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GENERAL INTRODUCTION

The discovery of X-ray was first reported in 1895 and in 1915 its

diffraction by örystals was also discovered by a number of workers

including Bragg^ and Laue^ . The use of this property of X-ray to
4determine the struoture of some simple crystals was reported the 

same year. This property has become a powerful tool in modern Science 

particularly in the.fields of Physics, Chemistry, Metallurgy and 

Mineralogy. It has provided an easy approach to the study of the norpho- 

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 intemolecular) that may be inferred from 

the spatial distribution of the atoms in the crystal,

The X-ray crystallographic method was applied to mostly inorganic 

structures at the early stages of its development. Recently the 

application to organic chemistry has become pronounced and it has been

used to elucidate the structure of many complex organic substances such
5 6 7as haemoglobin and vitamin * •

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

vrood extractives: Cedrela Odorata Substance B and Turraeanthin.
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CEDRELA ODORATA SÜBSTANCE B

I N T R O D U O T I O N

Early in 1963» Bevan^ and others carried out a light petroleum 

extraction of a number of samples of West Afriean timbers. One of 

thon was a spooios of tho goauo Godrola whioh is not noräally gafown 
in West Africa. The species Cedrela Odorata is cultivated. The timber 

of the different specimens were examined and the light petroleum extraot 

of each gave colourless crystals from methanol* These crystals had ranges 

of nolting points varying ?d.th the speoimen from which they were isolated. 

Whatever the source, they were shown to be a mixture of two compounds 

which are referred to subsequently as GOA and CQB. The proportions of 

the two components varied with hie source of the crystals, hence the 

varying ranges of melting points.

The Separation of the two compounds was based on the following 

observations:

(i) That COB is very easily hydrolysed by alkali to form the 

compound COB (i) now recognised^ as I or II in figure I.

COA is not affected and remains in crystalline form. COB (i) 

goes into solution.

(ii) COA reacts readily with hyäroxylamine hydrochloride to give 

a non-crystalline produot, whilst COB does not react, 

remaining in the crystalline form.
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.̂ 'x

Pig. I« COB(l) - Alkaline hydrolysis produot of COB.

COA. crystallises from methanol as colourless prismatio

melting at 262°. The results of its chemioal analysis were

with the formula C„^H 0,. It was later identified as 7 -Zd 30 o
7-oxogedunin (Pig. 2), a compound

crystals 

consistent 

deacetoxy-

Pig. 2

which had earlier been obtained in the same laboratory by A. Akisanya
10 11in an attempt to establish the structure of gedunin * ,
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COB, crystallised from methanol, melted at 228° — 232° and had 

of +41° in Chloroform. Analysis gave the formula CgyH^O?.

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 with n»p.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 COA as 7~ de ac e toxy-7-oxoge dunin (Fig. 2),

it was assumed as a working hypothesis that COB might be related to

gedunin. Early stages of the investigations on the structure of COB
12was carried out on this basis. J.W. Powell and others pursued 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 - ceclrelone^ and Limonin^\ 

would suggest the presence of the folloy/ing features:
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( a) furan ring
(b) laotone ring
(c) epoxide ring
(d) keto-group or groups
(e) four or five angular methyl groups and
(f) four Skeleton rings fused thus

However, the rather complex nature of the reaction of COB on

treatment with alkali suggested some kind of departure.

The alkaline hydrolysis product, COB (l), later shown to have

structure I or II of figure 1 was found stable and isomeric with COB,

formula C^yH^Oy. The infra-red spectra of both COB and COB (i), showed

the presence of a furan ring. From the nuclear magnetic resonance 
15spectrum it was possible to recognise a furan ring, an ester group of 

the type - COOMe, and the presence of four angular methyl groups in COB. 

Thus whilst a fundamental difference between gedunin and COB has been 

indicated by the presence of the ester group, it still seemed to possess 

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

group and the furan ring.
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It was then thought that X-ray analysis raight provide a definite 

clue to the structure of COB and to this end a prooedure whereby a 

heavy atom would be introdueed into COB was outline!. The keuo-group 

would be reduoed to the alcohol ah ich in turn would be treated with 

iodoacetyl Chloride to obtain the iodoaoetate*

HEDUCTIOK
//

C - OH
ICHgGOCl !

- 0 - OOCCH I 
i ^

COB COB
ALCOHOL

COB
IODOACETATE

The reduction of the keto-group gave a sticky mass which was hot 

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 IL -dicarbonyl System, it can be inferred that the four

substances are the ^  or reduction products of each of the two carbonyl 

groups. There is of course in addition to this, the sli^at possibility 

of having the two carbonyl groups reduced assuming that there is no 

unreduced COB in the sticky mass. As the presence of the ^  -dicarbonyl 

System was then not known, it was not possible to draw these inferences, 

There \yas therefore no attempt to isolate one of the reduction products 

in this mixture and continue the Programme for the preparation of the

iodoacetate. A similar compound - Mexicanolide^ with the structure
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recently formulated for it, is Biost probably a stereoisomer of COB.

Like COB, it is obtained from the timber of a 3pecies of Cedrela - 

Cedrela Mexicana. The sarae process of reduction, with sodium borohydride, 

has been reported to yield one major product, implyäng the presence of 

other products.

Connolly and his co-workors were virtually certain they viere reducing 

a compound containing a ß -dicarbonyl System and hence must have expected 

a mixture of products which they proceeded to separate. Latest worlc ̂  on 

the reduction of COB with the knowledge of the presence of the ^  -dicar­

bonyl System 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 COB (il) (tho mcthylation product), showed the prosonoo of three 

nothoxy-groups which nennt that the process of nethylatiun -s&ded two more 

nethoxy — groups to COB. COB (il), did indeed give one major

reduction product, the alcohol COB(Hl). The iodoacetate of COB (III) 

was then prepared. The preparation of the iodoacetate from COB was first 

carried out successfully by J.W. Powe11.

The work here reported consists of a repetition of the preparation 

of iodoacetate and its subsequent X-ray analysis to obtain the molecular
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and crystal structuros. Fron the nolccular struoturo of thc iodoacotate, 

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) iodoaoetate

(c) three nethoxy groups

(d) four ne thyl groups

(e) an estör group cf the fom - COOMe.

- 7  -
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PREPARATION OP TBS IODOACETATE OP CEDRELA ODORATA SUBSTMCE B

COB
Mixed extract crystals of cedrela odorata (AO g.) viere added to 

nethanol (2 lit.) in a 5 lit. flange flask. The nixture was refluxed 

until the crystals were all dissolved and to this was added AO ml, cono, 

sulphuric acid in about 330 ml. me thanol, Some methanol was distilled 

off in A° minutes and 2 lit, water was added, There was a white precipitate 

which was extracted with Chloroform in bits of 200, 100, 50 and 25 nls.

The Chloroform extract was washed with some sodium carbonate solution and 

then with water, The Chloroform extract v/as evaporatcd until crystals 

could form on cooling the remaining solution,

The crystals in othylacetate/benzene nixture were passed down a 

Chromatographie colunn of about 750 ml, alumina, 5 per cent deactivated 

with 10 per cent acetic acid. The elute was collected in: fraetions the 

first crop being the nethylation product of COB. An. elute of 2.A lit, 

yielded 13.7 gm. a.p. 170°C.

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

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

Reduotion of the Methylation Product 

The nethylation product (A.O g.) in A0 nl, Chloroform and 200 nl. 

ethanol were mixed up in 500 nl, conical flask. Sodium borohydride 

(0.8 g.) dissolved in 10 nl. cold water v/as added and the whole nixture
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was mech3.nica.lly stirred for one hour. More soäium borohydride (0.4 g.) 

in 5 Ql cold water was added and the mixture stirred for another hour.

Water was added in portions until tho solution was clear and it was 

stirred further for 3 hours. 100 ml. water was added and tho reduction 

product was extraoted with Chloroform in bits of 100, 35» 55 and 35 mls.

The extract was washed with a littlo quantity of water and dried with 

sone quantity of magnesium sulphate. It was then evaporated to a greenish 

yellow oily product.

Bonzene/petroleum ether (60°~80°) nixture was added until it all

dissolved. The solution looking cloudy was covernd loosely and left

to crystallise by evaporation for over 24 hours. This reduction process

was repeated a nunbor of times. The reduction product consists of yellowish

crystals, yields vary fron 1.6 to 2.8 gn. for each 4 gn. of the methylation

product. In each instance only a ränge of m.p. point (130 to 157°C) could
-1be obtained but the I.R. gave an absorption band at about 3»700 cm for 

the presence of the -0H group.

Chloroaoetylating the Reduction Product 

Chloroacetylchloride was prepared by heating equinolecular quantities 

of chloroacetic acid and thionyl Chloride on a water bath until tho 

production of hydrogen Chloride slackoned. The product was then distilled 

through a fractionating column and chloroacetyl Chloride collected between

99° to 105°.
VUsing the method of .Barton and others, 8.6 gm. of the reduction 

product in 250 ml. Chloroform to v«hich had beeil added 55 ml. chloroacetyl
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ohloride were refluxed together with 10 irops of pyridine for 8g- hours«

The solution was washed by shalcing with 500 nl. water and rewashed with 

sodium oarbonate solution. The washings were scorohed with a few mls. 

of Chloroform. The Chloroform solution w as evaporated on water bath to 

give brownish oily substanoe. This was crystallised in same quantity of 

benzene/light petroleum nixture and passed through a chromatographio 

oolunn of 100 ml. deactivated alunina, aluting with benzene in portions 

of 500, 200 and 200 mls. The benzene was evaporated to obtadn nice crystals, 

yield, 1.4 ga. m.p. 215° to 220°.

Iodoaoetate Preparation
17Employing the procedure of Barton and his collee„gues, tiio chlorine 

was replaced by iocline by refluxing the chloroacetate (1.5 g.) with sodium 

iodide (10 go.) in acetone (250 nl.) for 5 hours. Water (500 ml.) wa.s added 

and the solution extracted with Chloroform (200 ml.) The extract was washed 

with sodium thiosulphate solution and with water. Chloroform was then 

evaporated and crystals obtained fron benzene/light petroleum mixture. There

were nice platelike crystals, yield 0.7 gm« m.p. 220° to 225°.
18The analysis for iodino oontent gave 17.33/?« The expected value was

18.4 per cent
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X-RA.Y CRYSTALLOG-RAPHIG ANALYSIS

The iodoaoetate separate«! fron the reaction mixture as olur.ros 

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

to recrystallise the product. A few clups of about ono ailligram were 

put in a micro-speeinen tube whioh had a tight-fitting cover. To this 

was added the same number of drops of benzene and petroleum ether 

(60° - 80°). The nixture was warned on a waterbath until the crystals 

dissolved in the minimun quantity of benzene/petrol mixture. An extra 

drop of each solvent was added and die solution v/arned for a further 

ten seconds. The tube was inmediately covered and themally insulated 

to prevent rapid oooling. ^t oooled slowljr for several hours. YThen 

the solution attained the roon temperature, the cover was renoved and 

the solution was left Standing overnight.
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Prelir.iina.ry Bxanination and Crystal Data

The crystals developed as rectangular plates with^lOC^faoes. The 

shape suggested holoaxial synnetry. This agrees with the later findings 

that the crystals were orthorhonbic and belonged to the space group 

P2-j2-« 2̂  The long axis of the crystal was found to be parallel to the 

b axis. The crystals Teere found to be strongly birefringent and bi-axial. 

An oscillation photograph about the b axis, using a ciystal, the first, 

of dinensions 0.1 mn» by 0,25 nm. by 0.4 nm. (b axis), gavo the cell 

dimension

b = 16.0 A°

Fron a Weissenberg photograph taken about the b axis of the sane orystal, 

the other cell dinensions wore obtained as follows:

a = 10.8 A° 

c = 18.6 A°

More accurate cell dinensions obtained fron filns calibrated with sodiun 

Chloride powder lines are:

a = 10.80 + 0.06 A° 

b = 16.04 + 0.05 A° 

c = 18.36 + 0.04 A°

All photographs were taken with copper Kf^radiaticn
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The symmetry of the reflections obtained from the two photographs 

indicated that the crystal belongs to "010 orthorhoabic systea. This 

was later confirmed by the symmetry of the ¥eissenberg equi-indination 

photographs for the general reflections hkl.

Fron these photographs and the zero layer photograph about the a 

axis, the following systematic absences were observed:

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 detcrmined unambiguously as P2^2^2^.

This has four equivalent general positions and hence four asyametrio 

units in the mit 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 which the 

crystals are insoluble. Since the crystals are insoluble in water, it 

was considered safo to use a salt solution and zinc sulphate solution 

was founa dense enough. to keep the crystals floating. The density was 

determined as 1 .4-32 _+ 0.005 gn. per c.c. by flotation in this solution.

The calculated density based on the final structure is 1.422 gm per o.o.
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Assuming that the a Symmetrie unit contained one molecule, an

assumption which is usually true for natural products, the molecular

weight was calculated to be 693 £ 7«

The ooefficient of the linear absorption from the present accepted

formula of C,nH_o0o C U  with molecular weight of 688.4 can be calculated 30 5>o o

l l  g .

y'n . ¥P ■

is the linear absorption ooefficient 

is the density of the iodoacetate

is the gram-atomic absorption ooefficient for eacn aton. 

is the number of atoms of atomic weight ¥ in the molecule.

1 .432 (30 x 66.1 + 38 x 0.435
--------------- - 'T8o .“4

+ 8 x 203 +39900)

= 90.5 per cm

for copper Kalpha radiation.

It was calculated from this value that absorption varied by as much as 

2 80 over the ränge of 0 values 0° is 90°.

The gram-atomic absorption coefficients for carbon, oxygen ohlorine
19and iodine were from the tables of Henry, Lipson and Wooster and that 

of hydrogen was eauated to the mass absorption ooefficient obtained from 

the International Tables (1952). The linear absorption ooefficient was
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previously calculated based on the molecular weight as known at the time 
-1to be 97 cm

vV\
It was clear then that there would be considerable errors 

structure faotors 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 available, anyway, no oorrecticns for absorption were made,

Collection of Intensity Data,

The intensities were collected from Weissenberg photographs taken 

about both a and b axes. The exposure for each photograph was rou^ily 

50 hours of Copper Kf3\ radiation. In order to reduce absorption errors 

to a minimum, attempts were made to obtain saaller crystals of almost 

cylindrical shape. To achieve this the crystals were ro-grown as described 

a nunber of times. A second crystal of dimensions 0«'!5 by 0.20 by 0.55 mm 

was nounted about an axis which was found to be b. It is expodient to 

tafce photographs of reciprocal layers about the shortest axis i.e. a. 

Because of its shape it was not reasonable to expect rauch from remounting 

this crystal, And so while a search was going on for an approxinately 

cubic shaped crystal which could be raounted about any of the three axes,

multiple film equi-inciination Weissenberg photographs of the layers 

(hol), (h1l) and h2l) were taken. The (hol) photograph was taken with 

unfiltered copper radiation. Copper Ke\ radiation was used for the other
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two, as well as for all other photographs useä for estimating intensities.

It was not possible to obta,in any cylindrical crystal. The third 

crystal fron which most of the intensities were recorded had the shape 

sketched in fig. 5

Gt <=--

Fig. 5(i) Fig. 5(ü)

It was by no means regulär in sha.pe but it was possible to mount 

it on any of the three axes and take good photographs. It was roughly 

0.2 rni in each direction and was finally nounted as shovm in fig. 5(i) 

to take a-axis equi-inclination Weissenberg photographs of the layers 

(okl) to (7kl). It was o'bserved after the fourth la,yor had beon photo- 

graphod that the crystal seemed to be changing colour and this change 

becane more pronounced later. By the time the last photograph he„d been 

taten, the outer layer of the crystal had definitely turned dirty red 

(lodine colour).
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Intensity Measurement

Of the varying methods of neasuring intensitlos from single crystal
20photographs, visual estimation is the least accurate. It has, however

proved satisfactory at least for structural purposes and has heen eraployed

in the detemination of as coaplex a structure as -the hexacarboxylio acid

of Vitamin B̂  * as well as for Vitamin itgolf. It is the most commonly

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

it is often the only available method in many laboratories. For a very

accurate worls, one would require the quantum counter. DiffTactometers

which use radiation counters for measuring intensities, have beeil designed

for completely automatic Operation»
Visual estimation consists of measuring the intensity of the photo-

graphically recorded reflection with the aid of a Standard coraparison
intensity strip, prepared by recording the sarae reflection from a given

crystal for different lengths of time, 'The exposure times represent the

relative values of the intensities on the strip. This was the only

available method. To increase the ränge of neasurable intensities,
21the multiple film technique was used. ¥ith only four films for each 

Photograph, it was still not possible to estimate the intensities of 

0 2 0  and 0 2 3  which were aaong the strongest reflections.

The following five reflections, Imving the least Sin © values, were

cut off by the beam trap and were not recorded: ( 0 1 1 , 1 0 1 , 1 1 0 ,  1 1 1 ,
1 2  0).
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There were not as many reflections as was expected with Copper K 0^ 

radiation; there are 3673 reflections within the copper sphere. The recorded 

(hol) reflections were only 178 in nuinber out of which only four had sin 9 

values above 0.8; the naxinum sin 9 value was 0.8507. Similarly there 

were 147 (h1l) reflections, with only three reflections having sin 9 

values above 0.8; the highest value was 0.83 (71 16)» For the (h2l), 

there were 129 reflections with a aaximum sin 9 value of O.765 (4 2 17)»

From the photographs about the a axis, there were: 217 (okl) reflections 

with a maximum sin 0 value of 0.788; 199 (1 kl) with a maxiaun sin 9 value 

of 0.73; 194 (2kl) with a naximum sin 9 value of 0.788; 170 (3kl) with 

sin 9 of 0.72. 4n average of d>out 140 naximun reflections, the actual 

nurnber for each layer decreasing with increasing value of h, were obtained 

for the other layers. The naxinun sin 9 value was about 0.70.

In neasuring the intonsities, spot extension and contraction were 

observed. The extended spots reflected fron only one quadrant of the 

reciprooal lattico were estimated. There were no systematio search for 
the effccts of anomalous scattering but cno refloction (4 4 2) was

observed to show sono departuro fron Friodel's law. Twp of its oquivalent 

reflections had different intonsities. The two were estinatod and averaged.UNIV
ERSITY
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Correction of Intensities

Disregarding errors of absorption, extinction and spot-extensionf^ 

the measured relative intensity is related to the struoture anplitude 

F(hkl) by 25 the equation. 

where k is a constant

p the polarization correction is given by

p = (1 + Cos2 29) jf 2 

and L the Lorentz correction by

L = Sin 9
Sin 29 (Sin2 9 - Sin2 jj) ä

91'This is Tunnell's “inethod of expressing the Lorentz correction, 9
JJis the Bragg angle and the equi-inclination angle. Ihen = 0, i.e, for

equatorial reflections, this reduces to L = (Sin 29)-1

give
(Lp)-1 _ 2 Sin 29 (Sin * 9 - Sin2 ji)

(1 + Cos2 29) • Sin 9

2 f~(l - Si________
1 - 2 Sin2e (1-Sin2ö)

These Qxpressions

--- - (D

(2)

2 Sin 2 9 
1 + Cos2 20

when u. = zero

Values of Sin 0 were calculated on a FACIT desk calculating machine for2
all the (hol) reflections and fron the values of " ’ä'in^  9""' as a
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function of Sin ö, obtained fron the International Tables, Lp and

henoe j F | values were derived for all these reflections,

For the general reflections (hkl), the Lorentz Polarization
2corrections and hence If | were desk calculated using equation (l)

above for a few of the (1kl) i'eflections.

The results were compared with those computed on the IBM 1620.
2

Corrected intensities (Fo  ̂ for all the measured reflections were then 

calculated on the Computer.

Factors

To put the corrected intensities on the same scale, the first approach 

was to correlate ihe 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.
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IABLE 1

h__ k 1 UM Liga! Correlation Factor

2 2 1 4J3 5.16 0.800

2 2 2 8.07 4.39 1.838*

2 2 3 4.76 2.99 1.592*

2 2 4 4.56 5.12 0.891

2 2 5 7.54 5.93 1.272

2 2 6 21.38 18.92 1.130

2 2 7 8.59 9.5 6 0.898

2 2 8 9.75 11.68 0.835

2 2 9 7.87 6.81 1.156

2 2 10 6.33 7.26 0.872

2 2 11 3.39 2.03 1.670

2 2 12 5.26 4.58 1.149

2 2 13 2.92 2.39 1.222

included in üie average value in tables 1 to 3.

aro tho intensities froa (h2l) reflections. 

are the intensities fron (2kl) reflections.

Average Correlation Factor =1.02
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Table 1 shows the ränge of correlation faotors of oach reflection 

obtained foi' the aooond layer about a axis. The lowest (0.800) for 2 2 1 

was fairly acoeptable but the highest ones for reflections 2 2 2, 2 2 3 

and 2 2 11 were far fron the others and were ruled out in calculating an

average value.

Tableü>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,

4 2  7, 4 2  8, 4 2 9  and. 4 2 10 in Table 3, were ruled out in

calculating the average value of the correlation faotors.

This was done for the eight layers and as the ränge of value for the 

individual reflection correlation factors for each layer was so large as 

to necessitate cancelling sone of them, the results did not inspire 

confidence. As a check the eight layers were correiated twioe again 

just as above by comparing intensities of comon

TABLE 2

h k 1 I (2b) I (3a) Correlation Factor

3 2 1 11.55
3 2 2 18.33
3 2 3 5.59
3 2 4 13.42
3 2 5  6.99
3 2 7 4.56
3 2 8  5.95
3 2 9 10.19
3 2 10 3.65
3 2 11 2.81

14.69
12.52
3.52

10.8
6,36
4.01

5.12
9.B3
2.52

1.43

0 .786* 

1.464 
1.587 
1 .242  

1.099 
1.138 
1.161 
1.036 
1.449 
1.965*

l(3a) are the intensities fron (3kl) reflections 
Average correlation factor = 1.235.
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TABLS 3

1 I (2b) I (4a) Correlation Factor

4 2 1 4-.81 3.67 1 .311*

4 2 2 1.36 1.31 1.038

4 2 3 17.54 16.71 1.049

4 2 4 12.58 15.62 0.805

4 2 5 6.73 8.45 0.796

4 2 7 7.36 15.26 0,482*

4 2 8 3.56 7.88 0.452*

4 2 9 1.78 2.60 0.684*

4 2 10 4.07 6.77 0.601*

4 2 11 5.56 6.29 0.884

I(4a) are the intensities fron (4kl) reflections.

Average correlation faotor = 0.8403.

reflections on the zero and first layer photographs about the b axis 

with those on photographs about the a axis.

Bearing in nind that the reciproca.1 layers (hol) to (h2l) are 

theaselves to be correlated, the ratios obtained are shorai in Table 4 

for the eigilt layers.
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TABLB 4

RATIO OF AVERAGE CORRELATION 
FACTORS OBTAINED BY COMPARISON

. hol h1l h21

okl 1.00 1 .00 1.00

1 kl 0.74 0.95 1 .15
2kl 0.88 1.36 1 .31
3kl 1.14 1.63 1.62

4kl O .56 0.98 1.10

5kl 0.92 1.43 1.15
6kl 1.03 2.60 1.20

7kl 1.96 3.69 2.69

The figores obtained fron hol reflections appear generally lower 

and it nay be better to average the figures fron the h1l and h21

TABUS 4A 

SCALE FACTORS 

obtained by two nethods

Comparison Wilson Plot

Okl 1,00 1.000

1kl 1.15 1.151

2 kl 1.31 1.508

3kl 1.62 1 .861

4R1 1 .1 0  1 .222

5kl 1.15 1.539
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reflections. The depressioa in the hol figures is rather difficult to

explain, but it inay be pointed out that the photograph was taten with

unfiltered rädiation. 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 7kl reflections undoubtedly must have the highest

factor. These figures seemed so unreliable that it was decided to adopt
25another procedure. This was the Statistical method of Wilson’s .

