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SUMMARY

X-ray studies have been carried out on orystals of heavy
atom derivatives of naturally -occurring organic compoundgs.
Two structures have baen successfully determihed in this
fashion; the triterpemns cedrelone (026 By, 05) and the
alkaloid chimonanthine (C,, Hpg 34)«

Information on the siructure of cedrslone was limited to
apectial considerations alones, when a crystalline sample of
the iodoacetate derivative was provided by Mr. S.G. MeGeachin
of Glasgow. The atructure analysis was hindered initially by
the iodine stom being close to a special position in the unit
cell which gave rise Vo false symmetry in the initial Fourier
synthesea., The fourth Fourier synthesis, however, resulted ih
most of the structure being detsmined and thereafter the complete
structure was obtainsed and refined to give a discraepency of,
R = 17.5%. The ecrystal sné molecular dimensions wore in agree-
ment with accepted values although no attempt was made to locate

atomic positions accurately.

Dr. G, F. Smith of Manchester University provided oryetals
of the dihydrobromide derivative of chimoranthine an alkaloid of
the calycanthaceous variety. Chemicel and spectral evidence
had progressed to the stago where the structure was probably

one of two possibilities. The first mejor problem in this
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structure analysis was the determination of the position of the
bromide ions in the unit cell of the orystal. There were two
bromide ions per asymmetric unit and the derivative crystallised
in the tetregonal system; those two facts resulted in a very
complex Patterson map which required much study before a
solution was foumd. Thersaftor the major problem was minimising
the extremely large emounts of computer time required for this
aralysis., The structure and relatvive séerceochemlstry of
chimonanthine heve beon determined and the structure was in

faoct one of the two structures propesed by the organic chemistso.
The orystal and molecular dimensions agres with accepted values
within the limits of experimental amocuracy and refinement of
this structure has been carried out to give an average discrepancy

betwesn observed and calculated structure amplitudes of 14.9%.

The final section of this thesis describes thevﬁork
carried out under the supervision of Dr, E.Gelles lately of
t:ie Department. The copper ion catalysed hydrolysis of
8lycylglycine has been studied over a range of pH values and
oupric ion concentrations. It has baeen estsblished that the
first complex formed betwaen glyoylglycins and cupric ione
(Cu GG+) is the onc responsible for catalysed hydrelysis and
that subsequently formed complexes inhibit hydrolysis. These
results are in sgreement with othar workere theoreticeal pre-

-dictions.
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The structure analysis of cedrelone was carried in
conjunction with Dro JsAs Hamilton of this department and the
kinetic studies were & continuastion of experimeants first

started by Mr. J.M. Wilson lately of this department.
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PART I,

SOME METHODS OF CRYSTAL STRUCTURE ANALYSIS,
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1. (1) INTRODUCTION

Von Laue's disoovery in 1912 of the diffraction of
X-rays by erystale provided a new, powerful technique for
investigating the structure of matter on an atomic scale. This
discovery was quickly given a sound theoretical basis and the
determination of the sitructures of simple compounds soon followed.
The quantity of calculations regquired for the determination of
even a relatively siriple compound is wory gveat and prior to
the 1950ts most of the structure determinations carried out were
two=-dimensional., With the advent of fast diglital computers,
threg-dinencional struciure determihations sre now possible.
Farther, natural products contsining upwards of twenty atoms,
other than hydrcgen, can now be successfully tackled with 1littlo
prior knowledge of their structures. The largest chemical
subatances to date whose structures have been determined by

X-ray crystal analysis are the proteins haemoglobin and myoglébin.

One major problem reomains, namely, thet no method has
yot been devised for meazsuring the relative phases of the
diffracted spectra. Althovgh the magnitudes of the spectre can
be measured oither photographically or by counter techniques
the phases must be obtained by other means. In the deotermination
of the structures of cedrelone snd chimonanthine the "heavy atom”
method was employed 0 give en initial set of approximate phases

which were useé im s Fourier symthesis. Successive cycles of struc-

~ture-factor caleulasions and Fourier maps werée commited, including
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more atomio coordinates as they became available, until the
complete structure had been determined. Thereafter, refinement
by Fourier and least-squares methods was employed,

(2) DERIVATION OF THE BRAGG AND LAUE BQUATIORS.

Orystals consist of a three-dimensional periodio
repoetition of a basic geometric unit called a unit cell, Alter-
-natively, orystals may be considered as being made up of a
large nuwber of identical assemblages of atoms repeating
regularly in threa dimensions, It is convenient to replace
each such group of atoms by a point, and the three-dimensional
pattern of such points forms the space lattice of the orystal.
If it is essumed that oach lattice point is replaced by an
eleotron then the positions of these eleotirons can be defined
by the ends of a vector r such that

 zZewmmtwm+w
whore 8, b, o are the primitive translations of the lattice and
u, v, w are integers. On irradiation by an X-ray beam these
eleotrons vidbrate and act as sources of ssecondary radiation,
In (I), A and B are two lattice points and the inocident
radiation's direction is denoted by the veotor so, of length ) N

where A is the wavelength of the radiation used.
Se N N

(78

(1)




3

The path diffo:ouco between the scattered waves from the
two latiice points in the direction defined Dy the vector s ,

equal in magnitude to so, is givenm by,

BX - Ak » (z. s - T, 80)
- £o S €00 0000002000000 s0a0tancsste (1)

vhorcgu (s ~ 30)

For the waves scattered Dy A and B to de in phase this path
difference musi bde & whole number of wave-lengths, 1.e. x.S
must be an integer. Henmce, (u & +vDb + v o)., S. must de
integral and since u, v, w are integers, each of the products
¢« 8S=h

o§‘.k 000 rsC000C0N0000300000000000000 (11)

QS.L

i s

[ ]

in tuxrn must be integral, whers h, k and £ are integers. These

squations, (ii), are known as the Laue equations.

