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GENERAL INTRODUCTION

The discovery of X-ray was first reported.“ in 1895 and in 1913 its

diffraction by crystals was also discovered by a number of workers

2 and La,ue3 . The use of this property of X-ray to

including Bragg
determine the structure of some simple crystals was reportedz*' the

same year, This property has become a powerful tool in modern science
particularly in the. fields of Physics, Chemistry, Metallurgy and
iineralogy. It has provided an easy approach to the study of the morpho-
logy of crystals and has led to methods of finding the locations of the
atoms in the unit cell of the crystal of any compound.

The determination of the atomic positions leads to a detailed
knowledge of the geometry of the nolecule, the spatial distribution of
the atoms and information such as bond distances and angles and the
forces (intra-molecular and intermolecular) that may be inferred from
the spatial distribution of the atom.s in the orystal,

The X-ray crystallographic method was applied to mostly inorganic
structures at the early stages of its development., Recently the
application tc organic chemistry has become pronounced and it ha.s been
used to elucidate the structure of many complex organic substances such
5

and vitamin B1 26’7'

In this work an attempt is made to determine the structure of two

as haemoglobin

wood extractives: Cedrela Odorata Substance B and Turraeanthin.



CEDRELA ODORATA SUBSTANCE B

INTRODUCTION

Early in 1963, Bevan8 and others carried out a light petroleum
extraction of a number of samples of West African timbers, One of
thon wos o spocios of tho genus Codrela vhich is not acamally grown
in West Africa., The species Cedrela Odorata is cultivated. The timber
of the different specimens were examined and the light petroleum extract
of each gave colourless crystals from methanol, These crystals ha.d ranges
of nolting points varying with the specimen from which they were isolated.
Whatever the source, they were shown to be a mixture of two compounds
which are referred to subsequently as COA and CQB., The proportions of
the two components varied with the source of the crystals, hence the
yarying ranges of melting points.
The separation of the two compounds was based on the following
observations:
(1) That COB is very easily hydrolysed by alkali to form the
compound COB (I) now recognisedg as I or II in figure I.
COA is not affected and remains in crystalline form.COB (I)
zoes into solution,
(ii) COA reacts readily with hydroxylamine hydrochloride to give
a non-crystalline product, whilst COB does not react,

remaining in the crystalline form.,
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Fig. I. COB(I) - Alkaline hydrolysis product of COB.

COA crystallises from methanol as coclourless prismatic crystals
melting at 2620. The results of its chemical analysis were consistent
with the formula C26H3006' It was later identified as 7 ~ deacetoxy~-

7-oxogedunin (Fig. 2), a compound

Fig, 2

which had earlier been obtained in the same laboratory by A. Akisanya

in an attempt to establish the sitructure of gedunin10’11,



COB, crystallised from methanol, melted at 228° - 232o and had
{f{) SO of + hﬁo in chloroform, Analysis gave the formula 027H3207.

Bevanp and others also reported the extraction of COB from the timber
of "carapa procera”. The petroleum extract crystallised from methanol,
gave a substance of which different samples melted between 180° and 210°,
In spite of the difference in melting point the infra-red spectrum was
similar to that of COB. Rapid chromatography of a sample gave a pure
specimen withnp. 226° to 228°.

A mixture of this with COB as obtained from Cedrela Odorata gave
no depression of melting point, and the infra-red spectra of both samples
were identical,

From the identification of CO4 as 7-deacetoxy-7-oxogedunin (Fig. 2),
it was assumed as a working hypothesis that COB might be related %o
gedunin, Early stages of the investigations on the structure of COB
was carried out on this basis. J.¥%W. Powell and otheré”zpursued the
chemical degradation together with spectral studies, Chemical analysis
showed the presence of one methoxy group and a carbonyl group which was
later confirmcd by the infra-red spectrum, The assumed similarity in
structure to gedunin and related compounds - cedrelonétsand Limoniﬁu+

L

would suggest the presence of the following features:



(a) furan ring

(b) 1lactone ring

(¢) epoxide ring

(d) keto-group or groups

(e) four or five angular methyl groups and

(f) four skeleton rings fused thus

5

However, the rather complex nature of the reaction of COB on
treatment with alkali suggested some kind of departure.

The alkaline hydrolysis product, COB (I), later shown to have
structure I or II of figure 1 was found stable and isomeric with COB,
formula 027H3207. The infra-red spectra of both COB and COB (I), showed
the presence of a furan ring, From the nuclear magnctic resonance

15

spectrum~ it was possible to recognise a furan ring, an ester group of
the type - COClMe, and the presence of four angular methyl groups in COB.
Thus whilst a fundamental difference between gedunin and COB has been
indicated by the presencec of the ester group, it still secemed to possess

some similarity by the presence of four angular methyl groups, the keto

group and the furan ring.



It was then thought that X-ray analysis might provide a definite
clue to the structure of COB and to this end a procedure whereby a
heavy atom would I;e introduced into COB was outlined. The keuvo-group
would be reduced to the alcohol which in turn would be treated with

iodoacetyl chloride to obtain the iodoanetats.

\ REDUCTION TEH, 0005 |
B0 e -~ C = OH -—-——-)\ - cl: - 00CCH,T
¢
OB COB COB
ALCOHOL TODOACETATE

The reduction of the keto-group gave a sticky mass which was not
possible to crystallise and which thin layer chromatography proved to
be a mixture of about four substances. Since it is now known that COB
contains a% ~dicarbonyl systecm, it cen be inferred that the four
substances are the d\ or ¥4 reduction products of each of the two carbonyl
groups., There is of course in addition to this, the slight possibility
of having the two carbonyl groups reduced assuming that there is no
unreduced COB in the sticky mass. As the presence of the 6 ~dicarbonyl
system was then not knovm, it was not possible to draw these inferences,
There was tlierefore no attenpt to isolate one of the reduction products
in this mixture and continue the programme for the preparation of the

iodoacetate. A similar compound - Mexica.nolideg with the structure



recently formulated for it, is most probably a stereoisomer of COB.
Like COB, it is obtained from the timber of a species of Cedrelz -
Cedrela Mexicana, The same process of reduction, with sodium borohydride,
has been reported to yield one mejor product, implying the presence of
other products,

Connolly and his co-workers were virtually certain they were reducing
a compound containing a 6 ~dicarbonyl system and hence must have expected
a mixture of products which they proceeded to separate. Latest worlgson
the reduction of COB with the Xnowledge of the presence of ths @ ~dicar=-
bonyl systen suggests as many as nine reduction products in which the
lactone ring is affected in some instances,

The next line of approach was to methylate COB in the hope that
the new compound might yield a purer reduction product. Chemical
analysis of CQB (II) (tho mothylation product), showed the prescnoc of three
rnwthoxy-groups which reant that he prosess of nethylation odded o nore
nethoxy -~ groups to COB. COB (II), did indeed give one major
reduction product, the alcohol COB(III). The iodoacetate of COB (IIIL)
was then preparcd., The preparation of the iodcacetate from COB was first
carried out successfully by J.7. Powell,

The work here reported consists of a repetition of the preparation

of iodoacetate and its subsequent X-ray analysis to obtain the molecular



and crystal structuros., From the nolecular structure of the iodoacctate,
the molecular structure of COB is derived.,
To sum up, the following chenical information was available at the

beginning of the X-ray analysis:

(a) a probable furan ring

(b) iodoacetate

(¢) threc methoxy groups

(d) four methyl groups

(¢) an estor group of the forn - COOHe.



PREPARATION OF THE IODOACETATE OF CEDRELA ODORATA SUBSTANCE B

Methylation of COB

Mixed extract crystals of cedrela odorata (40 g.) were added to
nothanol (2 1it,) in a 5 lit. flange flask. The nixture was refluxed
until the crystals were all dissolved and to this was added 40 nl, conc.
sulphuric acid in about 330 ml, methanol, Some methanol was distilled
off in 40 minutes and 2 1lit, water was added. There was a white precipitate
which was extracted with chloroform in bits of 200, 100, 50 ond 25 nals,
The chloroforn extract was washced with some sodium carbonate solution and
then with water. The chloroform extract was evaporated until crystals
could form on cooling the remaining soluticn,

The crystals in othylacctate/benzene nixture were passed dowm a
chromatographic column of about 750 ml, alumina, 5 per cent deactivated
with 10 per cent acetic acid. The elute was collected in fractions the
first crop being the methylation product of COB. An elute of 2.4 1lit,
yielded 13,7 ga. m.p. 170°C. |

Both substances A and B, and of course, the nethylation product

were shown by the I.R. tc contain carbonyl groups on the rings,

Reduction of the Methylation Product

The methylation product (4.0 g.) in 40 nl, chlorofornm and 200 nl,
ethanol were nmixed up in 500 ml, conical flask, Sodiun borohydride

(0.8 g.) dissolved in 10 nl, cold water was added and the whole nixture
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was mechanically stirred for one hour. Iore sodiun borohydride (0.# g.)
in 5 0ol cold water was added and the mixburce stirred for another hour,
Water was added in portions until the solution was clear and it was
stirred further for 3 hours., 100 nl., water was added and the r»cduction
product was extracted with chloroforir in bits of 100, 35, 35 and 35 nmls.
The extract was washed with a 1little quantity of water and dried with
sone quantity of magnesium sulphate, It was then evaporated to a greenish
yellow oily product.

Benzene/petroleun ether (600-800) nixture was added until it all
dissolved., The solution looking cloudy was covered looscly and left
to crystallise by evaporation for over 24 h&u:s. This reduction process
was repeated a numbor of times, The recduction product consists of yellowish
crystals, yields vary from 1,6 to 2,8 gn. for each 4 gn. of the methylation
product. In each instance only a range of m.p. point (130 to 15700) could
be obtained but the I.R. gave an absorption band at about 3,700 om-1 for
the presence of the -0H group,

Chloroacetylating the Reduction Product

Chloroacetylchloride was propared by heating equinmolecular quantities
of chlorvacetic acid and thionyl chloride on a water bath until the
production of hydrogen chloride slackencd., The product was then distilled
through a fractionating colurnn and chloroacetyl chloride colleccted between
99° to 105°,

Using the method of Bartuf7and others, 8.6 gn. of the reduction

product in 250 nl. chloroform to which had becen added 55 nl. chloroacetyl
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X~RAY CRYSTALLOGRAPHIC ANALYSIS

Recrystallisation

The iodcacetate separated from the reaction mixture as olumps

of plates which proved difficult to separate. It was therefore necessary

to recrystallise the product. 4 few clups of about one milligram were
put in a nmicro-specimen tube which had a tight~fitting cover., o this
was added the same number of drops of benzene and petroleun cther

(60° - 80°), The nixture was warmed on a waterbath until the crystals
dissolved in the mininum quantity of benzenc/petrol mixture. IAn extra
drop of each solvent was added and the solution warmed for a further
ten seconds, The tube was immecdiately covered and thermally insulated
to prevent rapid cooling. It cooled slowly for several hours. When
the sclution attained the room tenperature, the cover was removed and

the solution was left standing overnight.






The symmetry of the reflections obtained from the two photographs
indicated that the crystal belongs to the orthorhombic system. This
was later confirmed by the symmetry of the Weissenberg equi-indination
photographs for the general reflections hkl,

From these photogrophs and the zero layer photograph gbout the a
axis, the following systematic absences were ovserved:

hoo with h odd
oko with k odd
ool with 1 odd

These absences implied the presence of two-fold screw axes
parallel to each of the crystal axes. Since there were no other
absences, the space group was determinecd unambiguocusly as P21 21 21.

This has flour equivalent gencerel positions and hence four asymmetric
units in the unit cell,

In determining the densities of crystals in this type of work,
it is the practice to use a mixture of two solvents or a solution in w’hioh the
crystals are insoluble. Sinco the crystals are insoluble in watcr, it
was considered saf'e to use a salt sclution and zine sulphate solution
was found donszs enougn to kegp the orystals floating., The density was
determined as 1.432 + 0.005 ga. per c.c. by flotation in this solution.

The calculated density based on the final structure is 1,422 gn per c.c.



e

Assuning that the asymmetric unit contained one molecule, an
assumption which is usually true for natural products, the molccular
weight was calculated to be 693% 7.

The coefficient of the linear absorption from the present accepted

formula of 030H3808 C1lI with molecular weight of 688.4 can be calculated

S p ()En .fug.
>n. W

where is the linear absorption coefficient
is the density of the iodoacetate
is the gram-atomic absorption coefficient for each aton,

is the number of atoms of atomic weight W in the molecule,

3;‘;5? ~y e

‘ ’J 1.432 (30 x 66,1 + 38 x 0,435 + 8 x 203 + 39900)
LN — 688.2{-

= 90.5 per om
for copper Kalpha radiation,
It was calculated from this value that absorption varied by as much as
28% over the rangc of 6 values 0° is 90°,
The gran-atomic absorption coefficicnts for carbon, oxygen chlorine
and iodine were from the tables of Henry, Lipson and WOOStGI:I 7 and that
of hydrogen was cguated to the mass absorption coefficient obtained from

the International Tables (1952). The linear absorption coefficient was



as Y

previously calculated based on the molecular weight as known at the time
to be 97 cm-1. It was clear then that there would be considerable errors
."“% structure factors owing to absorption., But as the object of the
analysis was to obtain the gross molecular structure rather than accurate
bond lengths and angles, and as an absorption correction programme was

not immediately availoble, anyway, no corrections for absorption were made.

Collection of Intensity Data,

The intensities were collected from Weissenberg photographs taken
about both a and b axes. The exposurc for each photograph was roughly
50 hours of Copper Kd-\ radiation., In order to reduce absorption errors
to a minimum, attempts were made to obtain smaller crystals of almost
cylindrical shape. To achieve this the crystals were re-grown as described
a number of times. A second crystal of dimensions 0,15 by 0.20 by 0.35 mm
was nounted about an axis which was found to be b, It is expedicnt to
take photographs of reciprocel layers about the shortest axis i.c. 2.
Because of its shape it was not reasocnable to expect much from renounting
this crystal. /fnd so while a scarch was going on for an approxinately
cubic shaped crystal which could be mcunted about any of the three axes,
multiple £iln equi-inclination Weissenberg photcgraphs of the layers
(hol), (h11l) ~nd h2l) were taken. Tho(hol) photograph was taken with

unfiltered copper radiation, Copper Ko radiction was used for the other
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Intensity Measuremcnt

Of the varying methods of neasuring intensities from single crystal
photographs, visual estimatiorf20 is the least accurate. It has, however
proved satisfactory at least for structural purposes and has been employed
in the determination of as complex a structure as the hexacarboxylic acid

of Vitamin B .7as well as for Vitamin B§’7 itself, It is the most commonly

12 12

used method., This is obviously duc to its simplicity and the fact that

it is often the only available method in many laboratories., For a very
accurate work, one would requirc the quantum counter, Diffractometers
which use radiation ccounters for measuring intensities, have been designed
for completely automatic operation.

Visual estimation consists of measuring the intensity of the photo-
graphically recorded reflection with the aid of a standard comperison
intensity strip, prepared by recording the same reflection from a given
crystal for different lengths of time, The exposure times reprcesent the
relative values of the intensities on the strip. This was the only
available method., To increase the range of mcasurable intensitics,
the nultiple filn tcchniquo21 was used, With only four films for cach
photograph, it was still not possible to cstimate the intensities of
0 2 0 and 0 2 3 which were among the strongest reflections.

The following five reflecticns, having the least Sin € values, were

cut off by the bean trap and were not recorded: (011,101,110, 111,
1.2 0)e



o

There were not as many reflections as was expected with Copper K (K
rediation; there arc 3673 reflcctions within the copper sphere., The recorded
(hol) reflecticns were only 178 in number out of which only four had sin ©
values above 0.8; the moaximum sin 6 value was 0,8507., Similarly there
were 147 (h1l) reflections, with only three reflections having sin 6
values above 0,8; the highest value was 0,83 (7 1 16), For the (h2l),
there were 129 reflections with a maximum sin @ value of 0.765 (4 2 17).

From the photographs about the a axis, there were: 217 (okl) reflections
with a maxinunm sin © value of 0,788; 199 (1kl) with a nmaximun sin @ value
of 0,73; 194 (2K1) with a maximun sin © value of 0.,788; 170 (3kl) with
sin @ of 0,72. An average of @out 140 meximun reflections, the actual
number for each layer decreasing with increasing value of h, were obtained
for the other layers. The maxinum sin 6 value was about 0.70.

In measuring the intensities, spot extension and contraction were
observed., The extended spots reflccted from only one quadrant of the
reeciprocal lattice were estimated. There were no systematic search for
the effcets of ancmalous scatterins but cne reflection (4 L 2) was
shscrved to show some Cwnepturc fron Fricdel's lewe Tws of its cquivalent

reflcctions had different intemsities, The tws were estiunic!' ~nd averaged.
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Correction of Intensities

Disregarding errors of absorption, extinection and Spot—extensionzz,
the neasured relative intensity is related to the structure amplitude
F(hkl) by 23 the equation, 1(“‘ J{\/ - \;L’? ’-\:’LU\\& QX
where k is a constant ' . ’

p the polarization correction is given by
p=(1 +005229)/2

and L the Lorentz correction by

Sin 6
. g .2 w5
Sin 20 (Sin” @ - Sin B @

L =

This is Tunnell'sm;inethod of expressing the Lorentz correction.®
is the Bragg angle and”the equi~inclination angle. When P =0, i.e. for
equatorial reflections, this reduces to L = (Sin 29)-1. These Cxpressions

give 5
(Lp)-1 _ 2 8in 26 (Sin

1
e - Sinzg)Z _______ - (1)
(1 + Cos? 20) - Sin @

g
2[(1 - sin%0)(sin - sin’p )2 —-nn (2)
1 - 2 sin°e (1-Sin20)

= -2--3—1—1-1——22-9— when '.l = zero
1 + Cos™ 20
Values of Sin © were calculated on a FACIT desk calculating machine for
2
1 + Cos™ 28

all the (hol) reflections and from the values of as a

Sin 2 ©



function of Sin 6, obtained fron the International Tables, Lp and
hence 'FZ’ values were derived for all these reflections,

For the general reflections (hkl), the Lorentz Polarization
corrections and hence lel were desk calculated using equation (1)
above for a few of the (1kl) reflections.

The results were compored with those computed on the IBM 1620.
Corrected intensitics {Foz} for all the nmeasured reflections were then

calculated on the computer,

Scaling and Temperature Factors

To put the corrected intensities on the same scale, the first approach
was to correlate the eight layers about the a axis by the use of common
reflections on one of the layers about the b axis. The second layer was

arbitrarily chosen.



TABLE 1
h k 1 I(2p) I(2a) Correlation Factor
I(Z?)/I(Za.)

2 2 1 Lo13 5.16 0.800

2 2 2 8.07 4439 1.838*

2 23 L.76 2.99 592

2 2 & 4.56 5.12 0.891

2 25 7«54 593 1.272

2 2 6 21.38 18,92 1.130

2 2 7 8.59 9.56 0,898

2 2 8 9.75 11.68 0.835

2 2 9 7.87 6.81 1.156

2 210 6433 7.26 0.872

2 211 3439 2,03 1.670

2 22 5.26 1,58 1.149

2\ 2713 2.92 2.39 1,222

* Not included in the average value in tables 1 to 3.

I(2b) are the intensities from (h2l) reflections.
I(2a) are the intensities from (2kl) reflections.