2Within a narrow ränge of Sin 9

STo = Tab3«i ' 2B(SSr® y A 2 ------- (3)
where S is the scale factor, Io, Iaps, the measured and absolute intensities

respectively, ^  , the wavelength of the rediation used and B the temperature 

factor. The equation is used to derive die scale factor (correlation 

factor) S and die temperature factor B. The absolute intensity is unknown 

but estimated by using the assuaption that within the narrow ränge of 

Sin 9 (or 0 value)

K m . )  = >~-f 2— • n . where f the atoaic scattering n * n
thcurve of n'“* atom in the molecule, I(hkl) is the mean absolute intensity. 

The theoretical form of the f curve is assumed. Ileglecting hydrogen atoms,

the formula of the iodoacetate as presuned at the time was C O, I.
/ \ 1U

A graph of log against Sin^ 9 wa,s plotted. for each zone of
nreflections, (see figs. 2 to 12 and tables 5 to 9), \Icy is the mean

.. 2 /  ^observed intensity for the narrow ränge of Sin § and 42Iabs
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The calculations were macle in two ways;

(i) on the desk calculating nachint coupled with f-curves

plotted fron data collected fron the international tables 

(ii) on the I M  1620

The nean atonic Scattering factors are those based on Thonas

Fermi-Dirac Statistical model2 ,̂ for lodine and those derived fron seif
2 6consistent or variational wave functions , for carbon and oxygen.

Data for the deduction of tenperature and scale factors for

P2(hkl) assuning foraula O O H •

TABU5 5 ~ (h1

's in o) Sin2© £ 1 N(I)
H 2 R=% ? 2 L° s e R

0.10 0.0100 27.69 2* 100.96 0.157 -  1.9868

0.15 0.0225 202.21 90.76 0.245 -  1.5960

0.20 0.0400 507.83 15 80.57 0.295 - 1.2219

0.25 0.0625 219.18 15 70.76 0.206 - 1.5774

0.30 0.0900 235.55 18 62.01 0.209 -  1.5651

0.35 0.1225 258.26 21 54.55 0.208 -  1.5698

0.40 0.1600 162.85 25 48.18 0.155 -  2.0011

0.45 0.2025 129.46 24 42.67 0.126 -  2.0680

0.50 0.2500 110.38 29 58.15 0.0998 -  2.5045

0.55 0.3025 83.17 55 54.25 0.074 - 2.6086

0.60 0.3600 67.23 52 50.90 0.068 -  2.6885

0.65 0.4225 58.38 28 28.09 0.074 - 2.6007

0.70 0.4900 34.04 20 25.65 0#066 -  2.7119

0.75 0.5625 17.49 14 25.51 O.C53 -  2.9548

0.80 0.6400 4.82 5* 21.71 0 „044 - 5.1142
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TABUS 6 - (okl)

\Sinj) 2Sin_ jjj 'S- 1 N(I) 2 ^
Log RG

0,10 0.0100 18.19 3* 100.96 0.060 - 2.8124
0.15 0.0225 520.64 12 90,76 0.478 0.7380
0.20 0.0400 713.86 16 80.37 0.555 - 0.5884
0.25 0.0625 376.33 19 70.76 0.282 - 1.2653
0.30 0.0900 408,43 26 62.01 0.253 - 1.3730
0.35 0.1225 298.73 28 54.53 0.196 - 1.6313
0.40 0.1600 178.61 30 48.18 0.124 - 2.O910

0.45 0.2025 239.22 36 42.6 7 0.156 - 1.3595
0.50 0.2500 175.52 40 38.13 0.115 - 2.1621
0.55 0.3025 138.03 43 34.23 0.094 2.3667
0.60 O.36OO 135.72 49 30.90 0.0896 - 2.4121
0.65 0.4225 76.04 50 28.09 O.054 - 2.9163
0.70 0.4900 40.71 41 25.63 0.039 - 3.2508
0.75 0.5625 27.50 31 23.51 0.038 - 3.2772
0.80 0.6400 8.45 14 21.71 0.028 - 3.5825

TABLE 10

Zone of Refleotions Tenperature _ „ Soale Faotor
Faotor: B in Ä Graph lised

hol 4.46 1.66 1.00
hil 4.62 3.56 2.14
h21 4.30 4.29 2,59
okl 4.40 3.06 1.84(1.00)
1kl 4.72 3.52 2.13(1.15)
2kl 4.46 4.61 2.79(1.51)
31d 4.59 5.70 3.44(l,86)
4kl 4.58 3.74 2.25(1.22)
5kl 4.73 4.71 2.84(1.54)
6kl 0.20 18,17
7kl -4.74 110.0
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(' Sin o)

0.10

0.15

0.20

0.25

0.50

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

Sin2 0

0.0100

0.225

0.0400

0.0625

0.0900

0.1225

0 .1 6 0 0

0.2025

0.2500

0.3025

0 .3600

0.4225

O.49OO

0.5625

0 .6400

TABLE 7 - - i ä J l

H I N(I) Z f r=iA J 2 LOgg H

- 100.96 -

- - 90.76 -

56.11 80.37 0.140 ~ 1 .9687

166.60 18 70.76 0.131 -  2.0341

177.41 26 62.01 0.110 -  2.2069

143.50 30 54.53 0.088 - 2.4335

145.78 35 48.18 0.086 - 2.4482

130.83 37 42.67 0.083 - 2.4904

104.66 41 38.13 0.067 -  2.7038

80.40 43 34.23 O.O55 - 2.9071

59.17 43 30.90 0.045 - 3.1116

37.52 38 28.09 0.035 - 3.3482

20.85 20 25.63 0.041 - 3.2021

5.13 4* 23.51 O.O55 -  2.9086

21.71
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TABLE 8 - (6kl)

NSin ö/' Sin.2 0 4^1 n (i) R=l/£?2 Logr R

0.10 0.0100 - - 100.96 -

0.15 0.0225 - - 90.76 -

0.20 0.0400 - - 80.37 -

0.25 0.0625 - - 70.76 -

0.30 0.0900 - - 62.01 -

0.35 0.1225 - - 54.53 -

0.40 0.1600 17.99 10 48.18 0.037 - 3.2877

0.45 0.2025 66.86 32 42.67 0.049 - 3.0165

0.50 0.2500 87.37 44 38.13 0.052 - 2.9550

0.55 0.3025 73.84 46 34.23 0.047 - 3.0597
0.60 O.36OO 64.93 45 30.90 0.047 - 3.0642

0.65 0.4225 44.06 32 28.09 0.049 - 3.0157
0.70 0.4900 20.38 16 25.63 0.0496 - 3.0018

0.75 0.5625 9.19 9* 23.51 0.043 - 3.1365
0.80 0.6400 3.28 4* 21.71 0.038 - 3.2760
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Sin ê > Sin2 6 4 *

TAKLE 9 

N(I)

- 7kl 

% £ 1 ^ Loge R

0,10 0.0100 - 100.96 -

0.15 0.0225 - - 90,76 -

0.20 0.0400 - - 80.37 - -

°.25 0,0625 - - 70.76 - -

0.50 0.0900 - - 62,01 - -

0.35 0,1225 - 54.53 - -

0.40 0.1600 - « 48.18 -

0.45 0.2025 - - 42.67 -

0.50 0.2500 18.70 25 38.13 0.020 - 3.9313

0.55 0.3025 39.11 48 34.23 0.024 - 3.1318

0.60 0.3600 37.20 kb 30.90 0.027 ~ 3.5981

0.65 0.4225 30.14 31 28.09 0.035 ~ 3.3636

0.70 0.4900 13.25 10* 25.63 0.052 - 2.9548

0.75 0.5625 - — 23.51 - -

0.80 0.6400 - - 21.71 -

* Kot reliablo (tables 5 to 9).UNIV
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< « $  ̂  is the ne an value of sin 6 ränge. ̂  I is the sum of measured

intensity in the ränge of sin 9, and N(l) is the number of reflections
-=2summed for the ränge, / f is the estinated absolute intensity for

the ränge, I is the mean observed intensity.

Table 5 illusträtes the sort of results obtainablo for the reciprocal

layers about b axis. fable 6 gives the results for one of the two sets

of equatorial reflections, 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 fron which the scale and temperaturo

factors were derived, fron the tables, the number of reflections suianed

at low values of sin 9 is usually low and as the relationship (3) is

a Statistical one, depending on the average of large nunbers of reflectior

the figures for these low angle reflections will be of low reliability.
2The sane applies at high angles of sin 9, The results are reliable only 2

2for those ränges of sin 9 values in which the number of reflections is 

large.

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

2values of sin 9, were ignored.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



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 were taken, a steady change in colour of tho crystal 
had been observed. This could lead to changes in the intensity of 
reflections. Measurable changes, sometines due to deconposition of the 
crystal, in relative intensities after an exposure to radiation for a length 
of tine, are known to occur. Such changes after a ten hour exposure have 
been reported by Culli3 and others. Moreover, the nunber of reflections 
can hardly scand the test of a Statistical law, The calculations could 
give a better results by includlng a mean intensity of half tho threshold 
value for those reflections whose intensities were too woak to be estimated. 
The reflections (6kl) and (7kl) were finally ignored.

Table 10 (p„26) gives the scale and temperature faotors derived traa the 
plots - fig, 2 to 10, The nunbers in brackets are in the same ratio, 
relative to S(okl) as 1.00, The scale factor ratios are not far off 
those obtained fron tiic ccnparison of connon reflections on intersecting 
layers particularly those based on the 1x2̂ layer, (See Table 4A), This 
atatenent is not applicable to the (6kl) and (7kl) reflections.

Observed Structuro ikiptitudo
The corrected intensities were put on a common scale by multiplying 

each zone of reflections by its scale factor-s. The reflections, common
to rociprocal planes about both a and b sxcs, were given average values 
of the two structure amplitudos, These operations reduced the total nunber 
of independent reflections to 1303, of which 991 were measurable and the 
remaining 3 1 2, too weak to bo measured.
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3TRUCTUKE ANALYSIS

Location of lodine Atom

Yfith/ a,ssumption that each nolecule constitutes an asymmetric unit

and thorefore accupios a general position, there should be four iodine

atams in each unit cell. This is a relatively snall number of heavy 
27atoms and hence it should be possible to locate bhen. They occupy 

a set of four equivalent general positions (fig. 11) with co-ordinates

(i) x, y, z.

(ii) y, £

(üi) i + x, i - y, £

(iv) x, £■+ y, - z

Equivalent positions Sytiiaetry Elements

0

Origin halfway between three pairs of non-intersecting screw axes. (The 

Symbols aro on tho sane convention as in International Tables 1952. vol.1) 

Vectors between pairs of these positions will be represented essentially 

by the following points in the Patterson map:
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H g  13

Origin at the ccntre of drawing still halfway between thrce pairs of non- 
intersecting screw axes

(i) i, i  - 2y, 2z 
(ii) i- 2x, 2y, £
(üi) 2x, -g-, ~ 2z.

These pointŝ others related to them by synne try ,are shown in the vector 
space diagram of fig. 13B.

Two forns of the Patterson function were used in order to locate 
the iodine aton.
Two dimensional Patterson

groiip
The two dimensional Patterson function, P(uv), for any space/is given by

. dp ô _ N.
p(uv) = ~  •—  F(hko)2 exp 2J\\ (hu + kv)
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Por the space group P2„. 2.j in which

Jp(hko)) 2 = pThko) 
= P(hko)‘

this reduces to
o «  A . "

P(uy) = j  '~rU(hko)l 2A h ko o
Coshu Coskv 

K
In practice, this becones

P(uv) = ̂  1 ?(hko)'i 2 Coshu Coskv
h ko o

where H and K are the highe st values of h and k.
A Patterson projeetion on the (100) plane

P(vw) = ~ S^~ 2̂2! P(okl)* 2 Coskv Coslw
A  1c~ 1 ' \ o o

was coaputed at intervals of 1/50 of the unit cell side in v and w. The 
2coefficients jPoj were unsharpened and the highe st values of k and 1 were 

both 16. jp(000)j 2 was omitted. The results are shown in fig. 12A
The contours are drawn at arbitrary intervals. Conpering this 

map with the vector space prcjection shown in figure 1 5 , it is possible 
to locate peaks equivalent to peaks B and C along tlio lines w = ■§•and 
v = ■§■ respectively in projection, but the peak equivalent to A at the 
Position narked A, is blurred. The co-ordinates y and z are, however, 
obtainable front the two easily recognised peaks. Por the _a axis projection, 
the peaks are
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(i “ 2y» 2z;)

(2y, *s)

(£> ¥ - 2z)
Thus 2y = 7. 8/50

y = °.078 

i - 2z = 28.^100 

z = 0.106

To test the reliability of theso parameters, they irerc used to 

calculate the structure anplitudes of a few of the (okl) refleotions.

The general expression for the structure factor is given by
. N 1

f(hkl) = fn exp ( 2 a , (hxn + kyn +

where p(hkl) is the structure factor of the rcflection (hkl).
0N is the number^atons in the unit cell, fn the atonic Scattering

curve of the n^1 atom and x , y , are the position parameters of the
th , n aton.

In two dinensions, this becones
_..N / _ ,

P(okl) = ~ ~  fn oxp 2 Tu(ky + lz ) >' n=l \ ' ‘1 v n n /
V  J

But F(okl) = A + iB

F(oH) S A - iB
and ]?(okl) = ]?(okl), by Briedel*s law.

Hence B = zero and

F(okl) = A 
N

TZ n=l fn • Cos2/\ (by + lz ) ' "n n/
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where N = 1+ for the ioälne atons only.
The general equivalent positions for the plane group Pgg are:

(i) y* z’>

(ü) y» 2;

(iü) i + y, ~ z;
(iv) -4-y, -4+z;

and F(okl) sinplifies to
F(okl) = 4f Cos2̂ \ (ky + ) Cos2 ,7\ (iz - ]

Hr Hr J

If k + 1 = 2n (even)
F(okl) = kf Cos 2 /\ ky Cos 2 7\lz.

If k + 1 = 2n + 1 (odd),
F( oki) = - 4f sin 2 7\ ky sin 2 7\ lz .

Table 11 shows the structure amplituaes calculated on a FACIT desk 
calculating machine using the tabulated sine and cosine'values fron the
international tables. The iodine f~ curve was the saue as before (page 25)»

2 2 2 im isotropic temperature factor of exp (- 2B sin e/A ). where B = 4»4QA ,
was applied.
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TABLE 11

L K 1 Ü2BS1

0 1 11 + 0.884 1.634

0 6 6 - 4.734 4.202

0 6 8 - 5.618 2.980

0 6 10 + 5.208 6.304

0 9 9 - 5.301 5.913

0 9 11 - 1.093 1.857

0 12 4 - 4.430 4.22

0 12 8 + 2.840 1.992

0 14 6 + 1.283 2.352

0 1 8 + 5.92 7.736

0 1 10 - 4.249 3.884

0 1 12 - 5.316 4.627

0 10 7 - 5.307 3.811

0 10 13 + 1.329 2.269

0 14 3 - 2.288 2.005

The I<CALC„) was scaled so that the sun of the calculated P's was

sane as that of the observed values. There is a fairly high degree

of agreement. This indicates that the parameters are quite reasonable
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A Patterson projection (fig. 14) along the b-axis was also calculated 

and the calculations following tlie sane arguments as outlined above gave

the results

^ - 2x = 0.26

x 0 . 1 2

2z = 0.22

z 0.11

In spite of the good agreement shown betv/een the observed and 

calculated structure factors as above, it was considered desirable to 

check the co-ordinates fron a three dimensional Patterson. The 

co-ordinates fron this would be nore roliable in consequence of the less 

ovorlap of vectors,

Three dinensional Patterson

The three dinensional Patterson function p(uvw), for any space 

group is gLven by

— -:Ki
By Priedel1s law, this sinplifies to

P(uvw) = ~ ) P2(hkl)^Cos 2 7\ (hu+kv+lw)
O

which is real for all values of u,v, and w.

Por the space group P2  ̂ 2\UNIV
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P(uvw) =
>218 ir >- iTVV h lc0 0 0

I 2 >*■ 7*
P (h ld )  Coshu Coskv O oslw .

’ A * *

A general reflection, hkl has a nultiplicity of eight; any reflection 

with a zero Index, e.g. old, a nultiplicity of four and those with two 

zero indioes, a nultiplicity of two. If all the indices aro z.ero, the

|jP(000)| cannot be neasured and raustnultiplicity is reduced to OME. But 

be caiculated and added to the experiraental data.

The three dimensional Patterson sumnations were computed using the 

991 measurable reflections at intervals of l/g^th along u, v, and w, to

a maximun of •§• in each direction. The intensities were on an arbitrary
i 2 2Öscale and |F(000)j was not incluaed* The figures for the Harker

sections of planes

u =:

v s;

W - TT

and

were plotted on tracing paper to obtain the maps shown in figures 15> 16, 

and 17# The Iodine-Iodine veotors were quite easily distinguished and 

in agreement with vector space diagram figure 13* The positions of the 

peaks in each axial direction ?/ere determined by graphical interpolation 

of the Harker peaks and osstriing that tha foigbast peak on each 

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

as follows:
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Figure 15
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Figur8 16

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



I

Figure 17
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Por the plane u = -g, the co-ordinates (v,w) of the peak were

40.8/120, 258/1200;

Henoe (i) \ - 2y = 4 0.8 /12 0

y = 0.080

(ü) 2z = 2 58 /12 0 0

Z = 0 .1 0 8

Por the plane w = 12
(i) V 1 8 9 / 12 0 0

•• » 2y s 18 9 /12 0 0

y = 0 .0 7 9

(ii) u s= 50 5 5/12 0 0 0

1*2~2x rr 5 0 3 5 /12 0 0 0

X = 0 .1 2 4

For the plane V = 1
2

(i) u = 3O1 5 / 1 2 0 00

2x = 3 0 15 /12 0 0 0

»* • X 0 .1 2 6

(ii) w = 3 4 4 /12 0 0

• "1 • • IcF"**2z r= 3 4 4 / 12 0 0

z = O « O •

The following average values vrere ohtaineä
x = 0.125 (0.12)

y = 0.079 (0.078)

z = 0.107 (0.106).
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These eompare vor yfavourably wit5a the values obtainad in the two 

dimensional Patterson Syntheses shown in parenthesis and were enployed 

as the iodine parameters in the next calculation.

First Phasing Caloulation

The heavy aton raethod^ is nost successful when F_ f|| _____ (a)

where fTT and f are the atomic scattering fachors for the heavy aton and 

any other atoms respectively in the unit cell; the Summation is over the 

total ccntent of the unit cell.

In order to better estioate the degree of success that attended 

the first phasing calculation, it is reasonable to assume the accepted 

fomula (see page 11 2)ĈqH^gOgClI instead of which was thou^it

to be the formula (x was unknown).

At Sin 9 = zero

= 11236

= 7676.

The excessive oontribution of the iodine atoa beyond what equation (a) 

requires, would malte the cliffraction effects arising fron the "finite Serie s" 

errors fairly sorious. This necessarily makes difficult the location of 

atons close to iodine. At low angles, the phasing is just doainated by 

the contributions fron the heavy atoms. But at higher angles of diffraction, 

the phasing is entirely dominated by theso contributions because the 

scattering factor for the heavy atom decreasos auch more slowly than the 

f-curves for the light elements present. Hence a good degree of agreement
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for the structure factors of refleotions at high glancing angles nay be 

expected with phasing based on iodine atoms only.

The structure factor is given by
£F(hkl) = f expAn=l n 

= A + iB

2 Ai (hx + ky + lz ) y v n n n'j'

where A = >~'
/

nn=l
f Cos^ 2]\ (hx + ky + lz )l, ^ n n n j

B = ^  f Sin,{ 2 a (hx + by + lz )b
n=l n l ■' “ n nJ

the Summation being taken over all N atoms in the unit cell

tan.^ (hkl) = B(hkl)
A(hkl)

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

A(hkl) = A*(hkl) f exp (-2B Sin2 ö/ A 2)
n=l n

B(hkl) = ¥ ~  B’(hkl) f exp (-2B Sin2 O/A2)■ '~-T nn=l

wheye A ‘(hkl) = 4 Cos 2]S5̂ hx -
11

-s 2A ( lc/n - ^ ' Cos 2K(1z -v n
1

B*(hkl) = -4 Sin 27^(hxn - ) Sin 2*\(ly^ - Sin 27\(lzn» — •)

the sumaation being over srtSg© N/J+ in the asyrametrio unit only.

Further sinplification occurs when "the reflection are diviflied into 

classes. Here, the expressions used for A* and B* become:

•r
ti
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for h + k =
k + 1 = 2n
A1
B1

4 Cos 2^hx Cos 2 /̂ ky Cos 2 Alz 
-tsin 2~fchx. Sin 2 7thy Sin 27\lz>

for h + k = 2n
k + 1 ss 2n + 1
A* - 4 Cos 2l\hx Sin S'Aky Sin 2l\lz 

4 Sin 27\hx Cos 2 Tyky Cos 2 )\lz,
for h + k = 2n + 1 

k + 1 = 2n
Al
B»

- 4 Sin 27\hx Cos 2/\ky Sin 2/\lz 
4 Cos 2/\ hx Sin 2/\ky Cos 2 /Mz,

and for h + k = 2n + 1 
k + 1 = 2n + 1
A! = - 4 Sin 2~f\hx Sin 2ĵ hy Cos 2]ylz
B1 = 4  Cos 2|\hx Cos 2jCky Sin lz.

With the parameters of the iodine aton, the struoture factors and
the phase angles Q̂ (hkl) were calculated in terms of A and B for all the
991 mensurable reflections. B;the temperature factor was gLven a value 

2of 4» O A . The i?( OBS) s (on a rela-tive scale) are multiplied by a scale 
factor to put then on an absolute scale. The scale factor is chosen so
that the sum total ofj ]?(OBS)̂  is tlie sarne as the sum total of | f(calc)I .
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In addition to the results shovm in Tab lo 12, the structure factor 
prograame typ es out the co~ordinates of the given atom or atoms, the total 
nurnber of reflections, R or Reliability factor, the sum of I’(OBS) and 
|f( CALC)j and the sun of DELTA.

DELTA is the absolute value of the difference between
|e(calc)||e(OBS)| and jr'C G/LLC )| and R-factor is given by

A(OBS) = F(OBS) Cos-.y^ 

B(OBS) = E(OBS) SinQ^

SCALE FACTOR = 1.360
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TABLE 12
• e s * * * m  fu  trnmmrm

H K L f OBS AC/iC BCALC FCALC DELTA AOBS BOBS

0 1 11 2.5 0.0 2.1 2.1 0.4 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 I CD • 0.0

0 9 9 8.0 0.0 -7.0 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 4 5.7 -5.8 0.0 5.8 -0.1 -5.7 0.0

0 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 4.3 4.3 1.4 0.0 5.6

0 1 12 7.3 0.0 7.8 7.8 -0.5 0.0 7.3

0 10 7 5.2 -7.3 0.0 7.3 -2.1 -5.2 0.0

0 10 13 3.1 2.7 0.0 2.7 0.4 3.1 0.0

0 14 3 2.7 -3.0 0.0 3.0 -0.3 -2.7 0.0

Tho results 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 paraneters 
obtained fron the two dimensional syntheses. The reliability factor of 
0.373 was considered satisfactory. As expected, the low angle reflections 
showed the highest disagreenent.
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Pjjgst Three Diiiiensional Fourier Summation 
The eleotron density at any point (x, y, z) is given by

£7 (* y ») 1 ev h— r̂<r>öO
1 2 1 i _ >  
V

_ _ * n
<p ^  F(hkl) exp< -*2/̂  (hx + ky + lz)t

F(likl) C o s £ 27^(hx + ky + 1z) -7\{hkl)j
------ (F.1) J

For space group P2<j 2-j 2-}
F(hkl) = F(hkl)

= F(hkl)
= F(hkl)
= F(hkl)

And the phase angle s are related thus for the following classes of 
refleotions

(1) for h + k = 2n 
k + 1 = 2n

(X (hkl) = 4  (EEl)

= "X (hfa)

= -öU1* 1)
(2) for h + k = 2n

k + 1 = 2n + 1

(\(hkl) = -;X(hki)
= -^(hkl) 
= X “̂ (hkl) 
= 7\*»l(hkl)
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(3) for h + k = 2xi + l

k + 1 = 2n
fi(hkl) = -^(hkl)

= T\ (Ski)
= -r^(hkl)
= 7\ -X(hkl)

(4) for h + k = 2n + 1
k + 1 = 2n + 1

0\(hkl) = -&(hkl)
= TV kl)
= 1\ -vX(hkl)
= -dV(hkI)•

For this spaoe group equation (F.1) becomes 
P ( x y z )  = |(_CCCSSS -  GSSSGG

-  SGSCSC -  SSCCCS \

.... (F.2)
where CCCSSS

jO
= >  |Ffhkl")j ĵ Cos 2/\bx Cos 2/\^ Cos 2]\lz CosQ\(hkl)

- Sin 27\bx Sin^ky Sin 27vLz SinQ̂ (hlcL) j 

for reflections with h + k = 2n, k + 1 = 2n,

GSSSGC
v'-C

=^* ̂ -^JF(hkl)\ \ Cos 27\bx Sin 2/\ky Sin 2Xlz Co^(hkl) 
- Sin 2~\hx Cos 2ftby Cos 1z SinOC(hkl)"] 

for refloctions with h + k = 2n, k + 1 = 2n + I,
SCSCSC
= !̂Sl7̂ F(hkl)\ [jSin 2?{hx Gos 2 /\ky Sin 2 7Uz Coso^hkl) 
- Cos 27\hx Sin 2 7\4y Cos 2/\ lz Sin^(hkl)J
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for reflections with h + k = 2n + 1, k + 1 = 2n,
SSCGGS

oq —
= >H ̂  J Sin 2'Ähx Sin 2/\l<y Cos 2/̂ lz CosQS(hkl)
- Cos 2a hx Cos 27\l<y Sin Sin^(hkl)^

The approximate eleotron density disbritution^(xyz) of equation 
(F.2) was coiaputed at intervals of 1/60 alloTfing for the lower multi- 
plicities of reflections with zero indices and leaving out the F(000) 
tern. The results were on an arbitrary scale but were satisfactory for 
the purposes of locating atoraic centres. They were plotted on tracing 
paper in sheets of constant (z) on a scale of 4 cm to l£ at intervals 
of 1/60 fron zero to z = ■§■.