.Tho‘ Laue equations are unsuitable for direct application to
differaction problems but VW,L.Bragg showed their physical
significancs by relating the integers h, k, £ to the Miller
indices of the lattioce planes. Bragg’s law is related to the
Laue equations and this can be shown a8 followsy

'a“/he §‘ = 1

33./3, i o ) Lave equations.
2.8 = 14
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4.

Subtraction of the first two equations gives
(24 - 2 /). 8 -0
which means the vector S is perpendicular to EAm -l/t ).
Sindlarly g is perpendicular to ( #/h - £/p). Thus B s
perpendioular to the plane defined by the intercepts g/h, k/1:.
2/p , 1.0. the plams with Miller indices (h, k,%). Since by
dofinition the vector § biseots the incident and diffracted
deams and is perpendicular to tho lattice plane (h, k,£) a
similarity to reflection oxists.
If 4 is the spaocing of the planes (h k £) then § ie the

projeotion of &/h, l’-/k, £/p, on the vector 8.

100 & (hkR) = &/, 8

. s}
Bat &/h. S = 1, (from the Laue equations)
and S|l = 2 8in@ fron (II)
A

vhere§ is the anglo of incidence of the radiation.

.AN= 2a8in0 tevovsscsesasses (141)
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Thias is Bragg's law and it indiocates that a reflection from e
lettico plane can only take place whean the angle of inocidence

of the X-ray beam satisfiecs the condition given by the equation.

(3) THE_STRUCTURE FACTOR REXPRESSION.
h

of whioch has coordinzies (nn, Vg sn) tho position of the n"’h

If the unit cell of a orystel contains ¥ atoms, the nt

oan be dofined by tho veector r, whore

_];‘n a (xn- gp.‘f'yn« 9_4‘ Qn; 9_) ¢esmcecrescecrenvovense (17)

The path difforence of the wave mcattered by this atom relative
to an atom at the origin of tho unit cell is by (i), Zne By

- and the phase change io,

2 NZne 8 = 2Rz, -8
\
Thus the exprossion for the wave soatterad by the nth atom

contains the torm,

2, exp. ( 2W.i.z .8)
whore fn ip the stomic scattoring feotor of the n"’h atom. . The
complete wave coattered by the ¥ atoms ia tho unit cell will thus
contain the temm

N
F e Z fsae OZXPs (27‘1}:& . §.) sescosesctocecans (V)

=)

Subatituting (iv) in (v),

N
P = T £ exp, 2Wi (x, 8 8 +F, b S+ 38,858)
ﬁ\;\

Hence by {ii)
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N .
P(hkl) “..5 £, 0xpo- 274 (hx) + k y, +48))
The quantity F is known as the structure faotor and it is a
oomplex quantity whioh can be represented by a modulus |F (h k2)|,
known as the struoture amplitude and a phaa::-i\?h k2). The
structure amplitude oan be obtaingd from the measured intensities,

but the phase is not an obsexrvable quantity.

It 1a often convenient to seporate the real end imaginary
parts of F (h k&), so that
PhxL)=-aA(hk2)+41 B(hke)

and < (hk2)= ten™t B (hk2
kL

where, "
A (h k 2) ",E‘fn cos 2W(hx, + ky, +2g,)

N
and B (h k2) -mz;‘ 2, 8in 27 (hx, + ky +22,)
fhese are the equations used in practioe and if the spsce group is

known these summations can be carried out over the coordinates

of theequivalent positions resulting in a simplified expression.

Instead of introducing point atoms, the struoture faotor
may be expressed in torms of electron density at a point € (x y 2),
thus

[ B |

Phke) .\l[ffe(x y 8) exp 21 (hx + ky + £3). dx.dy.ds.

ad Jro €0
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1. (4). THE ATOMIC SCATTERING FACTOR.
In 1.Q) it was implied that the scattering unit in the

crystei was an electron which in turn implies that to calculate
struoture factors the positions of all the electrons in the
unit cell must bo known. Since each atom has a number of
eleotrons associated with it, the diffioulties associated with
the location of the slectrons can be avoided. As these
electrons are assumed to be loosely held in the atom any change
of phase on scattering is the same for all of them and so the
amplitude soattersd in the forward direotion is Z times that due
to a single electron, where Z is the atouic number, 1In s
direction making a finite angle with the direction of incident
radiation, there will be path differences between waves scattered
from electrons in different parts of the atom., These waves
will interfere and produce a resultant amplitude less than 2
times that due to s single elsctron. The phase differéncoa
depend upon the angle of scattering, the wavelength of the
radiation and the volume throughout which the electrons are
distributed. The scattering factor, £, will approach 2 for
ahsll angles of scattering and will fall away with inoreasing
angle at a rate that, for a given wavelength, ie determined by
the distribution of electrons in the atom. Atomic scattering
factors have been calculated by several workers including James

and Brindley (2), Thomas (3), Fermi (4), McWesny (5), Tomiie
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and Stam (6), Berghuis et 8l (7), etce

The atomic scatiering faotors availablae in the literature
meke no allowance for the atom undergoing thermal motion. As
this is never the case in practice, some modification of the
atomic scattering factor must be made to allow for this thermal
vibration. If M is tho mean displacement of the atom from its
mean pogition, then it can be shown that for simple isotropic

motion the scattering factor fo ghonld be modified by a faotor,
oxp. ( - 822 sin®® /\ 2

1.0 £ = fo expo (- 335_“29/)\2)

whore B = 87‘2}32

and is known as the Debye (8) temperature factor.
The approximate overall value of B can be found by the method
desoribed by Wilson (9).