Average Correlation Factor = 1,02,



o

Table 1 shows the range of coriclation factors of cach reflection
obtained for the sosond layer about a axis. The lowest (0.800) for 2 2 1
was fairly acceptable but the highest ones for reflections 2 2 2, 2 2 3
and 2 2 11 were far from the others and were ruled out in calculating an
average value,

Table;2 and 3 show similar calculations for the third and fourth layers
respectively. The reflections 3 2 1 and 3 2 11 in Table 2 and 4 2 1,
L, 2 7, 4 2 8, 4L 2 9 and 4 2 10 in Table 3, were ruled out in
calculating the average valuc of the correlation factors.,

This was done for the eight layers and as the range of value for the
individual reflection correlation factors for each layer was so large as
to necessitate cancelling some of then, the results did not inspire
confidence., As a check the eight layers were correlated twice again

Just as above by comparing intensities of cormon

TABLE 2
Correlation Factor
h ¥ & I (2p) I (3a) T(Z5)/ =
5 2 1 11,55 14,69 0.786*
5 2 K 18.33 12,52 1464
5 2\5 5.59 3452 1.587
AR & 13.42 10.8 1.242
R 2 5 6.99 6436 1.099
3 2 7 4..56 L0l 1.138
5 2 8 5.95 5.12 1.161
53 2 9 10.19 9.83 1.036
3 210 3.65 2,52 1449
3 211 2,81 1.43 1.965%

I(3a) are the intensities from (3kl) reflections.
Average correlation factor = 1.235.
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TABLE 3
h k 1 !Lighl g;iﬁﬁ), Co§{g%i;ion Factor
T X(ha)
o2 1 Lo 81 3,67 1.311%
L 2 2 1:36 1431 1,038
L 2 3 17.54 16,71 1.049
L 2 L 12,58 15.62 0.805
L 2 5 6.73 8.45 0.796
L 2 7 T+36 15.26 0,482%
L 2 8 3.56 7.88 0.4,52%
L 2 9 1.78 2.60 0.68*
k210 4,07 6.77 0.601*
L2 5.56 6.29 0.88)

I(4a) are the intensities from (4k1) reflections.

Average correlation factor = 0,8403,

reflections on the zero and first layer photographs about the b axis
with those on photographs about the g axis.

Bearing in mind that the reciprocal layers (hol) to (h21) are
thenselves to "e correclated, the ratios obtained are shown in Table 4

for the eight layers,



o 98

TABLE L4

RATTO OF AVERAGE CORRELATION
FACTORS OBTAINED BY COMPARISON

hol h1l h21
okl 1.00 1.00 1.00
1kl 0.74 0.95 1.15
2kl 0.88 1.36 1.31
3k1 1.1k 1.63 1.62
Lx1 0.56 0.98 1.10
5k1 0.92 143 1.15
6k1 1.03 2.60 1.20
7K1 1.96 3.69 2.69

The figures obtained from hol reflections appear generally lower

and it may be better to average the figures from the h1l and h2l

TABLE 4A
SCALE FACTORS
obtained by two methods

Comparison Wilson Plot

i e

okl 1.00 1.000
1K1 1.15 1,151
2k1 1.31 1.508
3kl 1.62 1.861
4x1 1.10 1.222

5k1 1.15 1.539
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reflections, The depression in the hol figures is rathor difficult to
explain, but it may be pointed out that the photograph was talken with
unfiltered radiation. The variation for the 6kl ratios is the largest

and thus any factor, used for this set of reflections, based on this approach
is most unreliable. The 7k1 reflections undoubtedly nust have the highest
factor., These figures scemed so unreliable that it was decided to adopt
another procedure, This was the statistical method of ‘?Iilscn's25 .

Within a narrow range of Sin2 e

S-I.o = .fabse_ a b )//\2
where S is the scale factor, Io, Iapg, the measured and absolute intensities
respectively, >‘ , the wavelength of the rediation used and B the temperature
factor. The equation is used to derive the scale factor (correlation
factar) S and the temperature factor B. The absolute intensity is unknown

but estimated by using the assunption that within the narrow range of

sin%e (or & value)

k) = T2

a Do where £ the atomic scattering
curve of nth aton in the molecule, I(hkl) is the mean absolute intensity.
The theoretical form of the f curve is assumed. Neglecting hydrogen atoms,
the formula of the iodcacetate as presuned'at *he time was 031 0 10

{ To) . 2
A graph of log \:‘[-ahfs‘ against Sin™ @ was plotted for each zone of

I.

reflections, (see figs. 2 to 12 and tables 5 to 9), <IO\/‘ is the mean
Zn fn
L2

ovserved intensity for the narrow range of Sinze and Tabs =


















Sin2 8]

0.0100
0.0225
0.0400
0,0625
0,0900
0.1225
0.1600
0.2025
0.2500
0,3025
0.3600
0.4225
0.4900
0.5625

0.6400

18470
39.41

37.20
30,14
13.25
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TABLE 9 - 7kl

N(I) iiz:§2

100,96
90,76
80,37
70.76

62,01

5453
48,18
42,67
38.13
34423
30.90
28,09
25.63
23.51
21.71

R::[/Z_Fz Log, R

0.020 = 3.9313
0,02, = 3,7378
0,027 = 3.5987
0.035 = 3.3636
0.052 - 2,9548

* ot reliable (tables 5 to 9).



o

<S:u}\} is the meen value of sin © range. /I is the sum of measured
intensity in the range of sin 0, and N(I) is the number of reflections
sunmed for the range. :Z;?Q is the estimated absolute intensity for

the range. I is the mcan observed intensity.

Table 5 illustrates the sort of results obtainable for the reciprocal
layers about b axis. Table 6 gives the results for one of the two sets
of equatorial refloctions. Table 7 gives the best results and Tables8
and 9 give the results for layers 6 and 7 about the a axis. Figures 2
to 10 show the plots of the results from which the scale and temperature
factors were derived. Tron the tables, the number of reflections summed
at low values of sin2 © is usually low and as the relationship (3) is
a statistical one, depending on the average of large numbers of reflectior
the figures for these low angle reflections will be of low reliability.
The same applies at high angles of sin29. The results are reliable only
for those ranges of sin29 values in which the number of reflections is
large.

On plotting the points, the best linearity was shown for the (3k1)
reflections in fig. 8, Since the expected temperature factor was
isotropic, the gradient of this line was assumed as a rough approximate
value in drawing the remaining plots. This procedure was applicable to
all but the (6kl) and (7kl) reflcctions. There were only four points
cn the (5k1) graph that would lie on the straight line of the given
gradient; five other points, two with low values and three with high

values of sin29, were ignored.



The gradient of the plots for the (6kl) and (7kl) reflections would
not give a meaningful temperature factor. Just before the photographs
of these layers werc taken, a steady change in colour of the crystal
had been observed. This could lead to changes in the intensity of
reflections, Measurable changes, sometines duc to decomposition of the
crystal, in relative intensitics after an exposurc to radiation for a length
of tinme, are known to occur. Such changes after a ten hour exposure have
been reported by Cullis > and others, Horeover, the number of reflections
can hardly stand the test of a statistical law., The calculations could
give a better results by including o mean intensity of half the threshold
valuc for those reflections whose intensities were too weak to be estimated.
The reflections (6kl) and (7k1) woere finally ignored.

Table 10 (2.26) gives the scale and tenperature Pactors derived from the
plots -~ fig, 2 %o 10. The numbers in brackets are in the same ratio,
relative to S(okl) as 1.00, The scale factor ratios are not far off
those obtained from the comparison of common reflections on intersecting
layers particularly those based on the h2{ layer., (See Table 4A). This

statement is not applicable to the {6kl) and (7k1) reflections,

Observed Structure Amptitude

Tho corrected intensitics were put on a common scale by multiplying
cach zone of reflections by its scale factor-s, The reflections; common
to reciprocal planes about both a and b axes, were given average values

of the two structure amplitudes. These operations reduced the total number

of independent reflections to 1303, of which 991 were neasurable and the

renaining 312, too weak to be measured.
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STRUCTURE ANALYSIS

Location of Iodine Atom

Wit%?gésumption that cach molecule constitutes an asymmetric unit
and therefore accupies a general position, there should be four iodine
atoms in cach unit cell, This is a reclatively small number of heavy
aton527 and hence it should be possible to locate  them. They occupy
a set of four equivalont general positions (fig. 11) with co-ordinates

(1) = ¥ %

(i) 2=, ¥, 3 + 2

(1) Z2+x,3-y, 7
(iv) E: :.IZ"" ¥y T = %o
Equivalent positions Syrmetry Elenents
, i )
= 14
i 0+ §0+ = i 74
| ! ;
> = ? o
{
1 5
F 0T i A i
5 o N 0+ id = __7.1.

Origin halfway between three pairs of non-intersecting screw axes. (The
symbols arc on the sane convention as in International Tables 1952. v01.1).
Vectors between pairs of these positions will be represcnted essentially

by the following points in the Patterscn map:



A. Real Space B. Vector Spaoce

Fig 13

Origin at the contre of drawing still halfway between three pairs of non-

intersecting screw axes

These poin‘l:sy others related to thenm by symnetry ,are shown in the vector
space diagram of fig. 13B.

Two forms of the Patterson function were used in order o locate
the iodine aton,

Two dimensicnal Patterson

Foup
The two dimensional Patterson f‘un ction, P(uv), for any spacge/\is given by

"

P(uv) = R(hko)? exp 2} (hu + kv)

‘.5 s'\"l
4wy 3
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For the space group P2;2,2, in which

‘AF(hko)‘ ¢ & F(hko) 2

= F(hio)?
this reduces to o5 A
S5 1o 3K 4f
P(uv) = b s 2= \F(hko)\2 Coshu Coskv
A h k A A
0 0
In practice, this becones
; T \
P(uv) =£ zfi“ _sl_i_ ;F(hl«:o)\2 Coshu CoAky
k \
o) [9)

where H and K are the highest values of h and k.

A Patterson projection on the (100) plane

P(vw) =% sl—c“ é‘_ “‘F(okl)i\ 2 Co;{c\v Coﬂw
I ‘

was ccmputed at intervals of 1/50 of the unit cell side in v and w. The
coef'ficients ;Fo{z were unsharpened and the highest values of k and 1 were
both 16, fF(OOO)i A was omitted, The results are shown in fig. 12A

The contours are drawn at arbitrary intervals. Comparing this
nap with the vector space projection shovm in figure 13, it is possible
to locate peaks equivalent to peaks B and C along the lines w = & and
v = % respectively in projection, but the peak equivalent to L at the
position marked A, is blurred, The co-ordinates y and z are, however,
obtainable from the two easily recognised peaks, For the a axis projection,

the peaks are



Figure 12A




(12' - 2¥, 253)

(2y, %3)
% % = 22)
Thus 2y'= 7. 8/50
y = 0,078
1 - 2z =28,8/100
z = 0,106

To test the reliability of these parameters, they were used to
calculate the structure amplitudes of a few of the (okl) reflections.

The general expression for the structure factor is given by

I .
F(hkl) = EI- fn exp ; 27\'\(hxn + lqrn + lzn)j

v

where F(hkl) is the structure factor of the rcflection (hkl),

N is the numberAatons in the unit cell, fn the atonmic scattering

curve of the nth atom and X 9 Vs 3,5 ore the position parameters of the

nth aton.

In two dimensions, this becomes

- ui e :

F(okl) = D) fn  oxp \ 27\ (kyn + 1zn)/f
But Pokl) = 4 + iB

F(u:‘:'l-} = A - 1B
and P(okl) = F(okl), by Friedel's law.
Hence B = zerc ond

F(okl) = A
N
= 5 fn- Cos27\ (kyn + 1z )

n

i

=



e

where N = L4 for the iodine atoms only,

The general equivalent positions for the plane group Pgg arc:

(1) vy, z;

(i1) y, z;
(ii1) T+, % - 2;
(iv) -y, —b+a;

and F(okl) sinplifies to

F(okl) = 4f Cos2ix (ky + .k_;:_&) cos2 & (1z - = L‘: x)
I k+1 = 2n (even)

F(okl) = 4f Cos 271 ky Cos 2 7\ 1z,
If k+1 = 2n+ 1 (o0dd),

F(okl) = = 4f sin 2 ky sin 27\ 1z,

Table 11 shows the structure amplitudes calculated on & FACIT desk
calculating machine using the tabulated sine and cosine values from the
international tables., The iodine f- curve was the same as before (page 25).
An isotropic temperature factor of exp (- 2B sinze / }\ 2), where D = l|..1+0A2,

was applied,
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TABLE 11

0K 1 F(CALC). 7(0BS).
0 1 11 + 0,88 1,63
0 6 6 - L4.,734 4,202
0 6 8 - 5.618 2.980
0 6 10 + 5,208 6.304
09 9 - 5.301 5.913
09 M - 1,093 1.857
012 & - 4.430 4,22
012 8 + 2,840 1.992
014 6 + 1,283 2,352
o1 8 + 5.92 7.736
0 1 10 - L.249 3,884
01 12 - 5.316 4,627
010 7 - 5.307 3.811
010 13 + 14329 2,269
014 3 ~ 2,288 2.005

The ®(CLLC.) was scaled so that the sum of the calculated F's was
the sarie as that of the observed values. There is a fairly high degree

of agreement., This indicates that the parameters are quite reasonable.



-

4L Patterson projection (fig. 14) along the b-axis was also calculated
and the calculations following the same arguments as outlined above gave

the results

+-2x = 0,26
x &= 042
25 = 0,22
z = 0,11

In spite of the good agreement showmn between the cbserved and
calculated structure factors as above, it was considered desirable to
check the co-ordinates from a three dimensional Patterscn., The
co-ordinates from this would be more reliable in consequence of the less
overlap of vectors.

Three dimensional Patterson

The three dimensional Patterson function E(uvw), for any space

group is given by

{
P(uvw) = % 2}1 Zx—z ’1' {Fz(hkl); exp 27\ (hutkv+lw).
—_—
By Friedel's law, this simplifies to

o T
P(uvw) = JL— ?2“%;[F (hkl)\Cos 2 A (hu+kv+lw)

which is real for all values of u,v, and w,
TFor the space group P2, 24 24

!
[#ma)|? = (m(ia)| ®

|F(nT2) \2

[F(aD) ‘2






and the equation simplifies to

R R N K 2R 2K
P(uww) = S gkf'ﬁ”{F(hklﬂ 2 Cg;hu Coskv Coslw,
Y8 o B A A A

A general reflection, hkl has a multiplicity of eight; any reflection
with a zero index, e.g. okl, a nultiplicity of four and those with two
zero indices, a nultiplicity of two. If all the indices arc zero, the
multiplicity is reduced to ONE. But ’F(OOOX - cannot be measurcd and must
be calculated and added to the oxperimental data,

The three dimensional Patterson swamations were computed using the
991 measurable reflections at intervals of 1/goth along u, v, and w, to
a naximun of % in each direction. The intensities were on an arbitrary
scale and IF(OOO)\2 was not included., The figures for the Hark:er28

scctions of planes

u = '12"'

4
v = % and
W= 12

were plotted on tracing paper to obtain the meps shown in figures 15, 16,
and 17. The Iodine-Iodine vectors were guite easily distinguished and
in agreement with vector space diagran figure 13, The positions of the
peaks in cach axial direction were determined by graphical interpolation
of the Ilarker peaks onl csswiing that the highost peak an coch

section represents an iodine-iodine vector, the co-ordinates were derived

as follows:












i J) s

For the plane u = 3%, the co-ordinates (v,w) of the peak were
40.8/120, 258/1200;

Hence (i) & - 2y = 40.8/120

y = 0.080
(i1) 2z = 258/1200
zZ = 00108

(Ve

For the plane w
(1) v =189/1200

e 2y
y = 00079

189/1200

(ii) u = 3035/12000
£-2x = 303%5/12000

il
(e

For the plane v
(1) u = 3015/12000

2x = 3015/12000

e X = 0.126
(i) w = 344/1200
S 322 = 34,/1200

z = 0,107.

The following average values were obtained
0,125 (0.,12)

0.079 (0,078)
0.107 (0,106).

X

Y

Z
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These compare vory favourably with the values obtained in the two
dimensional Patterson syntheses shown in parcenthesis and werc enployed
as the iodine parameters in the ncxt calculation,

First Phasing Calculation

The heavy aton methcd27 is nost succossf‘ulz?vhen Zfl?l =Zf§ ___.___(a)

where fH and fL are the atonic scattering factors for the heavy atom and

any other atoms respectively in the unit cell; the summation is over the
total content of the unit cell,

In order to better estimate the degree of success that attended
the first phasing calculation, it is reascnable to assume the accepted

fornula (see page 112) C C1I instead of C,,H 0, T which ves thought

30'38°8 3
to be the formula (x was unknown).

10

At Sin @ = zero

= = 11236
2
= 7676.

The excessive contribution of the iodine atom beyond what equation (a)

requires, would make the diffraction effects arising from the "finite series"
errors fairly scrious., This necessarily nckes difficult the location of
atons close to iuvdine. Lt low angles, the phasing is just dominated by

the contributions from the heavy atons. But at higher angles of diffraction,
the phasing is entirely dominated by thesc contributions because the
scattering factor for the heavy atom decreascs much more slowly than the

f-curves for the light elements present. Hence a good degrce of agrecment
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for the structure factors of reflections at high glancing angles nay be
expected with phasing based on iodine atoms only.

The structure factor is given by

J\‘\" 3 P
7 s I !
F(hxl) = = £, exp'\/ 27 (hxn +ky o+ lzn)}
= A + 1B
/ . ‘
where A = & ¢ cosq 2R (hx Py + 1z )L,
n';l n n n n J
B = ng_i fn Sln,'LZI\(h_xn + lqrn + lzn?ﬁ
the summation being taken over all N atoms in the unit cell
; B( hkl
ta.ni\ (hkl) = %35

The substitution of the co-ordinates of the equivalent general
positions gives

Wb go(ma) £ exp (-2B sin” o/ \°)
n=1

%* B'(hkl) f exp (-2B Sin? e/,\z)
n=1 5
h"l()

wheyxe AYhkl) =4 Cus zﬁ(hxn_ e

A(hk1)

B(hkl)

Co.s zﬂ(ky-n o }%]:- . Cos ZK(hn - }-)-El}-)

BY(HKL) = 4 Sin 27 (e, - 5X) 8in 2y - B3 sin 2R - T2

He sdowms

the sumation being over =55 N/l;.Ain the asymmetric unit only,.
Further simplification occurs when the reflection are d:.vztded into

classes, Here, the expressions used for A' and B! become:






In addition to the results shovm in Table 12, the structure factor
programe types out the co-ordinates of the given atom or atoms, the total
number of reflections, R or Reliability factor, the sun of F(OBS) and
\F(CALC)\and the sum of DELTL.
| DELTA is the absolute value of the differcnce between

lF(OBS)\ and lF(CALC) and R-factor is given by
- ;&131033)1 - (F(cm,cjl

S | F(GBS),
A(0BS) = F(0BS) CosiX
B(0BS) = F(0BS) Sin(X

SCALE FACTOR = 1,360,
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TABLE 12
H K L FOBS LCALC  BCALC FCALC DELTA AOBS  BOBS
0 i MM 2.5 0 241 241 0uls 0.0 2.5
0 6 6 5.7 7.5 0.0 7.5 2.2 5.7 0.0
0 6 8 4.0 -6.5 0.0 6.5 2.5 4.0 0.0
0 6 10 8.7 =8.0 0.0. 8.0 0.7 =87 0.0
0 9 9 8.0 0.0 =740 7.0 1.0 0.0 =8,0
0 9 11 2.5 0.0 -2,6 2,6 ~0.1 0.0 =2.5
0 12 L 5.7 =5.8 0.0 5.8 -0,1  =5.7 0.0
o 12 8 2.7 3.3 0.0 3.3 ~0.6 2,7 0.0
0 14 6 3.2 =2.2 0.0 2,2 1.0 =3.,2 0.0
0 1 8 10,6 0.0 -9.3 9.3 1.3 0.0 =10.6
0 1 10 5.6 0.0 b3 L3 1.4 0.0 5.6
0 1 12 7.3 0.0 7.8 7.8 -0.5 0.0 7.3
0o 10 7 5.2 =743 0.0 7.3 2.4  =5.2 0.0
0 10 4B~ 3.4 2.7 0.0 2.7 Ouly 3.1 0.0
0 14 3 2,7 =3.0 0.0 3.0 -0.3  =2.7 0.0

The rosults of table 12, showing a considerable degrce of agreement
indicated fairly good position paraneters for iodine., The reflections
given in this table are the same as those used in testing the parameters
obtained from the two dimensional syntheses, The reliability factor of
0.373 was considered satisfactory. /As expected, the low angle reflections

showed the highest disagrecnent.
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First Three Dinmensional Fourier Summation

The electron density at any point (x, y, z) is given by
1 N ,
- = =0z
\Q (x y 2) — h._?éc, = F(hk1) exp}\ 2k, (hx + ky + lz)}
152 =
. §2_> P (i1} C;s{ZT\'(hx + ky + 1z) -/\(hkl)}
€
LI B A ) (F.1)

For space group P24 29 24

P(hxl) P(hkI)

F(hk1)

1}

F(nk1)

F(hkl)

And the phase angles are related thus for the following classes of

reflections
(1) forh +k =2n
k+1l =2n
A (n1) = =) (FKI)
= —,\x(ﬁkl)
= =) (ni1)
= =\ (hkI)
(2) forh + k¥ =2n

k+1l =2n +1

O\ (hid) = =~} (hkI)

= ) (Bi1)
7 (HEL)
=7 (D)



Y

(3) forh+k = 2n+1
k+1 = 2n
W (nx1) = - (hid)
= 73 - (hk1)
= -\ (hi1)
==% =A (hkl)
(4) forh +k = 2n +1
k+1 = 2n +1
A(nk1) = -(((hid)
= R - j(Fe)
= N -N(hid)
= < (hxI),

For this space group equation (F.1) becomes
e(xyz) = gECCSSS ~ (CSS8S5CC
- SCSCSC -~ SSCCCS:}.
vaes (:2)
where CCCSSS
el
=&2‘F(hkl)]Eos 27\hx Cos 2Aky Cos 2R1z Cos(y (hkl)
~ Sin 2Rhx SinKky Sin 27Rls Sixqj\(mgf
for reflections with h + k = 2n, k + 1 = 2n,
CSSSCC
=E;’§-Z\‘F(h1d)\ E:os 27\hx Sin 2xky Sin 27Xz Cog) (hkl)
- Sin 2<hx Cos 2xky Cos 2R 1z Sin;)k(hklﬂ
for reflections with h + k=2n, k+ 1 =2n + 1,
SCSCSC
=X S FR(nx))| [Csin 27ihx Cos 2 fiky Sin 2 Kiz CospA(hil)
~ Cos 27xhx Sin 2Aky Cos 2K 1z Sin.j\(hklﬂ
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for reflections with h + k =2n +1, k + 1 = 2n,

=:;§_‘5 \F(hkl)\ Ein 27hx Sin 2J(ky Cos 2/X1z Cos'A(hkl)
- Cos 2K hx Cos 27”ky Sin 27X 1z Si_nyk(ma)]

The approximate elcotron density disbritutione (xyz) of equation
(F.2) was computed at intervals of 1/60 allowing for the lower nulti-
plicities of reflections with zero indices and leaving cut the F(000)
terni, The results were on an arbitrary scale but were satisfactory for
the purposes of locating atonic centres., They were plotted on tracing
paper in shects of constant (z) on a scale of 4 cm to 1X a2t intervals
of 1/60 fron zero to z = %.