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

Fig. 20 illustrates the random distribution of eleotron density 
with two starred points representing peaks on this plane v/hilst the 
positions markod with a cross are shadows of atoraic peaks slightly 
distant fron this plane.

In all, the co-ordinates of 34 peaks shown in fig. 21 were detemined. 
Out of these, the highest 15 wora treated as oarhgn. atoüs cftd» includsd in 
the naxt structure factor oalculation» The final results show that
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Peak oentres from the aeoowd Po Fourier

Pigure 21 
o0  Inserted under 0.1A from correct position.

Inserted 0.1 to Ö.4& from oorreot position.
More than 0.4& away or spurious peaks inserted,
Other peaks (other peaks from not inserted)

(Figures 21 - 23,

X

<S>
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(i) only two of these poaks were within 0.1A of their final positions,

(ii) six others were plaoed in positions of 0.1 to 0.4-2 fron their 

correct positions.

The remaining seven were either wrongly placed due to unresolved densities 

or entirely spurious. The other 19 lowest peaks contain seven atons 

which were later located. In the map they can be identified and the 

approximate y parameters in So"̂ 1 are written by their sides.

Sooond Phase Galculation

The structure factors and phase angles were calculated with the 

parameters of 16 atoms. Iodine was still given a tenperature factor 

of 4-.0 2? and the other 15 atons all treated as earbon were given B values 

of 4.5 £2. In the resulting ealculations, the Reliability factor cane 

down to 0.322. The scalo factor for the P(OBS) T/as 1.543»

There were differences of 3-0 or more between the J?(OBS) and 

F(CALS) for 130 reflections of which only 28 were above 5»0. The 

highe st difference of 13.3 wras for 4 0 0, xdiich. liko nost of "the 130 

reflections is of low diffracting angle .

Second Approxinate Electron Density Distribution
0trxntr.- a>.--amssmt n-̂ -rhgrr-n*c..jjfe. JŜ ag.'.-ar ismeamsj/u ats.csmustuam zm auzzmsx— —  "ggr.-T« ? «--—r-ata amsrm meuttKeMsamasm

The F(0BS) for the 99*1 reflections and the phase angles «just obtained v/ere 

employed in carrying out the calculation of another approxinate electron 

density distribution in three dimensions. The results were still in 

arbitrary units, but they were converted to the absolute scale.

The progranme was designed to calculate D where p =
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in which v is the volume of the unit cell and is the electron density 

can then be obtained in absolute units by adding f(000)/v to D calcu- 

lated. The peaks were converted to absolute units.

The atonic centre s were determined by graphical interpolation in

each axial direction for all the peaks selected. All the sixteon atoms

inserted had density peaks greater than 4.0 e/f. The previous highest

peak starred in Table 13 ({>#115) baöi&a io&Lnot showed a oonsidaralDle. drop in

electron density and a ronarkablo change of co-ordinates. The socond

highest peak beside iodine starred in Table 13, rose far above all the

others. For purposes of conparison, naps of constant z around these

peaks were plotted 15 out of the 19 other peaks found in ̂  , but not

selected came up at densities above 2.5 e/£^. They all had considerable

changes of their previous atonic centres. In addition, there were two

other peaks with densities above 5,0 e/2?. In all 33 atoms including

iodine were selected for phase calculation. Because of the rather large

changes of atomic contres and spasmodic rise and fall of densities, it
30was considered desirable to calculate a difference synthesis based on

f2

iodine and the 15 atoms abtaihel fron ^  .

Final results show that these results fr.m K  were much m®re useful than 
was realized at the time.

First Difference Synthesis

The difference synthesis consists of sumning the Fourier series

for the approximate electron density distribution but using ^(0BS)|- |F( CALC)'j

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- 51 -

as coefficients combined w ith  the a p p r o p r ia to  phase angles. The unobserved 

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

may be treated in one of the fcllowing ways:

(1) They may be completely ignored. In this instance, only the 

differences for the 991 neasurable 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 neasurable reflections and 

their difference coefficients are included in the calculations.

(3) The structure factors are given a scale factor based on equalizing 

the sums of their own 3?(0BS) and F(CiiLC), and adding their difference 

coefficients to thoso 991 above.

(4) These structure factors are scaled together with the 991 observed
'STstructure factors so that / Po = -— Fc.

The first "difference synthesis" was calculated with nethod (1) 

using the results of the second phasing involving iodine and 15 supposed 

carbon atons.

The "difference synthesis" was originally put forward as a rneans 

of attaining fürther refinement where the structure was partially known.

A  Variation of this, naraed the "error synthesis" was used by Bunn to look 
for atons wrongly placed and where they should rî itly be placed, in the
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structure detemination of sodiun benzyl penicillirr^, Later, Cochran

giving it the name "Difference Synthesis" showed that it could be used

;ion A thalso to find the correction for the x-coordinate of the n aton

n -j,x 'n X n (i)
where^D is the slope of the eleotron donsity at the point x in the

i x
difference synthesis.

Ässumin, that 9  o

X  2 €can be neplaced by (.Q- ■ f
A  X n

which can be de törnined fron the p(OBS) synthesis. Using the approxinations 

of Costain33 and Boo'üx̂ 1" that

0x

P 3/2
= Z (“) . exp (- pr )

ß
is the electron density near the centre of an atoa where Z is the atonio 

nunber of the aton, r the distance to the centre of the aton and p is 

a oonstant, eqn (i) above simplifies to

A  x = 0 ^ )  / 2P {Q) ..  (ii)n v£^x'n \ o n
32 3it 55P has been reported * * -‘constant for sone light atons and is usually

56given the value of about 5*0 in practice" . It can however, be obtained 

fron a graph of l o g 'j against r2 and it depends on the tenperature factor 

of the aton concerned, its value is also affected by the -point at which 

the Pourier series for ^  is terminated.

In this analysis, the difference Syntheses are used to find 

(i) changes in atomic and tenperature paraneters for correctly placed atons
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(ii) wrongly placed atoms indicated by rolatively high negative poaks 

at supposed atoaic positions and

(iii) atonic positions not yct known, incLicated by highly positive peaks«

Two of the atons inserted marked (41) and (42) in fig. 21 had

strongly negative peaks of 4.3 o/?3 and 4*32 e/'i3 respectively and were

eliminated as spurious. The rather isolated peak - in (fig. 19),

starred in table 13, which had the highest density, boside iodine, of

8.5 e/P in the second Fo Fourier summation, had a positive density of

2.3 e/±3 in this difference synthesis. Its temperature factor was

decreased to 4.0 , The iodine peak had - 5.8 e/X3 suggesting a higher

temperature factor than that given. Its temperature factor was increased
o2.fron 4.0 to 4.2 A . The remaining 14 atoms were shifted accorcling to

their density gradients along each axial direction, using Q  obtained
7-^ , . \ °in the Fourier in equation (ii) above. For example, iodine had

/\ x ~ 0*0004, ^\y = 0#0002, A^z = 0*0 Their temperature faotors

were also adjusted in such a way as to nake the peak densities in the
7difference synthesis approach zero* Trueblood* recommends the intro- 

duction of difference synthesis into structure determination as early 

as possible* This is mainly to guide against using positions of 

diffraction ripples and local density naxina in the phasing and Fourier 

ca.lculations* Lipson and Cochran^ hold the view that while the difference 

synthesis is not free fron errors inherent in the Fo synthesis, ii gives 

a greater accuracy in the sense that the point of naximum electron 

density is precisely located without recourse to Interpolation.
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On the assunption of a greater accuracy fron. difference synthesis, 

paraneters of peaks corrosponding to those previously sorted out fron 

tho twoFo synthese s wero detemined. There vtero 17 such peaks, the 

highest being 2.3 e/£^ and tho lowest 1.1 o/?P. If all theso were atons, 

then all other peaks above 1.1 e/23 could also be atons. There were 17 

new peaks with densities hi gier than 1.1 e/£^, the highest being 2.0 e/£^. 

The eleven highest of these were selected. The total nunber of atons 

at this stage was 2j-2» The lowest of the latest peaks was 1.27 e/£^.

The main uso of the second Fo Fourier sunnation was reduced to finding 

the ̂   ̂valuo to be used in calculating A  'xTl etc. as above.

In preference to the atomic co-ordinates obtained fron this second 

Fo 1 Fourier', those obtadned fron the ‘Difference* were used in the 

next phase calculation. Final parameters show (fig. 22) that five of 

these atons were well placed, being less than 0.1 £ fron their correct 

positions; eleven others were 0,1 to 0,4 £ fron their correct positions 

whilst 18 were 0.4 to 1.0 £ off the nark. Others were spurious peaks.

Third Phasing and First Model

Another set of structure factors was calculated with iodine and 

41 other atons which were assuned to be carbon. All the nowly inserted 

atons were givon a tenperature fa.ctor of 4.5 £^. For sone reason, the 

structure factor prograone would not vrork for reflecticn, (4 3 12)

and so the calculations were dono for only 990 of the measurable reflections. 

The scale factor we„s 1 .620 and tho Reliability factor becane 0.257« The 

reflections having differences between F0BS and FCALC of 3.0 and above

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- 55 -

reduced to 87 out of which 25 wero above 5.0. The hi ehest difforonco 

of 14.5 was for (0, 6, 0).

The Seliability factor of 0.257 was low enough to try the construotion 

of a model to see what features of tho struoture could be got out of 

the present position pararaeters for the 42 atoms. The first model was 

nade up of small wooden balls hanging on threads suspended fron a oork 

mat. The x and y axes wero in the plane of the mat and the z axis was 

perpendicular to this plane. Thus the x and y co-ordinaies of an aton 

were fixed by tfae point of attachment of the thread to the mat and the 

z co-ordinate was determined by the length of the thread. The scale 

of the model was 4 cm to 1 it.

The most noticeable and disappointing feature in this model was 

the presence of three "atons" around the iodine atom all within a 

distance of about 2.0 to 2.5 2i. fron all considerations, this is an 

impossible Situation and some of the supposed atoms must be due to 

diffraotion ripples around the iodine. One of them "atom 43"» table 13 j 

had a peak height of only 1.23 e/A in the difference map and it seemed 

most probable that it was due to the diffraotion ripples around the 

iodine. It was eliminated. A seeond, "atom 44" had a peak hei gilt of

2.03 e/??, and was about 2*01 £.from the iodine. This is only slightly
37less than hie normal carbon iodine bond üistanco , (2.08). But consi- 

dering that the carbon atom bonded to the iocline must also be bonded to 

C(27)* the C(27)- C(44) - I bond angle would be acute. The third atom, £8,
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42 peak oentres got from the first difference synthesis

Figure 22
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had been sited in the first and second Fo Fourier summations. There 

was no definite indication in the differenoe map that it had been wrongly 

plaoed. The corresponding c(27) - C(28) - I angle was rauch raore acceptable. 

A aoveraent of this atora in the direction of the other peak ("atora" 44) would 

raake for a still better bond angle, On these grounds, it was considered 

reasonable to elirainate "atora" 44 and move atora 28 in the direction of 

"atom"44» The bond distence between iodine and "atcn" 28 was about 2,1 2 

and this was kept constant whon the bond angle changed, Having got an 

iodine-carbon link, the stereochenical iraplioations of the noighbour in g 

atoras were carefully considered, Assuming an approxiraate bond length 

of between 1.3 to 1.5 S for all other bonds, a tetrahearal angle of 109° 

or trigonal angle of 120° around carbon atoras, it was possible to raake 

out an iodoacetyl radical. This meant the conversion of two of the 

supposed carbon atoras (32 and 33) to oxygen.

The peak height of atoa 39 was persistently above the others, 

excepting iodine, suggesting that it was very probably oxygen. It was 

rather isolated and did not nake sense stereochenically, It was therefore 

left on as carbon for die tine being.

The lowest density of 1.27 ö/SP ("aton" 45) was within a distance 

of l£ fron two other atoras (̂ ftand 46) • The three atons were considered 

for an epoxi&e ring which was suggested fron the assumed sinilarity to 

ge dunin, (Page 3 )• They were rather isolated and to sone degree it 

seemed plausible to connect the ring v/ith the rest of the molocule

-  56 ~
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through a peak of 1.2 e/S? at about 2.0 £ from "atom" 4-5* But a decrease

of the distance between this peak and "atom11 45 implied a decrease of the

distance between "atom" 45 and atoms ̂ ft-and 46. Since the peak height

of "atom" 45 was the lowest, it was suspected to be spurious and eliminated.

Another peak, 47» of height 1.9 e/£^, 0.9 £ from atom 23, was

eliminated on the grounds that it was part of the gradient through atom 23,

which indicated the direction in which this atom was to bo moved.
1It was difficult to make atomic shifts in space with this mat and

string*model and another model was constructed with ihe reaaining 33
38atoms. This was made by tho method of Carlisie and Crowfoct . 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 £ and it represented

the section of the unit cell from x=0 to 1, y=0 to ■§• and z=0 to -§•» This

gave small sections of the molecule from which it was possible to recognise

the iodoacetyl radical, (fig. 22) a six-membered ring, 4 connected atoms

which presumably constituted part of the molecule containing the enolic - OMe.
39An enolic - OMe had been suggested for one of the three methoxjr groups.

Atem 39, the presence of which was never in doübt, was still isolated.

The model gave bond distances between atoms 4 - 20, 20 - 34, 36 - 48,

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 feit that
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many of these atons shoulcl be removed and only those that have shown 

fair ly sensible linkages vilth other atorns should be left. Inplementing 

this decision would affect aton 39» This aton had shown fairly spherioal 

electron density and had given a positive electron density even in the 

difference synthesis. The model was adjusted to make it possible to 

try all equivalent positions for each aton. Aton 39 nnd fow othors whioh 

had been selected fron the iodine phased Fourier, could not be sa.tisfactorily 

plaoed. It was therefore decided to plot another difference map basal an the 
phasing with all the rccxaiiiing 38 atoms.

Fourth Phasing and Socond Difference Synthesis

As a result of defficiencies that are inevitably present in any

Fourier synthesis, it is sometines difficult to decide which atons are

least well represented. It is therefore not easy to decide what changes

to nake as regards real and spurious peaks. To overcome this difficulty,

Bunn suggested the difference synthesis which nahes particular use of

of the reflections that are of negligible observed intensities and fairly
31high calculated structure anpALtuekos (Error Synthesis"^ ). Bunn also 

showed by calculaticn that for a centro-synmetric structure, it is 

advisable to omit those reflections with strong observed structure 

axaplitudes and weak calculated structure anplitudes. This applies 

even for non-centroSymmetrie structures beca.use of the uncertainty 

in the phase angle.
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To caloulata tho d if fp r o n o o  s y n t h e s is  by raethod ( l )  (page 51 ) above 

without including the 312 unobsorved refleotions, implies negleoting 

nany of the finer features of the structure which this synthesis is 

designed to bring out. Ihile the result would not be entirely wrong, 

it is not quite correct, as assuned, that atonic oentres brought out 

in such a synthesis would be nore accurate than those obtained fron 

a similar Po synthesis. Besides at this stage of the phasing when nany 

phase angles were likely to be incorrect, nore accurate atonic centres 

fron the difference synthesis is not probable. The synthesis at this 

stage and with neasurable refleotions only, has been quite useful in
7detecting spurious peaks as a&vocated by Trueblocd . The final 

Position paraneters show that nost atonic centres obtained fron this 

synthesis are 0.4 to 1.0 li fron the correct positions. Subsequent 

differenoe syntheses included ccötribütions fron the unobsorved refleotions.

The structure factors wero calculated for ihe fourth tine with the

Parameters for iodine, two oxygen atcas and 35 other atoms all ä'ssuned

to be carbon, -Two of the atons inserted in the first difference'suamation

had been elininated and the renaining fourteen had different tenperature

factors derived fron ihe first ÄLfforenoo. All other atons had a tenperature 
q2paraaeter of 4.5 A . It was possible to calculate for reflection (4 3 12) 

this tine and so there were 991 neasurable refleotions. 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 P(0BS)

\ i
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and F(CALC) fron 3«0 and above. Out of this, 24 viere above 5*0« The 

highest clifference of 10.8 was for (0 6 0).

The phase angles and structure factors were then separately caloulated 

for tho 312 unobserved reflootions. They were nistakenly assuned to 

have zero observed structure anplitudes and together with the 991 measu- 

rable reflections, they were used in calculating a clifference synthesis.

The results show greater negative densities than before. The iodine 

had a height of -7*38 e/£3 and there were twelve other atons vdth negative 

densities of 1.0 e/Ä3 and above. They were all eliminated in the next 

calculations, but four of then cane out again later as atons, (table 13)«

One of the eliminated atons was the one (aton 28) supposed to be connected 

to iodine. It was at the peak of a negative density of 2.49 , The

final position of this aton is about 0.6 £ fron this position. Aton 39 

cane out vdth the highest positive density of 2.90 e/£3 and in spite 

of a lack of understanding of the stereochemical inplication of its position, 

it was decided to regard it as an oxygen aton.

away. Thus the 38 atons were reduced to 26 in numbcr, one oxygen atom 

and 11 carbans being eliminated. But aton 39 now regarded as oxygen 

still kept the nunber of oxygen atons at 2.

Among the highest positive peaks, three, 1,5» and 17 were found

One of the two oxygen atons (33) put in, cane out at a hei^it of 

-1.81 e/£3 and was eliminated. It cane out later at a distance of 0.5 £

to have cone out in the second Po Fourier (table 13) at heights of 2.67,

2.7 and 2.2 e/X3. The la.st peak height was not recorded anong the highest 33« 
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found in space at good bonding distances and angles with ncarby atons. 

The last of then provided a link between atom 39 and the rest of ihe 

nolecule. The other two connected atons 51 and 31» and atons 51 and 8 

respectively, (fig. 23). There viere in addition three other peaks of

and these were added to nake a total of 32 atons. The co-ordinates and 

temperature constants of the first 26 atons viere adjusted according to 

their density gradlents and peak heights bearing in nind the greater 

negative peaks resulting fron zero T’(OBS) values nistakenly assigned to 312 plan

With the latest paraneters for iodine two oxygen atons and 29 earbon 

atons, a set of structure factors was calculated. The scale factor was

greater than 3.0 decreased fron 87 to 69, out of which only 18 were above 

5.0. The reflection 0 6 0^ which haü constantly showed the highest

difference, inproved, the dlfference being reduced to 6.3. But others 

had worsened and the highest difference of 3,6 was for 4 0 0 .  The 

reliability index rose fron 0.251 to 0.253.

Although no appreciable fall in this factor had been expected, a 

rise, as snall as it was, constituted a disappointnent. Every aton 

had been carefully selected, with sone justification for including it 

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

Eifth Phasing

1.424. The reflections having differences between
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32 peak centres used in the 5th Phasing with the atom 
numbers of the last six added fron the seoond difference 

synthesis in parentheses.
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the difference, apart from iodine, was 0.79 e/A . 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 

possi'ble effects of temperature. At the end of the analysis, the atom with 

this jjeak height was in fact found to be rightly placed, However, two of 

these peaks were shown to be spurious,

A Suggestion^ that the second Po synthesis had more in it than had 

been used, led to the construction of a plausible model with iodine and 

31 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 assumed to be oxygen atoms. There 

were varying temperature faotors all in the neighbourhood Qf 4.5 The

resulting reliability index was 0,253. This was not bettor than the latest 

R-factor and it was decided to continue the analysis with the parameters 

used for the fifth phasing.

Third Po

The third approximate distribution of electron density was calculated 

vd.th the scaledobserved struoture faotors and calculated pha.se angles from 

the fifth phasing. The results were plotted on rnaps of constant z at 

intervals of 1I/60 up to z = | . A new model was built to shoxv the distribution

of peaks in this synthesis.
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Xt has been suggestecr that if an. atomic co-ordinate is taken as

(x^, y , ẑ ) in oalculating phase angles, but tho point of aaximum

electron density occurs at (Xn + ^Xn, etc.) in the subsequent electron

density map, the process of refinenent would be considerably speeded

up by taking the cenro of this aton to be at (Xn + 2£\JCn, etc.) when

phase angles are recalculated. A shift of about four tines that suggested
7by the change of peak centre has also been put forward. In deciding 

new atonic co-ordii ates fron the contour naps, there is no definite rul^ 

The shape of 'the oi ntours around an incorrectly placed aton is often 

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

a greater or lasse: departure fron spherical synnetry depending on tho 

anount of displace aent. im additional criterion for deciding the magni- 

tude of the shift is the stere ochenical considerations. '.Thilo using 

the naps to deeile tho direction and probable nagnitude of tho shift 

of atonic centre. tho nodel served to indicate whether such a novenent 

would inprove tho bond distances and angles, TJntil thero v,Tas certainty 

about the chenic xl nature of the atora and the type of bonding surrounding 

it, the bond di; tances except for the one involving iodine, were assumed 

to be about 1.5 ix.

For the io; ine (aton 40) , (fig. 24), the peak height of 44.0 o/2?, 

left no doubt at out the singulär nature of the aton, The contours were, 

however, not sufficiently spherically synnetrical. This departure fron 

spherical synmetry of the contours for an evidently correctly placed 

aton is due to the anisotropy of its tenperature Vibration. Further,

36
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thero were, on opposite sicles, parallel to the y-axis, spurious peaks 

of as high a density as 3*8 e/ P. One of the so, starred in fig. 24, 

had the highest density apart fron ihe iodine, in the 'Iodine phased1 

Fourier (fig. 18). It m s  shown to be false in the first differonce 

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

peak were two other spurious peaks of height 2.0 and 2.1+ q / P .  The 

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

direction. These spurious peaks nust be due to a conbination of the 

effects of "the diffraction ripples and the aniaotropio tenperature 

vibrations ^  »^. The iodine co-ordinates were therefore left unaltered.

Atom 39 (fig. 25A) now assuned to be oxygen still gave a distinotly 

hinter peak of 8.9 e / &  than all other atoms beside iodine. The 

second atom assuned oxygen, 32, marked XI in fig. 25b, had a peak 

height of 5.9 e / P .  Only a very snall shift in position was indicated 

along the x direction. In the model, atom 22 (fig. 25C) was seen to
. ■f-' o

be nuch too close to "atom” 53/and farther than required fron aton 8. J 

There was no indication of a y or z direotional change. Fron the shape 

of the contours, however, a shift in the x direction was a possibility.

