS.4 tO.O 
-7 7 . 4  4.O 7 14 .9  12 .9  21~ 7 17.4 15.~ 9 4 . 0  4.1 
o6 34 .9  33.3 8 6.9 ? . 6  ~ 8 13 .5  11.7 11 [4 .6  14.4 72~ 
-5  18.1 17 .4  9 13.6 13.?  - 1 ]  9 . 4  9.4  9 2 .?  1 .9  
-4 11.6 I0.6 -IZ 5.6 4.6  I0 11.8 8.1 ZZL -ii 7.9 
- ]  4 . 0  6 . 0  70~. -11 6.1 6 .5  - -  -10 t 0 . 4  
o2 63 .6  67 .3  -10 20 .7  22 .0  71_~t -13 4 .5  3 .9  -8 4 .6  
-I 31.3 Z?.3 -Jl 11.5 13.1 -9 17.5 10.8 -12 3.3 3.6 -? 11.1 

0 I? .Z  19.1 -1o 4 . 4  4, O -8 8 .5  10.5 o l l  5 . ]  3 .0  - ] 1  11.7 10.6 -6 5.9  
1 71 .9  7Z.Z -8  9 .6  10.6 -? 3?.6 38.Z -10 2.6 3.1 -10 6 .9  9 .4  -5  10 .9  
Z 2 7 . 4  28 .?  -7 ? .3  4 .9  -6 36 .5  ] 7 . 6  -9  9.1 8 . ]  -8 ZZ,4 ZZ.3 -4  9 .3  
3 4 .6  5.2 7 .3  8.3  -5 ? .2  ? . 5  -8 10.7 8 .6  -?  9 ,3  8 . 9  -3 3 . 9  
4 45. J 4Z.7 -5 5.1 4 . 8  -4  38.1 36.3 -6 14.3 1] .1  -6 16.8 15.7 -2 8 .8  
5 4O.O 38.9  -4 23 .0  Z1.7  -3 50.3 44.6 -5 19 .9  17 .q  -5 34,6 37 .4  -1 13 .0  
6 15.4 16.9  -2 11 .4  10.1 -2 28 .7  31.4 - ]  24 .8  21 .4  -4 15 .9  17.0 0 3 .9  
? ] 8 . 1  ] 2 . 9  -1 9 . 4  10.6 -1 38.8 14.1 -2 [ 9 . 8  Z I . 4  -3 12.9 13.7 [ 4 . 0  
8 27 .7  14 .1  0 14 .4  15 .6  0 58.8 46.Z - I  7 . 5  8.1 -Z 41 .3  4 ] . 7  Z 16.3 
9 35.4 30 .4  1 0.O 8 .7  1 16.8 15.1 0 I ? .Z  18 .0  -1 61 .?  58 .0  3 13.8 

10 12.1 9 .5  Z )6.6 37.2  2 40 .5  41 .8  J 28 .7  31 ,9  0 37 ,4  33 .0  4 15 .9  
IZ 7 . 9  4. O 3 7 .2  ? .6  ] 16.1 t 4 . 8  Z 9 .7  9 .3  1 46 .9  44 .5  5 19.7 

4 J5.9 17.3 4 1.6 6.1 3 14.4 16.7 Z Z I . ]  Z6,0  6 5 .0  
30.~.~ 5 ZO.I 19.4 5 30.0 ]1.1 4 16.1 17.9 3 19.9 ZI,5 ? 6.? 

6 9 .3  8 .7  6 ZZ.6 12.1 5 ] . 5  Z .9  4 14 .0  27.1 8 17.0 
-11 13.0 tZ .Z  7 11.Z 11.8 7 13.3 15.0 6 14 .0  1 ] .Z  5 26.1 zq .4  
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red.* Several cycles reduced R to 0.122. The posi- 
tional parameters and standard deviations for each 
atom type are given in Table 2, the comparison of 
JFoJ and JF~ I in Table 5. The scattering curves used 
were as in Fridrichsons & Mathieson (1962a), the mean 
temperature factor being 3-0 before anisotropic vibra- 
tion was allowed for. 