There were a number of peaks one of which was the highest, around
the iodine atom. This high peak starred in fig. 18 was 2.1 A° from
iocdine and it was considered the carbon bonded to the iodine. The second
highest peak starred in fig., 19 was also far above the others but rather
isolated and difficult to imagine linked to any ncarby aton,

Fig. 20 illustrates the random distribution of clectron density
with two starrcd peints representing peaks on this plane whilst the
positions marked with a cross arc shadows of atomic peaks slightly
distant frun this plane,

In 211, the co-ordinates of 34 peaks shown in fig, 21 were determined.
Out of these, the hichest 15 woro treated as sarbin stads ciil included in

the next structure factor ocalculation, The £inal vesults show thet






Figure 19
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o
Inserted under 0,1A from correct position.

‘Inserted 0.1 to 0,48 from correct position.

More than 0,48 away or spurious peaks inserted.

Other peaks (other peaks from not inserted)

(Figures 21 - 23,









as coefficients combined with the appropriato phase angles. The unobserved

reflections nay be included in the calculations and their co~efficients

may be treated in one of the following ways:

(1) They may be completely ignored. In this instance, only the
differences for the 991 measurable reflections are used., The
remaining three involves including approximate values - usually
half the threshold, for these reflections. They can be given a
scale factor in three ways.

(2) The structure factors of these unobserved reflections are given
the same scale factor as for the 991 measurable reflecticns and
their difference coefficients arc included in the calculations.

(3) The structure factors are given 2 scale factor based on equalizing
the suns of their own F(OBS) and F(CALC), and adding their differcnce
coefficients to those 991 above.

(4) These structure factors are scaled together with the 991 obsecrved
structure factors so that 2 Fo =<§E?c.

The first "differcnce synthesis" was calculated with ncthod (1)
using the results of the second phasing involving iodine and 15 supposed
carbon atons,

The "diff'ercnce synthesis" was originally put forward as a neans
of attaining further refincment where the structure was partially known,
A variation of this, named the "error synthesis" was uscd by Bunn to look

for atons wrongly placed and where they should rightly be placed, in the
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structure determinaticn of scdiun benzyl penic:i.l]_'i.n31 . Later, Cochran
giving it the name "Differencce Synthesis" showed that it could be used

t
also to find the oorrectionA Xy, for the x=coordinate of the n i aton

x, =~ (22) / %;—gﬁ)n correeenns (1)

'bxn

where}D is the slope of the clectron density at the point x ia the

x
difference synthesis.

329
Assuming‘52 that Q c = OO; ('Q‘"Z““E‘)

20
can be veplaced by (b-—-}-o-) .
\x2 n

\

which can be detcrmined from the F(OBS) synthesis. Using the approximations

of Cost:.u'.n33 and Boo'?h:/' that
3/2
P 2
‘)/) =2 (;,-\-) . exp (- pr)

is the electron density near the centre of an atom where Z is the atonmic
number of the aton, r the distance to the centre of the atcm and p is
a constent, eqn (i) above simplifies to
QD e%
= 2P seessccee
Axn (bx)n g ({\7 o)n (1)
3324304435

constant for some light atons and is usually

3/

given the veluc of about 5.0 in practice”~, It can however, be obtained

P hes been reporte

from a graph of log!:2 against r2 and it depends on the temperature factcr
of the atom concemec{, its value is also affected by the point at which
the Fourier scries for 00 is terninated.

In this analysis, fhe difference syntheses are used to find

(i) changes in atomic and tenmperature parameters for correctly placed atoms
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(ii) wrongly placed atoms indicated by relatively high negative poaks

at supposed atomic positions and
(iii) atomic positions not yot known, indicated by highly positive peaks.

Two of the atons inserted nmarked (41) and (42) in fig. 21 had
strongly negative peaks of 4.3 q/ﬁ? and 4,32 q/ﬂB respectively and were
eliminated as spurious. The rather isolated peak - in €)1 (fig. 19),
starred in table 13, which had the highest density, beside iodine, of
8.5 3/2} in the second ¥o Fourier swimation, had a positive density of
243 Q/ﬁ; in this difference synthesis. Its temperature factor wes
decreased to 4.0 22, The iodine peak had - 5.8 e/ﬁ5 suggesting a higher
tenperature factor than thoet given., Its temperature factor was increased
fronm 4.0 to 4.2 ﬁ?. The rcnaining 14 atoms were shifted according to
their density gradients along each axial direction, using % obtained
in the st Fourier in equetion (ii) above. For example, iodine had
[\ x = 0,000y, (\Y = 0,0002, £>z = 0,0 Their temperaturc faclors
were also adjusted in such a way as to make the peak densitics in the
difference synthesis approach zero, Trueblooﬁj reconmends the intrc-
duction of difference synthesis intc structure determination as early
as possible, This ié nainly to guide against using positions of
diffraction ripples and local density naxima in the phasing and Fourier
calculations, Lipson and Cochran36 hold the view that while the difference
synthesis is not free fron errors inherent in the Fo synthesis, it gives
a greater accuracy in the sense that the point of maxinum electron

density is precisely located without recourse to interpolation.
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On the assumption of a greater accuracy from difference synthesis,
paraneters of peaks corresponding to those previously sorted out fron
the two Fo syntheses werc determined. There werc 17 such pcaks, the
highest being 2.3 o/ and the lowest 1.1 o/2°. If all th63c were atoms,
then all other peaks above 1.1 Q/X? could also be atons, There were 17
now peaks Wwith densibies higher than 1.1 o/20, the AMhert being 2.0 o/27,
The eleven highest of these were selected., The total nunmber of atons
at this stage was 42, The lowest of the latest peaks was 1,27 Q/Kj.
The main usc of the second o Fourier surmation was reduced to finding
the Q 5 valuc to be used in calculating Axn etc. as above.

In preference to the atomic co-ordinates obtaincd from this second
Fo 'Fourier'!, those obtained from the 'Difference! were used in the
next phase calculation., Final paraneters show (fig. 22) that five of
these atoms were well placed, being less than 0.1 R from their correct
positions; cleven others were 0,1 to Q.4 2 fron their correct positions
whilst 18 were 0.4 to 1.0 £ off the mark. Othors were spurious peaks,

Third Phasing and First Hodel

Another set of structurc factors was calculated with iodine and
41 other atons which were assuacd to be carbon, All the newly inscrted
atons were given a tenperature factor of 4,5 Xz. Tor some reason, the
structure factor programme would not work for reflecticn, (4. 3 12)
and so the calculations werc donec for only 990 of the measurable reflections.
The scale factor was 1,620 and the Reliability factor becane 0.257. The

reflections having differcnces between IFOBS and FCALC of 3,0 and above
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reduced to 87 out of which 25 werc above 5.0. The highest diffoeronce
of 14,5 was for (0, 6, 0).

The Reliability factor of 0.257 was low enough to try the construction
of a model to see what features of the structure could he got out of
the present position paremeters for the 42 atoms. The first model was
nade up of small wooden balls hanging on threads suspended from a cork
mat. The x and y axes were in the plane of the mat and thc z axis was
perpendicular to this plane., Thus the x and y co-ordinates of an aton
were fixed by the point of attachment of the thread to the mat and the
z co-ordinate wes determined by the length of the thread, The scale
of the model was 4 cn to 12.

The most noticeable and disappointing feature in this ncdel was
the presence of three "atoms" around the iodine atom all within a
distance of about 2.0 to 2.5 2. From all considerations, this is an
impossible situation and some of the supposced atoms must be due to
diffraction ripples around the iodine, One of them "atom 43", table 13,
had a peak height of only 1.28 e/?;3 in the differcnce map and it seemed
most probable thet it was due to the diffraction ripples around the
iodine. It was climinated, A sccond, "atom L4" had a peak height of
2.03 ¢ 23, and was about 2,01 R,f‘rom the iodine., This is only slightly
less than the ncrmal carbon iodine bond dist'anco}?, (2.,08). But consi-
dering that the carbon atom bonded to the iodine must also be bonded to

c(27), the 0(27) - C(4%4) - I bond angle would be acute. The third ator, 28,
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had been sited in the first and second Fo Fourier summations, There
was no definite indication in the difference mep that it had becn wrongly
placed. The corresponding €(27) - ¢(28) - I angle was much nore acceptables
A movement of this atom in the direction of the other peak ("atoma" 4y) would
nake for a still better bond angle, On these grounds, it was considered
reasonable to eliminatc "atom" 4L and move atom 28 in the direction of
"atom"4), The bond distence between icdine and "aton" 28 was abuout 2,1 pi
and this was kept constant whon the bond angle changed. Having got an
iocdine-carben link, the stercochenical implications of the neighbouring
atons were carefully considered, J[ssuning an approximate bond length
of between 1,3 to 1.5 K for all other bonds, a tetrahcaral angle cf 1090
or trigonal angle of 120° around carbcen atons, it was possible to make
out an iodoacetyl radical. This meant the conversion of two of the
supposed carbon atoms (32 and 33) to oxygen.

The peak height of atom 39 was persistently above the others,
excepting iodine, suggesting that it was very probably oxygen. It was
rather isolated and did not makec sense stereochemically. It was therefore
left on as carbon for the +time being.

The lowest density of 1.27 e/ﬁ3 ("aton" 45) was within a distance
of 1& fron two other atoms (’“'a.nd 46). The three atoms were considered
for an epuxide ring which was suggested from the assumed similarity to
gedunin, (Page 2 ). They werc rather isolated and to some degree it

seened plausible to connect the ring with the rest of the molccule
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through a peak of 1,2 e/f{3 at about 2,0 2 from "aton® 45. But a decrease
of the distance between this peak and "atom" 45 inplied a decrease of the
distance betwecen "aton" 45 and atonms ﬂand 46, Since the peak height
of "atom" 45 was the lowest, it was suspected to be spurious and eliminated.
Inother peak, 47, of height 1.9 ¢/, 0.9 R from aton 23, was
eliminated on the grounds that it was part of the gradient thrcough atom 23,
which indicated the direction in which this aton was to be nuved.
It was difficult to make atomic shif'ts in space with this met and
string' nodel and another nodel was constructed with the remaining 38
atoms., This was made by thc method of (Carlisle and Crovrfact"’a. It
consists of metal spokes stuck into the cork mat at the appropriate
yz positions with short lengths of sleeving at the height of the x-
coordinate, The scale was reduced to 2 cm to I R ana it represented
the section of the unit cell from x=0 to 1, y=0 to ':'é' and z=0 to . This
gave snall sections of the nmolecule from which it was possible to recognise
the iodoacetyl radical, (fig. 22) a six-menbered ring, 4 connected atons
which presumably constituted part of the molecule containing the enolic - OMe.

39

An enolic - OMe had been suggested”™ for one of the thrce methoxy groups.
Atom 39, the presence of which was never in doubt, was still isolated,
The model gave bund distences between atoms 4 - 20, 20 - 34, 36 - &8,

48 ~ 39, 39 - 49, 36 ~ 50, of the order of 2.0 £, Apart from this,
the distribution of atoms around atoms 34, 7, 1 and 20 did not reflect

the tetrahedral nature of carbon. It was therefore strongly felt that
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nany of these atoms should be removed and only those that have shown

fairly sensible linkages with other atoms should be left., Implementing

this decision would affeect atom 39, This atom had shown fairly spherical
electron density and had given a positive electron density cven in the
difference synthesis., The model was adjusted to make it possible to

try all equivalent positions for ecach atom. Atom 39 and a fow others which
had been selected from the iodine phased Fourier, could not be satisfactorily
placed. It was therefore decided to plot another difference nmap Lasol on the
phasing with all the roocining 38 atoms,

Fourth Phasing and Second Differcnce Synthesis

As a result of defficiencies that are inevitably present in any
Pourier synthesis, it is scmetimes difficult to deocide which atoms are
least well represented. It is therefore not easy to decide what changes
to make as regards real and spurious peaks, To overcome this difficulty,
Bunn suggested the difference synthesis which makes particular use of
of the reflections that are of negligible obscrved intensities and fairly
high calculated structure apkitudos (Error Synthesis 34). Bunn also
showed by calculation that for a centro-symmetric structure, it is
advisable to omit those reflections with strong observed structure
anmplitudes and weak calculated structure amplitudes. This apwnlies

even for non-centrosymcetric structures because of the uncertainty

in the phase angle.
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To caloulate tho a3PPerence synthesis by method (1) (page 51) above
without including the 312 unobscrved reflecticns, inplies negleoting
pany of the finer features of the structure which this synthesis is
designed to bring out, While the result would not be entirely wrong,
it is not quite correct, as assuned, that atomic centres brought out
in such a synthesis would be nore accurate than those obtained from
a similar Fo synthesis. Besides at this stage of the phasing when.nany
phase angles were likely to be incorrect, more accurate atonic centres
from the difference synthesis is not probable, The synthesis at this
stage and with measurable reflecticns only, has been quite useful in
detecting spurious peaks as advocated by Trueblood7. The final
positicn parameters show that most atomic centres obtained from this
synthesis are 0,4 to 1,0 ﬁ from the correct positions. Subsegucnt

ifference syntheses included ccentributions from the unobscrved reflections,

The structure factors werc calculated for the fourth time with the
paremeters for iodine, two oxygen atcms and 35 other atoms all assumed
to be carbon, Two of the atoms inserted in the first difforcnce’ surmation
had been elininated and the renaining fourteen had different températuro
factors derived from the first &ifference, All other atons had a temporature
paraneter of 4.5 ﬁz. It was possible to calculate for reflection (4 3 12)
this time and so there were 991 measurablc reflections. The scale factor
was 1.600 and the reliability index reduced very little to 0.251. Like

the last structure factor calculation, there were 87 differences of F(OBS)
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and F(CALC) from 3.0 and above. Out of this, 24 werc above 5.0. The
highest difference of 10.8 was for (0 6 0).

The phase angles and structure factors were then separately calculated
for the 312 unobserved reflecctions, They were nistakenly assumed toc
have zero observed structure aplitudes and tcgether with the 991 measu-
rable reflections, they were used in calculating a differcnce synthesis.
The results show greater negative densitics than before. The iodine
had a height cof -7.38 e/ﬁ.3 and there were twelve other atoms vwith negative
densities of 1.0 e/f’x3 and above. They were all eliminated in the next
calculations, but four of then came out again later as atons, (table 13).
One of the eliminated atons wos the one (atom 28) supposed to be connected
to iodine. It was at the peak of a negative density of 2.49 e/)':‘3 o The
final position of this atom is about 0.6 £ fron this position. Atom 39
came out with the highest positive density of 2.90 e/R3 and in spite
of a lack of understanding of the stereochemical inmplication of its position,
it was decided to regerd it as an oxygen atone.

One of the two oxygen atoms (33) put in, ceme out at & height of

-1.81 e/x3 and was climinated. It come out later at a distonce of 0.5 &
awey. . Thus the 38 atens were reduced to 26 in number, cne oxygen atom
and 11 corbons being elininated., But atom 39 now regarded as oxygen
still kept the number of oxygen atoms at 2,

Among the highest positive pecks, thwee, 1, 5, and 17 were found
tc have come out in the second Fo Fouricr (ta.ble 13) at heights of 267,

2.7 and 2,2 0/33. The lest peak height was not recorded anong the highest 33.
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and F(CALC) from 3.0 and above. Out of this, 24 werc ehove 5.0. The
highest difference of 10,8 was for (0 6 0).

The phase angles and structure factors were then separately calculated
for the 312 unobserved reflecctions, They were nistakenly assumed to
have zero observed structure arplitudes and tocgether with the 991 measu-
rable reflections, they were used in calculating a difference synthesis.
The results show greater negative densitics than before. The ilodine
had a2 height of -7.38 e/f? and there were twelve other atonms with negative
densities of 1.0 9/33 and above, They were all eliminated in the next
calculations, but four of then came out again later as atons, (table 13).
One of the climinated atoms was the one (atom 28) supposed to De connected
to iodine. It was at the peak of a negative density of 2.49 9/.?3.3. The
final position of this atom is about 0.6 £ fron this positicn., Atom 39
came out with the highest positive density of 2.90 G/R.j and in spite
of a lack of understanding of the stersochemical inplication of its position,
it was decided to regerd it as an oxygen aton.

One of the two oxygen atons (33) put in, cane out at & height of

-1.81 e/g3 and was climinated. It came out later at a distonce of 0.5 hid
awey. . Thus the 38 atens were reduced to 26 in number, cne oxygen atom
and 11 ecorbons being eliminated. But atom 39 now regarded as oxygen
still kept the number of oxygen atoms at 2.