The x co-ordinate was therefore changed fron 0.1246 to 0.1000 in order 

to inprove the bond distances to ‘atons* 8 and 53» The final x-coorclinate 

of afcon 22 cane out to be 0.1209. The nisfortune of this particular shift 

is that ’aton' 53 was spurious and nerely served to deceive at this stage.
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The shape of the contours arcund atom 36» oarted XI in Jlg, ?fA 

was not easy to explain. A close exanination suggested very slight 

novenonts in the x and z direetions only. The innemost contour line 

was symnetrical about the y direction but the outer lines were not.

The deviation fron spherical distribution was attributed to the anisotropy 
of the temperature Vibration.

The lewest peak heights were those of atons 18 (fig. 26b) , 2.9 

30 (fig. 26c) 2.^/k* and 54 (narked X2 in fig. 26/1) 2 .6  e/A*^. They were 

the last three just selected fron the second difference synthesis, Since 

it is possible to introduco peaks, quite conparable in height with true 

atonic peaks, into the elootron density distribution, by phasing with 

spurious "atons", peak height by itself carrnot be used as a criterion 

of the correetness or otherwise of a chosen site. Such peaks have been 

observed to have cone out, however, 1ower than nost true atonic peaks. 

These three peaks were therefore strongly suspected to be false. The 

contours of aton 18 (fig. 26b) were only slightly distorted and. it could 

be an aton needing a shift. It was at a distance of 1 .85 X fron another 

aton (13). In this Position it would provide a fourth angular nethyl 

group. Moreover, it was found to have cone up as a peak in oach of Hie 

previous Fourier calculations, boing 0.8 3/Ä3 in the first Fo synthesis,

1.3 e/SP in the second(Table 13)» It was therefore included as a real 

aton with slightly changed Coordinates and notod for further scrutiny.
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The contours for atom 30 (Fig. 26c) could be that of a real atom under

the influenoe of anisotropxc temperaturo Vibration or that of an a,tom

noeding shift or just that of a local electron dansity maodmun wrongly

assunocl to be an aton in phasing. It was difficult to take it for a

fictitious peak bocause the model shovred that it was only 1.6 £ from

aton 36 but the bond angle so forme d was slightly different from what

was expeotod. In the previous calculations, it was a peak in ea.ch

Fourier with 1.7 e/23 in the second difference, 1,15 e/£3 in the first

difference, 1.6 e/23 in the second Fo synthesis and 1.0 0/ s 3  in the first

Fo synthesis. (fable 13)» ft was also marked down for scrutiny and

included a.s a real aton with adjusted Coordinates in the next calculation.

•Atom* 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 reasonably spherically symmetrioal.

In the model, it was about 2.1 £ fron the nearest atom, 5, and the bond
3angles at atom 5 involving atom 54, were quite good for sp hybridiz ation

around oarbon. In the previous calculations, it showed up as a peak in

all but the first difference, where it was on a gradient. It had hoights
•2

of 1.73, O.65, 0.60 and 0.55 e/hr in the second difference, first difference,

second Fo Fourier, and first Fo Fourier respectively. This ränge of

densities was rather low and it was therefore docided to leave it out.
43It is possible to ca,lculate the peak heights to be expected both 

for the atoms used in phasing and for those omitted e.t each ste,ge. The 

results of such calculations predicts a gradual increase in peak heights
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for real atoms as the phasing improves fron stage tc stago. The results 

of nost experimental work also give a gradual inprovament in. the relative 

peak hei^its of the omitted atoms as the phasing improves. Sinultaneously, 

therefore, the relative heights of the spurious pealcs are expected to 

decrease. However, there are sometimes departures from these generali- 

sations« Same spurious peaks have been reportecr^ to have improved their 

heights at the early stages and some real atomio peaks have shown little 

or no improvemont at the later stages. Such atomic pealcs, however, 

usually persist throughout the course of the structure analysis.

With these guiding principles nore peaks were sorted out as atomio 

sites. The first, atom 2, markod X in fig. 27A, had a peak height of 

1 • 7 e/1? and the oontours suggosted linkage to atoms 22, (narked 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 2 and so it was not connected 

to this atom in the model. In the previous Fourier calculations, it had
3

peaks of 1.1, 1.1, 1.5, 0.9 e/A^ in the second difference, first difference, 

second Fo Fourier and first Fo Fourier respectively. In the model, it 

was stereochemically well placed, although the distance to atom 3 was 

rather long.

The next two peaks, seleoted, 25 and 26, were in the region of an 

unresolved density that later resolved into the atoms of the furan ring.
21 pp 23 gj gcBy superposing the contour maps for Z = g", g“, and -g", one

could immecliately ma.ke out a ring as seen in fig. 273,

- 67 -
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The possibilities cf this being a four-, five» or six-memberod 
ring were examined. Three points starred in fig. 27B, had been selected 
and included in the Last caloulation as atoms 23, 24 and 38 on the basis 
of points of msximun electron density previously observed in this region.
In the model they were too far off from one another to make Chemical 
sonse, The contours around ea,ch of thera were all distorted, There was 
nothing to suggest that any of the three atoms spurious. 23 and 38
had been sighted in the first Fo Fourier, and the two difference syntheses 
did not suggest the removal of any of them. Atom 24 sighted in the first
difference, retained its identity in.second difference. From the positions

A
of these three atoms, and "the distribution of the density within the ring, 
it was not possible to select a fourth point to ma.ke a good four-membered 
ring. Also from the available Chemical evidence, there was no four- 
membered ring. It was therefore considered reasonable to discard this
idea.

In favour of a five membered ring, there was the Chemical evidence
39for a furan ring which was reported probably affected during the 

introduction of the chloroacetyl group, A new pea k-25, of height 2.0 o/A'? f  

marked XI in fig. 27B, was recognised about 1.1 £ away from both atoms 
38 and 24. Since the contours of these two atoms make room for shifting 

the atomic centres, they were both moved away from position 25, to iraprove 

the bond distances. Another hitherto, unrecognised peak - 26, marked X2 

in fig. 27B, of height 2.5 e/ ^ , was immediately obvious. It was at a
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distance af* 1 .25A fron atcs-i 38  and 1,1 i t  fron aton 23» Aton 23 itself 

was only 1 .5 2. awar f*-oin aton 24 and its oo-ordinates were therefore left

unaltered. In the previous Fourier calculations aton 25 had heights of

Po Fourier, and first Fo Fourier respectively. These heights were on 

density gradients. Sinilarly aton 26 had heights of 1.65, 1.0, 3.0 and

1.5 e/S? as above, (Table 13). The distribution of these peaks, 23, 24,

25, 26 and 38 was oonsistent with the presence of a FURAN RING-.

The peak height of aton 38, 4.7 e/$? was nuch higher than those of 

atoms 23 and 22j-, whioh were both 3.0 o/f. It was suggested as the oxygen 

aton. Bosides, weither aton 23 nor 24 oould be the oxygen aton because 23 

was seen in the nodel to be bondod to aton 24 and two other atons (17 and 26),

Thus only aton 25 oould be considered as the alternative to aton 38 as 

the possible oxygen aton of the furan ring. Aton 38 had been observed in the 

first Fo Synthesis and had been a nore prominent peak than any other in the

ring. It was therefore decided to regard aton 38 as oxygen in the next 
oaloulation.

The next aton selected, (6) narked X in fig. 28A was roaÜly reoognised 

on the section Z = 2k/GO. It had a comparatively good peak height of 

2.1 a/23. It previously had heights of 0#5> 1 «4> 2*4 and 1 *4 in the

second difference, first difference* second Po Fourier and first

1 1 1 * 1 9

Po Fourier respectively* In space, it ßeemed to oonnect atoms 7
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and 34 to the rest of the molecule. Atom 21 (marked X in fig. 28B), with

a  peak heipjht oi? 1*7 tt/S3 tos innludad mainly because of* its storeoohemioal
significance. The shape of 'Sie contours around this point was not encouraging.

o3Its previous heights were 0.8, 0.95? 1.8, 0.7 e/n in the same order as above. 
The increase in density fron the first to the secona Fo Fourier suggested 
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 Fo Fourier. In the present Fourier, it had only a peak height of 
1,1 e/2? and. it was about 1.8 £ from both atoms 21 and 1. It was decided 
to test its reality in the next difference Fourier calculation.

Around the iodine atom, 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/?P was recognised at 2.1 £ away from the iodine and this was 

assumed to be the carbon bonded to the iodine. At a distance of about 1.5 £ 

from this atom was a peak of 1.7 e/13, marked 27 in fig. 24, but not in the 

same Z plane. Bhis -peak was also about 1.54 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 carbofiyl 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 sfccms were not too far off 120°.

The general Variation of the peak heights of these atoms close to 

the iodine in the previous oalculations 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 sfcage, it was possible from the nodel to rocognise the 

ester group - COOMe as part of a sidechain - CH^ COOMe. There were 

three rings in addition to the furan. There was another sidechain 

which was considered to be - CK^ OMe attached to ring A. This would 

then account for two of the three methoxy groups expected in the structure 

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

fig. 30.

Atom 53 was made 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 which 
could alter some parts of the structure, The first was that atom 3 was
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only about 2.0 2.fron 2, suggesting a possiblo linkag» botwoen thora.

To determine this and other distances noro accurately, it was deoided
to calculate all the bond lengths in the nclecule. The seoond was that
the pronounced departure fron spherical symetry of the contuurs around

atom 7 (starred in fig. 29) had not been explained, It could be explained

in tems of an atom noeding sone drastic shift or one that is seriously

affected by a high anisotropic tenperature effect. If eitlier of this

is true, the peak height would be lower than for most others inserted
o3into the previous calculation. But its peak lieight of 3*8 e/n , was 

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

It was therefore considered to be two unresolved peaks probably i’epresenting 

two dissinilar atoms. A point (dotted in fig. 29) of density 2.4 e/n^ 

was chosen on ■the lowest density gradient as the position of the omitted 

atcsm (35). Aton 7 was therefore noved to a point roughly 1.2 fron 

atco 35» In the nodel it was innediätely recognised that these new positions 

with two other atons, 6 and 34, were all planar, with the bond angles 

around aton 7 about 120". This suggested a trigonal systen with a probable 

double bond between the atons in the unresolved peak (7 and 35)« If the 

new peak (35) is assuned to be an o:<ygen aton, then the spatial arrangement 

suggests the presence of a carbonyl group or if aton 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 fron chenical evidence 

that there were three nethoxy groups in COB (il). Assuning that the 

convers|ltion of COB(ll) to the iodoacetate of ihe reduction product COB(lU)
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did not affect these nethoxy groups, the structure so far arrived at 
leaves two of them unaccounted for. If the group of atons (6, ~l, 35)
was part of an ester group another raethoxy group yrould havo been aocounted 
for, It was shown later that this, in. faot, was the oase,

A neticulous search of the inaps showed a peak (29) of height 1.7 y s 3 

at a point 1.6 £ fron atom 34* The bond angle so formed was about 109°•

Thus a second ester grouping for which there had been no ohemieal evidence 
was suggested*

The last dubious point was the problem of atom 39♦ It had oonsistently 
come up with a peak height about twice that expeoted for oxygen, and 
the distance fron the nearest atom (17) was ab out 1 «9 iL

All the bond lengths were calculated and the results suggested bonding 
between atoms 2 and 3« They were 1.82 2. apart. The structure was therefore 
rewritten as 3n figo 3'l *
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Atom 39 was at first nonslder® d.die oxygan atom of tha third methoxy group

but there was no peak nearby that oould be the oarbon of the methyl group

bonded to it, Besides this, with slight error in the number* of hydrogen

atons, the forraula of 0 1 for the present structure would give a32 A0 9
moleoular weight of 697. This is slightly above the experimental value.

If atom 39 is the oxygen of a third methoxy group, the addition of a methyl 

group to this formula would increase the nolecular weight even further. 

Also, if atom 39 were not oxygen but a heavier atom, the moleoular weight 

would again be muoh greater than the experimental value. In either case, 

it was obvious that the structure as known at this time must include one 

or two fictitious atoms.

Sixth Phasing

Y/ith A2 atoms, 9 of which were woighted as oxygen and 32 as oarbon 

and the last as iodine, the latest co-ordinates were used in another 

phase calculation. The new atoms were all given a temperaturo constant 

of A.5 The Programme would not work for reflection (1 9 A) and

this was omitted. The scale factor for the remaining 990 reflections was 

1.A59. The reliability factor roduood only slight ly to 0*231 . But -die 

agreement between the individual experimental and calculated structure 

factors inproved considerably. The reflections with differences greater 

than 3.0 reduced from 69 to A1 out of which 11 were still above 3.0. In 

spite of this general improvement, a few had worsened and die 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 noaourod. 
and the given experimental value was known to be low.
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The struoture factor oaloulations were thon repeated for the 312 

unobserved reflections each having half the minimum mensurable intensity. 

The lorentz and polarization corrections were applied and 'the same soale 

factors for the different zones, as used for the mensurable reflections, 

were applied.

Review of Chenioal Evidenoe

Sinoe COB occurs alongside COA (fig. 2), it was assumed to be 

sinilar in general struoture. The nuolear nagnetic resonanoe Spectrum
39of COB(ll) suggestea that the bhree methoxy groups were present as

(a) - COOMe

(b) an enol OMe

x /  
>  = \

die

and

(o) a questionable orcLinary 

pc - OMe.

There was a füran ring and mos t probably a lactcne. This neant a ring B 

probably similar to -that of COA (fig. 2) but without the epoxide ring.

It was not clear what happened in the fonaation of the chlox’oacetyl 

derivative fron the analytical results. It seeraed that it was not a 

simple chloroacetylation, There was sone evidenoe fron, the spectra that 

the furan was affeoted. There was, however no certainty on any of tnese 

suggestions.
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With an ester grouping of the type - CH^ COCMe found on ring G 

Cfig. 30), the second side-chain on ring A, was considered to be of the 

enol type
v pOMe
>  = Cf
' \

Hence the structure of fig. 30 was first put forward and sent to '

Dr. Powell for his oomonts in the light of more up to date Chemical 
evidence. The oxygen of atom 39 was also considered to be that of the 

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

to be considered bonded to this aton,

A discussion of the structure of fig. 30 led to the following 

suggestions^:

(1) That the side chain in position marked (1) fig. 31A) should be as 

shown (i.e, a methyl ester).

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

(3) That the iodoacetate group would prove to be attached as at (3) 

with a probable hydrogen bonding connection 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 0Z should be an oxygen.

These suggestions were considered as follows:

Fron the second Po Fourier model, there were four atoms in tho circled 
region. They were not well placed and hence difficult to interprete.
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They oould be regarded as

M029

34
/ /

35

of the -CH2 - GOOMo
but the peak corresponding to aton 6 (-CH ~) had not then been observed, 

Henoe the conneotion of these four atons with the rest of the noleoule 

was missing. The Situation was further conplicated by the faot that the 

peaks representing the carbon and oxygen atons of the carbonyl in this 

group were only about 1°A apart. They were however quite well resolved, 

unlike the Situation in the third Po Fourier.

In the third Fo Fourier, two of these atons (7 and 34) were included 

in the caloulation. The result was that atons 7 and 35 were unresolved 

(fig, 29). As already stated aton 35 was postulated only after a close 

exanination of the shape of the oontours around aton 7« The presence 

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

independently before "010 Suggestion fron Br. Powe11. But there were new 

two such ester groups in the struoture. This was in oonfliot with the 

N.M.R. evidence.

A ring had been inserted in the position narked (2) in the seoond 
Fo Fourier. This was arrived at by supposing that "aton" 53 was bonded 
to atons 16 and 22 (flg.30). The distanoe fron 1 had been shown to be well 
above 2.0 £ in the third Fo Fourier and henee the ring was opened. It
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was however suggested that tho increase in this distanoo was accidental 

and tho ring should be closed. It was difficult tc make a docision on 

this especially at this stage when tho side ehain was being regarded as 

a second ester group of tho typo -CH^ COOMe. A convincing argunent in 

favour of opening the ring was the planar configuration of atons 15, 37,

16 and 36. The bond distanoo between 16 and 37 of about 1.3 &, and the 

relatively large peak height of aton 37 suggested that it was the carbonyl 

oxy gen of an ester group. It oould not therefore be bonded to another 

aton. As already stated "aton" 53 was only about 2.0 ?ifron aton 16, and 

it was not clean whether it was linked to the ester group or not. It was 
decided to lea.ve it fcr the time boing.

Suggestion 3

That the iodoacetate should be close to the furan as shown was 

considered possible beoause there was sone uncertainty around the iodine 

and it was difficult to locate the atons close to it. The iodine aton 

was at a distance of 4.5 to 5.0 £ away fron aton 39 or 0X, which is close 

to the furan ring. Since the positions of the atons around iodine wem 

uncertain, the proxinity of the iodoacetate to the furan ring could not 

be ruled out. This Suggestion was left as an open question.

Suggestion 4

That ring A is not nomal wa.s a happy confimation of the results 
obtained at this stage, nanely, that ring A was part of a bi-cyclo octane 
System as shown in fig. 31•
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astion

The i&ea of an epoxide had arisen na in ly fron the assuned siailarity

of COB to COA (fig.2). Fron the first moael, a spurious peak of height

1*27 o/l3 ("atom" 45) taken together with atons 24 and 25 gave the inpression

of a three -ncnhored ring« This had öoen considered for an epoxide ring

and re jected (page 56) . The three peaks were in the region of die furan

ring and two of thom at present constitute members of the ring. Fron

another nodel construoted with die paraneters obtained free the seoond

Po Fourier another set of three a,tons (7, 4? and 34) were supposed to malce

an epoxide ring. They were about 1.2 2.fron one another but ratlier

isolated. Aton 6, bonded to atons 5 and 7 wa,s then not recognized.

hence aton' 7 together with the others connected with it did not nabe

any Chemical sense. Later on, "aton" gave a negative peak of3«*2—'.o/Ä" 
in the second difference synthesis and was discarded. The otlier two now

constitute members of the ester group attached to ring A. liiere was

therefore no cvidence in favour of an epoxide ring.

Suggestion 6

The last Suggestion trat OZ or aton 31 should be an oxygon, seened 

reasonable fron die point of view of die peak height of this aton in all 

the calculations. But the structure at this sta,ge could only adnit a 

single bond between this aton and the carbon aton, C(1), to which it was 

bonded. This was already bonded to three other atons (10, 55 and 2)

(fig. 31)» Such an oxygon aton could only be in the fern of hydroxyl 

group. Since there was no evidence of such a group, die aton was left
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on as carbon. In fact atorn $1 or 0Z is an oxygen. Had ±t boon realisod 

that ”aton" 55 was spuriouss this Suggestion might have been more easily 

accoptable at this stage.

Further correspondence on the structure of fig. 50 led to the 

following suggestions^ ;

(a) That nssuirdng that COB(ll) has tho partial structure,

This would agree v;ith the hypothosis that on reduction of tho 7“keto, 

followed by treatnent with acid (present in the acefylating agent) the 

carbo-methoxyl was hydrolysed and recyclised. This was put forward 

because the N.M.R. had shown loss of one methoxy group on formation of 

the chloroacetyl derivative. Howevor the lost band was more what would

//

the rings C - D part of the iodoacetate ooleculo oould be
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! Ibe expected for a - C - OMo group. Aongsido this, it was suggested that 

the hydroxyl that was chloroacetylated was around Ring A.

The arguments for and against Ring D have already been sta,ted 

(page77 )• Only two methoxy group had appeared in the strueture so far; 

if the third one was to be ruled out, then the idea of aton 39 being the 

possible oxygen of the third methoxy group would have to be ruled out.

That the iodoacetyl group is attached to Ring A would agroe with the present 

strueture.

(b) That the carbon skeleton in the Ring is/B region oould be of "the type :

This would be analogous to that in Swietenine^^ There was also a 

definite Statement 1ha.t G03 and derivatives oontain Iho oster grouping 

in the form - Cll̂ . COOMe. This carbon skele ton agreed with what was on 

hand except for the presence of a bi-oyclo oeta.no System forme! by inclu- 

ding "atom" 55 (fig. 31 )• This "aton” was inoluded only to test its reality 

and its removal would immediately givo the above carbon Skeleton with the 

gem-di-methyl groups.

That COB and derivatives oontain a - CH^COOMe group was a satisfaotory 

oonfirmation of Ihe interpretation of the map in fig. 29 (pa.ge 72 ) , The 

second ester group was not known to be present in COB. It was formed by
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methylating COB to give COB(ll) containing two more methoxy groups.

(o) That frcti the Chemical point of view, it would seem more likely that 

the iodoacetate is attached to C( 3) > rather than one of the gen-dime thyl 

groups,

That is, (A) is more likely than (B)1

(B) was -the structure proposed fron X-ray results before it was realised 

that atoms 2 and 3 were bonded as in (C). This was not oasily perceptible 

fron the model and the conclusion was made only after calculating the bond 

distances. Suggestion (c) is therefore in agreenent with the x-ray results.

The suggestions which could not be dealt with unambiguously at this 

stage were bome in oind as possible aids in the interpretation of the 

next electron density map. Thore was still no Chemical evidence about 

the nature of atom 39; the X-ray evidence suggested it was heavier than 

oxygen. It was therefore considereu desirable to re-analyse COB and deri- 

vatieves chenically. At this stage, when the Chemical nature of most of 

the atoms were known with a fair amount of confidence, it should be 

possible to correlate the peak heights with Chemical nature.

—L*
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Third Differenoe Synthesis

The set of phaso angles just calculated for all tho 1303 independent,

mensurable and estimated reflections, were used in oaloulating a clifference

synthesis. By far the nost outstanding feature of the results Viras the

elinination of "atom" 53» The peak sta.rrod in fig, 32, had oone out fairly

spherically symmotrical in tiio previous Po Synthesis oaloulation at a

height of 3»9 e/S3 when weighted as carbon with a temperature factor of 
24.7 A • In this calculation, it was weighted as oxygen with the sane 

temperature factor. It cane out, starred in fig. 33> close to a negative 

peak density of - 2.2 o/S5 and was therefore eliminated.
With the elimination of this atom, the absenoe of a ring D (fig. 31$) 

whioh had been ruled out on other grounds was finally oonfirmed.

The atoms of the ester group in this regLon indioated the need for 

small adjustments of the oo-ordinates. Atom 36 (fig. 31) had a peak of 

-1.3 e/A°^ with a temperature oonstant of 5.0 2.̂ « It was also weighted 

as oxygen. There was no doubt about its reality and this negative peak 

was attributed to a probably wrong Chemical identity. In the third Po 

synthesis where it was weighted as carbon, it had a peak height of 4.6
Q-Z 3

e/£T. In other calculations, it had peak heights of 0.61 e/A with B
f  3value of 4.5 X** in the second *differenoe’, 1*41 e/A in the first 

’ differenoef, 3*1 e/A^ in the second Po synthesis and 1.80 e/1? in 

the first Po synthesis. It was therefore changed to carbon, Unlike 

this atom, atom 15 which was weighted as carbon had a positive peak of

** 83 —
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0.3 o/& with a teaperature constant of 4.3 £^. In the third So synthesis,
/o3it had a peak density of 4.5 e/A which was only slightly less than that of 

atom 36. In other calculations, it had peak heights of 0.31 e/£^ with a tenpe- 

rature constant of 4.5 in the second *difference1, 0.18 e/?)P with 3 = 4, 522 

in the first ’difference1, 5.4 e/£3 in the second Fo sunthesis, and 2,4 e/23 

in the first Po synthesis. The early peak heights were higher than f voso of 

aton 36 and so atcm 15 was changed to oxygen. It was noted nowevcr, that 

the peak height of atom 36 was higher than that of atom 15 in the third Fo 

synthesis where the phasing should he better than in the first two. This 

change of the Chemical identity of two atoms would then bring in a propionate

side chain,

The negative peak of ioöine decreased fron - 7.38 to - 3.82 e/S? with 

B = 6.0 £2. B was therefore increased to 6.7 . The immecüate neighbourhood

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 electrons/£^ deep» This might suggest increasing 

the teaperature factor but B was so generally high that the 'peak heights 

whether positive or negative were rather low. A negative density of value 

2.0 electrons/£^ was therefore very likely to mean a wrongly looated atom.