However, if the thermal vibraticn of the atom is anisotropio

the soattering factor, f£,, must be modified by a factor such as

oxp. = (by b+ by kP+ b'ﬁzz + Byohk + byy KL + byy L h)
(Cruiokshahk (10) ) where the b,, and b,y terms characterise the
time averaged olipsoidal volume through which the eleotron density
is distributed. |

1. (5) ZOURIER SERIES,
8ince a orystal is periodic in three dimensions its eleotron

density € (x y 8) at any point with fraotional coordinates (x y =)
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can be represented by a triple Fourier series.

<+ oo

C(xys3) = Z-EZ A (par) exp - 2W i (px 4q¥ + TZ) eeaseses (vii)
The number of eleotrons in the volume element dxdydz ié given by
¢ (xy2) .dxdydz. When the unit cell has a volume V, it may be
shown fhat

[ |

Phkl)=v I]fe(x ¥y 2) exp, 2W4i(hx + ky + L2) dxdyds
°°° O0.00D.OOOO(ﬂii)

The values of the ooefficients A (pqr) in (vii) are obtained
by substituting for €(xyz) in (viii) and obtaining,
P(hk2) = Vﬂj [ZZZ A(per) exp - 27 i(px +qy + rz)]
"ee exp. 2741 (hx + ky +22) AXAYAS s0eeooo (ixX)

On integrating, all terms in (ix) vanish excopt those for whioh

P=h, q «#k and r = £, Thus,

[

P(hk) = V [[[ 4 (par) dxdydz = VA(PAT) eeveonscoorsconnes (X)

00O

The eleotron-density distribution at every point in the corystal
can be represented by the Fourier seriess

e (xyz) = -v-ZZZF (nk2) exp (~27 i[hx + ky + £2] ) (1)

The oconstant term in the series in P (000) and is defined as

P (000) « V[[f e(xyz) axdyaz = 2
Since the va.l:z; oof E 9 the scattering factor falle off with sin®,
the values of terms in this series will decrease and consequently
the series will converge if sufficient dataare available. Equation

(x1) is not suitable for summation of a Fourier series so it is



1.

10,
more convenient to express (xi) in the form,

- o
€ (xys) -—%—-Z EZ[!‘ (bkt)| oos 2l’[hz +ky + 23 -« (hke)]

- veseceacee (xii)
where= (hkf) represents the phase constant associated with the
amp_l:!.tudo (l‘ (hke )l « FProm the observed intensities of the
diffracted speotra, |F (h k¢)| oan be caloulated but no
information concerning the relative value of ot (h k £) can be
obtained. This limitation precludes direct or immediate
application of the series (xii) to the solution of orystal

structures (except in special cases).

(6) THE PATTERSON SERIES.

In the last section it was stated that the course of a
crystal structure analysis cannot in general be direct, beosusse,
in the process of recording the diffraction pattern , knowledge
of the phases of the wvarious spectra are lost. Trial and error
methods may be used provided one can postulate a trial struocture

for use in phasing calculations and Fourier summations.

AL, Patterson (11), (12) devised the series, which bears
his name, as a method of obtaining i nformation sbout crystal
structures using the data vailable, vizj the structure amplitudes
|F(h k2)] . The Patterson function of an electron-density

distribution,
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¥ oP

€ (xyz) = 1/'V gfir (bk2) exp [ =27 1(bx + ky +43)]

is defined as .

P (M) - VIII € (vz) € (x+u, F+v, $+') AxdydZ cessevcceae (x’.ii)

which can be defineg.:a the Fourier series,
P(uvw) -+ ZEZ ’F(hk.t)lz exp{-i’ﬂ'i (hu + kv + Lw)]
- sesescorees (xiv)

This expression can be directly computed unambignously since
the coefficients, |F (h kt)la, are proportional to the observed
intensities.,

The funotion P (u v w) in equation (xiii) can only have a
large value when both€C(x y z) and €C(x + u, y + v, & + W) are
large. A peak in the function P (u v w) at (“1’ Vyo '1) corresponds
to an interatomic distance in the crystal defined by & wvector with
componenta Wyy Vyp Wy and the height of the peak is proportional

to the product of the scattering fastors of the two atoms conocerned.

If the asymmetric unit of a siructure contains N atoms,
N (N -1) /2 distinct veotor peaks will occur, If N is large the
vector gap will contain very many peaks. Many of these peaks will
overlap forming diffuse peaks making the veotor map diffioult‘to
interpret., However, the structures of simple molecules containing
relatively fow atoms have been successfully determined by the

Patterson method.

1. (7) TEE HEAVY ATOM METHOD.

In section 1. (5) it was demonstrated that the eleotron density
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in a orystal can be evaluated by Fourier methods provided the
structure amplitudes can he measured, leaving the relative phases
unknown. The determination of these phases constitules the basio
problem of X-ray structure analysis, No general method of
evaluating the phases exists and the method used in any spooific

analysis will depend upon the eiroumstances.