Lmong the highest positive pecks, thwee, 1, 5, and 17 were found
to have come out in the second Fo Pourier (table 13) at heights of 2.67,

2.7 and 2,2 e/?j. The last peak height was not recorded anong the highest 33.
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They here had poaks of 2.8, 2.2 and 1.8 e/ﬁ3 respectively, and were

found in space at good bonding distances and angles with ncarby atons,

The last of them provided a link between atom 39 and the rcst of the

nolecule, The other two connected atoms 51 and 31, =and atoms 51 and 8
respectively, (fig. 23)., There were in addition three other peaks of

height 1.81, 1.7 and 1.73 q/ﬁ? that werc stereochemically well placed

and these were added to make a total of 32 atoms. The co-ordinates and
tenperature constants of the first 26 atoms were adjusted according to

their density gradients and peck heights bearing in nind the greater

negative peaks resulting from zero F(OBS) values mistakenly assigned tc 312 plan

Fifth Phasing

With the latest parameters for iodine two oxygen atons and 29 carbon
atons, a set of structure factors was calculated. The scale factor was
1.42)4. The reflections having differences between l F(OBS)\ end IF(GALC%
groater than 3,0 decreased from 87 to 69, out of which only 18 were above
5.0, The reflection 0 6 O) which had constantly showed the highest
difference, inproved, the difference being reduced to 6.3. But others
had worsened and the highest difference of 9.6 was for 4 0 0. The
relicbility index rose from 0,251 to 0,253,

Llthough no appreciable fall in this factor had been expected, a
rise, as small as it was, constituted a disappointuent, Every atom
had been carefully selected, with sonc justification for including it

in the calculation. The highest negative density at atomic sites in



32 peak centres used in the 5th Phasing with the atom
numbers of the last six added from the second difference
synthesis in parentheses,
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the difference, apart from iodine, was 0.79 e/ﬁ?. Since the density gradients
of wrongly placedatoms affect the densities at the sites of well placed atoms,
this negative density is not too high for a real atom bearing in mind the
possible effects of temperature, LAt the end of the analysis, the atom with
this peak height was in fact found to be rightly placed, However, two of
these peaks were shown to be spurious,

A suggestionho that the second Fo synthesis had more in it than had
been used, led to the construction of a plausible model with iodine and
3 other atoms, This model showed a six-membered ring but no other distinotive
chemical entity. The position parameters in this model were used in a phase
calculation, Two atoms, 32 and 39, were assumel to be oxygen atoms. There
were varying temperature factors all in the neighbourhood of 4.5 X?. The
resulting reliability index was 0,253, This was not bettor than the latest
R-factor and it was decided tc continue the analysis with the parameters

used for the fif'th phasing,

Third Fo Synthesis

The third approximate distribution of electron density was calculated
with the scaledobserved structure factors and célculated phase angles from
the fifth phasing, The results were plotted on maps of constant z at
intervals of 1/60 up 40 2 = &. A new model was built to show the distribution

of peaks in this synthesis,
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It has been suggestedj6 that if an atomic co-ordinate is teken as
(xn, Yo zn) in calculating phase angles, but the point of maximum
electron density occurs at (Xn + AXn, etc.,) in the subsequent electron
density map, the process of refinement would be considerably specded

up by teking the cen'we of this atom to be at (Xn + 2(\n, etc,) when
phase angles are recclculated, 4 shift of about four times that suggested
by the change of peak centre has also been put‘7 forward, In deciding
new atunic co-ordirates fron the contour maps, there is no definite rulgy
The shape of the cuntours around en incorrectly placed atom is often

a guide to the magritude of the shift required, These contours show

a greater or lesser departure from spherical symmetry depending on the
anount of displaceilent. An additional criterion for deciding the magni-
tude of the shif't is the stereochemical considerations. 7Thile using

the naps to decid: the direction and probable nagnitude £ the shift

of atomic centre, the model served tc indicate whether such o novenent
would improve th:: bond distances and angles, Until there was certainty
about the chenical nature of the atom and the type of bonding surrcunding
it, the bond dirtances except for the one involving iodinc, were assumed
to be about 1.5 L.

For the ioine (atom 40), (fig. 24), the peak height of 4.0 e/ii3,
left no doubs al out the singular nature of the atom. The contours were,
however, not sufficiently spherically symmetrical. This departure from
spherical symmetry of the contours for an evidently correctly placed

aton is due to the anisotropy of its temperature vibration, Further,
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there were, on opposite sides, parallel to the y-axis, spurious pceks

of as high & density as 3.8 o/22, One of theso, starred in fig. 2k,

had the highest density apart from the iodine, in the 'Iodinc phased!

Fourier (fig. 18). It was shown to be false in the first differcnce

synthesis, Parallel to the x-axis and on opposite sides of the iodine

peak were two other spurious peaks of height 2,0 and 2.4 ¢/ RB « The

contours can only suggest a higher degree of wvibraticn in the y-axial

direction. These spuriocus peaks nmust be due to a combination of the

effects of the diffraction ripples and the anisotropic temperaturc

vibrations 1 01‘2. The iodine co-ordinates wcre therefore left unaltered.
Aton 39 (fig. 25A) now assumed to be oxygen still gave a distinetly

higher peck of 8.9 e/ 19.3 than all other atoms beside iodine. The

second aton assuncd oxygen, 32, marked XI in fig, 25B, had a peak

height of 5.9 e/ A3 o Only a very snall shift in position was indicated

along the x direction. In the model, aton 22 (fig. 25C) was seen to !

be much too close to "atom" 53La.nd farther than required from aton 8%330

There was no indication of a y or z directional chonge. Fron the shape

of the contours, however, o shift in the x directicn was 2 possibllity.

The x co-ordinate was therefore changed from 0,1246 to 0,1000 in order

to improve the bond distences to tatons' 8 and 53, The final x-coordinate

of abonn 22 canc out to be 0,1209, The misfortune of this particular shif't

is that 'atom! 53 was spurious and merely served to deceive at this stage.
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The shape of the contours arcund ~tom 36, marked XT in Fig. 26A
was not easy to explain, LA close exemination suggested very slight
novernients in the x and z directions only. The imnnermost contour line
was symmetrical about the y direction but the outer lines were not,
The deviation from spherical distribution was attributed to the anisotropy
of the temperature vibration.

The lowest peak hecights were those of atons 18 (fig. 26B), 2.9 q/A}
30 (fig. 26C) 2.9e/A3 and 54 (nerked X2 in fig., 26A) 2.6 e/A'3. They vicre
the last threc just selected from the scecond difference synthesis, Since
it is possible to introduco pecaks, quite comparable in height with true
atonic peaks, into the clcotron density distribution, by phesing with
spurious "atons", peak height by itself cannot be used as a criterion
of the correctness or otherwise of a chosen site., Such peaks have been
observed to have come out, however, lower than nost truc atomic peaks.
These three peaks were therefore strongly suspected to be false, The
contours of atom 18 (fig. 26B) were only slightly distorted ond it could
be an atom needing a shift, It was at a distance of 1.85 hid fromn another
aton (13). In this position it would provide a fourth angular methyl
group. Morecover, it was found to have come up as a peak in cach of the
previous Fourier calculations, being 0,8 3/2} in the first Fo synthesis,
I q/ﬁ§ in the sccond(Table 13), It was therefore included as a real

aton with slightly changed cocrdinates and noted for further scrutiny.



Figure 26
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The contours for aton 30 (Pig. 26C) could be. that of a recal aton under
the influence of anisotropie temperaturo vibraticn cor that of an aton
nceding shift or just that of a locel clectron density maxinunm wrongly
assuned to be an aton in phesing, It was difficult to take it for a
fictitious peak because the model showed that it was only 1.6 ﬂ from
aton 36 but the bond angle so formed was slightly different fronm what
was expected, In the provious calculations, it was a peak in cach
Fourier with 1.7 Q/R} in the second difference, 1.15 e/ﬁ? in the first
difference, 1.6 q/ﬁ§ in the second Fo synthesis and 1.0 Q/R§ in the first
Fo synthesis. (Table 13). It was also marked down for scrutiny and
included as a real aton with adjusted coordinates in the next calculation,

"hiton! 54, marked X2 in Fig., 26 A, though not far below atoms 18
and 30, had the lowest peak height. Its co-ordinates showed no signs
of change and the contcurs were reasconably spherically symmetrical.
In the model, it was about 2.1 X from the ncarest atom, 5, and the bond
angles at atom 5 involving atom 54, were quite good for sp3 hybridization
around carbon., In the previous calculations, it showed up as a peak in
all but the first difference, where it was on a gradient, It had hecights
of 1,73, 0.65, 0.60 and 0,55 Q/A; in the second difference, first difference,
second Fo Tourier, and first o Fourier respectively., This range of
densities was rather low and it was therefore decided to leave it out.

It is possible to ca}.cu.l'a.’ce'l"‘3 the peak heights to be expected both
for the atoms used in phasing and for those cmitted at each stage., The

results of such calculations predicts a gradual increase in peak heighis
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for real atoms as the phasing improves from stage to stage. The results
of nost experimental work also give a gradual improvement in the relative
peek heights of the omitited atoms as the phasing improves. Simultaneocusly,
therefore, the relative heights of the spurious peaks arc expected to
decrcase, However, there arc scmetimes departures from these generali-
sations., Some spurious peaks have been i‘eported' i to have improvecd their
heights at the early stages and some recal atomic peaks have shovm little
or no improvement at fhe later stages. Such atomic peaks, however,
usually persist throughout the course of the structure analysis.,

With these guiding principles more peaks were sorted out as atomic
sites, The first, atom 2, marked X in fig. 27A, had a peak height of
17 e/A3 ond the contours suggested linkage to atoms 22, (marked 1
in fig. 27A), 1 (marked 2 in fig. 27A) and 3, (marked 3 in fig. 27A).
But the distance from 3 was of the order of 2,0 ?x and so it was not comnccted
to this atom in the model, In the previous Fourier calculations, it had
peaks of 1.1, 1.1, 1.5, 0.9 e/.A.3 in the second difference, first difference,
second Fo Fourier and first Fo Fouricr respectively. In the model, it
was stereochomically well placed, although the distance to atom 3 was
rather long.

The next two peaks, selected, 25 and 26, were in the rogion of an
unresolved density that later resolved into the atoms of the furan ring.
By superposing the contour naps for Z = %lo, %25, %%, %l,.o_, and %%, one

could imnediateiy make out a ring as seen in fig, 273,
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The possibilities <f this being a four-, five- or six-membered
ring were examincd, Threce points starred in fig. 27B, had becen selected
and included in the last calculation as atoms 23, 24 and 38 on the basis
of points of maxinun electron density previously observed in this region.
In the model they were too far off from one another to make chenical
sense, The contours around cach of them were all distorted. There was
nothing to suggest that sny of the threc atoms was spurious., 23 and 38
had been sighted in the first Fo Fourier, and the two diff'erence syntheses
did not suggest thc removal of any of them., ALtom 24 sighted in the first
difference, retained its identity inﬁfocond difference. From the positions
of these three atoms, and the distribution of the density within the ring,
it was not possible to select a fourth point to make a good four-membered
ring. Also from the available chemical evidence, there was no four-
nembered ring. It was therefore considered reasonable to discard this
idea.

In favour of a five membered ring, there was the chemical evidence

32

for a furan ring which was reported”” probably affected during the
introduction of the chlorocacetyl group. 4 noew peak-25, of height 2,0 q/ﬂs,
narked XI in fig. 27B, was recognised about 1.1 2 away from both atons

38 and 24. Since the contours of these two atums make room for shifting
the atomic centres, they were both moved away from position 25, to improve

the bond distances, Another hitherto, unrccognised peak - 26, marked 72

in fig. 27B, of height 2.5 q/ﬁ;, was immediately obvious. It was at a
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distonce of 1.25 A from atou 38 and 1.1 X fron aton 23. Aton 23 itself
was only 1,5 ﬁ awax Pruln atim 24 and its co-ordinates were therefore left
unaltered. In the previcus Fourier calculations atom 25 had heights of
$:l,. 1.3, 2k, 0.9 O/RB in the second difference, first differcnce, sccond
Po Fourier, and first Fo Iourier respectively, T};ese heights were on
density gradients. Similarly aton 26 had heights of 1.65, 1.0, 3.0 and
1.5 e/ﬂ3 as above, (Table 13). The distribution of these peaks, 23, 2k,
25, 26 and 38 was consistent with the presence of a FURIN RING.

The peak height of aton 38, 4.7 ¢/ 8;3 was nmuch higher than those of
atoms 23 and 24, which were both 3.0 e/iz. It was suggesteld as the oxygen
atom, Bosides, neither atom 23 nor 24 could be the oxygen aton because 23

was seen in the model to be bonded to atcm 24 and two other atoms (17 and 26),

(Fig. 28). i ’)/6
T o
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Thus only atom 25 couli be considered as the alternative to atom 38 as
the possible oxygen aton of the furan ring., Atom 38 had been observed in the
first Fo Synthesis and had been a more prominent peak than any other in the

ring. It was therefore decided to regard atom 38 as oxygen in the nex?

oalculation,

The next aton selected, (6) marked X in fig. 28A was roalily recognised
on the scction 2 = 24/60, It had a comparatively gcod peak height of
2l e/R3. It previously had heights of 0.5, 1.4, 2.4 and 1.4 e/K3 in the

second difference, first difference, second Fo Fourier and first

Fo Fourier respectively. In spacey it seemed to connect @toms 7
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and 34 to the rest of the molecule, Atom 21 (marked X in fig. 28B), with

a peak height of 1.7 u/ﬁ3 was dnaludad mainly because of its stereochemical
significance. The shape of the contours around this point was noct encouraging.
Its previous heights were 0.8, 0.95, 1.8, 0.7 e/?'} in the same order as above,
The increase in density from the first to the second Fo Fourier supested
reality for this peak, The next peak (55) marked X2 in fig. 27A and also
chosen because of its location in the model had been assumed an atom in the
second Po Fourier., In the present Fourier, it had only a peak height of

g % e/)z3 and it was about 1.8 2 from both atoms 21 and 1, It was decided

to test its reality in the next differencc Fourier calculation.,

Around the iodine atem, it was still quite difficult to decide the
positions of the atomic centres, A peak (28), marked 28 in fig. 24, of
height 1.2 e/ﬁ3 was recognised at 2.1 2 away from the iodine and this was
assumed to be the carbon bonded to the iodine., At a distance of about 1.5 X
from this atom was a peak of 1,7 e/XB, marked 27 in fig. 24, but not in the
same 4 plane, This peak was also about 1. 58 from atom 32, an atom already
assumed oxygen. It was observed that peak 33, marked 33 in fig. 24, was
roughly in the same plane as 28, 27 and 32, If atom 27 were real, it
must be the carbon of the carbomyl grcup of the iodoacetate., It must
then be trigonally bonded to three other atoms. The angles made at
atom 27 by the "bonds" to these other ftams were not too far off 1 200,

A

The general variation of the peak heights of these atoms close W
the iodine in the previous calculations were not considered because

it was very probable that peaks chosen were a combination of
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diffraction ripples around the iodine and its anisotropy of vibration,
They were selected only for trial,
At this sbags, it was possible from the model to recognise the
ester group - COOMe as part of a sidechain - CH2 COOMe. There were
three rings in addition to the furan. There was another sidechain
which was considered to be -~ CH2 OMe attached to ring A, This would
then account for two of the three methoxy groups expected in the structure

from chenical evidence., Thus the structure was written out as shown in

fige. 30.

Liton 53 was mede oxygen on the basis of the assumed similarity of the
structure to gedunin (page 3 ).
In the model, there were still a number of dubious points vhich

could alter scme parts of the structure, The first was that atom 3 was



only about 2,0 R fron 2, suggesting a possible linkage betwoen them.

To determine this snd usther distances more sccurately, it was decided

to calculate all the bond lengths in the mclecule. The sccond was that
the pronounced departure from spherical sy'gxetry of the contuours arocund
aton 7 (starred in fig. 29) had not been explained, It could be explained
in terms of an aton nceding some drastic shift or one that is seriously
affected by a high anisctropic temperature effect, If either of this

is true, the pecak height would be lower than for most others inserted

into the previous calculation., But its peak height of 3.8 e/ﬁ3 s was

about the average height for the atons included in the calculation,

It was therefore considered tc be two unresclved peaks probobly representing
two dissinilar atoms. A point (dotted in fig. 29) of density 2.4 e/ﬂ3

was chosen on the lowest density gradient as the position of the omittedl
atom (35), Atom 7 was therefore moved to a point roughly 1.2 i from

aton 35. In the model it wes immediately recognised that thesc new pos:iions
with two other atoms, 6 and 34, were all planar, with thc bond angles
around atom 7 about 1200, This suggested a trigonal system with a probeble
double bond between the atoms in the unresolved peak (7 end 35). If the
new peak (35) is assuned to be an oxygen atom, then the spatial arrangement
suggests the presence of a carbonyl group or if atom 6 is also an oxygen
an acetate group. There was no evidence to support the presence of an
acetate group. However it had been established from chemical evidence

that there were three methoxy groups in COB (II), Assuming that the

converspdion of COB(II) to the iodoacetate of the reduction product COB(III)
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did not affect these methoxy groups, the structure so far arrived at
leaves two of them unaccounted for, If the group of atoms (6, 7, 34, 35)
was part of an ester group another methoxy group wculd have been accounted
for, It was shown later that this, in feot, was thoe ocase.

A neticulous search of the maps showed a peak (29) of height 1.7 e/R3
at a point 1.6 2 fron aton 34, The bond angle so formed was about 1090.
Thus a second ester grouping for which there had been no chemical evidence
was suggested.

The last dubious pcint was the problem of atom 39. It had consistently
come up with a peak height about twice that expected for oxygen, and
the distance from the nearest atom (17) was about 1.9 2.

A1l the bond lengths were calculated and the results sugge:zted bonding
between atoms 2 and 3, They were 1.82 2 apart, The structure was therelore

rewritten as in fig. 31.
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Atom 39 was at firs® considered the oxygen atom of the third methoxy group
but there was no peak ncarby thot could be the oarbon of the methyl group
bonded to it. Besides this, with slight error in the number of hydrogen
atons, the formula of 032}140091 for the present structure would give a
nolecular weight of 697, This is slightly above the experimental value.
If aton 39 is the oxygen of a third methoxy group, the addition of a methyl
group to this formula would increcase the nolecular weight even further,
Also, if aton 39 were not oxygen but a heavier atom, the nolecular weight
would again be much greater than the experiaental value., In either case,
it was cbvious that the structure as known at this time must include one
or two fictitious atoms,

Sixth Phasing

With 42 atoms, 9 of which were woighted as oxygen and 32 as carbon
and the last as iodine, the latest co-ordinates were used in another
phase calculation, The new atoms were all given a temperaturce constant
of 45 22, The programme would not work for reflection (1 9 L4) and
this was omitted. The scale factor for the remaining 990 rcflections vias
1.459., The reliability factor reduccd only slightly to 0,231, But the
agreenent between the individual experimental and calculated structure
factors improved considerably. The reflections with differences greater
than 3.0 reduced from 69 to 41 out of which 11 were still above 5.0. In
spite of this general improvenent, a few had worsened and the highest
difference of 11.5 was for reflection 0 2 3. This was not surprising

because the intensity of this reflection was too strong to be neasured

and the given experimental value was known to be low,.
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The structure factor calculations wcere thon repeated for the 312
unobserved reflections each having half the minimun neasureble intensity.
The Lorentz and polarization correcticns were applied and the same scale
factors for the different zones, as used for the measurable reflections,
were applied.

Roview of Chemical Evidence

Since COB occurs alongside COA (fig. 2), it was assumed to be
sinilar in general structure. The nuclear nagnetic rescnonce spectrun

of COB(II) SuggeSte&BJ that the three methoxy groups were present as

(2) ~ COOHe

(v) an enol Ojfe

/;!h
\ — o'
/C = C\\ end

(¢) a questionable ordinary

> - OHG.

There was a furan ring ond most probably a lactone., This neant a ring D
probably similar to that of COA (fig. 2) but without the epoxide ring,
It was not clear what happened in the formation of the chloroacetyl
derivative frun the analytical results, It seemed that it was not a
simple chlorocacetylation, There was sone evidence from the spectra that
the furan was affected. There was, however no certainty on any of tlhece

suggestions,
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With an ester grouping of the type - CH2 CO0He found on ring C
(fig. 30), the second side-chain on ring A, was considered to be of the

enol type
AOMe
% - g

N\
Hence the structure of fiz. 30 was first put forwerd and sent to

Dr. Powell for his ecmments in the light of more up to date chemical

evidence. The oxygen of atom 39 was alsc considered to be that of the

third nethoxy group, but there was no peak stereochenically well placed

to be considered bonded to this aton,
A discussicn e of the structure of fig. 30 led to the following

suggestionsl‘"oz

(1) That the side chain in positicn marked (1) fig. 31A) should be as
shom (i.e., a methyl ester),

(2) Thet there should be a ring in position marked (2).

(3) That the iodoacetate group would prove to be attached as at (3)
with & probable hydrogen bonding comnection with the furan ring.

(4) That ring A is without doubt not normal.

(5) That the possible existence of an epoxide ring should not be ruled
out,

(6) That the aton marked OZ should be an oxygen.