At a distance of about 0.8 £ from this position was a positive density,

1.83 e marked X in fig. 35. It was also 2.1 £ away from the iodine atom,

It was therefore considered to be the correct position of this atom. Atom 27, 

(C(27)), seerned to have x and y co-ordinates correct but showed a high density 

gradient in the z direction. It "was shifted accordingly on the basis of a 

qualitative judgment.
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Eut the new position was only 1.27 £ fron aton 28. This was wer so than 

the previous distance of 1,58 Ä» Honce, these new positions of the two

atons were questionable. They were however left alone for the tine being.

Atom 33> narked x in fig. 36, was on a high density gradient the peak 

of which was - 2.70 e/f? . Appropriate changes in co-ordinates were ma.de.

these three atons, close to the iodine were rather unsatisfaotory but they 

were included in the next struoture factor and bond longth onioulations.

Atons 30 and 2, which in the previous Po Pourier had the 1 owe st peak 

heights, and were included only because of their stereochenioal inpli- 

cations, showed only slight negative densities. Aton 2, narked X in fig. 37) 

was in a trough of depth 0.85 e/i? and its tenperature factor B was increased 

fron 4.5 to 4.8 £ %  There were two positive peaks of about 0.9 o/Sr* on 

opposite sides of it and its co-ordinates were not a-ltered,

Aton 30 was on a low negative density gradient and its tenperature 

factor B was increased fron 4.5 to 4.6 n t  Its co-ordinates were also 

slightly adjusted.

"Aton" 55) narked X in fig. 32, which had the lowest density of the 

atons inserted in the la„st phasing, was in a trough, narked X in fig. 33,

increasing the teinperature factor would be inadequate to account for this 

trough. Elimination of this aton would rule out the bi-cyclo octane fomed 

within ring A. The struoture would change fron (A) to (B) in fig. 38.
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In this form, aton 31 oould be oade oxygen, as suggested by cheraical 

evidence, and the bond distance between atoms 1 and 31, (1.1 S) would be 

acceptable for a double bond. ln adjustnent of the Position of aton 31, 

narked X in fig. 39, indioated by its density gradient in the x direction, 

brou^it it baok to its forner position. In this position, it was oo-planar 

with atons 1,2 and 10, suggesting a double bond between atons 1 and 31.

Various shifts were na.de for tho atoms constituting the furan ring.

None of them was at the poa.k of a negative density but two atons, 26 and ;;8, 

were on negative gradients and their tenperature factors were increased 

fron 4.0 to 5.0 ^  and 4.5 to 5.4 respectively.

The last feature of this difference synthesis was the ineak height 

of aton 39, narked XI in fig. 404. It was 1.69 e/X3 even when the tenpe-
o2rature factor B of 4.0 u was anong the lowest for all the atons. At a

distance of 2.1 £ away fron it was another peak, narked X2 in fig. 40A,

of height 1.39 e/£3. This was a position in which an aton had been inserted

in the first and second Po syntheses ("aton” 42) and had proved spurious
x

in the first difference synthesis with a trough of - 4.32 e/A . It ha.d
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thersfore been elininated. But it was a.gaxn incliirLed in the next oalculation 

as a probable carbon to v/hich atoa 39 was attached to aake a ne thoxy group, 

This was to decide if aton 39 was part of a nethoxy group as suggested^ # 

Assuning bhat such an aton was slightly displaced fron its rea,l atonic 

centre, or that the value of tenperatcre factor was accountable for the 

negative pea,k, then inserting it in the oalculation î iould lead to some 

improvenent of the reliability index.

With the adjustraent of the co-ordi.na.tas in the nodel, it was very 

easy to note the planarity of atons 8., 22, 14, 13 and 15« This established

the existence of a double bond betweer. atons 8 and 14« Hence the struoture 

at this stage was as seen in f'ig. 41 with nolecular fomula G^O^z.

Figure 41
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Th© struoture as written with formula C_.H. -0.1, has a molccular31 40 9
weight of 683. This is about on© carbcn aton, short of the experimental 

valuo of 693 + 7. Besides ono of those atons (42) was still suspected 

to be spurious.

The maps were re-examined and it was noted that there were 13 other
, , ,, . _ /q3. A nurnber of these wer© peakspeaks wxth hexghts greater than 1.0 q/K

towards which atomio centres should be moved. Others whose spherical nature 

suggested thon to be atons were exaained in spa.ce with the aid of the model. 

One such poak narked X in fig. 4®, of height 1 .07 o/n^, seenod to join 

C(18) and C(15)* But it was only 1.1 n fron 0(18) and about 2.1 £ fron 

C(15). It was probably a hydrogen aton attached to C(18). Some of the 

other peaks were positions of local electron density maxima,. For example 

the point narked-X in fig. 42Ajhad a peak height of 1.35 e/£^ but the 

contours do not suggest an atcmic peak.

Soventh Pha,sing 

Struoture faotor oaloulations

(i) With the latest oo-ordinatos for 41 atons and varying isotropio

temperature faotors, struoture factors were calculated again, The

scale faotor was 1.393* The highest difference between the struoture 

factors, observed and calculated was 9*8 and for reflection 0 2 3*

The intensity for this refleotion was too high to be estinated and 

this result was not surprising. The rcliability index R reluced to

0.223.
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(ii) "Atoa" 42, supposed bonded to atoa 39, was removed tosüüv.*r with 

C(28), G(27) and aton 33» these three constituting the CH^CO 

group to which the iodine atoa was supposed to be bonded« The 

renaining position and teaperature paraaeters were used in caloula- 

ting all the structure factors as above. The soale factor was 1.372 

and the highest differenoe between the structure factors was 8.7 and 

for refleotion 4* 0 0« The reliability index R reduced to 0.216, This 

shcwed that some or all of these four atoms were probably incorrectly 

looated. "Atoa" 4-2, was strongly suspeoted to be spurious. To test this 

suspicion, this atoa alone was reaoved and the calculations, oarried 

out for the (okl) reflections alone, sh owe d a narked iaproveaent of 

the reliability index, (0.225 ' ■'• ■ 1 ■)* 0.21). The possibility of atoa 

39 being the oxygen of a aethoxy group was then ruled out.

(iii) Another possibility was that atoa 39 was heavier than oxygen and was 

an atoa which needed to be bonded to only one other aton. Chlorine 

was such an atoa. At least, in part to satisfy the need to put 

aore electrons in its position as required by the differenoe syntheses, 

it was decided to test this possibility by inserting two oxygen atoas 

with the saae tenperature constant B = 4.o£^ in its position. And 

with paraneters for C. _0 — I. the resulting oalculaticn reduced the
98

reliability index R to 0.204. The scale factor was 1,4-05 and the 

highest differenoe of structure factors, 8.1, was still for refleotion 
**.0 0»

*• 89 —
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Chlorine Aton
Table 1 3 shows the peak densitios of the atoms for all iho Courier 

calculations. Though they wo re gonerally low due to the high tempere, ture 
constants, the figures for aton 39 had been consistently and ronnrkably 
higher than those for carbon and oxygen. lt was on the basis of this 
ffar above the average1 argument that its identity was changed fron 
carbon to oxygen after the second difference synthesis. It still persisted 
as the highe st peak apart fron the iodine in the Fo Synthese s and showed 
a high positive üensity in the difference syntheses. The improvenent in 
the reliability factor, R, for the set of structure factors just calculated 
suppcrted the Suggestion that it was chlorine. A chlorine aton in this 
conpound should show a chlorine-chlorine vector peak in the Patterson 
synthesis. This should be higher than all others but the iodino-iodine 
and oblwrine-iodine veotor peaks, With the known co-ordinates of ■the 
iodine and supposed chlorine, the co-ordinates of the corrcsponding veotor 
peak positions were calculated. Sone of these are starred in tlie Patterson 
- Harker naps of figs. 15, 16 and 17.

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

The Chemical analysis of COB had showrt̂  beyond doubt tliat the 
compound contains only the elements, carbon, hydrogen and oxygen.
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C 39Its aocurate nass spootun agroos with the fomula The
39nethylation product COB (il) contains^ the sane elenents. But the

chloroacetyl derivative of COB(ll) was not, until this stage, analysed

to find the chlorine content. This was due to the poor yield of the

reduction product of COB(ll). 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 he 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 atoas per nolecule.

This provided Chemical confirmation of the Suggestion that atom 39 was a
16chlorine atom. It was later established that the nethoxy group attached 

to atom 17 in COB(ll) is labile and easily replaoed by chlorine on treatin 

COb(II) with HCl.

Further Structure ffaotor Caloulations 
A chlorine atom was inserted into the position of atom 39 in the

nodel and \vith the same position and tempernturo paramoters, the structure

factor for the 991 reflections were calculated for formular C .CAC1I.2o l
The scale factor was 1.A16 and the reliability index R renained as in the 

last caloulation 0.204* The highest difference between the structure 

factors, 8.0, was still for reflection 4 0 0 Though there was no 

improvenent in the R-factor, there was a slight improvement in the degree 

of agreement of the independent value s of the structure factors as 

indicated, for instance, by that of 4 0 0
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It was at this stage suggested that the intfcroduction of two 

methoxy groups on methylating COB involved a Break down of the lactone 

ring by acid hydrolyr.is followed by methylation with the resultant 

addition of the elenents of ciinethylether.

But a propionate group had been introducted into the structuro by 

the interchange of the chenical identity of atons 15 and 36 as a result

of the previous difference synthesis. In the light of the new evidence, 
this change was revorsed produoing a - CH^COOMe ester. The temperature 

oonstant of aton 36 was increased fron 5.0 to 5.7 beoause of its 

negative density in the "difference". That of aton 15 renained unaltered.

The structure beoarae as seen in fig 42.

Figure 42
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Y/ithout including the paraneters of atons 27, 28 and 33, circled 

with a broken line in fig. 42, close to the iodine aton, the structure 

faotors were calculated for the 99"! independent mensurable reflections„ 

The soale factor was 1.4-16 and the reliability Index reduced to 0.198. 

This decrease could he attributed to the change in Chemical Identity of 

atons 15 and 36 and perhaps to the unsatisfactory parameters of some or 

all of atons 27, 28 and 33»

There were now 29 reflections with difference in structure faotors 

above 3.0 of this nuober, 10 had differences above 5.0 and the highest 

difference of 7.9 was for reflection 2 1 11

other atons around the iodine aton which were known to be there but were 

not included in the calculation. Assuning the presence of these atons,

a nolecular weight of 688.4 which agrees well with the experimental 

value. This was further evidence in Support of the correctness of the 

present structure, but there were still a few points to be clarified.

fron the stereochenioal point of viow, there were fairly large deyiations 

fron the aocepted oond lengths and angles. The worst was the bond length 

of 1.85 Ä between C(13) and C(18). fron the crystallographic point of 

view, there were:

fourth fo and Difference

The phasing was now based on 37 atons, C^qO-̂ CII. But there were three

to link atons 15 and 18
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(c) tho problem of accounting for thoso pcaks with heights above 

1.0 e/X3.

(d) the determination of more correct co-ordinatos for tho atons 

around iodine.

From the Chemical point of view, it was suggested^ that the present 

structure was entirely acceptable except for the probable migration of 

C(18) fron attachnent at c( 13) io 0 (17 ) . In the X-ray analysis, there 

had been nothing to suggest such an attachment so far but it ?,ras rather 

disturbing that C(18) was so distant from cCl3)•

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 approxinate eleotron density distribution were calculcated with 

the observed structure factors and pha.se angles in the seventh phasing.

The assuned values of the structure factors of the 312 unobser’v^bt^ refleotions 

were also scaled by 1.416 - the sarne as used for the 991 observed reflcc •Ions. 

All the 1303 reflections were used in calculating a difference synthesis»

The results show that "aton" 53 could at best be considered a hydrogen 

atom. In the Fo synthesis, it had a height of 1.0 e/X3, markod X in fig.43A.

In the 'difference’, there was nothing renarkable about its omission. It 

had a density of 0,65 e/°3, marind X in fig. 43B. These proved unequivocally 

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

as proposed in fig. 31
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On the sane naps could bo seon, starred, the site of !,atoa" 55» the 

existence of which led to the formation of a bi cyclo octa.no System. In 

the Fo synthesis, the peak lieight became 0.4 c/Ä3 and in the difference 

it was 0,26 e/X^, Thus its elimination was proper, The peak that was 

re gar de d as "atom" 42, narked 4 in figs, 44A and 44B, decreased fron 1.7 o/X^ 

in the previous Po synthesis to 1.4 o/%? in the present. In the 1 diffe­

rence 1 it decreased fron 1.39 o/£3 in the third to 1.16 o/X3 in the fourth.

It also moved farther away fron aton 39» With aton 39» as chlorine and 

bonded to C(17), a bond distance of 2,2 X between 'aton5 42 to ‘aton1 39 

was inconceivable. "Atom” 42, peak 18 in fable 14» uust be a product of

errors. Starred on the sane maps, fig. 44, is the peak that seened to
,93link atons 15 and. 18. In the Po synthesis, it decreased fron 1.0 e/A 

in -the third to 0.9 e/X3 in the fourth. In the difference, it decreased 

fron 1.07 e/?? in the third to 1.02 e/X^ in the fourth. It previously 

had peak heights of 0.4» 1.60, 0.65, and 1.02 e/X^ in the first and 

second Fo syntheses, first and second difference syntheses respectively.

It was still the sane distance of 1.1 £ fron 0(18) and 2.1 X fron C(l5).

The distance of 1.1 X would indicate a carbon-hydrogen bond. The fall 

in peak height fr „n Q2 to p  4 does not suggest a real carbon aton.

Besides, a density of 1,1 e/X^ inserted as "aton" 55 in. J? 3 was shown 

to be spurious. To insert a lower density which does not show eny tondency 

to increase with improved phasing is not reasonable. It was therefore 

concluded that this peak, nunber 19 in Table 14, was probably a hydroger.

aton
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2
3

4

5
6

7
8

9

10

11

12

13

14

15

16

17

18

19
20

TABLS 14
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Co-■Ordinate s in 60th Peak Heights Peak Hoigjits

X z in 4'4 in in 4th Diff.

40 30 4 1.0 1.15

44 5 5 1 .1* -0.03

48 9 6 1.3* 0.47
8 11 6 3.1* 0.41

22 5 7 2.2* 0.03
16 10 7 1.1* 0.32

16 1 7 1.5* 0.21

4 15 7 1 .1* 0.40

38 9 7 1.0 0.0

25 5 10 1.2 1.11

34 2 12 1.1 0.77

48 8 13 1.2 0.32

2 23 18 1.0 0.65

40 25 21 1.2 0.67

52 25 23 1 .0* 0.28

52 29 24 3.3* 0.41

32 24 27 1.2 0.57

34 5 8 1.40 1.16

48 20 8 0.9 1.02

24 21 29 0.8 1.0

* loüine satelites
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In the Po synthesis, apart fron those peaks obviously rex>resenting 

the three atons close to the iodine aton, there were 18 others, still 

greater than 1.0 e/'£3 and not regarded as atons. These are shown in 

Table 14. Nine of then were easily seen, hy synnetry to he iocline satelites. 

The seventeenth was most prohably a ripple produced by the anisotropio tenpe- 

rature Vibration of the chlorine aton. The densities of the renainiiig ten 

but nunbers 1, 10 and 18, fall below 1.0 e/Ä3 in the "difference". Less 

significance was therefore attached to these. The difference synthesis 

showed five peaks of heights 1.0 e/£3 and above. Two of these, nunbered 

19 and 20 in fable 14, had densities below 1.0 e/Ä3 in the Po synthesis.

The nineteenth or "aton” 55 had been discussed and shown to be spurious (p. 95) 

while the twentieth had a dcnsity of only 0.5 e/£3 in the tiiird Po synthesis. 

It was very probably therefore of no significance.

0f the renaining three, the eighteenth or "aton" 42 had been oonsidered 

and shown to be spurious (p* 95). The first was at a distance of 1.95 £ fron 

C(17). In the Pourier calculations, this position had densities of 1.13?

0.84, 0.38, 1.12, 1.15 and 0.8 q/2? in the third, second and first difference 

syntheses and third, second and first Po syntheses respectively. The tenth 

was quite isolated and its contours were irregulär. It was decided to 

leave these out .

The peaks around the iodine were nany, as can be seen fron Table 14.

In the Po synthesis, the real atonic peaks were not significantly higher 

than the spurious ones. But with the aid of the difference synthesis, 

the real atonic peaks were reatlily discerned. However, the peak centre s 

in both syntheses were not the sano. Por C(28) and C(27), narlced XI and 

X2 in fig. 45A, the peak centres in the two syntheses were not significantly
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different. Bat the

\peak centre of atom 33 j starred in fig. 45B, oame out in two different
* ... , . A n 9 apart ii the two syntheses. The centre in the Poposxtxons, about 1,0 i J

synthesis was about 2.8 £ away from the iocline atom, Such iodine-oxygen
distance in the acetate group was given as 5*7 ä by Pridrichscns and 
Mathieson^ and as 4-.02 £ by Robertson^ and others, The peak centre in the 
difference was about 4.0 Ä. But in the Po synthesis, this atom had fair ly 
spherically symiaetrical contours and the oontours in the "difference" were 
rather distorted. Also the peak centre in the " differenceM was more consistent 
with a trigonal configuration about the carbonyl carbon. In fig, 45» the 
"difference" contours, at intervals of 0.5 a/23 are superposed on the Po 
Fourier contours at intervals of 1.0 e/J?3.

Table 15 shows the pealc densities of these three atoms in the fourth 
Po and difference syntheses*

TABLB 15 

Densities in 4th Denaities in 4th
Po Synthesis "Difference" ""

C(27) 2.1 e/S? 2.14 e/£3

0(28) 1 .7 e/£3 1,94 e/£3
Atom 33 1.9 e/£ 1.35 e/£3

The peak height of atom 33 was about average in the io synthesis but 
it was the lowest in the "difference". However spurious peaks of density 
as high as 1.3 &/%? exist in this neighbourhood (around the iodine atom) in 
the Po synthesis. It was therefore decided to make use of the position 
Parameters obtained from the difference synthesis.
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This oonsists of a seriös of trial ca-lculations of struoture factors,

(i) In order to test the reliability of the new co-ordinates of atons 

27, 28 and 33, around the iodine aton, their paraneters were added

to those of the 37 atons used in the previous phasing and the struoture 

factors were caculated. They were given a tenperature constant of

4.5 Ü2 each. The scale factor was 1.437 and the reliability Index 

reduced fron ^.198 to 0.190. This decroase indicatod that a fairly 

good judgnent of the locaticn of the atons had been nado.

(ii) In the difference synthesis, it was noticed that the iodine aton 

was still in a trough of depth - 3.61 e/Ä^. Its tenperature factor 

was consequently increasod fron 6.70 to 7.50 ^ . The position of the 

chlorine aton had a density of -2.46 o/n^. Its tenperature factor 

was increa.sed fron 4.0 to 5.5 Ä2. With these two ohanges, the 

Position and tenperature paraneters of the previous 4O atons -

c OgClI, were used in calculating the struoture factors. The 

scale factor was 1.358 and the reliability index rose to O.2O5.

(iii) The paraneters of the three atons (27, 28, 33) around the iodine

were renovod and the renaining paraneters with inoreased B for iodine 

and chlorine were used in calculating the structure factors. The scale 

factor was 1.340 and the reliability index inoreased to 0.212. This 

result confims that to a fair ly good degree the input co-ordinates 

for these three atons were reasonable and that there was not enough 

justification for increasing the tenperature constants for iodine

and chlorine
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If iodine is present in all its sites then the peroenta^e of iodine 

in the sample should be 18,4® ¥ith the possible interference of the
-J Q j Q

chlorine atcrn cLuring the analysis, the sample analysis ’ , showed the
following percentages for iocLine.

(a) 18 17.62
17.04

(b) 48 14.75

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 oaloulated 18*4^*

A possible explanation for this lower percentage is that the iodine

sites might not all be oocupied by iodine in all the molecules* The ohlorine

oould be left unsubstituted in a few molecules* This would then reduce

the effective Scattering contributicn of the heavy atom by a s,Site Occupation 
5Factor” e In this circumstance, it would not be correct to account for 

the valley in which the iodine was found in terms of thernml Vibration 
alone. It was therefore decided to leave B at 6,7 ^  for iodine *

(iv) After a close study of the maps of both the Fo and difference synthesis 

appropriate shifts of atomic co-ordinates vfere made, based on a 

qualitative judgment only for all but ONE of the 37 atoms used in the
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seventh phasing oalculation. The c o - or di natos of the ronaining atom was

changed altogethor. Atom 30, 0(30) had the lowest peak density of 2.6 e/X3
in the fourth Po synthesis. In the differcnoe, it was at the oentre of a

valley of -1.25 e/X3 with a temperature constant of 4.8 £^. A furthor

increase in B to acoount for this negative density would decrease the peak

in the Po synthesis furthor. This was considered rather undesirable. In

the previous Fourier calculations, this position had peak densities of

2.9 e/23 with B = 4*5 X^ in the fhird Po, - 0.85 e/X3 with B = 4.5 XX in

the third difference, 1.7 o/£3 in the second difference, 1.15 e/X3 in the

first difference, 1.6 e/X3 in the second Fo and 1.0 o/X3 in tho first Po.

It had been suspected to be a spurious peak or an atom which was not well

located. There was at a distance of 0.8 X to this position another peak

of height 1.5 e/X3 and 1.0 e/£3 in the Pourth Po and difference sjmthoses
respectively. Previously, this new position had densities of 1.12, 1.3,

1.33, 0.80, 1.5 and 0.90 o/X3 in the third difference, third Po, second

difference, first difference, second Po and first Po syntheses respectively.

The peak height in the Po Fourier sunmations, had been above 1.3 e/X3
fron the second one and this was considered a favourable factor to mako

this site the atomic'position. The co-orclinates of C(30) were therefore
02changed and it was given a temperature constant of 4.5 A . Tho tomperature 

constant of chlorine was also decreased to 5*0 £^ and the structure factors 

were calculated again. The scale factor was 1.427 and the reliability 

index reduced to 0.183. The number of differences in structure factors
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above 3*0 decreased to 21 of which only 6 wero above 5«0. The highest 

difference of 9»9, was for refloction 0 2 0 The intensity of this refle-

ction was originally too large to be estimated accurately and so this great 

difference was not surprising.

The nain features of the structure were fair ly evident at this stage.

A satisfaotory structural fornula could be written, The refinaioent by 

difference syntheses was therefore teminated.
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PÜRTHSR RE5T1JEMENT

Apart fron the difference synthesis, methods of refinenent consist

eakes use of a principle first enunciated by Legendre in 1806 and later 

subjected to rigorous nathematical proof by Laplace (1811) and Gauss (1821). 

It gives Rf as follows:

w is a weighting faotor, and the sun is taken for all the observed structure
50faotors. The nethod of stoepost descent , based on the saae principle" 

gives Rf as follows:

To carry out a least square refinenent, the structure factors must 

be roughly on the absolute scale and the phasing must be approxinately 

correct. These conditions were roughly satisfied at this stage whön the

\veighting schene is used.

The process of refinenent involves the detemination of the chm ge s 

in position and tenperature paraneters necessary to bring about the nini- 

mization of Rf. These paraneters detemine the calculated structure 

faotors and so each reflection provides an observational equation of the 

fom

of nininizing a function (Rf) of Po and Pc. The least squares^ nethod

structure was already known. In addition it is essential that an appropriate

where

VTFo(hkl) -/FPc(hkl) E

Rf = T w E2.
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The weight w is inftroduced to account for tho degree of reliability

of eaoh equation. This is considered proportional to the accuracy with

which the ohserved structure faotor is known» The accura.cy with which

each intensity is known depends on the aagnitude of tho intensity, the

background intensity, spot shape and other factors depending on experinental

efficiency. iinother rough. indication of this accuraoy is the degree of

agreenent of the observed and calculated structure factors when the phasing

is fairly correct. A ränge or point of highest degree of agreenent is

then selected and the reflexions are weighted according to one of the 
■51following scheues :

(i) /w = \Fo\ / F1 if Fo ^

v/w = F̂  / \Fo \ Otherwise, where F̂  is the point 

of highest degree of agreenent.

(ii) ŷ w = I if \Fo | ^  F̂

\/w = F̂ /|Fo\ othervid.se, where !̂Fo| = 0 to F̂

is the ränge of highest degree of agreenent.