In organic molecules containing upwards of twenty atoms
other than hydrogen, the "heavy atom" method has been found to
be a powerful method of solving the phese problem (13). In
organic molecules with many carbon, oxygen and nitrogen atoms
the Patterson method is weldom of use on account of the large
number of peaks of approximately equel weight. Ify, however, a
chemical derivative of the compound under study can be prepared
which contains one or two atoms with an atomlic number much
greater than those of the other atoms, the positions of the
heavy atoms in the unit cell can generally be found by using
the Patterson summation. The veotor pecks in the vector map
due to these heavy atoms will be readily located on account of
their high velue of P (UVW) leading to the coordinates of the
heavy atoms, If these coordinates are used in a oycle of
struoture~-factor calculations a set of approzximate phase
constants will bs obtained. These phases are then used in a
Fourier series and an elaciron-deansity distribution approximating

to the correct distribution results. At this stale some or all

of the light atoms may bo distinguished. Theze qddifional atoms
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are now included in the next grcle of structuré-factor calculations
which provides an improved set of phase oconstante. Successive
rounds of Fourier summation end structure-fastor calculations
sexrving to reveal the positions of all the atoms in the structure.
compiioationa in the above method may arise if the heavy atom's
poéition is olose to or on a special position in the unit oell.
This usually results in false symmetry in the eleotron-density
distribution making the choice of atomic positions ambiguous.
The effectiveness of a heavy atom in determining the phases
in a particular structure can bs roughly indicated by the ratio
of the square of the atomic number of the heavy atom to the sum
of the squares of the atomic numbers of the light atoms, This
ratio should be aboui unity for maximum effectivensss (14).
Calculations of the number of phases that should be determined
within aoceptable limits <for various ratios of scattering
faotors of heavy and light atoms have been carried out by
Sim (15). If the atom is s0 heavy that the square of the
atomic number is very much greater than the sum of the squares
of the atomioc numbers of the light atoms undesirable e€fects could
arise such as, diffraction ‘ripplest?!, which might obliterate
gonuine detail, or errors in the measured structure amplitudes

due to high absorption of the X-rays.

1. (8) POURIER REFINEMENT . g

After a structure hes been zolved 1t is usual to refine the
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structure to obtain good agreement beiween observed and caloulated
struoture amplitudes and to approximate the caloulated phases Yo
the true phases. If lFb\ Fourier maps are computed and the new
atomic coordinates used in a new oycle of phasing oaloulations
only_a limited amount of refinement can be achieved. This arises
from the faot that & Fourier series roquires an infinite number
of terms and collecting data with copper K« radiation limite the
number of data that can be collected, It is gquite reasonable to
to expect that for any postulated structure there will de
structure factors outwith the recording limit of the radiation
having quite large amplitudes. The omission of such terms from

the observed data causes temination of series effects.

These effects cause the atoms to be shified from thelr true
positions and allowance for this effect can be made by a method
due to Booth (16). The final |F,| synthemis is known to have
its atomic peaks displaced by unknown amounts from thelr true
positions due to termination of series effectis., Another Fourier
synthesis is caloulated using |F.| data as coefficients but the
same phases as the |F | synthesis. If there vere no errors due
to‘termination of series effaects, the position of any pegk in
the | P, | map should be identical to that in the |F, | map,
caloulated from s model containing all the etoms in tho struoture.
Henoe, the doviations of the peaks from these sites (2 x,d y,2 g)

represent the corrsction, with change of sign, to be applied



15,

to the positions of the peaks in the| Fo\ map. This correotion
is known as the back-shift correction and is based on the
assumption that no errors exist in the postulated struoture,
exoept those due to termination of series effects. These
correotions should not be applied until straight-forward Fourier

refinement coases to be effective.

(9) LEAST-SQUARES REFINEMENT,

The use of loast-squares procedures was first introduoced
by Hughes (17) in the structure analysis of melamine. It is
a mothod of refinement which overcomes the effeots due to
termination of seories and also provides a method of deoreasing
the influenoce of inaccurate coefficicnis on the results.

The best values of the atomic parameters ere those which

minimise the functiong
2
R = % v (ar2) (17 - |7, )

vhere q is the number of independont observations and w (h k£)
is the weight of tho plane (h k 2) and should be taken &s
inversely proportional to the square of the probable error in
the corresponding tFo\ P The value of R is influenced by the
stomic coordinates and the temperature factor. When R is near
to its minimnm; a small change & x, in the x-coordinate of the

n’h atom changes /8 by an amount,
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P
AF, = 2 ° NE S
_A X,

If simltaneous changes to all the coordinates ocour the change

in Fb ig,
N P

AP = T [ 2 °,Axn+ 2 ¥y sby, + 2 F, eAan]
Nl 3xn ayn an

cesaseescoe £XV)
The best values of & x, oto. are therefore thome which most
nearly equate4F, to (Fo - Fo) for the q possible equations which
can be set up. In order to provide acourate results, the number
of observational equations mus t‘;&muoh greater than the number of
unknowns. The unknowns are generally three positional and six

thermal parameters per atom plus an overall scale faoctor or

(9% + 1) unknowns where N is the number of atoms in the structura.

If only positional parameters are being refined, AFO has the
form of equation (xv). To obtain the values of » x, eto., the
q observational equations are reduced to 3N normal equations.
This is achieved by multiplying each of the q oquations of bl?o
by the weighted coefficient of each of the unknowns im turn.
This results in 3N sets of g equations, each set is then summed
to produce one normal equation. The n‘bh of thems normal equations

is obtained by multiplying the g oquatione of the type,

s [ 2% en 20y 020 1= &, - 7,)
—mcana. ° L4 °eb5 = -
n=1 22X, >x, n > %, ] o c
> F

by wo c_ and adding to produce the equations
dx



Zw[ 3Fc)2.bxn+'ap 2 Fooay + 25 o s,
m LVTF3, 3%, @ ¥y > X, @8,
+)_'3Fo > F Axm-o-’apo bym-i-? 02 8 }]
m 2 x, 2 X QY
«Y vw(F -r) 2F
qQ (o] C EY xn 0009ee0N0eV00e000000600000000 (M)
where E.' denotes the sum over all the atoms except the ntB,  The

3§ normal equations have Ghen to be solved for the 3N unknowns.
This equation ig too complicatad foxr convenient use thus
simplifications must be made. If the atoms are well resolved