Thesc supggestions were considered as follows:

Suggestion 1

Fron the second Fo Fourier model, there were four atoms in tho circled

region. They were not well placed and hence difficult to interprete. Eeoy
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They could be regarded as

lle 29

0
L, - &
3k ™~ of the --CH:2 - COOMe
but the peak corresponding to atom 6 (—CHZ-) had not then been observed,
Hence the connection of these four atoms with the rest of the nolecule
was nissing. The situation was further complicated by the fact that the
peaks representing the carbon and oxygen atoms of the carbonyl in this
group were only about 1°4 apart, They were however quite well resolved,
unlike the situation in the third ¥Fo Fourier,

In the third Fo Fourier, two of thesc atons (7 and 31;.) werc included
in the calculation. The result was that atoms 7 and 35 were unresolved
(fig. 29). As already stated atom 35 was postulated only after a close
exanination of the shape of the contours around atom 7. The presence

of an ester group - CH, COOMe, in this region, had been arrived at

2
independently before the suggestion from Dr., Powell, But there werc ncw
two such ester groups in the structure., This was in conflict with the

N.iM.R, evidcnce.

Suggestion 2

A ring hod been inserted in the position marked (2) in the second
Fo Fouricr. This was arrived at by supposing that "aton" 53 was bonded

to atons 16 and 22 (fiz.30). Tho distance fram 16 hol been showm o be well

above 2,0 X in the third Fo Fouricr ~nd hence the ring was opened, It
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was however suggostedﬁo that the inereasc in this distance was accidental
and the ring should be closed, It was difficult tc make & docision on
this especially at this stage when the side chain was being regarded as

a second ester group of the type —-CH2 COOMe, A convincing arynent in
favour of opening the ring wos the planar configuration of atams 15, 37,
16 and 36, The bond distance between 16 and 37 of about 1.3 R, and the
relatively lorge peak heizht of aton 37 suggested that it was the carb.nyl
oxygen of an ester group., It could not therefore be bonded to another
atm. As already stated "atm" 53 was cnly about 2.0 R frou aton 16, and
it was not clear whether it was linked o the ester group or not. It was
decided to leave it for the time boing.

Suggestion 3

That the iodoacetate should be close to the furan as shown was
considered possible because there was some uncertainty around the iodine
and it was difficult to locate the atoms close to it. The iodine aton
was at a distance of 4.5 to 5.0 X away from atom 39 or OX, which is close
to the furan ring, Since the positions of the atoms around iodine wore
uncertain, the proximity of the iodoacetate to the furen ring could not
be ruled out, This suggesticn was left as an open question.

Sugrestion 4

That ring A is not normal was a happy confirmation of the resuits
obteined at this stage, nemely, thot ring A was part of a bi-cyclo octune

system as shown in fig. 31.
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Suggestion 5

The idea of an epoxide had arisen mainly from the assumed similarity
of COB to COA (fig.2). From the first nodel, a spurious peak of height
1.27 0/23 ("atom" 45) taken together with atoms 24 ~nd 25 gove the impression
of a ‘three -membered ring, This had been considered for an epoxide ring
and re jected (page 56). The threc peaks were in the region of the furen
ring and two of them at present constitute members of the ring. Fron
another model constructed with the parcmeters obteined from the second
Fo Fourier another sct of three atoms (7, 48 and 34) were supposed to make
an epoxide ring, They were about 1.2 R fron one another but rather
isolated., Aton 6, bonded to atoms 5 and 7 was then not recognized.

Hence atom 7 together with the others connected with it did not make

. . 2%
any chemical sense. Later on, "aton" 48 gave & negative peak of Beld o/ i

in the second differcnce synthesis and was discarded. The other two now
constitute members of the ester group attached tc ring L. There was
therefore no cvidence in favour of an epoxide ring.

Suggestion 6

The last suggestiocn thet 0Z or atom 31 should be an oxygen, seened
reasonable from the point of view of the peak height of this atom in 21l
the calculations, But the structure at this stage could only admit a
single bond botween this atom and the carbon atom, CG(1), to which it was
bonded., This was already bonded to three cother atons (10, 55 and 2)
(fig. 31). Such an oxygen aton could only be in the form of hydroxyl

group. Since there was no evidence of such a group, the aton was lef't
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on as carbon., In fact atom 31 or 0Z is an oxygen. Had it boon realisod
that "aton" 55 was spurinus, this suggestion might have been nore easily
acceptable at this stagc.

Further corrcspondence on the structure of fig. 30 led to the
following suggestionsj 9:

(a) That assuming that COB(II) has the partial structure,
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This would agree with the hypothesis that on reduction of the 7-keto,
followed by treatment with acid (present in the acetylating agent) the
carbo-methoxyl was hydrolysed and recyclised. This was put forward
because the N,M.,R., had shovm loss of one methoxy group on formation of

the chloroacetyl derivative, However the lost band was more what would
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be expected for a = '? - Olle group. I!ongsido this, it wos suggested that
the hydroxyl that was chloroacetylated was around Ring f.

The arguments for and against Ring D have already been stated
(page 77‘). Only two methoxy group had appeared in the structure so far;
if the third one was to be ruled out, then the idea of atom 39 being the
possible oxygen of the third methoxy group would have to be ruled out.
Thet the iodocacetyl group is attached to Ring A would agree with the present
structure,

(b) That the carbon skeleton in the Ring 4/B region could be of the type:

OCWM¢

This would be analogous to that in Strieteniml"‘5, There was also a
definite statement that COB and derivoatives contain the ester grouping
in the form - CHZ. COOMe., This carbon skeleton agrecd with whot was on
hand except for the presence of a bi-oyclo octane systen formeld by inclu=-
ding "atom" 55 (fig. 31). This "aton" was included only to test its reality
and its rencval would immediately give the above carbon skeleton with the
gen-di-nethyl sgroups.

That COB and derivatives contain a - CHZCOOMe group was a satisfactory
confirmation of tho intorpretation of the mep in fig. 29 (page72). The

second ester group was not knowm to be present in COB, It was formed by



nethylating COB to give COB(II) containing two more methoxy groups.
(¢) That from the chemical point of view, it would seem nore likely that
the iodoacetate is attached to C(3), rather than one of the gem-dimethyl
groups,

That is, (A) is more likely than (B):

+
%

Pa.TAS

ICHCcod
(B) was the structure proposed from X-ray results before it was rcalised
that atoms 2 and 3 were bonded as in (€). This was not casily perceptivle
fron the model and the conclusion was nade only after celeculating the bond
distances. Suggestion (¢) is therefore in agreement with the x-ray results.

The suggestions which could not be dealt with unanbiguously at this

stage were borne in mind as possible aids in the interpretation of the
next electron density map., Thore was still no chemical evidence about
the naturc of atom 39; the X-roy evidence suggested it was heavier than
oxygen. It was thercfore considered desirable to re-analyse COB and deri-
vatieves chemically., At this stage, when the chemical nature of most of
the atoms were knovm with a fair amount of confidence, it should be

possible to correlate the peck heights with chemicel nature,
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Tho set of phase angles just calculated for all the 1303 independeut,
neasurable and estimated reflections, were used in salculating o difference
synthesis, By far the mcst outstanding feature of the results was the
elinination of "etom" 53, The peak starred in fig. 32, had ocome out fairly
spherically symmotrical in the provious Fo Synthesis calculation at a
height of 3.9 e/ﬁ3 when weighteld as carbon with a temperaturc factor of
L.7 A2. In this calculation, it was welghted as oxygen with the sanc
temperature faotor, It camc out, starred in fig, 33, close to a negative
peck density of = 2.2 of/R° end was thérefore eliminated.

With the elimination of this atom, the absence of a ring D (fig. 319
which had been ruled out on other grounds was finally confirmed,

The atcms of the ester group in this region indicated the nced for
snall adjustments of the co-ordinates. 4tom 36 (fige 31) had a poak of
- 1.3 Q/APB with a tenperature constent of 5,0 8?. It was also weighted
as oxygen., There was no doubt about its reality and this ncpgative pecak
was attributed to a probably wrong chemicel identity. In tho third Fo
synthesis wherc it was weiszhted as carbon, it had a peak height of 4.6
e 33. In other calculations, it had peak heights of 0,61 q/i? with B
value of 4.5 ﬁ? in the second 'differenca!, 1.41 e/*"x3 in the first
'difference?, 3.1 cz/ﬂ-3 in the second Fo synthesis and 1,80 Q/A} in
the first Fo synthesis, It was therefore changed to carbon, Unlike

this a%on, atom 15 which was weighted as carbon had a positive peak of
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0.3 o/ XB with a temperature constant of 4.3 22. In the third Eo synthesic,
it had a peak density of L.5 e/I?.3 which was only slightly less than that of
atom 36, In other calculations, it hald peak heights of 0,31 e/R3 with a tempe=
rature constant of 1.5 g2 in the second 'difference!, 0,18 e/?x3 with B = L ,532
in the first 'difference’, 5.4 /R in the second Fo sunthesis, and 2.k o/%
in the first Fo synthesis, The early peak heights were higher than thosc of
atom 36 and so atom 15 was changed to oxygen. It was noted however, that
the peak heirht of atom 36 was higher than that of atom 15 in the third Fo
synthesis where the phasing should be better than in the first two., This
change of the chemical identity of two atoms would then bLring in a propionate
side chain,

The negative peak of iodine decrecasel from - 7.38 to - 3.82 e/R3 with
B = 6,0 ?sz. B was therefore increased to 6.7 ?;2. The immediate neighbourhocod
of iodine was marked out with ripples of positive and negative densities,
Atom 28, marked X in fig, 34 to which the iodine atom was attached, was at
the centre of a trough 2.37 elcctrons/f‘i3 deep, This might suggest increasing
the temperature factor but B was so generally high that the pealk heights
whether positive or negative were rather low., A negative density of value
2.0 eloc:‘t:rons/ﬁ'_6 was therefore very likely to mean a wroengly located atom.
At o distence of sbout 0.8 & from this position was a positive density,
1.83 e/XB, norked X in fige. 35. It was also 2.1 K away from the iodine atom,.
It was therefore considered to be the correct »osition of this atom. Atom 27,
(C(27)), seemed to have x and y co-ordinates correct but showed e high density
gradient in the z direction., It was shifted accordingly on the hasis of a

qualitative judgment,.
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But the new position wes only 1.27 £ fron aton 28. This was worse thon
the previous distancc of 1,58 ﬁ. Honece, these new positions of the two
atons were questionable, They werc however left alone for the time being.

Atom 33, narked x in fig. 36, was on o high density gradient the peak
of which was - 2,70 q/ﬁE. Appropriate changes in co-ordinates were node.
The new position was distant 1.28 R fron aton 27. The co-ordinates of
these three atoms, close to the iodine were rather unsatisfactory but they
were included in the next structure factor and bond length calculations,

Atons 30 and 2, which in the previous Fo Fourier had the lowest peak
heights, and were included only because of their stereochemiocal inpli-
cations, showed only slight negative densities. Aton 2, merked X in fig. 37,
was in a trough of depth 0,85 q/X? and its temperature factor 3 was increased
from 4.5 to 4.8 22. There were two positive peaks of about 0,9 q/23 on
opposite sides of it end its co-ordinates were not altered,

\ Aton 30 was on a low negative density gradient and its teapcrature
factor B was increased fron 4.5 to L. 32. Its co-ordinates were also
slightly adjusted.

"Lton"™ 55, moarked X in fig. 32, which had the lowest density of tze
ataas inserted in the last phosing, was in a trough, marked X in fig. 33,
of depth 1,71 e/ﬁ?. Since the previous peck height was only 1.1 Q/ﬁ},
increasing the temperature factor would be inadequate to account for this
trough, Elimination of this atom would rule out the bi-cyclo octane formed

within ring L., The structure would change from (&) to (B) in fig. 38.
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Figure 38.

In this form, aton 31 could be mede oxygen, as suggested by chemical
evidence, and the bond distance between atoms 1 and 31, (1.1 R) would De
acceptable for a double bond, /n adjustnent of the position of atom 31,
narked X in fig. 39, indicated by its density gralient in the x direction,
brought it back to its former position. In this position, it was co-plunar
with atons 1, 2 and 10, suggesting a double bond between atons 1 and 31,

Various shifts were nade for the atoms constituting the furan ring.
None of them was at the peek of & negative density but two atons, 26 and 38,
were on negative gradients and their temperature factors were increased
fron 4,0 to 5.0 22 ana L.5 to 5.4 22 respectively.

The last feature of this difference synthesis was the peak height
of aton 39, narked XI in fig. 40A, It was 1.69 e/fi3 even when the tenpe-
rature factor B of L.O ﬁz was anong the lowest for all the atons, At a
distance of 2.1 X awey fron it waes another peak, marked X2 in fig. 404,
of height 1.39 9/83. This was & position in which an atom had been inserted
in the first and second Fo syntheses ("atonn 42) and had proved spurious

in the first difference synthesis with a trough of = 4.32 e/A3. It had
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therefore been eliminated. But it was 2gein included in the next calculation
as a probable carbon to which aton 39 was attached to make a methoxy group.
This was to decide if aton 39 was part of a methoxy group as suggesteé?’,
Assuning that such an atom was slightly displaced from its real atomic
centre, or that the value of temperature factor was accountable for the
negative peak, then inserting it in the calculation shoull lead Yo some
improvenent of the reliability index,

With the adjustment of the co-ordlinates in the model, it was very
easy to note the planarity of atons 8, 9, 22, 14, 13 and 15, This established
the existence of a double bond betweer. atoms 8 and 14. Hence the structure

at this stage was as secn in fig. 41 with molecular formula C,,0.I.

319

Figure 41
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The structure as written with fornula 031H1+009I’ has a molecular
weight of 683, This is about one carbon atom, short of the experimental
value of 693 + 7. Besides onc of these atons (42) was still suspecteld
to be spurious.

The mops were re-exanined and it was noted that there were 13 other

peaks with heights greater than 1.0 e/RB' L number of these were peaks

towards which atomic centres should be moved., Others whose spherical nature
suggested then to be atoms were examined in space with the 2id of the model,
One such peck nerked X in fig. 40B, of height 1,07 0/23, seencd to join
c(18) =nd ¢(15). But it was only 1.1 & from 6(18) and about 2.1 R fron
¢(15). It was probably a hydrogen aton attached to ¢(18). Somec of the
other peaks were positions of local electron density maxima, For example
the point nmarked X in fig. 42A,hcd a peak heigat of 1.35 o/R° but the
contours do not suggest an atomic peeak,

Soventh Phasing

Structure factor caloulations

(1) With the latest co~ordinates for 41 atoms and varying isctropic
temperature factors, structure foctors were calculated opnin, The
seale factor was 1,398, The highest difference between the struciure
factors, cbserved and calculated was 9.8 and for reflection 0 2 3.
The intensity for this reflcetion was too high to be cstinated and
this result was not surprising. The reliability index R reduced to

0.223.
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"Lton" 42, supposed bonded to atom 39 , was removed toguiher with
c(28), C(27) and aton 33, these three constituting the .GH200

group to which the iodinc aton was supposed to be bonded., The
reneining position and temperature peraneters were used in calocula-
ting all the structure factors as above, The scale factor was 1.372
and the highest differcnce between the structure factors was 8.7 and
for refleotion 4 O O, The reliability index R reduced to 0.216, This
showed that some or all of these four atoms were probably incorrecily
located, "Aton" 42, was strongly suspected to be spurious, To tes? this
suspicion, this aton alone was renoved and the calculations, carried
out for the (okl) refleotions alone, showed a marked improvement of
the reliability index, (0.225 -———% 0.21). The possibility of atom
39 being the oxygen of a nethoxy g-;ro.up was then ruled out.

Another possibility was that aton 39 was heavieor than oxygen end was
an atom which needed to be bonded to only cne other atom., Chlorine
was such on atom. At least, in part to satisfy the need to put

nore electrons in its position as required by the differcnce syntheses,
it was decided to test this possibility by inscrting two oxygen atoms
with the same temperature constant B = 4.022 in its positicn. /find
with paremeters for C”Oql’ the resulting calculaticn recduced the
reliability index R to 0,204, The scale factor was 1,405 and the
highest difference of structure factors, 8,1, was still for reflcction

~ 00,
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Chlorine ALtom

Table 13 shows the peak densitics of the atoms for all the Fourier
calculations, Though they were generally low due tc the high temperature
constants, the figures for aton 39 had been consistently and rcnnrkably
higher than those for carbon and oxygen. It was on the basis of this
'far above the average' argument that its identity was changed fron
carbon to oxygen after the second difference synthesis, It still persisted
as the highest peak apart fron the iodine in the Fo syntheses and showed
& high positive density in the difference syntheses., The improvement in
the reliability factor, R, for the set of structure factors just calculated
supported the suggestion that it was chlorine., A chlorine atom in this
compounc. should show a chlorine~chlorine vector peak in the Patterson
synthesis, This should be higher than all others but the iodinc-iodine
and oklurine-iocdine veotor pecks. With the known co-ordinates of the
iodine and supposed chlorine, the co-ordinates of the corresponding veotor
peak positions were calculated. Some of thesc are storred in the Patterson
- Harker maps of figs. 15, 16 and 17.

Those peaks on the Patterson, higher than those storred are tails
of* the iodine-iodine or iodinc-chlorine vectors, Thus the Patterson synthesis
indicated the prosence of an element heavier than either oxygen or carbon
but lighter than iodine.

The chenical analysis of COB had showﬂ3 7 beyond doubt that the

conpound contains only the clements, ocarbon, hydrogen and oxygen.
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Its eccuratc mass spooﬁgn agr00539 with the formula C The

27H32 7°
nethylation product COB (II) contains59 the sanec elements. 3ut the
chloroacetyl derivative of COB(II) wes not, un%il this stage, analysed
to find the chlorine content. This was dve to the poor yield of the
reduction product of COB(II). The yield of the chloroacetyl derivative
was itself poor. With the indication in the infra-red spectrun of the
introduction of the chlorine atom, it was supposed to be present only in
the form of the chloroacetyl radical.

A quantitative analysis of the chloroacetyl derivative was carried
out at this stage. The results indicated two chlorine atoms per molecule,
This provided chemical confirmation of the suggestion that aton 39 was a
chlorine atcm, It was later established.‘l6 that the nmethoxy group attached
to aton 17 in COB(II) is labile and easily replnced Ly chlorine on treatins
CcOB(II) with HC1,

Further Structure Factor Calculations

A chlorine atom was inserted into the positicn of atom 39 in the
mocdel and with the same position and temperature parancters, the structure
factor for the 991 reflections were calculated for formular 02807011.

The scale factor was 1,416 and the rcliability index R remained as in the
lest caleulatici 0,204k, The highest differcnce between the structure
factors, 8.0, was still for reflection 4 0 O Though there was no
improvencnt in the R-factor, thore was a slight improvenent in the degree

of agreement of the indepcndent values of the structure factors as

indicated, for instonce, by that of 4 O 0
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It was at this stage suggested;9 that the int#roduction of two

nethoxy groups on nethylating COB involved a break down of the lactone

ring by acid hydrolysis followed by methylation with the resultant

addition of the elements of dimethylether,

W

But a propionate group had been introducted into the structure by

the interchange of the chemical identity of atoms 15 and 36 as a result
of the previous difference synthesis, In the lizht of the ncw evidence,
this change was reversed producing a - CHchOMe ester. The temperature
constant of atom 36 was increased fron 5.0 R? to 567 R? beocause of its
negative density in the "differcnce”, That of atom 15 renained uncltered.

The structure became as seen in f£ig 42.

Figure 42.
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Without including the paraneters of atoms 27, 28 and 33, circled
with a broken line in fig., 42, close to the iodine aton, the structure
factors were calculated for the 991 independent measurable reflections.
The scale factor was 1,416 and the reliesbility index recduced tn 0.198.
This decrease could be attributed to the change in chenical identity of
atons 15 and 36 and perhaps to the unsatisfactory paraneters of some or
all of atons 27, 28 and 33.