(iii) w = l/(a + |Fo| + c |Fq ] where a and c are

constants of the order of 2Fnin and 2/Bnax respectively. This schenc

essentially puts less weight on very large and very snall j Fo| . Besides

this oxpression for w, there a r e a  few others, all functions of l-̂ oj

designed to reduce w for very large and very snall Fo. It Iias been 
51 52suggested ’ that the weight w nay also depend on sin Q/j\ , but no

weighting schene has yet been designed which is a function of both ^FqI 
and Sin 0/^„
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A nodified fom of Hughes*^ weighting schone (Schene 2)was oonsidered 

suitable for the 991 observed reflections. was 12.0 which is approxi- 

nately 8 linin. For the first cycle of refinenent, 161 paraneters made up 

of x, y and z co-ordinates and temperature constants for the 40 atons 

together with "the absolute scale factor were refined. The reliability 

index decreased fron 0.185 to 0.156. The greatest shifts were the absolute 

scale factor (fron 1.427 to 1.200) and the tenperature paraneters for 

atons 2, (fron 4.6 to - 0.12), 8, (fron 3.6 to - 1.6), 30» (fron 4.5 to 8.99) 

and 33, (fron 4.5 to 9.01).

That atons 30 and 33 should develop such high tenperature factors suggested 

that they were not well located. Aton 30 was put in one of two possible 

sites, both being under 1.0 Ä apart and about 1,5 2. dis tont fron adjoining 

aton 36. The peak centre of aton 33 was uncertain. Two different peak 

centres were observed in the fourthPo and difference syntheses. The site 

fron the difference synthesis was geonetrically nore reasonable and had 

been inserted for refinenent.

Considering the positions of c(2) and C(8) in the structure, a change 

of chenical identity, as a possible explanation for the negative tenperature 

factors wa.s not feasible. It was therefore decided to keep the previous 

tonporaturo factors constant and refine the occupation nunbors. After 

another two cycles, the reliability index decreased to 0.138. The 

occupation nunbers of G(2) and C(8) becane 1.195 and 1.362 respeotively.

Assuning sone nesonerisn within the nolecule, resulting in C(2) and C(8)
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becoaing negative oentres, one would still not expeot the occupation nunber

of either of these atons to be as high as 1.362. The occupation numbers

were therefore reduced to 1 and thermal parameters of 4.5 2^ refined.

The tenperature oonstants of the carbon atom (atom 30) in the methoxy

group of the ester attached to ring C and atom 33 (carbonyl oxygen of the

iodoacetate) rose to 9.04 and 15.2 2^ respectively. Düring the course

of the analysis, aton 30 had altemated botween two positions each about

1.55 2 away fron "the adjacent oxygen atom and about 0.7 2 away fron each
54other. It was suggested that aton 3° could partly occupy the two positions. 

A partial occupation of the two positions would induoe serious vibrations 

in the adjacent oxygen atom, rosulting in a low electron density at the 

atomic centre. This had been found true to the extent that the oxygen 

atcn T/as at one stage tenporarily assumed carbon, in the following 

cycles of refinement, aton 30 was given an occupation nunber of 0.5 in 

the two positions. Its thermal paraneter was kept constant at 4.5 4 

and the occupation nunbers were refined.

The tenperature constants of the other two atons around the iodine, 

atons 27 (carbonyl carbon in the iodoacetate group) and 28 (carbon bonded
q2 ©2to iodine) had also increased fron 4.5 A to 6.88 4 and 4.64 ̂  respectively. 

Biese values suggest that the two atons were a-pproximately correotly located. 

Their positions together with that of aton 32 (the oxygen aton in the iodo­

acetate bonded to ring A) necessarily fix the Position of aton 35 since 

the four atons must be in hio sane plane. However, the location of aton 

33 in this plane was adopted with reservation as two well definod peak
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contres were observed in the fourth Fo and difference syntheses (fig. 45)»

Its high temperature factor was indicative of the unsatisfactory nature of 

the present position. Ilowevor, with the same position paraneters and the
o2tenperature oonstant changed to 4.5-4 , another three oycles of refinement 

resulted in a B of 24.2 4 for atom 33» It then becane obvious that the 

process of refinement had completely renoved aton 33 fron its location in 

the fourth 'difference1 synthesis.

A partial occupation of two positions by an aton should show considerable 

densities in the two types of synthesis. This was net true for aton 33. 

However, in favour of the idea of partial occupation was the high themal 

paraneter of the adjacent carbonyl carbcn (aton 27). A double bond 

between atons 27 and 33 would induce serious vibrations in aton 27 if aton 

33 were to partially occupy two positions. Also the direction of Vibration 

of aton 27 should also be the direction of the vector between the two 

partially occupied positions. However, the second position was considered 

too close to the iodine aton and would further increase the O-C-0 angle 

(32, 27, 33). The initial position and thermal paraneters were therefore 

insorted again for atan 33 in. the next cycle of refinement. Its temperature 

constant was left unrefined and the occupation number v/a,s refined, The 

reliability index before this ¥«ras 0.1292 and the refined occupation numbers 

of atoa 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 became 0.574 and 0.426. It also reduced the 

occupation number of atom 33 to 0.586.
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The dßficiencies shown by tho results of this rofinement nust be due 

to the degree of aocuraoy of tho experimental data. Apart fron the faet 

that there was no abSorption correction, the scaling of hie intensities 

obtained fron the different layer photographs was nerely an approximate 

one. This oould be inproved by correlating the Po and Po for each layer 

separately.

With the last set of position and thermal parameters(table1?)struoture faotor 

bond angles and bond distances were calculated. These are shown in tables 

16 and 18 and figures 46 a and b. A last set of Po and differenoe syntheses 

were calcula.ted. Table 13 shows the peak densities obtained in the so syntheses 

These are discussed later, (page1l2).
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DISCUSSION

Tho struoture of iodoaaetate. derivative of Substanoe B. (Geürela Odorata) 

Molecular Struoture

The struoture derived fron the X-ray analysis is defined by the set 

of Position parameters listed in table 17» Atoms 1 to 30 are oarbon and 

atoms 31 to 38 are the oxygen atons. Atom 39 is chlorine and atom 4-0 is the iodine 

Others given in table 13 are the fictitious atoms that came up during the oourse 

of the analysis. The resulting interatomic 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 moleoule is foldecl dnto two layers, seen in protection in fig.47b, one 

layer being distinctly marked out by the double bond between C(8) and c(l4)togethe 

with rings B and G. Ring B, in the ohair oonformation, is fused to ring A in the 

boat oonformation at C(2) and C(10). The moleoule folds over at ring A 

to which the iodoacetate group is attached. This Substituent forms part 

of the second layer.
TAELBje

Region of \Pype of bond No. Range Mg an
Moleoule or angles

Rings C - c 15 1.39 - 1 .75 1 .5 6

O U O 3 1 .23  - 1.50 1 .36

c - 0 2 1 .3 2 - 1 .4 - 7 1 .40

Side Chains C - I 1 2.10 2 .10

C - CI 1 1.89 1 .89

c - 0 7 1 .23  - 1 .75 1.49

0 11 0 4 1 . 2 0 - 1 . 3 5 1.29

C - c 11 1 .50  - 1 .73 1 .5 4

Moleoule with- Trigonal 18 111.4- - 132° 121 .2

out füran ring Tetrahedral 33 102.4- - 11 4 .1 ° 108 .3
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The ester group attaohed to C(5) and the furan ring are also in the 
seoond layer, The carbo nothoxyl group attaohed to C(lif) lies approximately 
in the saae plane as rings B and C projecting out of this plane with its 
carbonyl oxygen to the opposite side of the furan ring. Each molecule 
has the oonformation

but for the linitations iaposed by the distortion produced by the double 
bond and the peculiar iinkage of rings A and B. Ring perhaps has to 
adopt the boat oonformation in order to reduoe possible intra noleoular

\

u
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repulsive forces between the substituents on c(3), C(4) and C(5) • Moreover, 

a chair confomation for ring A, would so clistribute the gen dinethyl groups 

in spaoe that the pre sent ois-confornation of the iocloacetate group to 

c(22) would not be feasible. The träns-confornation, on the other hand, 

would result in creating a vast volume of enpty spaoe, which oould possibly 

be filled by a change of space group for the orystal. Such spaee-filling 

consideration would not arise in solution and ring A could then have the 

chair confornation.

Arrangement of Moleoules in the Crystal

The packing is illustrated by the pro jection diagrams of fig. 4-7

(a) and (b). There is no possibility of intemolecular hydrogen bonding,

since none of the highly electro-nogative atoms in the nolecule is bonded

to hydrogen. The nolecules are in fact, held together by Van der Waals

forces and oriented to give naximum packing efficiency. Since a nolecule

roughly occupies a rectangular box (of dinension one by half by half of

those of the unit cell) with an emp>ty space between ring A, conneoting the

two layers of the nolecule and ring B in one layer, the packing seened,

to scne extent, dependent on the attenpt to fill this space. This seens

best achieved by arranging the moleoules around sets of two-fold screv/

axes such that the side chain in one nolecule projects into the enpty

spane in the rectangular box containing the adjacent nolecule. The inter-

nolecular distances are in all cases above The closest contact

of 3.5 5 and 3.51 are (1). Teetireen Carbon C(30) of the methcxy group of the ester 
attaghed to ring G at c Q A  and oxygen (aton 35) of the carbonyl group of ths 
ester attaohed to ring A at C5, shown with detted Unes in fig. 4-7(a) q.-pd 
(2) between C(29)(carbon of the methoxy group of ester attached at C(5)) and 
0(1) (atome3l) shown in dotted lines in fig.4-7h respectively.
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Figur© 47B
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The low melting point of 220 C for a structure of molecular weight 690 

is consistent with Van der Waals bonding for the molecules,

Reliability of Struoture

The analysis began with very littlo knowladge of tho aotual struoture

but uppemost in the assunption that was emploved for the analysis was 

the idea that each noleoule ccntains an iodine aton. There wa.s no chenioal 

detemination of the molecular weiset. The orystallographio neasurements gave 

it as 693*0 + 7. The final calculation fron the molecular fomula of 

CjQH^gOgGlI, corresponding to a molecular weight of 688.4, is reasonable 

when conpared vrilth the experimental 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 Courier calculations (fifth Fo and Differenoe

Syntheses) confirmf the accuracy of 1he number of atons. ln the Fo

synthesis, there were still a few density peaks above 1.0 o/f, produocd
27no doubt by the specific diffraotion effects resulting fron the presence 

of the iodine atom. In tho äifforence synthesis, tho highe st density, apart froia 

iodine, wa.s O.67 o/??. There is therofore no density peak 1hat cculü ooceivably 

ba an atom.

The Chemical identity of the atoms v/ere all along coi’related with 

Chemical evidenco. In two instances, one involving the chlcrine o„tom 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 ha,d been ma.de 

in the course of the analysis, and fhese havo been corrected.
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0One feature of the intensity £>htcgraph was the general weaknoss of 

tho refleetions fron planes with. snall spacings«. Consequently the resolution 

of the electron density pea,ks is United. The position paraneters of the 

atons are therefore of limited reliability, The rather low nunber of 

observ^iäi refleetions indicates soae disorder in the crystal structure.
■2 0

Correlating this with the oomplexity of the nolecule it has boen suggested"’

that where, as in this caso, conplicated nolecules are held in the crystal

by conparatively weak intemolecular forces, it is unlikely that the atons

will be so precisely ordered throughout space as they are in sinpler

crystal structures. As a result of this effect together with specific

diffraction rings around the iodine aton, it had not boen possible to deter-

mine the position paraneters of atom 33 (oarbonyl oxygen in the iodoaoetate)

at least to the sane degree of accuracy as the other atomic positions. Its 
final position is 3.36 £ fron the iodine atom.

Thua accurate noasurononts of inter^-atomio distances and valency angles 
oould not be obtained from the experimental data, but the X-ray analysis has 
revealed the most essential geometrical features of the nolecule.

Tho Structure of Cedrela Odorata. Substanco 3
56On the basis of the crystallographic evidence for the iodoaoetate and 

Chemical evidence^ it has been suggested"^ tbat COB ha.s the structure (il) 

on page113A. It was broken down to (ill) during the process of nethylation« 

The methylation product (ill) was further reduced to (IV) which roacted 

with chloroacetyl Chloride to give a chloroaceta,te. In the sane stop, the 

methoxy group on C(17) was replaced by a chlorine atom. The chloroacetäte 

was then converted into the iodoaoetate.
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FloW Sheet

Patterson
4/

1 s t  Phase Calculation with I .  only; R = O.3 7
4/

1 s t  Po Fourier giving 15 atons re gar de d as earbon

- 2n& Phase Caloulation with G._I; R = .0.522 
j 15

2nd Fo FourieJ* giving 1  atons a l l  earbon
„ ^Phase Caloulation, R = 0.253 

~7>‘ Ist Difference giving I + 4! atcas all earbon 

3rd Phase Calculation with C, .1, R = 0.257
I **■'

4th Phase Calculation with C,c0 Ij R = 0.251 | 35 2
2nd Difference giving C„Q0 I

^  95th Phase Calculation with R = 0.253

t
j | Phase Calculation fron 2nd Fo, R = 0 .2 5 3 j

ird Fo Fourier giving C,„0 I32 y
6th Phase Calculation with C^gO^I; R = 0.23 

V3rd Difference giving CU *0̂ 1
\V y y

7th Phase Calculation with C^O^I; R = 0.223

with C28°8I; R2 = 0,216

with CoQOnX; R, = 0,2042o 9 5
with C 0i Cu- R = 0.204 4

i with Ĉ g 0 C1I; R,. = 0.198
4''

8th Phasing with C OgClI; R = 0.183
4/

Least Squares Refinencnt 

R = 0.129
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TABLE 15

Donsitios in e/%?
Aton
No.

Aton
Type 0 1 9 2 ,

D1 D2 Q l D3 Ök- \ C5

1 Carbon 2.67 0.65 2.2 3.3 0740 3.5 0751 4.9 0.31
2 tt 0.9 1.5 1.1 1.1 1.4 0720 3.6 0.Ö6 5.1 0.16
3 tt 3.15 1.41 0727 3.6 0739 4.2 0.05 5.5 0.41
4 tt 2.84 5.5 0712 0.54 4.0 0755 3.8 0728 4.5 0~1A
3 ft 2.7 0.10 2.8 4.4 0.05 4.5 0705 4.9 0,49
6 tt 1.4 2.4 1.4 0.5 2.0 1.06 3.9 0734 4.6 0.39
7 ft 2.83 2.28 0.05 3.60 0.39 3.7 0.29 4.1 0,53
8 tt 2.89 5.5 1.07 0.06 4.4 0.25 4.8 0.40 6.1 0.37
9 tt 3v73 1*97 C.33 4.5 0.30 4,4 0.20 4.67 0.32
10 tt 3.18 5o8 0.40 0.87 4.0 0.47 4.3 0.07 4.9 0.14
11 t! 2.7 1.84 0732 3.4 0725 3.5 0.36 3.5 0.38
12 tt 1.41 0.24 3.5 0.02 3.8 0.05 4.10 0.2
13 tt 2.80 5.5 0.05 0.08 4.0 0.05 4.0 0.15 4.3 0.28
14 tt 1.50 0.T5 3.9 0.30 3.7 0.31 4.5 0723
15 t! 3.18 5.2 0.18 0.31 4.2 0.30 4.1 0.02 4.9 0.32
16 tt 3.8 6 1.46 0.75 4.4 0.10 4.3 0.40 4.6 0.31
17 tt 2.2 1.84 3.7 0730 4.0 0752 4.3 0730
18. tt 1.81 2.9 0720 3.7 0719 4.2 0.11
19 fl 2.84 1.70 0799 3.6 o732 3.3 0750 3.55 0.22
20 f? 2.80 5.06 0748 0.39 4.3 o7io 4.4 o7io 5.4 0743
21 ft 0.7 1.8 0.95 0.80 1.60 075 3.9 0.16 4.2 0723
22 tt 2,87 1452 0732 4.2 0.52 4.2 0.02 5.3 0715
23 tt 3.25 3.8 0759 0727 3.0 0770 3.3 0755 4.2 0.42
24 ft 1.14 2.87 i7o6 0779 3.0 o754 3.4 0739 4.1 0.37
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(Table 13 Contd.)

Atom
No.

Atom
Type

Densities ;in e/ii

S1 9 2 D1 D2 C>5 (jjt ' V . £ l  ..

25 Carbon 0.9 2.4 1.3 1.1 1.9 1720 3.2 0766 5.6 0.31
26 tt 1.5 3.0 1.0 1.65 2.3 0.44 3.8 0.23 4.5 0.04
27 ft 1.6 2.05 2.67 0.51
28 ft 1.7 1.94 2.98 0.37
29 ff 1.6 0740 3.1 o790 3.7 0.56
30 n 1.0 1.6 1.15 1.70 2.9 0785 2.6 1.02 2.9/24! 0.63
31 Oxygen 2.8 4.4 0J7 0.15 3.9 0.15 5.1 1730 6.2 0.24
32 ft 3.56 1.83 0714 5.8 0.30 6.0 0 .2 6 7.12 0.16
33 ft 2.1 1.35 2.6 0.60
34 ft 2.67 2.28 0.25 4.9 0.25 5.8 0.43 7.2 0.21
35 t! 2.3 1.29 4.8 1.02 5.2 0.53
36 2.80 1.89 o .5 i 4.3 1.30 5.5 0.35 7.0 0.56
37 t! 2.97 5.2 0.48 0.15 4.8 0.76 5.5 0.96 6.0 0.42
38 1! 2.86 5.5 0.14 0.63 4.4 1.02 5.2 0.56 5.7 0.40

39 Chlorine 4.3* 8.5* 2.3 2.90 8.6 1.69 12.6 2.4 6 13.7 0.25
40 lodine 29.8 48.1 578 7738 43.4 4.35 41.3 377 49.1 1 .T s

41 Spurious 4.63* 5.8 473
42 n 2.92 4.0 4.32
43 tt 1.28
44 tr 2.03
45 tt 1.27
46 tt 1.3° 1.50
47 tt 1.90
48 « 1.36 CM 

l 
•

49 » 1.40 1.16
50 s? 1.41 2755
51 tt 3.10 4.0 0.61 1733
52 tt 2.84 4.4 1775 2.49
53 tt 2.74 1.41 0735 3.6 2721
54 tt 0.55 0.60 0.65 1.73 2 .6

55 t! t k > 1.1
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TABLE 17

Position and Tempora.turo Parameters
Atom Type 
and No.

25/a y/b z/° B

C(1) 0.3454 0.3476 0.2421 4.46
C(2) 0.2704 0.3887 0.2974 0.35
C(3) 0.3116 0.4897 0.2995 2.18
C(4) O.598O 0.0074 0.2735 2.14
c(5) 0.3506 0.4668 0.1642 4.63
0(6) 0.4372 0.4977 0.0910 2.81
0(7) 0.6112 0.0843 0.4441 4.10
0(8) 0.1066 0.3708 0.1899 0.24
0(9) 0.2265 0.3376 0.1380 1.44
C(10) 0.3415 0.3669 0.1594 3.00
C(11) 0.1975 0.3480 0.0629 6.38
0(12) 0.0598 0.3283 0.0398 1,66
0(13) 0.9747 0.3906 0.0755 3.50
C(14) 0.0099 0.3959 0.1604 2.32

C(15) 0.8871 0.4215 0.2090 2.10
0(16) 0.8462 0.3472 0.2584 3.37
c( 1 7 ) 0.9908 0.4833 0.0487 3.80
C(18) 0.8244 0.362)4 0.0564 2.82
C( 19) 0.4508 0.3211 0.1087 4.86
C(20) 0.6089 0.1137 0.2789 1.71
C(21) 0.5266 0.4798 0.2523 5.25
0(22) 0.1209 0.3687 0,2660 2.10
0(23) 0.0867 0.0536 0.4166 1.70
C(24) 0.2136 0.0755 0.4211 3.86
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(Tablo 17 Contd.)

Atom Type 
and No. x/a y/t> z/o B

C(25) 0.2318 0.1477 0.3693 4.58
0(26) 0.0348 0.1094 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 4.59
C(30)1 0.7457 0.3074 0.3792 4.48
C(30)2 0.6923 0.3271 0.3579 4.48

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
0^(34) 0.5257 0.1242 0.4735 2.65
°c(35) 0.7325 0.1002 0.4411 5.91
0g(3 6) 0.7853 0.3788 0.3103 2.88
C7(37) 0.63S6 0.2774 0.2397 5.26
0g(38) 0.1109 0.1604 0.3397 4.47
Cl(39) 0.44.9 8 0.0129 0.0536 4.94
Br(AO) 0.1241 0.0801 0.1077 5.06
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T4BLE 18
Comparison of Po and Po

H K
L Po Po

0 0
2 91 69
4 116 103
6 181 198
8 29 96
10 32 16
12 36 32
14 47 56
16 23 6
18 43 33
20 28 21

0 1
2 36 40
3 61 57
4 59 25
5 126 115
6 97 84
8 131 115

10 69 54
11 30 29
12 89 91
13 32 30
14 30 30
16 43 44
18 24 16

0 2
0 >207 271
1 42 20

H K
L Po Po
2 61 61
3 >233 262
4 86 94
5 72 58
6 114 100
7 127 112
8 78 68
9 18 16
10 59 61
11 88 76
12 36 28
13 29 30
17 43 48
18 37 29

0 3
1 145 146
2 143 144
3 134 126
4 72 59
5 137 133
6 33 30
7 42 33
8 45 43
9 77 80
11 47 46
13 30 41
14 43 36
15 43 50

H K
L Po Pc

0 4
0 248 226
1 232 213
2 16 7
3 225 215
4 144 123
5 93 83
6 54 *-4
7 150 161
9 24 6
10 35 32
11 52 57
15 31 34

0 5
1 74 79
2 71 57
3 92 82
4 26 21
5 37 26
6 148 146
8 73 80
9 81 84

10 33 23
12 68 85
13 32 29
15 33 34
16 33 43UNIV
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(Table 18 Contd.)