1t can be shown that quantitios such as ) w B, 2F,
1 o, 3Xg

are likely to be small compared with ¥ w ( > F, ) 2 ana may be
2 Xy
neglecteds Further if the axes are orthogonsl or nearly so,

quaentities of the form, ¥ w. ° Fo o 2 Fo can also be neglected
¢« 3 xn > Ty
and squation (xvi) reduces to
ax, L (2= )2=2 W (F, - F)e 200
2 x q 2 X,

which can be more resdily evaluated than (xvi). Similar equations

can be obtdined for changes in temperature factors, the variables
n being replacod by each of six thermal parameters, b11 b22 b33
b25 b31 "12 to give 6N normal oquations. The scale faotor can

also be refined by least-sgquares methods.
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1. (10) THE ACCURACY OF A CRYSTAL STRUCTURE DETERMIFATION,

The final results of the itwo structure determinations
desoribed in this thesis were subjected to certain tests of
accuracy. The accuracy {to which the positional parameters had
been found was estimated from the values of the least-sguares

totale in the final cycle of refinsment., The formula used was,

G'(I)ntt/{ nmfsj Zw‘aA 2]}

whoere n is the number of roflections used in the refinement and
8 1s the number of parameters refined or 8 = (90 + 1) where N is the
mmber of atoms. The standard deviation,s (& -~ B), of a bond
betweon atomg A and B was found from the formula,

& (a~3) =f[c?(a) +¢*@)]
where 6 (A) and & (B) are the standerd deviations of atoms A
and B respectively. The standard deviation,s (€ ) in radians,

for an angle (&) is given by the formula

¢ (o) f_ﬁ_ﬁ&l«»o’ @7 1 -2c¢cwb + 1 ]+ 6'2@)

(13)2 | (a8)2  2B,BC (3c)2) (mc)?

vhere (O ) is formed at atom (B) by atoms (&) and (C), This
formula is the one due %o Cruickshank snd Robertson (18).

The significance of the mean plane calculatons was tested
using the')( dintribution which has hesn celculiated and ig avaeil-
-2ble in dtabtular form. Theose tables give tha frequency with which
different values of X % sza ozcecdod and slmn the value of x 2

corresponding to these partieular freguencier (19. The wvalue
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of X 2uas obtained from the formla,
xa - Z A2
s 2
where & is the doviation in 2 o2 en atom from the oacluated plane
ands 1g tho mean stemdard deviation im A in the positional
parameters., The probability that no stoms deviate significantly
from the ocalmlated plans oan be found from tables knowing the
velue of X 2 end the muder of dogroes of freodom (n - 3).
Throughout the course of each analysig the validity of the
proposed struoture (or partial structure) wams gauged by the

aversge disorepancy R. This is a rough measure of acouracy and

is defined mz;
R z 1¥q) - Po‘]
LA

Whilst it does not contain any of the funoctions normally
ninimised during refivement it is nonetheless a useful guide.



PART IJ.

THE STRUCTURE OF CEDRELONE: X-RAY
ANALYSIS OF CEDRELONE IODOACETATE,
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2. (1) INFRODyCTION

Cedrelone, was first isolated from Cedrela Toona & tree
belonging to the natural order Meliacea. This tree grows to a
height of some 50 feet and is found near the Himalayas to the east

of the Indus. The reddish-brown, aiomatio smelling heartwood of

of this tree has long been used for medicinel purposes and as a sourece
of a dyestuff. The tree's medicinal importance prompted Parikar and
Dutt (20) to attempt to £ind the activo principle. The main
orystalline product obtaeined by these workers was assigned the
formula 02535005 end was stated to contain e lactone ring, a

phenolic hydroxyl group, a ketone function and an ethyienio double
bond, further these workers called it Cedrelone, However, more
rocently chemical and spectral ovidence by workers in Glasgow (1),
Zurich (22) andMadras (R2) has led to the molecular formula 92633005
being assigned. The molecule was stated to contain ano /2 - unsaturated
ketone, /3 - substituted furan ring and an enolised « - diketone
function similar in enviromment to that of diosphenols in the

limonin series (23). |

This then was the information available to us when we

undertook the analysis of the iodoacetate derivative of ocedrelone.
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2. (2)  CRYSPAL DATA

Cedrelone Iodoacetate 028331061
Molecular Weight =~ 590.44
Melting Point = 149 ~ 150°C
Donsity Caleuleted = 1.4%0em/cm’
Density Measured = 1,498 gm/bm5
(By flotetion using carbon tetrachloride and petroleum ether):
The orystal is orthorhombic with
a = 6,97 % 0,02 4
b = 27.44% 0,05 §
o = 13.74% 0.04 %
Volume of the unit cell = 2628 :3
Rumber of Molecules per unit cell = 4
Absent spectras koo when h is odd
oko when k is odd

ool when £ is odd
Space group p2,2,2, (Dg )

Linear absorption coefficient for X-rays (Copper Kot radiation)

H = 108 on™1

Total number of electrons per umit cell = F(000) = 1200

> 22 (1ight atoms) = 1423 (8in@ = 0)
)3 £2 (heavy atoms) = 2809 { ")
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2, (3) INTENSITY DATA

The cfyastals of cedrelone iodoacetate used in this analysis
were in the form of small hexagonal plates and were obtained from
¥r. S.0. McGeachin, a memberxr 6r the Organic Chemistry Research
Laboratory at Glasgow University. Rotation, oscillation and
moving-film photogrephs wers taken with copper Kot (= 1.5428 )
radiation. The unit cell dimensions were obtained from rotation and
equatorial leyer-~line Weissenberg photographs. The space group was
uniquely determined, from the systematic helvings in the X-ray spectra,

. 4
to be P2;2,2, (D,%).