There were now 29 reflections with difference in structure factors
above 3.0 of this number, 10 had differences above 5.0 and the highest
difference of 7.9 was for reflection 2 1 M

Fourth Fo and Difflercnce Synthescs

The phasing was now based on 37 atons, 02807011. But there were three
other atoms arcund the iodine atom which were known tc be there but were
not included in the calculation, ALssuning the presence of these atoms,

a structurc written in fig, 42, has the fornula C ClI, This gives

30°38%8
a nolecular weight of 688.4 which agrecs well with the experinental
value, This was further evidence in supuort of the correctness of the
present structure, but there were still a few points to be clarified.
Fron the stereochenical point of view, there were fairly large deviations
fron the accepted bHond lengths and angles. The worst was the bond length
of 1.85 & between c(13) end ¢(18). From the crystallographic point of
view, there were:
(2) the propriety of elininating aton 53 (?573>
(b) the reality or otherwise of a peak of 1,06 q/ﬁ? that scened

to link atons 15 and 18
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(c) the problem of accounting for thosc peaks with heights above
1.0 e/ﬂ3 .

(d) the determination of more correct co-ordinctes for the atoms

around iodine,

From the chemical point of view, it was suggestecll"6 that the present
structure was entirely acceptable except for the probable migration of
€(18) from attachnent at C(13) to C(17). In the X-ray analysis, there
had been nothing to suggest such an attachment so far but it was rather
disturbing that C(18) was so distant from c(13).

A difference synthesis would serve to refine the structure and an
Fo synthesis combined with this would clarify those points that were still
in dcubt.

The approxirnate electron density distribution were calculated with
the observed structure factors and phese angles in the seventh phasing.

The assuned values of the structure factors of the 312 unobsorvﬁ reflcctions
weré also scaled by 1.416 - the samc as used for the 991 observed reflecions,
411 ﬁxe 1303 reflections were used in calculating a difference synthesis.

The results show that "aton" 53 could at best be considered a hydrogen
atom. In dfie Fo synthosis, it had & height of 1.0 o/, narked X in fig.43A.
In the 'difforcnce!, thore was nothing remarkable about its ouission, It
had a density of 0,65 9/23 s merked X in fig, 43B. These proved unequivocally

that this "aton" should be omitted and completely ruled out a possible ring D

as proposed in fig. 31fs (?7(31*)
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On the same maps could be scen, starred, the site of Matom" 55, the
existence of which led to the formation of a bicyclo octane systems In
the Fo synthesis, the pcak height becanc 0.4 o R3 end in the diffecrence
it was 0,26 0/33. Thus its climination was proper. The peak that was
rogarded as "atom" 42, narked X in figs. 444 and L4B, decrcased from 1.7 9/123
in the previous Fo synthesis to 1.4 0/23 in the present. In the 'diffe-
rence! it decreased from 1.39 e/.ﬁ3 in the third to 1.16 e/ﬁ3 in the fourth.
It also moved farther away from atom 39, With aton 39, as chlorine and
bonded to C(17), a bond distence of 2,2 R votween faton?! 42 to 'atonm' 33
was inconceivable, "itom" 42, peak 18 in Table 14, must be a product of
errors, Starred cn the same naps, fige 44, is the peak that seenmed to
link atons 15 and 18, In the Fo synthesis, it decreased from 1.0 e/x3
in the third to 0.9 e/ﬁ3 in the fourth, In the difference, it decrcased
fron 1.07 e/.?;3 in the third to 1,02 e/R3 in the fourth, It previously
had peak heights of Oy, 1,60, 0.65, and 1,02 o/% in the first and
second Fo syntheses, first and second differcnce syntheses respeetively.

It was still the somc distance of 1.1 £ fron 0(18) and 2.1 £ fran ¢(15),
The distance of 1.1 & would indicate o carbon~hydrogen bond, The fall

in peak heignt frun :\ 2 Yo Ql;. does not suggest a real carbon atonm.
Bosides, o Censity of 1,1 e/f.{3 inscrted as "aton" 55 in 93 was shown

to be spuriocus. To insert o lower density which does not show any toendency
to increase with improved phesing is not reascnable, It was therefore
concluded that this peak, nuaber 19 in Table 14, was probably a hydroger

aton,
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TABLE 1L
Co-ordinates in 60th Peok Heights Peak Heights
x ¥ P in () in of/ 22 in lth Diff,
1 40 30 4 1.0 1,12
2 Ll 5 5 1.1® ~0,03
3 48 9 6 13" 0.47
A 8 11 6 3.1% 041
5 22 5 7 2,2% 0,03
€ 16 10 7 i 0.32
7 16 1 7 1.5% 0.21
8 A 15 7 1,1% 040
9 38 9 7 1.0 0.0
10 25 5 10 1.2 114
M 3 2 12 1.1 0.77
12 48 8 13 12 0.32
13 2 23 18 1.0 0,65
1. 40 25 21 1.2 0.67
15 52 25 23 1.0% 0,28
16 52 29 2 3.5* 0.4
17 .32 2l 27 142 0.57
18 3L 5 8 1.40 1.16
19 48 20 8 0.9 1,02
20 24 21 29 0.8 1.0

* Todinc satelites.,
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In the Fo synthesis, apart fron those peaks obviously representing
the three atoms close to the iodine atom, there were 18 others, still
greater then 1.0 e/ﬁ: and not regarded as atoms, These are shown in
Table 14, Ninc of them were easily seen, by symnetry to be iodine satelites.
The scventecenth was most probably a ripple produced by the anisotropic teripe-
rature vibration of the chlorine aton. The densities of the remaining ten
but numbers 1, 10 and 18, fall below 1.0 e/?x3 in the "difference", Less
significance was therefore attached tu these. The difference synthesis
showed five peaks of heights 1.0 q/ﬂ; and above, Two of these, numbered
19 and 20 in Table 14, had densities below 1,0 Q/R} in the ¥o synthesis.,

The nineteenth or "aton" 55 had been discussed and shown to be spurious (pe 95)
while the twentieth had a density of only 0.5 Q/Z; in the third Fo synthesis.
It was very probably therefore of no significance.,

Of the remaining threce, the eighteenth or "aton" 42 had been considered
and shown to be spurious (p« 95). The first was at a distance of 1.95.8 from
0(17). In the Fourier calculations, this position had densitics of 1.13,
0.8, 0.38, 1.12, 1,15 and 0.8 e/fi3 in the third, second and first differcnce
syntheses and third, second and first Po syntheses respectively. The tenth
was quite isolated and its contours were irregular, It was deecided to
leave these out .

The peaks around the iodine were neny, as can be seen fronm Table 14,

In the Fo synthesis, the real atomic peaks were not significently higher
thon the spurious ones. But with the aid of the difference synthesis,

the real atomic peaks were recadily discerned. However, the peak centres
in both syntheses were not the same. For €(28) and €(27), merked XI and

X2 in fig. 454, the peak centres in the two syntheses were not significantly






d;l_f‘ferent. But the
g :

[

Apeak centre of atom 33, starred in fig. 45B, came out in 'two different
apaert in the two syntheses. The centre in the Fo

positions, about 1.0 i
synthesis was about 2.8 i away from the iodine atom. Such iodine-oxygen

distance in the acetate group was given as 5.7 R by Fridrichscns and

47 10

Mathieson and others., The peak centre in the

and as 4,02 & by Robertson
difference was about 4.0 &, But in the Fo synthesis, this aton ha.d fairly
spherically symmetrical contours and the ocontours in the "difference" were
rather distorted. Also the peak centre in the "difference” was more consistent
with a trigonal configuration about the carbonyl carbon., In fig. 45, the
"difference" contours, at intervals of 0.5 o/ 23 are superposed on the Fo
Fourier contours at intervals of 1,0 e/fi}.

Table 15 shows the peak densities of these three atoms in the fourth

Fo and difference syntheses.

TABLE 15
Densities in 4th gg_xisities in 4.th
Fo Synthesis "Difference”
c(27) 2.1 o/ 2,14 o/
c(28) 1.7 o/ 1,94 o/%
Ltom 33 1.9 o/& 1.35 o/

The peak height of atom 33 was about average in the Fo synthesis but
it was the lowest in the "difference". However spurious peaks of density
as high as 1.3 o/ % exist in this neighbourhood (arocund the icdine atom) in
the Fo synthesis., It was therefore decided to make use of the position

parameters obtained from the difference synthesis.
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Eighth Phasing

This consists of & series of trial calculations of structure factors.

(i) In order to test the reliability of the new co-ordinates of atoms
27, 28 and 33, around the iodine aton, their parameters wers added
to those of the 37 atoms uscd in the previous phasing and the structurs
factors were caculated. They were given a temperature constant of
4.5 X? each., The scale factor was 1,437 and the reliasbility index
reduced fron 0.198 to 0,190. This deercase indiceted thoat o fairly
good Jjudgnent of the loceticn of the atoms had been nade.

(ii) In the diffcrence synthesis, it was noticed that the iodine aton
was still in e trough of depth - 3,61 Q/X;. Its tenperature factor
was consequently increascd from 6,70 to 7.50 R?. The position of the
chlorine aton had a density of -2.46 a/X3. Its temperaturc factor
was increased from 4.0 to 5.5 Ez. With these two changes, the
position and temperature parancters of the previous 40 atons -
0300801I’ werc used in calculating the structure factors. The
scale factor was 1.358 and the rcliability index rose to 0,205,

(iii) The paranmeters of the three atons (27, 28, 33) around the iodine
were renoved and the remaining paramcters with inoreased B for iodine
end chlorine were used in calculating the structurc factors. The scalie
factor was 1.340 and the reliebility index increased to 0,212, This
result confirms that to a fairly good deéree the input co-ordinates
for these threce atons were rcascnable ond that there was not encugh
Justification for increcasing the tenmperature constants for iocdine

-and chlorine,
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If iodine is present in all its sites then the peroentﬁje of iodine
in the sample should be 18,4, With the possible interference of the
18,48

chlorine atom during the analysis, the sample analysis , showed the

following percentages for iodine,
(a)'® 17.62
17,04
®* 1475
In (b), no duplicate determination was performed and the result is very
much lower than the others, Even so the more reliable figures are appre-
ciably less than the calculated 18,4%.

A possible explanation for this lower percentage is that the iodine
sites might not all be occupied by iodine in all the molecules. The chlorine
could be left unsubstituted in a few molecules, This would then reduce
the effective scattering contributicn of the heavy atom by a "Site Occupation
Factor"s. In this circumstance, it would not be correct to account for
the valley~in which the iodine was found in terms of thermel vibration
alone., It was therefore decided to leave B at 6.7 X? for icdine.

(iv) After a close study of the maps of both the Fo and difference synthesis
appropriate shifts of atomic co-ordinates were made, based on a

qualitative judgment only for all but ONE of the 37 atoms used in the
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scventh phasing calculaticon. The co-ordinates of the roneining aton was
changed altogether. Aton 30, C(30) had the lowest peak density of 2.6 e/ii3
in the fourth Fo synthesis, In the differcnce, it was at thc centre of a
valley of -1,25 Q/ﬁ§ with a temperature constent of 4.8 ﬁ?. 4 further
increase in B to account for this negative density woull decrease the peair
in the Fo synthesis further, This was considered rather undesirable, In
the previous Fourier celculatiocns, this pusiticn had peak densities of

2.9 o/2 with B = 4.5 82 in the third Fo, =:0,85 o/R° with B = 4.5 £° in
the third difference, 1.7 e/ﬁ3 in the second difference, 1.15 Q/E; in the
first difference, 1.6 Q/RB in the seecond Fo and 1.0 Q/E; in the first Fo.
It had becn suspected to be a spuriocus peak or on aton which was not well
located., There was at a distance of 0.8 £ to this position another peak
of height 1.5 G/Rj and 1,0 Q/R; in the Fourth Fo and difference synthoses
respectively, Prewiously, this new position had densities of 1,12, 1.3,
1.33, 0,80, 1,5 and 0,90 Q/E} in the third difference, third Fo, second
difference, first difference, sccond Fo and first Fo syntheses respectively.
The peak height in the Fo Fourier swmeaticns, hac been cbove 1.3 q/ﬂ?

fron the seconl one and this wrs considered o favourable foctor to noake
this site the atomic position., The co-ordinates of C(30) were therefore

-

- . 02 ,
changed end it wes given o tenmperature constant of 4.5 &°. The temperature

B

: 2 ; ;
constant of chlorine was also decreased to 5.0 R and the structure foctors

~

were calculated again, The scale factor was 1.427 and the relisbility

index reduced to 0,183, Thc number of differences in structure factors
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above 3,0 decreased to 21 of which cnly 6 were above 5.0 Thc highest
difforence of 9.9, was for reflcetion 0 2 O The intensity of this refle-
ction was originally too large to be estimated accurately and so this great
difference was not surprising,

The main featurces of the structure were fairly cevident at this stage.
A satisfactory structural formula could be written. The refinement by

difference syntheses was thercfore terminated.
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FURTHER REFTHNEMENT

Apart from the difference synthesis, methods of refinement consist

of mininizing a function (Rf) of Fo and Fe. The least squz:t:re)&al"9 nethod

nakes use of a principle first enuncicted by Legendre in 1806 and later
subjected to rigorous nathematical proof by Leplace (1811) and Gauss (1821),
It gives Rf as follows:

. 2
Rf =T w({Fo| - \Fo})“ where
w is a weighting factor, and the sun is taken for all the observed structure

50 i1
factors., The nethod of stecepest descent” , based on the same principle

2
Re =ZW(F02 - Fo?) .

To carry out a least squere refincment, the structure factors nust

gives Rf as foliows:

be roughly on the absclute scale and the phasing nust be approxinately
correct. These conditions were roughly satisfied at this gtage when the
structure was aliecady knovn, In aldition it is essentinl that an appropriate
welghting scheme is used,

The process of refinemnent involves the determination of the changes
in position and tenperature paransters necessary to bring about the nini-
nization of Rf. These parancters determine the calculated structure
factors nnd s¢ each reflection provides an observaticnal equation of tho

forn
V¥ Fo(hkl) -/ Fo(hkl) =yT B

where Rf = ZW E2.
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The weight w is ingtroduced to account for the degree of reliability
of each equation. This is considored proupcrtional to the accuracy with
which the observed structure factor is known. The accuracy with which
each intensity is known depends on the magnitude of the intensi'y, the
background intensity, spot shape and other factors depending on experinental
efficiency. Jnother rough indication of this accuracy is the degree of
agreenent of the observed and calculated structure factors when the phasing
is fairly correct. A range or point of highest degree of agreement is
then selected and the reflexions are weighted according to onc of the

5t

following schenes”

(1) Vo

7

of highest degree of agrecment.
(11) V& = I ir \m) < F,

N F1/lFo\‘ otherwisec, where ‘\Fo\ =0t F

\Fo\ / 7 ie Fo < B,

I

li

T, 4 \Fo\ Otherwise, where F1 is the point

is the range of highest degree of agreement.

(iii) w = 1/(a + \Fo‘ +c tFo\ 2) where a and ¢ are
constants of the order of 2Fmin and 2/Max respectively. This scheme

essentially puts less weight on very large and very small \Fo\ . Besides

52

this cxpressicn for w, there are”“ a few others, all functions of lFol

designed to reduce w for very large and very small Fo, It has been

sugges‘cec’.51 »92

that the weight w nay also depend on sin e/,\ s but no
weighting scheme has yot been designed which is o function of both [Fol

and Sin °// .
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A podified forn of Hu(4h<:~.*553 woighting scheme (Scheme 2)was considered
suiteble for the 991 observed reflections, F‘l wes 12,0 which is approxi-
nately 8 Fmin. For the first cycle of refinement, 161 paranctcrs made up
of x, y and z co-ordinates and temperature constants for the 40 atoms
together with the absolute scale factor were refined. The reliability
index decreased fron 0,183 to 0,156, The greatest shifts were the absoclute
scale factor (from 1.427 to 1.200) and the temperature perameters for
atons 2, (fron 4.6 to ~ 0,12), 8, (fron 3.6 to = 1.6), 30, (from 4.5 to £.99)
and 33, (from 4.5 to 9.01).

That atoms 30 and 33 should develop such high' temperature factors susgested
that they were not well located, Atom 30 was put in one of two possible
sites, both being under 1,0 R apart and about 1,5 R distant from adjoining
atom 36, The peak centre of aton 33 was uncertain. Two different peak
centres were observed in the fourth Fo and differcence syntheses. The site
from the difference synthesis was geometrically more reasonable and had
been inserted for refincment.

Considering the positions of c(2) ana 0(8) in the structure, a change
of chenical identity, as a possible explanation for the negative tenperature
factors was not feasible, It was therefore decided to keep the previous
tenperaturce factors constent and refine the ocoupation numbers, After
another two oycles, the reliability index decreased to 0,138, The
occupation numbers of C(2) and C(8) became 1,195 and 1.362 rospeetively.

Lssuning sone nesomerisn within the molecule, resulting in C(2) and C(8)
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becaning negative ocentres, one would still not expeet the occupati.n nunber
of either of these atoms to be as high as 1,362. The occupation numbers
were therefore reduced to 1 and thermel parameters of L.5 '122 refined,

The temperaturc constants of the carbon aton (atom 30) in the methoxy
group of the ester attached to ring C and aton 33 (carbonyl oxygen of the
iudoacetate) rose to 9,04 122 and 15,2 ?xz respectively., During the course
of the analysis, atom 30 had alternated between two positions each about
155 R away from the adjacent oxygen aton and about 0.7 s away from each

5k

other. It was suggested”  that atun 30 could partly occupy the two positions.
L partial cccupation of the two positions would induce serious vibrations
in the adjacent oxygen aton, resulting in a low electron density at the
atinic centre. This had Leen found true to the extent that the oxygen
aton was at one stage tenporarily assumed carbon, In the following
cycles of refinenment, aton 30 was given an occupation number of 0,5 in
the two positions, Its thermal parancter was kept constant at 4.5 32
and the occupation numbers were refincd,

The temperature constants of the other two atoms arcund the iodine,
atons 27 (carbonyl carbon in the iodoacetate group) and 28 (carbon bonded
to iodine) had alsc incrcased from 4.5 32 to 6.88 ﬁz and 4,6l 2 respectively.
These values suggest that the two atoms were approximately correctly located.
Their positions together with that of aton 32 (the oxygen atom in the iodo-
acetate bonded to ring A) necessarily fix the position of aton 33 since
the four atoms nust be in the same plane. However, thc location of atun

33 in this plane was adopted with reservation as two well defincd peak
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centres were observed in the fourth Fo and difference syntheses (fig. 45).
Its high tenperature factor was indicative of the unsatisfactory nature of
the present position. However, with the same position parancters and the
tenperature constant changed to 4.5 RZ, another three cycles of refinenent
resulted in a B of 24.2 32 for atom 33. It then became obvious that the
process of refinement had completely renoved aton 33 from its location in
the fourth 'difference! synthesis,

A partiel occupation of two positicns by an aton should show considerable
densities in the two types of synthesis. This was nct true for atum 33.
However, in favour of the idea of partial occupation was the high thermal
perameter of the adjacent carbonyl carbon (aton 27). 4 double bond
between atoms 27 and 33 would induce serious vibrations in atem 27 if aton
33 were to partially cccupy two positions. Also the direction of vibratiocn
of atom 27 should also be the direction of the vector between the two
partially occupied positions., However, the seccond position was considered
too close to the iodine etom and would further increase the 0-C~0 angle
(32, 27, 33). The initial position and thermal paraneters werc therefore
inscrted agein for aton 33 in the next cycle of rcfinement, Its temperature
constant was left unrefined and the occupation number was rcfincd, The
reliability index before this was 0,1292 ond the refined occupatiin numbers
of aton 30 were 0,584 and 0,416,

The last cycle of refinement gave a reliability index of 0,1298 and

occupation numbers of atom 30 becane 0,574 and 0,426, It also reduced the

occupation nunber of aton 33 to 0.586.
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The deficiencies shown by the results of this refinement nust be due
to the degree of accuracy of the experinmental data, Apart from the fact
that there was no absorption correction, the scaling of the intensities
obtained fron the different layer photographs was mercly an approxinate
onc., This could be improved by correlating the Fo and Fe for cach layer
separately,
Tith the last set of position and thernal parancters(tablei7)structure factor
bond angles and bond distances werc calculated, These are shown in tables
16 and 18 and figures 46 a and b. LA last set of Fo and differcnce syntheses
were calculated, Table 13 shows the peak densities obtained in thesc syntheses

These are discussed later, (pagei12).
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DISCUSSION

The struoture of ioloscetate derivative of Substence 1 (Cedrela Odorata)

Molecular Structure

The structure derived fron the X-ray analysis is defined by the set
of position parameters listed in table 17. Atoms 1 to 30 are carbon and
atoms 31 to 38 are the oxygon atoms, Atom 39 is chlorine and atom 40 is the iodinc
Others given in table 13 are the fictiticus atoms that came up during the course
of the analysis. The resulting interatonic distances and valency angles
are not considered to be individually accurate, but table 16, gives tho
ranges and nean values, which are comparable with accepted values.