H K *
L Po Po sjr L

0 6 1
0 38 43 3
1 26 39 4
2 25 31 5
3 25 25 6
4 114 128 7
6 70 69 8
8 49 45 9
9 75 77 11

10 107 114 1314 28 33 *
0 7 0

1 32 33 1
2 144 150 2
3 49 36 3
4 39 45 7
5 67 55 13
6 115 115 *
7 42 45 1
8 40 31 2
9 24 18 3

10 44 54 4
11 45 54 5
12 59 62 6
14 20 16 9

0 8 12
0 55 35 15
1 44 43 ❖
2 55 56 0
3 118 114 2
4 94 113 3
6 40 39 4
7 68 70 5
8 75 74 6
9 28 7 8

10 53 51 *
11 27 28 1
14 33 19 2

K * H K
Po L Po Po

9 3 17 13
28 4 31 58
59 5 24 20
23 6 46 45
75 0 14
28 0 36 40
25 3 33 70
20 6 39 36
108 * 0 15
28 1 36 44
34 6 31 22

10 # 0 16
51 4 35 2
84 * 1 0
23 2 148 152
46 3 158 146
64 4 95 93
44 5 121 111

11 6 94 92
41 7 79 65
48 8 68 1
31 9 60 40
27 10 29 15
18 11 57 53
40 12 56 54
77 13 55 40
39 14 38 17
6 15 16 '* O

12 16 63 •56
50 $ 1 1
41 2 135 0

39 3 121 114
72 4 136 131
42 5 100 90
52 6 83 73
33 7 57 55

13 8 80 72
32 9 137 131
38 10 56 52

Po

31
64
22
86
26
23
23
99
31
33

59
82
26
50
64
38

36
55
28
31
32
40
73
36
32

63
47
46
71
51
52
33

39
39
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(Table 18 Contd.)
H K *

L Po Po L
11 67 48 5
12 22 18 6
14 53 7
15 65 58 8

1 2 9
1 30 28 10
2 49 50 11
3 94 93 12
4 211 216 13
5 94 97 14
6 58 50 *
7 113 105 0
8 93 88 1
9 98 87 2
10 So 69 3
11 52 50 4
12 20 21 5
13 40 43 6
14 29 39 7
15 26 20 8
16 44 43 9

1 3 10
0 24 11 11
1 76 81 13
2 173 179 15
3 126 128 *
4 77 48 0
5 78 69 1
6 42 38 2
7 104 119 3
8 61 44 4
9 30 18 5
10 35 31 6
11 55 51 7
12 56 68 8
13 36 45 9

1 4 10
0 106 105 11
1 183 190 12
2 85 83 13
3 95 80 *
4 84 82 0

K * H K
Po L Po Po
89 1 94 99
55 2 81 84
40 3 28 14
71 4 70 58
57 5 84 91
68 6 59 56
18 7 59 53
25 8 40 44
53 10 52 65
41 11 39 38

13 43 59
80 * 1 8

102 0 37 T—*
58 1 102 105
69 2 60 53
82 3 90 00
39 4 52 45
76 5 46 48
42 6 77 74
77 7 33 31
32 8 39 33
87 9 44 47
36 10 41 41
46 11 37 35
36 12 23 36

14 36 37
80 * 1 9

112 0 35 27
62 1 28 27
108 2 77 78
30 3 53 43
16 4 17 28
66 5 15 26

109 6 53 50
36 7 65 63
31 8 41 37
28 11 55 44
43 13 30 25
56 * 1 10
29 0 91 93

1 39 29
105 2 47 50

Po
87
61
43
62
50
67
27
32
51
41

83
104
65
82
92
30
74
51
73
42
83
32
40
35

72
120
73
95
27
24
63

100
33
31
31
44-
46
29
121

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



122

(Tablo 18 Contd.)
H K ❖ H K ❖ H K

L Fo Fo L Fo Fc L Fo Fc
3 52 3? 10 45 35 1 69 64
4 48 54 11 76 74 2 29 29
5 42 50 12 22 13 3 39 40
6 41 39 13 103 112 4 89 107
8 30 21 14 32 35 5 55 44
9 34 34 15 30 15 6 152 140
10 25 26 16 16 16 7 64 41
11 24 38 17 25 12 8 109 103
13 37 36 18 23 15 9 43 44

1 11 19 24 9 10 74 70
0 38 34 2 1 11 38 34
1 40 38 0 81 74 14 61 65
2 33 29 1 178 191 # 2 4
3 47 47 2 128 115 0 84 71
4 48 51 3 126 134 1 66 68
5 51 52 4 125 129 2 99 104
6 33 35 5 28 26 4 24 19
7 38 37 6 19 22 5 62 55
8 25 22 7 138 135 6 112 115
9 41 43 8 29 44 8 50 60
11 34 26 9 43 38 9 34 34

1 12 10 62 53 10 61 4.8
0 28 37 11 165 70 11 39 42
2 41 53 12 46 44 12 64 68
3 38 30 13 51 48 13 43 39
4 38 43 2 2 2 5
6 33 26 0 58 55 0 8 6
8 34 36 1 59 51 1 57 59
10 36 34 2 68 70 2 63 58

1 13 3 54 51 3 170 172
0 55 55 4 60 62 4 91 81
4 23 16 5 71 76 6 71 77
5 55 54 6 123 138 7 45 44

2 0 7 83 77 8 55 51
0 38 34 8 90 83 9 43 31
1 74 42 9 74 67 10 56 49
2 130 109 10 72 71 11 61 68
3 17 24 11 45 45 14 36 38
4 80 41 12 61 59 * 2 6
5 132 139 13 44 47 0 28 TH  ̂‘
6 18 4 16 41 46 1 113 115
7 64 47 * 2 3 2 59 53
9 112 119 0 174 187 3 74 74
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{Tabio 18 Ooil'cd,JL
* H K ❖ H K * H K

L Po F6 L Po Po L Po Po
4 46 42 * 2 10 12 66 61
5 121 113 0 45 48 13 15 27
6 31 38 1 14 19 15 46 29
7 34 29 2 75 80 16 50 39
8 42 38 3 39 40 18 30 26
9 70 79 5 24 21 * 3 1

12 48 38 6 35 27 0 104 110
13 39 35 7 32 34 1 145 154

* 2 7 8 62 73 2 91 81
0 69 73 10 42 46 3 82 85
1 76 72 12 42 54 83 103
3 98 106 * 2 11 37 4 1
5 37 34 0 71 65 8 56 62
6 48 48 1 34 42 9 38 40
7 100 94 2 34 30 10 56 46
8 28 25 3 44 38 11 39 2K
9 33 26 4 70 61 12 41 32
10 36 29 6 40 25 13 40 36
11 63 59 7 44 48 14 45 3C
12 23 29 9 45 41 15 46 47
13 20 24 11 44 46 17 34 32

* 2 8 ❖ 2 12 * 3 2
0 28 37 1 41 47 0 90 110
1 62 60 5 47 53 1 92 96
2 98 95 9 44 45 2 113 131
3 31 34 ❖ 2 13 3 61 76
4 26 29 1 61 62 4 100 106
5 66 65 7 58 53 5 75 75
6 41 38 ❖ 2 15 6 13 5
8 52 49 4 45 45 7 60 50
9 51 46 ❖ 2 16 8 68 59
10 45 37 2 26 34 9 92 97
11 40 44 V 3 0 10 50 49
12 38 41 1 145 130 11 41 33
13 30 8 2 113 128 16 44 43

* 2 9 3 91 93 * 3 3
0 122 118 4 96 86 0 111 110
2 48 47 5 51 66 1 102 98
3 33 31 6 24 19 2 85 99
4 86 82 7 119 124 3 111 123
6 54 49 8 99 82 4 63 72
8 35 27 10 35 40 5 38 LL
10 16 31 11 73 56 6 59 63

Omission (see page 127).
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(T able 18 ContcL.)

H K * H
L Po Po L
7 62 72 ❖ 3
8 81 88 0
9 59 37 1
10 57 39 3
11 48 40 4
12 51 48 5
13 50 35 6
14 41 41 7

3 4 8
0 149 159 9
1 73 77 10
3 48 49 13
4 79 88 14
5 67 68 3
6 70 79 0
7 39 27 1•7
8 50 33 31
9 53 45 4
10 44 55 5
11 46 50 6
12

3
49

5
44 7

8
0 80 76 9•4 4
1 67 65 1 I$ 7
2 74 86 3
3 115 110 u
4 66 72 1

0
5 75 81 2
6 79 62 3/*
7 72 66 0-7
8 68 78 7
9 62 61 9
10

3
69

6
71 10

11
0 58 73

♦
n 3

1 38 47 VJ4
2 57 60 1

0
3 34 43 2

7
5 47 28 31
6 82 95 4r*
7 61 62 5r
8 53 40 0011 59 56 0

12 42 45 11

K H K
Po L Po Pc

7 * 3 11
74 0 48 52
67 1 38 42
36 2 30 36
64 5 40 34
81 7 41 28
47 ❖ 3 12
39 0 28 15
36 1 28 22
31 2 28 43
73 3 52 43
40 4 45 53
35 5 42 32

8 7 30 37
12 9 42 19
60 * 3 13
48 0 44 44
62 3 42 33
57 5 26 28
63 * 3 14
47 0 27 31
37 1 38 38
47 ♦ 4 0
34 0 122 138

9 1 62 65
38 2 103 88
23 4 51 59
76 6 103 94
60 7 21 17
51 8 94 87
66 9 23 b
30 10 69 68
29 11 29 10
42 12 31 14

10 13 34 19
46 14 53 52
32 15 27 17
33 16 16 22
40 17 16 2
44 18 37 40
55 ❖ 4 1
36 0 123 66
40 1 65 69
34 2 104 112

E'o

80
74
37
57
76
55
43
42
39
69
42
30

15
61
38
69
54
54
43
44
42
31

33
34
84
65
52
64
18
22
42

46
38
28
28
39
48
39
48
19
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* H K * H K * H K
L Po Po L Po Po L Po Fo
3 39 29 * 4 4 * 4 7
4 119 125 1 84 93 0 23 6
5 49 49 2 17 13 1 77 64
6 117 124 3 79 77 2 97 103
7 74 60 4 26 27 3 24 15
8 45 44 5 48 32 5 18 24
9 60 50 6 59 56 6 53 54
10 59 47 7 108 104 8 37 46
11 40 35 8 50 30 9 23 21
12 "■57 48 9 42 38 12 43 49
13 53 55 11 40 43 13 35 37
15 49 36 13 37 40 * 4 8
16 31 35 14 23 26 0 78 86

* 4 2 15 24 29 1 49 57
0 54 52 4 5 3 57 50
1 59 69 1 53 48 4 69 64
2 31 19 2 103 107 5 15 19
3 108 126 3 59 65 6 28 17
4 97 101 4 91 83 7 49 52
5 71 66 5 35 70 10 51 5-S
7 87 90 6 85 86 13 18 23
8 61 61 7 32 20 14 15 23
9 38 41 8 31 37 * 4 9
10 60 63 9 48 54 0 39 32
11 63 58 10 35 36 1 71 66
17 37 34 * 4 6 2 45 47* 4 3 0 99 111 4 15 24
0 51 65 1 44 44 5 76 72
1 98 124 2 35 43 3 24 25
2 45 47 3 43 36 9 63 65
3 78 88 4 88 92 * 4 10
4 36 38 5 17 19 1 74 64
5 71 90 6 64 62 3 70 71
7 12 7 7 44 25 4 23 23
9 87 88 8 57 55 5 35 29
10 47 29 9 22 21 7 44 47
11 35 39 10 55 58 8 25 24
12 34 26 12 44 40 10 37 19
13 64 73 14 34 36 * 4 11
14 14 11 2 53 60
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(Table3 18 Contcl.)
* H K *

L Po Po L
5 14 46 76 37 39 8
9 24 30 9

4 12 10
0 53 49 12
3 39 38 14
4 39 40
5 23 16 *
6 23 20 0
7 24 14 1
12 36 15 2* 4 13 32 43 53 4
4 18 10 56 24 29 6* 4 14 70 48 57 9
3 33 26 10* 4 15 11
1 23 18 12
4 23 9 13* 5 0 141 11 12 * o
2 54 44 1
3 52 57 2
4 33 22 3
5 35 50 46 97 92 5
7 46 43 6
8 59 55 7
9 23 10 8

10 16 14 10
11 66 65 11
12 48 47 12
13 43 43 13
19 14 17 *

* 5 1 2
1 65 74 4
2 29 30 5
3 34 39 6
4 54 50 7
5 87 95 8
6 29 32 9

* H K
Po L Po Po
9 10 41 34
69 14 47 43
54 * 5 5
64 0 54 57
34 1 44 41
35 2 55 56
17 3 40 51

4 W- 42
71 5 79 74
56 6 41 42
68 7 43 42
54 11 35 30
79 12 42 24
87 * 5 6
68 1 28 32
49 2 95 C'! y (
60 3 60 CQ
17 4 58 53
23 6 48 34
32 7 54 60
38 8 50 43
32 9 25 18
82 10 26 20
55 11 42 49
74 * 5 7
50 0 73 80
41 1 48 43
32 2 45 48
61 3 54 61
52 5 48 45
55 8 54 39
44 9 18 14
34 11 51 39
50 * 5 8
48 0 42 47

1 57 46
78 2 23 33
78 3 50 48
48 4 56 43
25 5 45 28
26 6 32 26
55 7 37 31
57 10 19 27

Po
19
78
47
64
45
57
38

69
53
68
40
62
78
64
51
64
28
30
31
46
28
80
55
55
41
34
45
64
56
65
53
33
55
42

78
74
59
38
21
41
61
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H K
L Fo Fo

5 9
2 55 63
3 53 56
4 46 36
7 55 51
8 45 37

5 10
0 45 47
1 58 60
2 71 27
4 34 37
5 35 33
8 20 26
9 37 17

5 11
0 37 35
1 25 42
4 45 42
8 28 21

5 12
1 36 33

6 0
1 106 129
2 29 16
5 116 138
6 36 14
8 28 6
9 67 60
10 37 26
11 32 28
13 50 49

6 1
0 41 46
1 78 77
2 28 26
3 55 69
4 53 45
7 62 67
8 21 35
10 57 48
15 34 16
17 37 45

* H K
£ Fo Fo

* 6 2
1 69 74
2 97 116
4 29 27
5 63 68
6 51 44
8 42 43
10 35 37
11 46 46
12 41 41* 7 0
1 54 51
2 58 60
3 30 35
4 14 11
6 23 33
7 49 57
8 66 60
11 35 18
12 28 30
14 29 20

❖ 7 1
1 66 71
3 39 25
4 53 65
5 38 43
10 67 57
12 24 29
13 34 20
16 34 28

♦ 7 2
0 40 42
1 35 39
2 40 40
3 43 68
4 44 49
5 35 35
8 41 34
9 40 53* 8 0
0 57 60
1 30 32
2 21 18

♦ H K
L Fo Fo
4 49 63
8 36 42
13 35 26

* 8 1
0 22 33
4 37 37
5 41 26
6 62 73
8 43 36
9 24 28
10 24 21
12 41 41* 8 2
2 38 35
3 55 68
7 26 34
8 26 30* 9 0
1 29 51
2 40 k2
3 39 52
5 25 56
9 29 17\
10 12 1 Ll
11 12 7❖ 9 1
0 33 38
1 23 28
2 24 31
6 34 35
8 34 22

❖ 10 0
0 16 10
3 23 33
5 25 34
8 26 181
9 31 25
10 21 21
11 24 24* 10 1
9 22 9

11 0
8 24 10* 3 1
5 75 81
6 97 83
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TOKRÄEANTHXM

Introduction
57Turraeanthin was isolated fron Turraeanthus africanus and its 

structure has been put forward"̂  as (i) below. A few mg. of die p~bromo 
benaoate derivative of its hycbroChloride

( I )  ( I I )

58supposed to have the structure (il) was supplied for X-ray examination 
by T.&. Halsall and P. Toft of Oxford University. The purpcse of the X-ray 
crystallographic study is to confirm this structure and to determine the 
configuration at C(21), C(25) and C(2A).
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The preliminary investigation of the material was performed by R.D. 
Gordon of the Department of Chemistry, üniversity of Ibadan. This included 
orystallisation of the original powder and the determination of cell 
dimensions, space group and molecular weight. The cell dimensions were 
determined from rotation and Weissenberg photograph calibrated with copper̂  
aluminium and sodium Chloride powder lines.

Some of the later work, in tho Collection of intonsity data, was also 
performed independently by R.D. Gordon. The set of intensities that ms 
flnally used included some of the (hhl) and (hk6) data oolleoted by him«.

The cell dimensions and spaoe group determinations were repeated in 
order to oheck the results of R.D. Gordon. No significant differences 
were observed.

Orystallisation and Crystal Datamam*4K*x*t tm. m*** * * * wm-tV; m.nm>warnimm

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 suitable crystal for single crystal
photo graphs.

from rotation and Weissenberg photographs, taken about the unique 
monoclinic c axis, and the molecular formula of the compound given as
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C_»H 0 Br CI, the following orystal data were deduoed: 39 54 b
a =5 16.743 + 0.06 £

b = 16.473 + 0.06 £

0 S 7.589 + 0.03 £

ß
= 118.95 + 0.2°

V a abc sinP?

= 1831.0 £3

M = 734.2

1 (CuKqI ) - 37 on-”'

p(ooo) a 776

Spaoo Group Deternination

The cnly systenatio absenoes were 001 with lip 2n. Thus the space

group could be P21 (No.4) or P2_1/n (No .11). Spaoo grcaip P2t has % « 2 and

P2^/n has Z = 4. Tho density of 1.34 + 0.05 noasyred by flotatlon

in aqueous KI solution, agreos with a calculated value of 1.331 g/ol for

two nolecules per unit oell. Since the raolooule as a natural prcduot coes
not have a plane or centre of synnotry, the space group was unanbiguously

decided as P2..1
Measurenont of intensities

Prou Weissengerg photographs talosn with the best two orystals, of

dinensir.zu; 0.9 by 0*08 by OJ33u.and 0,4 by 0,12 by 0,03 n., 752 i'efleetions 

were recorded and estinated visually as before. /mothor 200 were observable 

but too weak to be estiaated. This total nunber of observfiSäsl reflocticns 

(952) represents less than 20 per cent of the tota,l nunber of accessible 

refleotion (5037) with CuKd(radiaticn. Very few reflections were observed
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beyond Sin 0 value of 0.7. The repetition of the hko layer phctograph rove&led 

that the quality of photographs doteriorated with exposurc to X-rays.

The intensitios were correoted for Lorentz and Polarization effects
25as before and put on a common scale with the aid of a 'Wilson plot. A

o2temperature factor of 7*5 ü V7as determined. This high temperature factor 

partially accounts for the sna.ll number of observ^Sbi reflections. A 

complex structure such as this, usually held together in the crystal 

by Van der Waals forces, is prone to oscilate and thus increa,s@g the 

effect of atornic vibraticns.

The scale factors for the highest layers, hk5 and hk6 wäre rather 

unreliable but because of the rather small mnber of available reflections 

they were included all the saae. The number of available data is considered 

small for the complexity of the structure but the problen can be lessened 

by improving the accuracy of the data. To this end, the data obtained 

from each layer photograph would be correläted from stage to stage.

There was no abscrption correction.

Deteriiination of the Bromine and Chlorine Positions
l ' ?3-D Patterson: A threo dimensional summation using tho obsorved lp( OBS)', 

as co-efficients gave the map of fig. 48 as the Harker section of w = |.

The bromine-bronine wgctor was quite prominent and fron its u and v values, 

the x and y co-ordinate s 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 approxioato ly the 

saae woight on this section. Quo of this muct be tho chlorine-chlorino 

veotor. ln order to deoido the actual CI - CI vector peak, the x and y 

co-ordinates derived fron tho throe positions were separately conbined 

with those for the broaine atora and structure factors were oaloulated for 

all the hko refleotions. The reliability Index obtained are as follows:

Br and Cl(A); R = 55.1 6fc

Br and Cl(B); R = 52.03$

Br and Cl(C)j R = 52.5%

Br only; R = 49. 84

The renarkable feature of this result was that the xsertion of a 

chlorine aton in each of the three possible positions increased the reliability 

index.

2-D Patterson: A two-dinensional Patterson sunna tion was next calculated 

and the results show the br online-broaine vector peak becoaing auch less 

prominent. In fact, position A (fig. 43) of the probable chlorine-chlorine 

vectors becane aost prominent. Position C had approxinatoly tho saoe 

weight as the Br - Br vector peak and -position B was auch saallor than in 

the Harker section. Structuro factors were calculated for the hko refleotions 

with tho broaine position paraaeters derived fron vector peak ßp The 

R-factor was 48.2$. This is smaller than that calculated fron the broaine 

position which was deducod fron the Harker section. Chlorine was then 

inserted in turn in the other two positions and in the ferner broaine position,
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togethor with bromine in its new position (ft). The resulting structure 

factor calculations gavo R-faotors which were higher than 48.25?.

Broaine was then inserted in turn in the positions deduced fron veotor 

peaks B and C. The structure factors caculated for thc hko refloctions 

gave R-factors of 56.6 and 54.8$!? respoctively. Sinilar calculations for 

bromine in each of these positions and chlorine in one of the other three 

positions showed a worsening of the R-factor. It thorofore appears that 

whilst bronine could be in the position (1) deduced fron the prominent 

Patterson - Harker peak or (2) deduced fron the veotor peak A, it is 

uncertain that chlorine could be located fron any of the veotor peaks A, B 

and C.

2-D Fourier Sunmations: To locato the chlorine aton otherwise, two two-- 

dimontional Po -Fourier summations were calculated. The phases were those 

calculated with bromine in the two alternative positions. The first 

summation with bromine in (1) showed two prominent peaks apart fron that 

of bromine. Structure factors calculated for hko reflections with the 

bronine (l)»and chlorine in one of the two positions gavo an R-factor of 

48.2/? ; with chlorine in the other position the R-factor was 51 .3/?. 'The 

second chlorine position was thorefore rejected.

The second summation with bromine in (2) had four prominent peaks 

apart fron that of bronine. Structure factors for the hko reflections 

with bromine (2) and each of the four probable positions for chlorino

Y»re calculated. The R-factors wer©: 47.©, 50.3, 51.3 and

50*6 per osnt. Three of these positions were aocordingly 

rejsotafl. There wer© thorefore two sets of x and y co-ordinates
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for the bronine and chlorino given by

Br

(i) x = 0.4825 

y = O.1362 

(ii) x = 0.1041 

y = 0.1291

CI

x = 0.2717 
y = 0.8750 
x = °.4750
y = 0 .5 6 1 7

Neither of the two positions fcr chlorine corrosponded with any of thoso 

derivod fron the Patterson. To decide which set of paraneters should be 

used for fürther calculaticns, tho three-dinensional Patterson was re- 

exanined. Since the 2 (unique axis) paraneter of the bronine atons in the 

structure nay be assignod arbitrarily, it was ehosen as 0,000. That of 

chlorine could be decidod by finding the vector peak for the corresponding 

bronine «-chlorine positions. In each case, such a peak should lie on a li:>e 

parallel to the unique axis. There was no such peak for the socond set 

of paraneters and the first set was therefore employed for furthor calculations 

with z-paraneter for chlorine equal to 0.3550. The structure factor calcu- 

lation for the hkl reflections gave a reliability Index of 44.55> with bronine

alone and 43*48^ with bronine and chlorine.

Structure Analysis

A three dimensional Fourier sunnation with Fo coefficionts phased

on tho bronine and chlorine positions, was calculated. The two atons 

were given a tenperature factor of 7.5 Ü?. The resulting densities wero 

generally low. Apart fron tho two atons inserted the highest density was 

1.9 s/£3. Twenty-four peaks of donsities 1.0 e/£? and above wero seleoted
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as carbon atcos. These together with, the bromine and the chlorine were

used ln calculating another set of structure factors. The R-factor was

40.5/2. The second Po Pourier summation gave six new peaks whioh did not 
nake auch Chemical sense and therefore a 'difference * synthesis in wliich the 
200 unobservÄSäsl reflections had Po value s of half the threshold, based on 
the previous 26 atcaas was calculated«

This led to the romoval of ihn atomic centres with negative densities

of 1.0 e/£5 and the addition of seven new centres whioh were stereochemically 

sensible. No definite foature of the mclecule was still recognisable.

The previous position and temperature paramters were adjusted and the third 

structure factor calculations gavo a reliability index of 37«06/C

This was followed by another difference synthesis. Prom this it was 

observed that a peak caoe out persistently highly positive in ihe difference 

Syntheses being 1,4 e/2? in the first one with a temperature factor of

7.5 &2 and 1.0 e/$ in ihe second one with B = 8.0 . It was about ! .9 £

from the present chlorine position. All other atoms inserted had densities 

of value between 0.5 to - 0.5 y x 3. Their temperature and position Para­

meters were adjusted. Thoro were ten new peaks which were stereochenically 

acceptable as atomic positions. With these 33 atoms, the mcdel shows a 

six-ocnbered ring attachod to a five-membered ring. This is probably the 

section of rings C and D in ihe suggested structure.

The fourth structure factor oalculaid.cn based on these 33 atoms made 

up hromine, chlorino and 31 oarbon atoms gave a reliability index of 34 c 

The calculated structure factors are conparod with observed ones in 

Table20 and the co-ordinates of the 33 atoms are shown in Table 19»
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No fürther work was done on this structure

Disoussion

The solution of the crystal structure is beset by the quality and 
quantity of the available data. The relative intensities obtained fron 
each layer photograph are within experimental error reliable but the nethod 
of scaling the different layers together (Wilson*s nethod) depends on a 
statistioal law. Since this requires a large number of data, (which were 
not available particularly fron hk5 and hk6 layers), the soale factors 
initially used are not altogether trustworthy and nust be adjusted fron 
stage to stage. In addition, there was no correction fcr absorption.