Small orystale wexe used for tho intensity measurements
and no absorption correcsions were made. Using o Welsesenberg equi-
-inclination camera the ok £ ~ 5 k£ ond 2 X O ~ h k 6 spectra were
collected photographically using the multiple film technique (24).
The intensities were estimated‘ﬁbually using a calibrated‘step-wedge
and were corrected for the usuai Lorentz, polarisation and rotation (2¥)
factors. The various layers wers putv on the same relative scalb by
comparison of common raflections in the two series of photographe,
and the absolufte scale was found at a later stage by comparison with
the caloulated structure f#ctora, |F°| e« In all 1163 independent
structure amplitudes, | F,| , were measured and 122 unobserved
reflections were included,which were included at helf the minimum | P|
value locally observed. The small amount of data svailable was a

consequence of the non-appearance of spectra beyond moderate values
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of 8in® indicating a high temperature factor, B. Further the

erystals slowly decomposed during the period of photography,

2. (4) DETERMINATION OF THE HEAVY ATOM POSITIOR

Por a crystal belorging to the orthorhombic system, the

expression for the Pattersom function P (U,V,W) is

< @ @ .
P (0,7,0) = =~ > > L|¥ (2xf)| % cos 277hT con 27TKV cos 2/iLH.
) : C °

) (]

This expression cea be simply reduced to thet for the Patteraon
projections F(D,¥) and P(V,¥) down the ¢ and 8 ~ axes respectively
The wvootors tc be expected between iodine atome in the

apace group 13212}2.J with ome molecule in tho asynwatric unit ore

X, ¥, 8 %"xfaﬁ«; ) 732‘;‘?-" %.""‘39_ %’”‘3" 9 3 2, 3,2""'“3’? %""’5
Xy Jo 8 - Fo2x, <25, & | &0 3-2y,-28 | ~2x, &, 22
iex, ?’9 H+s | 42z, 2y, & = +2%, %’5:3’2‘“25 %, $+2y, -22
fex, 3oy, T 13, 342y, +22 ‘”2559 %, &2z = F-2x, +2¥, %
%, é"’!} Bz | 2xok,in2e Y, &-2y, 422 | $e2x,-2y, % -

The %two-dimensionsl Patterson projsctions P (U,V) and P (V,¥W) were
computed using 259 and 2/8 {torms respectively end the maps are shown
in Pigures IT and I respectively. In the pa®t of the P (V,W)
pro:}ecﬁon ‘shown there should be doudle weight peaks at (2y, %) on
the line, P(V,%) and at (%; % <23) on the line P(#, W) with a single
weight peak st (3 ~ 2y, 22) in = general position. Clearly %the

concentration of vectors at A in Pig.I is (2y, %) and those at B in



Fig. I. Projection P (V,W) of the Patterson function.
Contour scale arbitrary. The iodine-iodine vector

peaks are marked A, B and C.



in Pig* I9 (J, F - 2s)* Finally the veotor peak marked C in Fig«I

is the general peak (J - 2y, 2z).

In the part of the P (UfV) projection shown there should be
peaks of double weight at (2xp £) on the line P (U,&) and at (& i - 2y)
on the line P v) with a single weight peak at (& - 2xf 2y) in a
general position* In Fig* IIp the three lirgest vector peaks (with
the exception of the origin peak) all lie »»n the mirror planes which
bound the part of the projection shown* II was found that if we
assume an iodine atom x - coordinate 0*25 that peak D, FigoII,
must be the peak (2x9 J°)* Following on thLs peak E is the vector

& - 2y) and the general peak is F9 - 2x9 2y)*
The coordinates obtained for tha heavy atom in this way

arei ~ o*250 f }é « 0*205%* c « ox059 expressed as fractions of
the cell edges* As the jiodine atoms have an x - coordinate * 0025,a
a centrosymmetrical arrangement of the iodise atoms in the unit cell
results which will lead to spurious pianos of symmetry in electron-
density distributions which in turn will render location of real
atomio positions difficult* However” inspection of FigoII reveals
that peaks D and F are elliptical* 1If the x - coordinate was not
exactly 0*25*1 but displaced slightly from this value9 peak D would
be elliptical due to fusion of the two actual peaks9 mirrored about
the line a”2p into a single peak* The same considerations make F
elliptical also* Accordingly it was decided to calculate the displace-

-meni5”* 9 from the observed x @& coordinate*
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It is possible, by using the method of Burne (26), to
caloulate the pesk separation, 24, of the two pesks on either
side of the mirror plane which merge due to lack of resolution.

The value of A is found fron,
€ sdaba

where €is the eccentricity of the elliptical poak and the value
of b is derived from the Gaussian function,

P (r) = B, oxp [ ~p2°]
The torm P, is the eloctron density at the peak centre and P(r)
is the electron density st a distancex from the peek centre.
A plot of log P(r) agasinst _:.-_2 gives a straight line of negative
gradient P/2.303 amd interoept Po.