The molecule is folded intc twc leyers, seen in projection in £ig.47b, one
layer being distinetly marked out Ly the double bond between C(8) and Cf14)togethe:
with rings B and C. Ring B, in the chair conformaticn, is fused to ring A in the
boat conformation at C(2) and C(10). The molecule folds over at ring A
to which the iodoacctate group is attached. This substituent forms part

of the second layer,

TABLE 1€

Region of Type of boend No, Range lean Value

Molecule or angles

Rings C =0 15 1,39 = 1.75 1.56
C=2¢0C 3 1,23 - 1.50 1.36
cC-0 2 1,32 = 1,47 140

Side Chains C=-1I 1 2.10 2.10
C=-Cl 1 1.8 1.89
C=~0 7 1.23 = 1.75 1.49
C=0 4 1.20 - 1,35 1.29
C-c 11 1.50 - 1.73 1,54

Moleoule with~ Trigonal 18 11144 = 132°  121,2

cut furon ring  pgipshedral 33 102.4 - 114.1° 108.3
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The ester group attached to C(5) and the furan ring arc also in the
second layer, The carbo methoxyl group attached to C(14) lies approximately
in the same plaene as rings B and C projecting out of this plane with its
carbonyl oxygen to the opposite side of the furan ring. Each nolecule

has the conformation

— Do

/s
/ \b\‘pﬂzﬁ”d/\\/";\g o~
- X < \{’\‘5' e I /‘\-,,a
o‘ \\\: T e

9

The stercochenical configuration of the molecule largely conforms
with the staggered tra.n7€onocp’c, @.ccepteds5 for complex organic structures
but for the linitations imposed by the distortion produced by the double
bond and the peculiar linkage of rings & and B, Ring A perhaps has to

adopt the boat conformation in order to reduce possible intra nolecular
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repulsive forces between the substitucnts on C(3), C(4) and C(5). Moreover,
a chair conformation for ring L, would so distribute the gen dimethyl groups
in spoce that the present cis-conformation of the iodoacetate group to

c(22) would not be feasible. The trans—conformation, on the other hand,
would result in creating a vast volume of empty space, which could possibly
be filled by a change of space group for tho erystale Such spoee-filling
consideration would not arise in solution and ring A could then have the
chair conformation,

Arrangement of Molecules in the Crystal

The packing is illustrated by the projection diagrams of fig. 47
(a) and (b). There is no possibility of intermolecular hydrogen bonding,
since none of the highly elecctro-nogative atoms in the molecule is bonded
to hydrogen. The nolecules arc in fact, held together by Van der Waals
forces and oricnted to give nmaximum packing efficicncy. Since o molecule
roughly occupies a rectangular box (of dinension one by half by half of
those of the unit cell) with an empty space between ring A, conneoting the
two layers of the molecule and ring B in one layer, the packing scenmed,
to some extent, dependent on the attempt to £ill this space. This scens
best achieved Ly arranging the molecules around sets of two-fold serew
axes such thot the side chain in one nolecule projects into the cmpty
space 1in the rectangular box containing the adjacent molecule, The inter-
nolecular distances are in all cases above 3.0 £. The closest contact

of 3.5 R and 3.51 are (1) between cerbon C(30) of the methoxy group of the ester
attaghed to ring C at CQIA and oxyzen (aton 35) of the carbonyl group of the
ester attached to ring A at C5, shown with dotted lines in fig. 47(a) ana

(2) between C(29) (carbon of the methoxy group of ester attached at C(5)) and
0(1) (atome31) shown in dotted lines in fig.47b respectively.



Figure 4TA
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The low melting point of 22000 for a structure of molccular weight 690
is consistent with Van der Waals bonding for the noleoules,

Reliability of Structure

Tho cnalysis began with very little knowledge of the actual structurs
but uppermost in the assunption that was employed for the analysis was
the idea that each nolecule ccntains an iodine atom, There was no chemical
deternination of the molecular weight, The orystallographic measurements gave
it as 693.0 + 7. The final calculation from the molecular fornula of
C3OH3808C1I’ corresponding to & moleccular weight of 688.k4, is reasonable
when compared with the experimentel value, This neans that there is very
little probability of having left out an atom or that a fictitious atom
had been included,

Moreover, the final Fourior calculations (fifth Fo and Differcnce
syntheses) confirng the accuragy of the number of atons., In the Fo
synthesis, there were still a few density peaks above 1.0 Q/X?, produced
no doubt by the specific diffracticn effeot527 resulting from the presence
of tﬁe iodine atom. In thc difference synthesis, the highest density, apexrt from
iodine, was U.67 6/23. There is thercfore no density peak that cculﬁ.cé@eivably
be an atom,

The chenical icentity of the atoms were all along correlated with
chenical evidence, In two instances, one involving the chlcorine atum and
the other a trial exchange of the identities of atoms 15 and 36 (Oxygen of
the methoxy group in the ester attached to ring C) mistakes had been nade

in the course of the analysis, and these have been corrected.,
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One feature of the intensity pﬁtcgraph was the general weakness of
the reflections from plancs with small spacings. Consequently the resolution
of the electron density peaks is limited. The position paranctcrs of the
atons are therefore of limited reliability. The rather low number of
observed reflections indicates some disorder in the crystal structurc.
Correlating this with the complexity of the nolecule it has bcen suggested38
that where, as in this case, complicated molecules are held in the crysial
by comparatively wecak intermoleccular forces, it is unlikely thot the atons
will be so precisely ordcred throughout spacc as they are in sinpler
crystal structures., /As 2 result of this effect together with specific
diffraction rings around the iodine atom, it had not been possible to deter-
mine the position parameters of atom 33 (carbonyl oxygen in the iodoacetate)

at least to the same degree of accuracy as thc other atomic positions, Its

final position is 3.36 £ from the iodine atom.

Thus ascurate neasurements of intermatorric distances and valency angles
oould not be obtained from the experimental data, bDut the X-ray analysis has
revealed the most essential geometrical features of' the molecule.

The Structure of Cedrela Odorata Substancc B

On the basis of the crystallographic evidence for the ic;aacotat056 and
chenical ovidcnce1§ it has been suggosted56 that COB has the structure (II)
on pageM3A. It was broken dovm to (III) during the process of mcthylation.
The methylation product (III) was further reduced to (IV) which rcacted
with chloroacetyl chloride to give a chloroacetate. In the sane step, the
methoxy group on C(17) was roplaced by a chlorine atom. The chloroacetatc

was then converted into the icdoacetate.
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Flow Shecet

Patterson

N
1st Phase Caleculation with I, only; R = 0,37
N/

1st Fo Fourier giving 15 atoms regarded as carbon

I—— 2nd Phase Calcu]atlon with 01 51 = 0,322

i 2nd Fo Four1e¥ giving I + 3} atoms all carbon
v

l Phase Caloulation, R = 0.253

|

“> 1st Difference giving I + 41 atans all carbon

3rd Phase Ca]iulation with ¢, ,I, R = 0,257

11
L4th Phase Cai\léulation with 0,.0,T; R = 0.251
2nd Differenc\}z giving 029 >
5th Phase Cal\clz/ulation with 029 5 I; R= 0.25‘3_.
l LE_’hase Caloulation from 2nd Fo, R = 0.253J'
?/rd Fo Fourle\ry giving C32 9
6th Phase Calculation with 032091 R = 0,23

W/
3rd D:Lfference giving (1;‘

7th Phase Ca.lculat:.on with C,,0.I; R = 0,223

319
with 028081 R = 0,216
C = 0,20
with 02807 AN R 0,204
| with 028 07ClI, R5 = 0,198
¢ .
8th Phasing with c3008011 ; R = 0,183
v/

Least Squares Refincment

R = 0.129
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TLBLE 13

Aton Aton

Densities in q/ﬂ3

No., Type Q 1 c’ 2
1 Carbon 2,67
2 i 0.9 1.5
3 s 3415
L # 2.8 5.5
5 " 2.7
6 " 1.4 24
7 " 2.83
8 " 2.89 5.5
9 e 3.73
10 U 3.18 5.8
11 . 2.7
12 n
13 n 2,80 5.5
m o
15 " 3.18 5.2
16 " %.86
17 " 2.2
18. "
19 " 2.84
20 L 2.80 5,06
21 1 0.7 1.8
22 " 2,87
23 " 3.25 3.8
24 ) 1.14 2,87

2N
0.65 2,2 3.3 040 3.5 0,51 4.9  0.31
1.4 1.1 1.4 0,20 3,6  0.06 5., 0.6
1.1 0,27 3.6 0.39 4.2  0.05 5,5 0.1
0.12 0,54  L4.0  0.55 3.8  0.28 4.5  O.uk
0.10 2.8 L4 0,05 L4.5 0,05 49 0,19
1. 0.5 2,0  1.06 3.9 0.3% L.6  0.39
2.28 0,05 3.60  0.39 3,7 0,29 k.1 0.55
1.07  0.06 L. 0,25 4.8 0.0 6.1 W37
1,97  Co33 L5 0430 Lol 0,20 L.67 0.32
0.40 0.87 4.0 0.7 4.3 0,07 4.9 0.4
1.8 0,32 3,5 0,25 3.5 0,36 3.5 0.38
141 024 3.5 0,02 3.8 0.05 4,10 0.2
0.05 0.08 4.0 0.05 4.0 0.15 4.3 0.28
1.50 0.45 3.9 0,30 3.7 0.3 5 0,23
0.18 0.3 4.2 0.30 4.1 0.02 4.9 0,32
146 0.75 L4 0,10 4.3 040 4.6 0.3%
1.8, 3,7 0,30 4,0 0,52 4.3 0,30
1,81 2,9 0,20 3.7 0,19 L.2 0.1
1,70 0.99 3.6 0,32 3,3 0,50 3.55 0,22
0.48 0.39 4.3 0,10 k4.  0.10 5. 0043
0,95 0.80 1.60 075 3.9 0,16 4.2  0.23
1.52 0,32 4.2 0,52 4.2 0,02 5,3 0,15
0259 0.27 3.0 0.70 3.3  0.55 4.2 0.2
1506 0,79 3.0 0,54 3. 0,39 L. 0.37
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Denstides 4n of/ 27

Aton  Atonm ,

No. M6 gy Qo B "D, B Dy Py D (P T
25 Carbon 0.9 2.4 1.3 1.1 1.9 1720 3.2 0.56 5.6  0.31
26 n 1.5 3.0 1.0 1.65 2.3 O0.44 3.8 0.23 4.5  0.04
27 " 1.6 2,05 2.67 0,51
28 " 1.7 1.9% 2.98 0.37
29 " 1.6 0,40 3.4  0.90 3.7  0.56
30 " 1.0 1.6 115 1.70 2.9  0.85 \2.6 1,02 2.9/2,.1 0.63
31 Oxygen 2.8 ki 047 045 3.9 0,15 5.4 1730 6.2 0.24
32 " 3.56 1,83 0,14 5.8 0.30 6.0 0,26 7.12 0,16
33 " 2.1 1.35 2.6  0.60
3l " 2.67 2,28 0.25 L4.9 0.25 5.8 043 7.2 0.2
35 " 2.3 1.29 4.8 1.02 5,2 0.53
36 2,80 1.89 0.61 43 1,30 5.5 0.35 7.0 0.56
37 " 2,97 5.2 0.8 0.5 4.8 076 5.5 0,96 6.0 0.2
38 " 2.86 5.5 0,14 0,63 L. 1,02 5.2 0,86 5.7  0.40
39 Chlorine 4.3% 8.5% 2.3 2.90 8.6 1.69 12.6 2.56 13.7  0.25
40 Todine 29.8 L48.1 5.8  7.38 434 4.35 4.3 3.7 49.4 1.18
A Spurious 4.63% 5.8 473

42 n 2,92 L.,0 4,32

L3 " 1.28

L, " 2,03

L5 " g 7y

46 L 1.30  1.50

L7 " 1.90

48 " 1,36 3.2

49 " 1.40 1,76

50 " 1.41 2755

51 " 3.10 4.0 0,61 1.33

52 " 2,84 Lo 1775 2,49 l

53 " 2.7 1 0235 3.6 2,21

5L " 0.55 0.60 0.65 1,73 2.6

55 " ko 1l



Lton Type
and No.
c(1)
c(2)
c(3)
c(4)
¢(5)
c(é)
c(7)
c(8)
¢(9)
c(10)
c(11)
c(12)
c(13)
c(14)
c(15)
c(16)
c(17)
c(18)
c(19)
c(20)
c(21)
c(22)
c(23)
c(2n)
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TABLE 17

0.3454
0.2704
0.,3116
0.5980
0.3506
0.4372
0.6112
0,1066
C.2265
0.3415
0.1975
0.0598
0.9747
0.0099
0,8871
0.8462
0.9908
04824
0.4508
0.56089
0.5266
0.1209
0.0867
0.2136

b

0.3476
0.3887
0.4897
0.007L%
0.4668
0.4977
0.0843
0.3708
0.3376
0.3669
0.3480
0.3283
0.3906
0.3959
0.4215
0.3472
0.4833
0.3644
0.3211
0.1137
0.4798
0.3687
0.0536
0.0755

Position and Tempereaturc Paraneters

x/a

2/

0.2421

0.2974
0.2995
0.2735
0.1642
0,0910
0,441

0,1899
0.1380
0,159
0.0629
0.0398
0.0755
0.160L
0.2090
0.258
0.0487
0.056L
0.1087
0.2789
0.2523
0.2660
0.4166
0.4211

L6
0.35
2.18
214
4,63
2.81
L.10
0.24
1.4
3.00
6.38
1.66
3450
2,32
2,10
5357
3.80
2.82
4.86
1.71
5425
210
1,70
3.86



- 118 -

(Table 17 Contd.)

it s E /o i

c(25) 0.2318 0.1477 0.3693 4.58
c(26) 0.0348 0,109 0.3746 3.21
c(27) 0.8537 0.0747 0.1578 5.8

c(28) 0.9747 0.1262 0.1690 4.50
c(29) 0.0555 0,2983 0,4805 4459
¢(30), 0. 7457 0,307k 0.3792 Lo48
c(3o)2 0.6923 0.3271 0.3579 L8
0,(31) 0.4148 0.2823 0.2659 5.05
02(32) 0.8107 0.0320 0.2150 2,20
03(33) 0.8136 0,0568 0.0938 9.06
04(34) 0.5257 0.1242 0.4735 2,65
05(35) 0.7325. 0.1002 04411 5.91
06(36) 0.7853 0.3788 0.3103 2.88
07(37) 0.838¢ 04277k 0.2397 5426
0g(38) 0.1109 0.160% 043397 L7
c1(39) 0.4498 0.0129 0.0536 L, 9k

Br(40) 0.1241 0.0801 0.,1077 5.06



e

N = = s
CONFNOOAOFN

oW F NN

10
11
12
13

16
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181

29
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36

47

23

28

36
61
59
126
97
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69
30
89
32
30
43
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>207

42
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69
103
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16
32
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21
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115
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30
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Comparison of Fo and Fc

*

TLBLE 18
H
L Fo
2 &1
3 D233
L 86
5 72
6 114
7 127
8 78
9 18
10 59
11 88
12 36
13 29
17 L3
18 37
0
1 145
2 143
3 134
4 12
5 137
6 33
7 L2
8 45
9 77
11 L7
13 30
14 L3
15 43

K

146
o
126
59
133
30
33
L3
80
L6

36
50

(=

—
[eRGENNONE, R Ul VI e)

-
W =

Ao N oo XN &) B o ST \b By

10

13
15
16

Fo

248
232
16
225
144
93

5k
150

35
52
31

Th
71
92
26
37
148
3
81
33
68
32
33
33

Fe

226
213

215
123
&3
L
161
32

-

o7

79
57
82
21
26
146
80

23
85
29

2)

L3
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(Table 18 Contd. )

i H K * H K - H K
L Fo Fo L Fo Fo L ~.Fo Fo
* 0 9 3 17 13
S 6 1 %1 28 L 31 33
o 38 43 3 &l 59 5 2 2
1 26 39 IN 22 23 6 L6 5
2 25 31 5 &6 75 ® 0 14
3 25 25 6 26 28 0 36 %0
Lo 1y 128 7 23 25 3 33 3(
6 70 69 8 23 20 6 39 3¢
8 49 45 9 99 108 B 0 15
9 75 17 11 31 28 1 36 LA
10 107 1ML 13 33 3l 6 31 22
14 28 33 * 0 10 * 0 16
* 0 7 0 59 51 L 35 2
1 32 39 1 82 8l * 1 0
2 14 150 2 26 23 2 148 152
3 49 36 3 50 L6 3 158 146
b 39 45 i N 64 L 95 93
5 67 55 13 38 L 5 121 111
6 115 115 * 0 11 3 9l 92
7 L2 L5 1 36 11 7 79 65
8 L0 31 2 55 48 8 68 1
9 2l 18 3 28 31 9 60 40
10 Ly 54 L 31 o7 10 29 15
11 45 5k 5 32 18 11 57 53
12 59 62 6 L0 L0 12 56 54
1L 20 16 9 73 77 13 55 L0
* 0 8 12 36 39 1 38 17
0 55 35 15 32 6 15 16 49
1 Ly 43 * 0 12 16 63 3
2 55 56 0 63 50 * 1 1
3 118 11y 2 % 11 2 135 126
L o 113 3 146 39 3 121 1L
6 L0 39 N 71 72 L 136 1%
7 68 70 5 51 42 5 100 18]
8 75 Th 6 52 52 6 83 135
9 28 7 8 33 33 7 51 55
10 53 51 * 0 13 8 80 72
11 27 28 1 39 32 9 137 131
14 33 19 2 39 38 10 56 52



(Table 18 Contd.)