Discuss ion  

The experimental conditions were chosen to provide 
data  of sufficient sin 0 range and adequately populated 
in this range (Matheson, 1961). However, the data  
were recorded only to # = 29 ° about b with a resultant 
reduction in definition in y parameters (Table 2). 
Consequently, the accuracy of individual bond lengths 
and angles depends upon the angle between the bond 
and the ac plane (see Table 3). 

The bond lengths, grouped according to type in 
Table 3, are normal. One feature is of in teres t - - the  
lactone groups--  

-C~-C~-O~-C~-. 

O~ 

In both cases, the bond fie is shorter than bond s 7 
by approximately 0.1 _~. As a concomitant of this 
transference of double-bond character to the bond 
fie, atom C, and bond sy are constrained to lie in 
the same plane as C~, C~, O~ and O~. The fit of a 
plane by least squares through the two lactone groups 
is given in Table 4. For group 1 the deviations are 
larger than  for group 2 in accord with their relation 

* I t  appears  tha t ,  a l though the  da ta  range was considered 
adequate  and  differences in case of certain a toms are large, 
no significant difference in pa ramete r  accuracy was detected.  
Because of the  restrictive na ture  of the  block-diagonal least- 
squares procedure available to us, it m a y  be wor th  while to 
explore the  effect of the  weighting scheme, w = s i n  0, with a 
full-matrix program. 

to the projection plane. In each case, bond ~fl is 
slightly smaller than  the normal value, being 1.52 A 
average. Although, in this compound, the bird-cage 
type of ring system would tend by its nature to produce 
a planar conformation, the results are consistent with 
and supplement the observations regarding this group 
in himbacine hydrobromide (Fridrichsons & Mathieson, 
1962a) and in iridomyrmecin and isoiridomyrmecin 
(Y[cConaell, Mathieson & Schoenborn, 1962). The two 
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Fig. 3. (a) Bond  lengths and (b) angles in the molecule 
calculated from the mean  coordinates.  
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Fig. 4. The s t ructures  of (a) the  dilactone and (b) jacobine b romhydr in  showing their  relationship by appropria te  indexing of 
those a toms common  to (a); (c) the  jaconecic acid componen t  of jacobine b romhydr in  indicat ing the  mode of linkage of the  
hydroxyl  and carboxyl groups. 
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BF. 

Br I I /  Br 

-%3 

Fig. 5. Arrangement of the molecules in the crystal 
with approach distances derived from the mean coordinates. 

factors of coplanarity and dissymmetry of nominally 
single C-O bonds may be considered as characteristic 
of lactone groups and have been proposed as a further 
restrictive condition in the construction of molecular 
models (Mathieson & Taylor, 1961). 

The configurational relationships between asymmet- 
ric carbon atoms (starred in Fig. 3) are shown in 
Fig. 4(a). Comparison with the corresponding atoms 
in the structure of the bromhydrin of the parent 
alkaloid jacobine, Fig. 4(b), shows complete accord 
and thus the two analyses provide mutual support 
of their individual conclusions. The relative configu- 
ration of the dilactone has been placed on an absolute 
basis by reference to jacobine bromhydrin. That the 
internal configurational relationships are intimately 
linked with the formation of the very compact mole- 
cule is shown in Fig. 4(c), the internal dilactone for- 
mation following from the particular spatial disposi- 
tions of the two hydroxyl and two carboxyi groups. 

The packing of the molecules is illustrated in Fig. 5. 
The atoms 01C100~ of the lactone group 1 (Table 4) 
are related by the screw axis operation to similar groups 
above and below, with approach distances in the range 

3"15-3'39 /i (see Table 3(b)). 02 is also related in the 
direction of - b  (see Table 2) to atoms C504 of the 
lactone group 2 by approach distances 3.29, 3-11 
respectively, while, in the direction of + b, it is related 
to C4 and C6 by distances 3.29 and 3-34/l  respectively. 
These distances appear to indicate that  the main 
bonding is in the direction of b. In the direction of a 
and c, bonding appears to be relatively weak, approach 
distances corresponding to van der Waals forces. 
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