Two methods are available for finding the eccentricitye .
If the peak is drawn out acocurately and the major and minor axes,
& and D respeotively, are measured the eccentTicity 1s given by

€ ol ¥/2

The seoond method is analytical and is due to Ladell and Kate (7).
In this method it is assumed that the peak resembles an elliptio
parabaloid neer ite maximum. Both methods were used to detormine
the eccentriocity of peek D in Fig,II and this was used to )
caloulate & , From this process, a valus of -i- = 0.23, for the
iodine, was found. Trial sets of structure-faotor caloulatioms
|¥o) » were computed using the (hko) sone of data and iodine |

X - coordinates; -E- o 0,24 and 0,23 respectively. The average
discrepancies were 61% and 55% respectively for these X coordinste
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values. In this way the fihal set of iodine coordinatess

X

£ . o0.230, § =o0.205, 2 « 0.0%9

was found and was used in the first set of phasing caloulations,

2. (5). SIRUCTURE DETERMIFATION

The first set of structure factor calculations using only
the iodine coordinatos gavo an approximate set of phase constants.
Using these phases and the observed structure amplitudes as
coeffioients, a Pourier synthesis was computed. The results
were mapped out on glass shaets (and contoured at le 2'5 intervals)
and stacked up parallel to (100) to give a three dimensional effect.
A great numbor of areas of positive electron density were present
but all were diffuse and could not with any degree of certainty
be asoribed to atoms. The improved iodine coordinates obtained
from this map were used to oaloulate a better set of phase
oonstants and these in turn used in a second Fourier synthesis.
This synthesis was drzwn out as before dbut this time as seotions
parallel to (001) becauso in the first map it was believed that
a six-membered ring was located near the iodine atom but psrpen~
-dicular to the glass sheeta. Again no great detail was
observable and this was ascribed to the spurious symmetry and thg
high temperature faotor which tended to make the atom peaks
indistinot,
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Nine of the most prominent pesks from the second Fourier
map reached a height sbove 2 e 2-5 and werec ascribed to atomic
rositions. The coordinates of these peaks were determined by the
method of Booth (28) and weighted as carbon atoms were included
in a third cycle of structure-factor caloculations. All atoms
had the same isotropic temperature factor of B =« 4.5 :2. The
average discrepancy R fell from 43% to 35.7%. On drawing up
the results of the third Fourier synthesis, not much extra detail
was observed although a general decrease in the background of small
spurious pesks had occurred. A further ten prominent peaks were
selected as probably being atoms and assigned coordinates. Apart
from iodine, nineteen atoms weighted as carbon were included in
the next oycle of phasing ( | Byl ) calculations. The value of
R, the average discrepancy between calculated and observed
structure amplitudes, fell from the previous value of 35.7% to
34.9% The improvement was disappointingly smell and it seemed
that some of the pecks selected could not represent genuine atoms,
The coordinates of these nineteen atoms were then plotted on the
(ok£) Fourier projection end those that did not fall on positive
reglons or low value negative regions were omitted from the next
cycle of phasing calculations. In all four atoms were omitted
and inclusion of the remaining fifteen atoms (as carbon) plus
iodine in & cycle of structure factor calculations resulted in R

being lowered to 33.9% The subsequent three-dimensional Fourier
map on initial e%?ination shoved that apart from a further decrease
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in small spurious peaks and better resolution of the iodoacetate
group, little improvement had taken place., However, a more
doetailed examination of this map revealed that n distorted six-
-pembered ring was not of the cyclo-hexane type but was actually
& oyoclopentane ring bearing a 1= 2 - epoxide. Joined to this
ring, a decalin~type ring system was observed and joined to one
of these six-membered rings was the lodoacetate group. Further,
a8 large peak was observed to be near to the ring atom adjacent

to that to which the iodoacetate was joined. From stereochemical
and dbond-length considerations this atom was deduoced to be a
carbonyl oxygen atom., The rslationship of this partial structurs
(A) to limonin 3), (29) was immediately apparent and the location

s

o
ocacm (A

of the remgining atoms was straightforward,

The iodine atom, twenty-three carbon atoms and five oxygen
atoms were employed in the next caloulation of struoture factors
and phase constents and the value of R £ell to 29.6%4. In the
subsaquent three dimensional electron density distribution all
the remaining atoms were clearly resolved. The oorrect chemical
type was now assigned to each atom with the exception of the
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oxygon in the furan ring where the choice was not unique. The
next cycle of structure factors calculated over all the atoms

gave a R value of 27.4%.

The ocourse of the analysis is given in Table I. Atomic
soattering velues due to Berghuis et al (30) were ueed for the
carbon and oxygen etoms and those due to Thomas and Fermi (31)
for the iodine atom. An aveorage isotropic temperature faotor of

02
B = 4,9 A" was assumed.

2, (6) STRUCTURE REFINEMENT,

Initial refinement of the atomic coordinates was achievaed
by means of both | F | and | ¥ | maps. Comparison of the peak
height of an atom in each map enabled individual isotropioc
temperaturs fectors to be assigned, 1In all two oycles of IFO}
and l?cl maps were computed o correot errors duse to termination
of series and the value of R f£8ll to 20.5%. A% this stage 1t
was still impossible to distinguish the furan ring oxygen sitom on
the basis of the pesk heights alone.

Refinement was continued and completed by four oyocles of
least-aguares caloulations, using the program for DEUCE deviaed
by Dr. J.S. Rollett (32), This program refines three positional
and six thermsel parameters for each atom and the following

weighting echeme was useds
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%
vhere ¥ | is a conetant. It was taken oqual to the average

value of |Po\ (about 30).

After the fourth oyocle the shifts in the atomic parameters
were negligidle and a final oycle of structure-factor ocaloulations
with anisotropic temperature factors completed the analysis. The
final value for the discrepancy, R, was 17.5% over all the observed
strusture amplitudes,

{7) mEsuurs.

The final atomic coordinates are listed in Table II and the
corresponding anisotropio thermal parameters in Table III, they

are the values of biyin the equation,

oxp ( - B oin?0 /) 2) » 2~ &1 b2+ b22k? + b338% + D12 Bk + D23 k £
+ bi3 ht)

The final values of |F,)|, [Fo] andol are given in Table IV, Table

V contains the interatomio distances and Table VI the interbond

angles. Table VII lists the intra-molecular non-bonded distances

4 4.0 X s while Table VIII gives some of the inter-moleoular

distances ¢ 4.0 X. Table IX gives the standard deviations of

the final atomic coordinstes. They were derived from the least-

-squares residuals by application of the equationj



Fig{III.