The quantity of the data would nake the resolution of peaks rather low.
In a three-dimensional synthesis, however, distances of 1.1 to 1.2 i should 
be resolved.

q9An Isotropie temperature factor of 7*5 ii is not likely to represent
thernal vibrations alonfc» There is probably a certain anount of cüsorder.
The high value nay also be partly due to conpensation for the uncorrected
absorption effects. The diminishing values of the R-factor is an indication
that the correct structure is being approached. The small anount of data
is likely, however, to require nany nore cycles of difference Syntheses before

59the final structure is arrived at, Carlisle and Ladd recently found that, 
working with a slightly better reflections to^atoms ratio (947; 35) in the 
sane space group, several difference Syntheses were required to bring the 
R-factor fron 50̂ 5 to 37^ (Least square refinenent reducing R-factor to 25/?) •

4t the nonent, all atens, other than bromine and chlorine, are being 
treated as carbon. The only Chemical feature recognisable is a cyclohexane 
ring, forned by a,tons 15, 16, 17, 32, 4 and 30 of table 19« The ring is 
fused to a five-membered ring forned by atoms 17, 32, 5, 31 and 13« After 
a few nore cycles, it should be possible to recognize the whole nolecule 
and hence repla.ee supposed carbon atons by oxygen at the appropriate positions. 
This should lead to a nore drastic fall in the R-factor than has been found
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Flow Chart

Ist Phaso Calculation with Br + CI; R :

i1 st Fo Fourier giving 24 atorns regardecl

i
2nd Phase Calculation with C0, ClBrj R :I !j \/

) 2nd Fo Fourier
VIst Difference giving C . ClBr~10C+7C
i ^
M/

3rd Phase Calculation with C_.CIBr; R :

i
2nd Difference giving C,.CIBr

i ^
V

4th Phase Calculation with CIBr; R :

' I
V

« 43.5^

as carhon

= 40.3^

3 7 *1 $

3 4 *3 $
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TABLE 19

sc/ a yA> z/ 0 D
1. 0.4867 0.1383 0.000 8.50 Br
2. 0*2750 0.8817 0.3634 7.50 CI
3. 0.1700 0.8033 0.0100 8.50 C
4. 0.8100 0.6517 0.1500 7.50 c

5. 0.2700 0.2100 0.4767 7.00 c

6. 0.2283 0.4350 0.3733 7.50 c

7. 0.4150 0.3300 0.3267 7.40 c

8. 0.5100 0.3283 0.3400 7.00 c

9. 0.5950 0.3717 0.4900 7.80 c

10. 0.5983 0.5100 0.0067 8.80 c

11. 0.9717 0.6783 0.1633 7.30 c

12. 0.9467 0.3550 0.0600 7.30 r«w
13. 0.8700 0.8533 0.1333 7.50 c

14. 0.0650 0.6317 0.2600 7.00 c

15. 0.0417 0.3300 0.3533 7.10 c

16. 0.0467 0.2250 0.2833 8.00 c

17. 0.1300 0.1717 0.3500 8.00 c

18. 0.5083 0.1383 0.4867 8.30 c

19. 0.4350 0.0933 0.1117 7.50 c

20. 0.1307 0.0741 0.2000 7.50 c

21. 0.2117 0.5750 0.1367 7.80 c

22. 0.7117 0.1517 0.2767 7.70 c

•CM 0.7067 0.3567 0.3217 7.10 c

24. 0.0233 0.2650 0.0367 7.50 c

25. 0.6400 0.7583 0.0133 7.50 c

26. 0.8500 0.3966 0.0133 7.50 c

27. 0.3242 0.9783 0.0683 7.50 c

28. 0.1050 0.7383 0.2867 7.50 c

29. 0.6633 0.0050 0.3500 7.50 c

30. 0.1283 0.3850 0.4900 7.50 c

31. 0.7800 0.8417 0.1467 7.50 c

«CMK*\ 0.7867 0.7217 0.0500 7.50 c

33. 0.6700 0.2633 0.3433 7.50 c
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B

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Fc

59
22

141
187
157
165
169
335
86

203
110
180
332

77
286
275
4 7 4
285

51
270
443
451
361
324
208
171
343
132
337
309
288

79
362
586
454
129
336

96
60

310
1088

278

- 139 -

TABIJE 20

Comparison of Fo and Fo
K L Fo Fc H K L

-11 0 108 103 1 -11 0
-1 0 0 134 179 1 -10 0
- 8 0 251 436 1 -10 1
-8 2 190 258 1 -9 0
- 8 4 188 163 1 -9 1
- 7 0 180 317 1 -9 2
- 7 1 235 333 1 -9 3
- 7 2 210 228 1 0—O 0
- 7 3 166 173 1 -8 1
- 6 0 71 343 1 O-O 2
-6 1 307 479 1 -8 4
- 6 2 164 77 1 - 7 0
-6 3 215 221 1 - 7 2
- 5 0 117 165 1 - 7 3
- 5 1 321 311 1 - 7 4
- 5 2 290 55 1 - 6 0
- 5 3 400 408 1 - 6 1
- 4 0 944 1020 1 - 6 2
- 4 1 139 109 1 -6 3
- 4 2 245 261 1 - 6 4
- 4 5 110 73 1 -5 0
- 3 0 510 283 1 - 5 1
- 3 1 570 476 1 - 5 2
- 3 2 645 504 1 - 5 3
- 3 3 227 117 1 -5 4
- 3 4 263 251 1 - 5 5
-2 0 657 810 1 - 4 0
-2 1 839 852 1 - 4 1
-2 2 84 128 1 - 4 2
-2 3 249 273 1 - 4 3
-2 4 93 185 1 - 4 4
-2 5 109 172 1 - 4 6
-1 1 256 346 1 - 3 0
-1 2 251 184 1 - 3 1
-1 3 507 450 1 - 3 2
-1 4 210 39 1 -3 3
-1 5 51 41 1 - 3 4

1 6 54 46 1 -3 5
2 6 100 70 1 - 3 6
3 6 73 75 1 -2 0
4 6 113 126 1 -2 1
6 6 102 69 1 -2 2

Fo

118
123
134
101
113
142
113 
273 
253 
256 
144

84
310
119
221
521
465
175
136 
132 
525 
500 
224 
255 
214
80

527
139
411
185
137
114 
778 
822 
357 
213 
149 
111

81
461
699
282
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24
173
208
94
125
203
34

189
206
141
208
50
147
269
281
389
195
107
364
75

237
342
49

272
386
84
617
269
286
343
59

121
277
791
453
220
251
163
57

186
414
585
266
84
43
179

140 -

K L Po Pc H K L Po

-2 3 312 383 1 7 ß 130
-2 4 122 177 1 8 1 134
-2 5 119 161 1 8 2 223
-2 6 109 73 1 9 1 104
-1 1 499 604 1 10 1 117
-1 2 509 337 1 11 0 152
-1 3 71 280 2 -12 1 122
-1 4 285 199 2 -11 0 163
-1 Gy 59 121 2 -10 0 283
-1 6 42 39 2 -10 1 160
0 1 427 513 2 -10 3 162
0 2 517 796 2 -9 0 268
0 4 111 231 2 -9 1 2 W2
0 6 79 132 2 -8 0 80
1 1 284 216 2 -8 1 314
1 2 733 746 2 -8 2 308
1 3 255 166 2 -8 4 113
1 4 86 173 2 -7 1 365
1 5 56 67 2 -7 2 374
1 6 78 65 2 -7 3 127
2 0 757 334 2 -1 4 201
2 1 376 670 2 -6 0 546
2 2 311 430 2 -6 1 126
2 3 212 357 2 -6 2 208
2 4 206 66 2 -6 3 265
2 5 103 156 2 -6 4 149
3 0 805 859 2 -5 0 610
3 1 251 195 2 -5 1 311
•3 2 592 643 2 -5 2 174
3 3 279 321 2 -5 3 146
3 4 295 282 2 -5 4 141
4 0 191 422 2 -5 6 143
4 1 263 428 2 -4 0 434
4 2 541 451 2 -4 1 573
4 3 336 201 2 -4 2 206
4 4 96 173 2 -4 3 140
5 0 125 246 2 -4 4 168
5 1 293 507 2 -4 5 131
5 4 120 12 2 -4 106
5 6 98 77 2 -3 0 758
6 0 187 242 2 -3 1 481
6 1 363 388 2 -3 2 547
6 2 370 250 2 -3 4 316
6 3 251 268 2 -3 5 85
6 4 132 99 2 -3 6 88
7 0 497 474 2 -2 186
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H

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

141

K L Po Pc H K L Fo Fc

-2 1 167 550 2 6 0 167 230
-2 2 409 280 2 6 1 295 269-2 3 381 612 2 6 3 159 139-2 4 173 55 2 7 1 169 124
»2 5 70 180 2 7 2 249 291-2 6 120 52 2 8 0 118 37-1 348 298 2 8 1 82 84-1 1 693 777 2 9 0 102 43-1 2 190 200 2 Qy 1 139 189
-1 3 2 66 520 2 10 0 122 90
-1 4 166 105 3 -12 1 120 218
-1 5 96 106 3 -10 0 204 306
-1 6 70 81 3 -10 1 152 165
0 0 503 264 3 -10 2 152 540 1 595 636 3 -9 0 237 194
0 2 134 498 3 -9 1 236 362
0 3 201 279 3 -9 2 91 169
0 4 215 431 3 -8 0 162 b2
0 5 63 31 3 O —O 1 198 212
0 6 84 77 3 -8 2 246 138
1 0 609 158 3 »3 3 167 99
1 1 642 668 3 -7 0 247 434
1 2 569 605 3 -7 1 309 174
1 3 430 481 0 -9 0 117 100
1 4 380 357 0 -9 1 196 163
1 6 61 62 3 -7 2 303 415
2 0 443 423 3 -7 4 140 122
2 1 547 373 3 -7 5 11$ 87
2 2 333 362 3 -6 0 501 508
2 3 142 216 3 -6 1 180 317
2 4 100 148 3 -6 2 340 343
2 5 75 235 3 -6 3 198 118
3 0 332 139 3 -6 4 219 81
3 2 380 434 3 -6 6 96 88
3 3 177 110 3 -5 0 291 138
3 4 196 288 3 -5 1 636 294
4 0 494 2*42 3 -5 2 240 393
4 1 103 261 3 -5 3 241 258
4 2 496 616 3 -5 6 61 61
4 3 321 331 3 -4 0 930 1107
4 4 222 306 3 -4 1 422 270
5 0 148 180 3 -4 2 226 576
5 1 230 224 3 -4 3 394 240
5 2 205 223 3 -4 4 212 147
5 3 212 220 3 -4 5 100 79
5 4 102 120 3 -4 6 130 155

3 -3 0 1074 1220
3 -3 1 480 439
3 -3 2 165 462
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K

-3
-3
-3
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
0
0
0
0
0
0
1
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
5

-  142 -

L Fo Fc H K L Fo Fc

2 165 462 3 5 2 151 188
3 262 415 3 5 3 178 280
4 159 80 3 6 1 117 870 558 695 3 6 2 130 56
1 278 368 3 7 0 236 181
2 379 211 3 8 1 86 36
3 115 150 3 8 2 151 191
4 272 107 4 -12 1 145 145
5 80 148 4 -11 0 197 211
0 228 161 4 -11 2 165 118
1 748 634 4 -10 0 152 1512 482 488 4 -\0 2 154 256
3 314 155 4 -10 4 172 98
4 248 333 4 -9 0 165 47
5 125 210 4 -9 1 397 520
6 81 42 4 -9 2 124 136
0 122 514 4 -9 5 105 88
1 166 360 4 —8 0 147 53
2 512 641 4 -8 1 293 213
3 352 287 4 -? 2 104 91
4 229 292 4 -8 3 166 120
6 79 121 4 -7 0 282 603
0 263 553 4 -7 1 309 301
1 343 249 4 -7 2 256 316
2 350 152 4 -7 4 171 130
3 601 237 4 -7 6 103 96
4 216 105 4 -6 0 397 559
5 72 128 4 -6 1 k49 316
6 101 110 4 —6 2 281 275
0 455 521 4 -6 3 205 86
1 531 527 4 -6 4 139 214
2 254 82 4 -6 5 123 61
3 360 534 4 —6 6 106 99
4 218 29 4 -5 0 577 64
5 61 132 4 -5 1 542 493
0 263 349 4 -5 2 245 353
1 311 344 4 -5 3 212 115
2 357 327 4 -5 4 75 51
4 213 166 4 -4 0 807 1009
5 100 103 4 -4 1 682 585
0 272 560 4 -4 2 382 298
1 230 143 4 -4 3 105 115
2 547 486 4 -4 4 162 167
4 138 243 4 -4 5 111 134
6 129 86 4 -4 6 76 94
0 101 198 4 -3 0 883 1019
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143 -

H K L Fo Fc H K L Fo Fc

4 -3 1 326 164 4 7 1 85 78
4 -3 2 608 454 4 8 0 176 104
4 -3 3 309 75 4 9 0 123 247
4 -3 4 321 250 5 -12 1 105 85
4 -3 5 89 75 5 -11 0 221 173
4 -2 0 788 591 5 -11 2 225 272
4 -2 1 624 444 5 -10 0 309 235
4 -2 2 444 357 5 -10 2 154 83
4 -2 3 97 104 5 -9 1 126 133
4 -2 4 130 69 5 -9 3 256 219
4 -2 5 106 98 5 -8 0 288 334
4 -1 0 227 68 5 -8 1 304 305
4 -1 1 680 613 5 -8 2 218 135
4 -1 2 390 617 5 -7 0 183 297
4 •»1 3 434 412 5 -7 1 179 224
4 -1 4 483 337 5 -7 2 229 293
4 -1 5 83 157 5 -7 4 153 197
4 0 0 693 596 5 -6 0 176 322
4 0 1 194 198 5 -6 1 434 498
4 0 2 171 321 5 -6 2 152 289
4 0 3 370 133 5 -6 3 97 162
4 0 6 113 80 5 -6 5 61 88
4 1 0 550 698 5 -5 Q 741 348
4 1 1 161 237 5 -5 1 438 392
4 1 2 321 339 5 -5 2 332 250
4 1 3 321 218 5 -5 3 412 341
4 1 4 193 190 5 -5 5 67 82
4 2 1 480 644 5 -4 0 598 587
4 2 2 118 71 5 -4 1 411 405
4 2 2 118 71 5 -4 2 158 340
4 2 3 130 96 5 -4 3 197 251
4 3 1 24-2 400 5 -4 4 128 147
4 3 2 279 254 5 -4 5 101 87
4 3 3 174 121 5 -3 492 220
4 3 4 195 172 5 -3 1 309 80
4 4 0 242 291 5 -3 2 456 494
4 4 1 187 185 5 -3 3 246 229
4 4 2 95 238 5 -3 4 219 177
4 4 3 164 54 5 -3 5 • 66 10
4 5 0 238 454 5 -2 - 187 128
4 5 1 115 193 5 -2 1 275 277
4 5 2 129 146 K -2 2 93 225
4 5 3 118 173 5 -2 3 267 218
4 ’ 5 4 160 79 5 -2 4 214 234
4 6 0 79 12 5 -2 5 109 127
4 6 1 199 169 5 -1 166 537
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H

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
56
6
6
6
6
66
6
6
6
6
6
6
6
6
6
6

Pc

211
495
305
330
178
173
141
277
261
111
313
472
200
481

144 -

K L Po Fc H K L Fo

-1 1 W 405 6 -6 3 124
-1 2 155 143 6 -5 1 wi
-1 3 230 202 6 -5 2 339
-1 4 60 19 6 -5 3 167
-1 5 63 100 6 -5 4 97
0 0 493 644 6 -5 5 102
0 ‘9 111 264 6 -4 0 206
0 2 187 398 6 -4 1 362
0 3 354 337 6 -4 2 380
0 4 208 186 6 -4 3 104
0 5 91 98 6 -4 4 104
1 0 547 807 6 -3 0 488
1 1 189 357 6 -3 1 189
1 2 366 377 6 -3 2 559
1 3 143 67
1 6 107 103
2 1 251 250
<• 2 432 364
2 3 153 220
3 0 275 479
3 1 342 325
3 2 119 111
3 4 94 70

4 0 287 391
4 1 133 64
4 2 252 301
4 4 266 1 96
5 1 101 182
5 2  138 85
6 1 188 165
6 2 175 71
8 0 150 198
-13 1 150 87
-11 0 150 166
-11 2 210 140
-10 1 159 137
-10 2 145 274
-9 1 247 206
-9 2 79 144
-8  0 156 68
-8 1 281 231
-8 2 117 249
-7 0 206 425
-7 1 176 139
-7 2 159 340
-7 3 264 1 45
-7 4 133 204
-6 0 152 86
-6 1 297 115
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H
6
6
6
6
C
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
?
7
7
7
7

145 -

K L Po Pc H K L Po Pc
3- 3 231 183 7 5- 3 224 252
3- 4 186 397 7 4- 1 239 173
2- 0 349 34f 7 4- 2 282 327
2- 1 280 99 7 4- 3 176 139

3 m 253 7 } CM.-4V 4 225 184
Sc* 3 i m 4-* .$• 64 60
1- 0 205 573 7 3~ 0 269 55
1- 1 367 373 7 3- 1 565 335
1- 2 106 152 7 3- 2 192 398
1- 3 325 479 7 3- 3 216 175
1- 4 341 141 7 3- 4 179 192
0 1 291 222 7 2- 0 357 246
0 2 386 372 7 2- 1 137 184
0 3 180 132 7 2- 2 204 223
0 4 136 166 7 2- 3 183 186
0 5 81 88 7 2- 4 162 154
1 0 226 132 7 2- 5 93 42
1 1 291 130 7 1- 0 538 131
1 2 357 408 7 1- 1 297 323
2 0 292 55 7 1- 2 133 24 6
2 1 199 151 7 -1- 3 129 217
2 2 172 45 7 0 0 246 133
2 3 137 133 7 0 1 450 423
3 0 94 .93 7 0 2 184 232
3 3 158 285 7 0 3 190 100
3 4 161 76 7 0 4 136 129
4 0 181 175 7 0 5 79 91
4 2 152 216 7 1 0 129 115
5 0 84 51 7 1 1 102 155
5 2 148 170 7 1 2 194 256
6 1 141 160 7 1 3 152 115

13- 1 123 130 7 1 4 156 199
11- 3 137 71 7 2 1 75 137
10- 0 187 381 7 2 4 119 38
10- 1 153 178 7 3 1 345 238
10- 2 208 197 7 5 0 134 74
9- 1 208 178 7 5 1 89 141
9- 2 238 92 8 -13 0 180 215
9- 3 186 88 8 -12 3 203 85
8- 0 231 123 8 -11 0 208 278
8- 1 311 257 8 -10 1 169 164n_ 3 117 31 8 -10 2 196 176
7- 0 354 546 8 -10 3 148 46
7- 1 376 434 8 -9 1 268 312
7- 2 310 354 8 —8 0 193
7- 4 138 144 8 —8 2 162 177
6- 0 507 446 8 -8 3 149 190
6~* 1 258 187 8 -7 0 577 567
6- 2 223 345 8 r7 2 156 238
6- 3 141 80 8 —6 0 110 220
6- 4 119 126 8 ~6 2 178 179
5- 1 428 484 8 -6 3 247 101
5- 2 86 81 8 -5 0 158 237
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H

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9

- 1 4 6 -

K L Po Po H K L Po Po

-5 1 185 255 9 1 213 180
-5 2 147 110 9 2 218 230
~5 3 111 174 9 ”3 3 245 161
*°5 4 95 47 9 ~3 4 118 146
*4- 0 316 62 9 -2 0 170 286
-4 1 209 269 9 -2 1 205 164-
=4 2 346 247 9 —2 2 189 131
•4 3 165 217 9 -2 3 122 125
~3 0 698 788 9 -1 0 151 208
“3 1 234 134 9 -1 1 229 259
-3 2 104 293 9 -1 3 112 135
-3 3 110 138 9 0 0 213 245
-2 0 509 385 9 0 2 134 202
-2 1 . 3.89 285 9 0 4 211 128
-2 3 221 266 9 1 0 180 269
“2 5 90 102 9 1 2 347 165
-I 0 296 62 10 -11 0 118 87
-1 1 227 305 10 -9 0 161 182
-1 2 168 154 10 -7 0 368 218
~1 3 141 93 10 ”7 1 24-6 186
-1 4 114 30 10 -6 2 162 152
0 1 264 282 10 -6 3 128 107
0 2 143 252 10 —6 4 171 200
1 0 255 282 10 *•5 0 232 237
1 2 212 192 10 -5 1 153 153
1 3 165 4-9 10 -5 2 170 149
1 4 153 93 10 -5 3 179 176
3 1 175 132 10 -4 1 161 281
3 2 150 132 10 ■4 2 171 95
3 3 180 153 10 -3 1 163 191
4 0 335 204 10 -3 2 211 262
-13 0 153 57 10 -3 3 170 123
-10 1 110 19 30 -3 4 125 349
»9 1 225 3.82 10 -2 0 111 70
-9 2 111 165 10 •°2 l 139 144
-8 0 78 83 19 —2 3 160 137
-8 1 245 300 10 -1 0 121 143
-8 1 134 324 10 —1 3 177 166
-8 2 152 66 10 0 1 186 83
-7 1 165 92 10 0 2 132 75
-7 2 164 169 10 0 3 194 81
-6 0 287 322 10 1 2 141 150
—6 1 267 135 11 -12 1 176 110
-6 2 176 3.61 11 -11 0 166 95
-6 3 347 108 11 -11 1 121 345
-5 1 344 364 11 -9 0 115 221
-5 3 178 222 11 “9 1 140 35
-5 4 103. 151 11 ”9 2 220 182
•4 1 267 12$ 11 -8 1 159 123
-4 3 168 40 11 *“7 1 135 101
-3 0 343 275 11 “7 2 177 173

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



ü u ̂  O  CO 03 CM (M 4  h- r^ri rl 00 CM H  CM CM
H -4 oo

LT\\D
rH

CM N~\ MD IA O  -4* OM O  (AM) C h O  O N O ’O  CM H H H r^ H
r>CT\H~d--d-OMOCO CM4* iH r- O  MD 00 00 GM CM
H H H rH rH

5
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APPENDIX: COMPUTING

Apart front the use of a FACIT clesk caloulating machine for minor work, 
calculations were carried out on IM I620i.at the Universities of Ghana, Lagos

IN
and Ibadan and a KDF 9 at the University of Oxford.

Fourier Synthesis: This was oalculated on the IM 1620 with programmes 
obtained front Laboratorium für Organische Chemie, Eidg. Technische Hochschule, 
Zürich through Dr. Max Dobler. There wäre two programmes, "FSI.D" and 
"2DFÜU", both Tritten in the Symbolic Programming System,

Because of the limited memory capacity of the 1620, 3-dimensional 
syntheses had to be performed in two phases:
(1) Summation over the first dimension using programme ’FSI.D1 (Fourier 
Synthesis Ist Dimension) is carried out along the Z-direction. The programme 
is applicable to the following Systems with the limitations stated:

(a) Triclinic. No limitations
(b) Monoclinic. The unique axis must be £
(c) Orthorhombic. Orthorhombio space groups must not contain any 

glide planes.
The programme may be used for other space groups vdth some modifications,
(2) Summation over the second and third dimensions using programme '2DF0U* 
uses the output from the FSI.D to calculate in x and y directions at a 
given z value. The produot (Hrnax + 1) X (the number of y values for which 
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 crystallographio 
analyses was 20, the programme was applicable to as much as 60 y values.
In all calculations, y hacL a maximum value of 31 •

The programme has no other limitations.
A 2-dimensional syntheses would use programme 2DF0U. alone with some 

ad justment of the IMPUT data when used for the 3-<tLmensional summa tion.
A programme in FORTRAN, written by Professor D.A. Belcoe 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, Rollett. 
Struoture Faotor Caloulation: A general structure faotor programme also 
obtained from the Zürich Laboi-atory was used to calculate structure factors 
on the IM 1620. The caloulation 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,

2 2Sin O/̂  , f^, f̂ , f y  f̂ , f̂ , fg, Sin . The f *s are the soattering
faotors for a maximum of 6 atoms at the sin Q/^ value corresponding to

2. 2h,k,l, 0 is the Bragg angle and /\, the wave length. Sin 9/v̂ was calculated 
from the formula

Sin20//X 2 s ß11 „h2 + R^.hk + R . hl + R^.k2 + R^.kl + R^.l2 

where , R.j 2, R^, R^, and R are the reciprocal cell constants.
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A and B value, as preriously expressed, are then caoulated for each 

veflection by the structure faotor programme.

The 3.east Squares programme used was that written by J.St Rollett 

in ALGOL for the KDF9.

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 yjritten by Br. J.S« Rollett.
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