*

L

—
-

O IR
Ui N

J . S S S S
AVVIFWN =0V o~NNaANUTFWwWN —

—
OV O~NOWNFWN =0

-
-

-
W

WD =20

H

Fo
67
22
6l
65

30
49
94
211
94
58
13
93
98
60
52
20
40
29
26
Ly

2l
76
173
126
77
78
42
104
61
30
35
55
56

36

106
183
85
95
84

K

4

105
190
83
80
82

- 121=

H
L Fo
5 87
6 &1
1 L3
8 62
9 50
10 67
11 27
12 32
13 51
14 |
1
0 83
1 104
2 65
3 82
L 92
5 30
6 74
v 51
8 73
9 42
10 83
11 32
13 L0
15 35
1
0 72
1 120
2 73
2 95
4 27
5 2k
6 63
T 100
8 33
9 Y
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14
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65
38
59
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47
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28
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13
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54
50
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26
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36
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38
29
b7
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35
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L3
26
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55
16
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H K * H K " H X
L Fo Fo L Fo To L Fo Fe
. e i _—— i 12 6 &
5 21 113 0 45 48 12 =
6 3 38 1 1 19 15 e 22
7 3 29 2 75 80 -
8 k2 38 3 3 40 18 0 26
9 70 79 5 2, 2 Vs L
12 48 38 & 35 27 0 10 110
13 39 35 7 32 3 1 tha 15
* o 7 8 6 73 2 91 al
g) gz 73 10 42 16 i 5-’5 122
72 12 ¢
3 98 106 b 0s oy = *7 37 L
5 37 3 o 7 65 8 56 6z
6 8 18 1 3 42 9 38 40
7 100 94 2 % 30 10 56 46
8 28 25 3 v 38 11 39 2%
9 33 26 L 70 61 12 41 3z
10 36 29 6 40 25 13 A0 36
11 63 59 7 N\Vik 48 1k k550
12 25 29 9 45 M 2 B W
13 20 2l 11 Iy 146 7 3k é
* 2 8 * 2 12 A 0 5 0 o 110
0 28 %7 1 11 9
1 62 0 5 47 g 1 92 96
2 98 95 9 L5 2 #3113
3 3 3 + 7o 13 5 oL e
L 22 29 1 61 62 ‘5+ 1‘;‘; “7’?
P 65 8
6 M 3B o Ty g W 6 13 >
8 52 19 b 45 L5 7 € 30
: /il . M g 8 68 59
10 L5 37 2 26 30 9 = gl
L Y, 1 . 3 5 10 50 49
12 38 4 17 5 130 . @
13 20 2 o 113 128 16 Mo 43
* 2 9 3 91 93 L 5
0 122 118 L 96 86 0 41 310
2 48 A7 5 5 66 s e
3 33 3 6 2 19 2 B
b 86 &2 7 19 12 2 1 e
6 5, 49 8 99 82 b &
8 35 27 10 35 40 5 58 ik
10 16 31 "7 56 6 9 6

A Omission (see page 127).
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(Table 18 Contd,)

* H K * H K "' H K
T Fo Fe L Iro Fe L Fo Fe
7 62 72 . 7 * 3 1
8 81 88 0 80 Tk 0 L8 52
9 5 37 T e ; o de
10 57 39 5 57 5 e 0. 3
11 48 40 L 57 6l 5 L0 34
12 51 48 5 76 81 7 L1 28
13 50 35 6 55 L7 . 3 12
14 41 41 7 L3 39 0 28 15
* 3 k 8 L2 36 1 28 22
0 149 159 9 39 31 2 28 L3
1 73 77 10 69 12 3 52 43
3 L8 49 13 42 40 L L5 53
L 79 88 14 30 35 5 L2 32
5 67 68 3 8 7 50 37
7 29 27 1 61 60 * 3 13
8 50 33 3 38 L8 0 Ly Ly
9 53 L5 L 69 62 3 L2 33
10 yh 55 5 54 57 5 26 28
11 L6 50 6 Sk 63 » 3 14
12 49 L, 7 L3 L7 0 27 by
* 3 5 8 Ly 37 1 38 38
0 80 76 9 42 L7 . L 0
1 67 65 11 by 34 0 122 138
> 7 86 * 3 9 1 62 65
3 45 110 0 33 38 2 105 &8
)+ 66 72 1 34 23 ll- 51 59
5 Lo 2 8l 76 6 105 9.
6 79 62 3 65 60 7 21 17
8 68 78 7 6l 66 9 23 o
5 o\ Ve 9 18 30 10 6 68
6 g p 11 42 42 12 31 14
0 58 73 " 3 10 13 34 19
1 33 147 0 L6 L6 14 53 52
> 57 60 1 38 32 15 27 17
3 3), 43 2 28 33 16 16 22
5 L7 28 3 28 40 17 16 2
7 61 62 5 48 55 . 4 1
8 53 140 6 39 36 0 123 66
.. - S 8 18 L0 1 65 69
12 W2 s 1 19 3l 2 oy 112
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_I_ntroduction

Turraeenthin was 'j.sola.terl5 7 from Turraeanthus africanus and its

58

structure has been put forward” as (I) below. A4 few mg. of the p-bromo

benzoats derivative of its hydrochloride

0
| Mo,

Oz 4

3 \\ 5

o &
a0

(1) (11)

58

supposed” to heave the structure (II) was supplied for X-ray examination
by T.G. Halsall and P. Toft of Oxford University. The purpcse of ths X-ray
crystellographic study is to confirm this structure and to determine the

configuration at C(21), C(23) and C(24).
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The preliminary investigation of the material was performed by R.D,
Gordon of the Department of Chenistry, University of Ibadan, This included
orystallisation of the original powder and the determination of cell
dimensions, space group and molecular weight., The cell dimensions were
deternined from rotation and Weissenberg photograph calibrated with oopper)
aluninium and sodium chloride powder lines,

Some of the later work, in tho collection of intensity data, was also
performed independently by R.D. Gordon., The set of intensities that was
finally used included some of the (hhl) and (hk6) data colleoted by him.

The cell dimensions and space group determinations were repeated in
order to check the results of R,D, Gordon, No significant differences

were observed.

Crystallisation and Crystal Data

Small colourless lath-shaped crystals grew from the powder supplied
from a benzene/methanol mixture. It was not possible to recrystallise
many times in order to obtain ﬁmw: suitable crystal for single crystal
photographs.

From rotaticn and Weissenberg photographs, taken about the unique

monoclinic ¢ axis, and the molecular formula of the compound given as
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39H5l;.06 Br Cl, the following orystal data wore deduced:

a

16,743 + 0,06 L
16.473 + 0,06 &

o’
]

e}
1

7.589 + 0.03 &
118.95 + 0.2°

o
I

v = abe sin®

= 1831.0 B
M = 734.2
p (Cukgl ) = 37 o™
F(000) = 776

Space Group Determination

The cnly systenatic abscnocs werc 001l with 139 2n. Thus the spacc
group could be P2, (Nou4) or P21/n (No.11). Spaoce group P2, has Z = 2 cod
P2 /m has Z = 4. The density of 1.34 + 0,05 g/ml moesureld by flotation
in aqueous KI solution, agrees with a calculated value of 1,331 g/l fox
two molecules per unit cell. Since the molecule as a natural product Coes
not have a plane or centre of symmetry, the space group was unenbilguously
decided as P21 .

Measurcencent of intensitics

Fron Weisscngerg photographs taken with the best two crystals, of
drensicns 069 by €08 by 00%1. and 2.4 by 0.2 by 0,03 n,, 752 refleciions
were recorded and estinated visually as before. Another 200 were observable
but too weak to be estimated., This total number of observﬁl refleeticns
(952) represents less thon 20 per cent of the total number of accessible

refleotion (5037) with CuKckradiaticn., Very few reflections were observed
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beyond Sin 6 value of 0,7. The repetition of the hko layer photograph rovealed
that the quality of photographs deteriorated with exposure to X-rays.

The intensitics were corrected for Lorentz and Polarization effects
as before and put on a common scale with the aid of a Wilson plot%s L
temperature factor of 7.5 22 was determined. This high temperature factor
partially accounts for the snall number of observe@dd roflcctions. 4
complex structure such as this, usually held together in the crystal
by Van der Waals forces, is prone to oscilatc and thus increasé®g the
effect of atonic vibretions,

The scale factors for the highest layers, hk5 and hk6 were rather
unrelicble but because of the rather small muuber of available reflections
they were included all the same. The number of availeble data is considercd
small for the complexity of the structurec but the problem can be lessened
by improving the accuracy of thc data, To this end, the date cbtained
from each layer photograph would be correlated fron stage to stage.

There was no abscrption correction.

Doternination of the Bromine and Chlorine Positions

3-D Patterson: A threc dimcnsional summetion using the obscrved \F(OES)‘% -

as co-efficients gave the mop of fige 48 as the Harker scetiovn of w = e
The bromine-bronine wdetor was quite prominent and from its u and v values,
the x and y co-ordinates for bromine were calculated as

X = 0,4817 and y = 0,1367



&
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There were three othcr peaks A, B, and C, all having approxinateoly the
sane weight on this section. Onc of this muct be the chlorine-chlorine
vector. In order to decide the actual Cl - Cl vector peak, the x and y
co~-ordinates derived from the throe positions were scparately combined
with thosc for the bromine atom and structure factors were calculated for

all the hko reflections, The reliability index obtained are as follows:

Br and C1(4); R = 55.16%
Br and C1L(B); R = 52.03%
Br and CL(C); R = 52.5%
Br only; R = 49.6%

4 N .
The remarkablc feature of this result was that the iscrtion of a
chlorine atum in each of the three possible positions increased the reiiability
index,

2-D Patterson: A two-dincensionel Patterson summaticn was next calculated

and the results show the bromine-bromine vector peak becoming nuch less
prominent, In fact, position A (fig. 43) of the probable chlorinc-chlorine
vectors becane most promincnt. Position C had approximately the sane

weight 2s the Br - Br vector pecak and position B was much smaller than in

the Harker secction. Structure factors were calculated for thic hko reflections
with the bromine position parameters derived from vector peak A.. The
R-factor was 48.2%. This is smaller than that calculated from the bromine
position which was deduccd from the Harker section. Chlorinc wes then

inserted in turn in the other two positions and in the former bromine position,
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together with bromine in its new position (B). The resulting structure
factor calculations gave R-factors which were higher than L8.2%.

Bromine was then inserted in turn in the positions deduced fron vector
peaks B and C., The structure factors caculated for thc hko reflcctions
gave R-factors of 56.6 and 54.8% respcctively. Sinilar calculations for
bromine in cach of these positions and chlorine in cne of the other three
positions showed a worsening of the R-factor. It thcrefoi‘e appears that
whilst bronine could be in the position (1) deduced fron the prominent
Patterson - Harker peak or (2) deduced from the veotor peak A, it is
uncertain that chlorine could be located from any of the vector peaks 4, B
and C.

2-D Fourier Surmations: To locatc thc chlorine aton otherwise, two two-

dinentional Fo Fourier summations were calculated, The phascs were those
calculated with bromine in the two alternative positicns. The first
surmation with bromine in (1) showed two promincnt peaks apart fron that
of bromine, Structure factors calculated for hko reflecticns with the
bromine (1), and chlorine in one of the two positions gave an R-factor of
48.,2% ; with chlorine in thc other position the R-factor was 51.3%. 'The
second chlorine position was therefore re jected. |

The sccond sumnation with bromine in. (2) had four promincnt pcaks
apart from that of brominc. Structurc factors for the hko reflections
with bromine (2) and cach of the four probable positions for chlorinc
viere calculated. The R-factors were: 47.0, 50.3, 51.3 and
5046 per cemt. Three of these positions weTs accordingly

redooted. There were therefore two sets of x and y co-ordinates
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for the brominc and chlorine given by

Br cl

(1) x = 0.4825 X = 0.2717
y = 0.1362 y = 0.8750

(ii) x = 0.1041 x = 90,4750
y = 0.1291 y = 0.3617

Neither of the two positicns for chlorine corresponded with any of those
derived fronm the Patterson. To decide which set of paraneters should be

used for further calculaticns, the threc-dimensional Patterson was re-
exanined. Since the z (unique axis) paramcter of the bromine atoms in “he
structurc nay be assigned arbitrarily, it was chosen as 0,000. That of
chlorine could be decided by finding the vector peak for the corresponding
bronine«chlorine positions. In cach case, such a peek should lic on a lisc
parallel to the unique axis. There was no such peak for the socond sct

of parameters and the first sct was therefore employed for further celculations
with z=parameter for chlorine equal to 0.3550. The structurc factor calcu-
lation for the hkl reflections gave a reliabiliity index of 44,55 with brominc
alone and 43.48% with bromine and chlorine.

Structure Analysis

4 three dinensional Fouricr surmation with Fo coefficicnts phased
on the bromine and chlorine positions, was calculated. The two atons
were given a temnperature foctor of 7.5 ﬁz. The resulting densitics were
generally low, Apart from the two atoms inserted the highest density was

1.9 e/ 23. Twenty-four peaks of densities 1.0 e/ﬂ‘? and above were seleched
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as carbon ataus. These together with the bromine and the chlorine were
used in calculating another sect of structurce factors, The R-factor was

40.5%. The second Fo Fourier summation gave six new peaks which did not
nake rmch chemical sense and therefore a 'difference! synthesis in which the
200 unobserveB# reflections had Fo values of half the threshold, based on
the previcus 26 atms was calculated,

This led to the removel of ten atomic centres with negative densities
cof 1.0 e»/ﬁ3 and the acddition of seven now centres which were sterecochemically
scnsible. No definite feature of the nclecule was still recognisable,

The previous position and temperaturc paramters werc adjusted and the third
structure factor calculations gave a reliability index of 37.06%

This was followed by another differcnce synthesis. Fronm this it woc
observeld that a peak canme out persistently highly positive in the diffcrence
syntheses being 1.4 e/ 33 in the first one with a temperature factor cf
7.5 %2 and 1.0 o/B in the second one with B = 8.0 82, It was about 1.9 3
from the prescnt chlorine position, All other atoms inserted had densities
of value between 0.5 to = 0.5 ¢/ 23. Their temperature ond position nara-
meters werc adjusted. There were ten new peaks which were stereochenically
acceptable as atcmic positions., With these 33 atoms, the model shows a
six-menbered ring attacheld to o five-membered ring, This is probably the
section of rings C and D in the suggested structure,

The fourth structurc factor calculaticn Tased on these 33 atoms nade
up bromine, chlorine and 31 carbon atoms gave a rcliability indox of 3k.2%.
The calculated structurc factors are compared with observed cnes in

Teble 20 and the co-ordinates of the 33 atoms are shown in Table 19.
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No further work was done on this structure,
D__i_scussion

The solution of the crystal structure is beset by the quality and
quantity of the available data. The relative intensities obtaiaed from
each layer photograph are within experinental error reliable but the method
of scaling the different layers together (Wilson's method) depends on a
statistical law, Since this requires a large number of data, (which were
not available particularly from hk5 and hk6 layers), the scale factors
initially used arc not altogether trustworthy and must be adjusted from

stage to stage. In addition, there was no correction for absorption,

The quantity of the data would make the resolution of peaks rather icwe.
In a three-dimensional synthesis, however, distances of 1.1 to 1.2 R shoula

be resolved,

I isotropic temperature factor of 7.5 22 is not likely to represent
thermal vibrations alon€ There is probably a certain anount of disorder.
The hipgh value may also be partly due to compensation for the uncorrected
absorption effects, The diminishing values of the R-factor is an indication
that the correct structure is being approached., The small amount of data
is likely, however, to require many more cycles of difference syntheses before
the final structure is arrived at., Carlisle and Ladcl59 recently found that,
:ryork:ing with a slightly better reflecticns to]atoms ratio (947; 35) in the
same space group, several difference syntheses were required to bring the
R-factor from 50% to 37% (Least square refinement reducing R-factor to 25%).

Lt the moment, all atoms, other than bromine and chlorine, are being
treatel as carbon. The only chemical feature recognisable is a cyclohexarna
ring, formed by atcms 15, 16, 17, 32, 4 and 30 of table 19, The ring is
fused to a five-membered ring formed by atoms 17, 32, 5, 31 and 13, ifter
a few more cycles, it should be possible to recognize the whole moleculce
and hence replace supposed carben atoms by oxygen at the appropriate posi-ions.
This should lead to a more drastic fall in the R-factor than has been fouid

so far,
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Flow Chart
18t Phasc Calculation with Br + Cl; R = L3.5%

/
1st Fo Fouricr giving 24 atoms regarded as carbon

Y ;
2nd Phase Calculation with 0240131-; R = 40.5%
W
g 2nd. Fo Fouriecr

1st Difference giving C
|
\
3rd Phase Calculation with 021
2nd Difference giving 031 C1Br
i
%
Lth Phase Calculation with 0310131'; R = 34.%

C1Br=-10C+7C
2 O

ClBr; R = 37.1%

v



2,
3.
Lo
5.
6.
Te

9.
10.
1.
12,
13.
1.
15.
16.
17.
18.
19.
20,
21.
22,
23.
2k,
25.
26,
27.
28.
29.
30.
' I8
32.
33.

%/a
0.4867
0,2750
0,1700
0.8100
0.2700
0.2283
0.4150
0.5100
0.5950
0.5983
0.9717
0.9467
0.8700
0.0650
0.0417
0.0467
0.1300
0.5083
0.4350
0.1307
0.2117
0,7117
0.7067
0.0233
0. 6400
0.8500
0.3242
0,1050
0,6633
0.1283
0.7800
0.7867
0.6700

y/b
0.1383
0.8817
0.803%3
0.6517
0.2100
0.4350
043300
0.3283
0.3717
0.5100
0.6783
043550
0.8533
0,6317
0.3300
0.2250
0.1717
0.1383
0.0933
0.0741
0,5750
0.1517
0.3567
0.2650
0.7583
043966
0.9783
0.7383
0.,0050
0.3850
0.8417
0.7217
0.2633
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TABLE 19

z/o
0,000
0,363
0.0100
0.1500
0.4767
0.,3733
0.3267
0.3400
0.4900
0.0067
0.1633
0.0600
0.1333
0.2600
0.3533
0.2833
0.3500
0.4867
0.1117
0.2000
0.1367
0.2767
0.3217
0.0367
0.0133
0.0133
0.0683
0.2867
0.3500
0.4900
0.1467
0.0500
0.3433

8.50
7.50
8.50
7.50
7.00
7+50
740
7.00
7.80
8.80
7.30
7.30
7.50
7.00
7.10
8.00
8.00
8.30
7.50
7.50
7.80
7.70
7.10
7.50
7.50
7.50
7.50
7.50
7.50
7.50
7.50
7.50
7.50
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TABLE 20

Comparison of Fo and Fo

Fe

103
179
436
258
163
17
333
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3.3
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221
165
311
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APPENDIX: COMPUTING

Apart from the use of 5 FACIT desk calculating machine for minor work,
calculations were carried out on IBM 162053t ghe Universities of Ghana, Lagos
and Ibadan and a KDF 9 at the University of Oxford.

Fourier Synthesis: This was calculated on the IBM 1620 with programmes

obtained from Laboratorium fur Organische Chemie, Bidg. Technische Hochschule,
Zurich through Dr, Max Dobler, There were two programmes, "FSI,D" and
"2DFOU", both written in the Symbolic Programming System,

Because of the limited memory capacity of the 1620, 3-dimcnsional
syntheses had to be performed in two phases:
(1) Summation over the first dimension using programme 'FSI.D! (Fourier
Synthesis 1st Dimension) is carried out along the Z-direction, The programme
is applicable to the following systems with the limitations stated:

(a) Tricliniec. No limitations

(b) Monoclinic. The unique axis must be ¢

(c) Orthorhombic. Orthorhombic space groups must not contain any

glide planes.

The programme may be used for other space groups with some modifications,
(2) Swumation over the second and third dimensions using programme '2DFOU!
uses the output from the FSI,D to calculate in x and y directions at a
given z value., The product (Hmax + 1) X (the number of y values for whicc

the density is to be calculated) should not exceed the value 1260.
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Hmax is the maximum value of h, Since Hmax from the two crystallographioc
analyses was 20, the programme was applicable to as much as 60 y values.
In all calculations, y had a maximum value of 31.

The programme has no other limitations.

A 2-dimensional syntheses would use programme 2DFOU, alone with some
adjustment of the INPUT data when used for the 3~dimensional summation.

A programme :Ln FORTRAIT, written by Professor D.A. Bekoe was also used
for the two dimensional Patterson summations to locate the iodine in Cedrela
Odorata Substance B derivative,

The last three-dimensional Fo and difference summations were also
carried out on the KDF9 with a programme written in ALGOL by Dr. J.S. Rellstt.

Structure Factor Calculation: A general structure factor programme also

obtained from the Zurich Laboratory was used to calculate structure factors
on the IBM 1620, The calculation is in two steps

(1) Preparation of Input Cards for the Structure Factor programme.

(2) The Structure Faotor programme.

The "preparation" cards (output from first step) contain h, k, 1, Fo,
stn 9y , 2,08/ 25 4,0 2, 25 Sinze//\z. The £'s are the soattering
faotors for a meximum of 6 atoms at the sin 0/)\ value corresponding to
h,k,1, O is the Dragg angle and }\ , the wave length. Sinzg//\ ?'wa.s calculated

from the formula

2 g

Sinzo//\ 2= b2 4 R,

1° zom{""R ohl"l’R ok2+R okl + R .12

13 22 23 33

where R and R__ are the reciprocal cell constants.

R
11?2 122 R13’ R2.2’ R23 33



A and B value, as previously oxpressed, are then caculated for each
veflection by the structure factor programme.
The Ieast Squares programme used was that written by J.S. Rollett

in ALGOL for the XDF9,

Other Programmes:

Programmes for Weissenberg Lp corrections, Wilson Plot, and Bond
Angles and Distances were written for the IBM 1620 by Professor D.A., bekoe.
Final bond distances and angles were calculated on KDF9 with a

programme written by Dr. J.S, Rollett,
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