The final three dimensional electron density

distribution for cedrelone iodoacetate, The

superimposed contour sections are drawn parallel
to (ool). Contour level ler -3
iodine atom where it is 5e 2° ~3. The first

contour level is omitted in both cases.

except around the



Fig.IV.. The atomic arrangement corresponding to FigsIII.
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o) = 5 w5 (AF/[oes) Fos (PHox) ]

The average standard deviation of a ¢ -~ C bond is O, 091, that
o
of & C- O bond is 0.07 4, and of the C - T bond 0,06 A. The

average standard deviation in a bond angle is 4 N

The finel electron-dansity distribution over the region of
one molecule is shown as suporimposed oontour sections drawn
parallel to (001) in Figure III. The corresponding atomic arrange-
-ment is shown in Figure IV and the atomic arrangementi as viewed
in projection along the a -~ axis is shown in Figure V. Figures VI
and VITI show the crystal structure of cedrelone iodoacetate as

viewed in projection down the ¢ - and g ~ axes reapectively.

2, (8) DISCUSSION

The final results of this analysis have established the
constitution and stereochemistry (apart from absolute configuration)
of cedrelone to be as in (I), the iodoacetate grouping in the
derivative used for this analysis being linked to carbon 6 of
ring B, Independent chemical studies at Glasgow (2)), (23)3 Madras
and Zurich (22) are in complete sgreement with this structure.
From structural and stereochemical considerationa, cedrelone like
limonin (II) is clearly a triterpenoid of the euphol (34) (III)
type and its biogenesis presumably follows the route proposed
for limonin (35). This class of triterpenoids is characterised
by the presence of a carbonyl function at C7, a methyl group at C 8

and an epoxide ring between Cl4 and C15.
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By means of a prototropic shift of a hydrogen atom from
C7 in a precursor of the euphol type, a A 748 unsaturated
intermediate is formed which undergoecs oxygenation at C7 by means of
attack on the double bond by (0E') or its equivalent. A Wagner-
Meorwein migration of the methyl group from Cl4 to 08 followed
by loss of a proton from C15 leads as shown (IV) - (V) to a
structure of the apoeuphol type (VI). Reactions have been ocarried
out (36) which provide support for this hypothesis. The furan
ring is formed by loess of four ocarbon atoms from the side chain
(VI) and oyclisation of the remainder €20 - €23, Further
oxidation in rings A and D give rise to the remaining oxygen
funotions of limonin. In cedrelone ring D is not oxidised to & - &~
lactone unlike the other members of this class of cempounds.
Cedrelone is also unusual in being a diosphenol of whioh relatively
few examples oocur naturally. It has been observed, however, (3¢)
‘that.oxidation of limonin and-its:derivatives to diosphencls
“of this type is easiiy carried out by means of oxygen in the
presence of potassium t ~ butoxide (VII) - (VIII) .

In the cedrelone molecule, ring C (I) 1s locked in a boat
conformation by the /2 - orientated epoxide group. The steric
interaction beiween the 28 and 29 methyl groups and the oxygen
substituent at position 6 is presumably the reason for ring A
adopting a half-boat conformation. Strong steric interaction
ocours between the 1 1 3 - diaxial methyl groups and is reflected
in the non-bonded distance of 3.04 K between Cl9 and C30, Measure~



Fig, V. The arrangement of atoms in the molecule as viewed

in projection along the a - axis.
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-ment of this distance on a standard Dreiding model gives a distance

¢]
between these atoms of 2.54 A .

'ﬁuiing the refirement, it was impossible at any stage to
distinguish the oxygen atom in the furan ring. Consideration of
the bond lengths in the ring, the intermolecular contacts involving
the ring, the temperature factors of the ring aloms obtained by the
least squares program, and the peak helghte from electron~density
distributione led to the oxygen being assigned as in Table II and
Figure IV, The alternstive assignéent of C23 as the oxygen and
the oxygen as a carbon atom is also possible. In the crystal
there is possibly some disorder, the furen ring adopting at
random one or other of the two configurations by 180° rotation

about the C17 - €20 single bond.

The average carbon-carbon single bond length is 1.55 g' in
favourable agrseement with the value of 1.545 ﬁ in diamond, The
everage length of a similar bond in two other compounds of this
type, epilimonol iodoacetate (29) and guarigmayl iodoacetate (%7),
is 1.52 g and 1.55 2 respectively. The carbon (spg) - carton (epz)
arerége bond length of 1.55 ﬁ is also in agreement with the accepted
value of 1,525 go The aierage carbon-carbon double-bond longth
is 1.35 g and doss net differ significantly from‘the value of
1.334 g in ethylens (38). The average carbonyl carbon-oxygen bond
length of 1.20 2 egrees with the values of 1,212 3 in parabanic acid
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(®4) and 1.222 2 in P - benzoguinone (40). Further the carbon-
oxygen bond length of 1.30 3 compares favourably with the

value of 1,52 g in limonin (29). The average carbon-oxygen
distance of 1.47 i in the opoxide ring agreos with the values of
1.44 g in othylens oxide (41), 1.47 X in cyclopenteno oxide (42)
and 1.49 % in clerodin bromo-lactons (43). Tablo X gives a
comparison of the bond lengths in the furan ring with those
obtained by Bak e} al for furen (44) amd the comparable
distances found in limonin (29) and guariganyl iodoacetate (37)-
There is no significant disagreemont in values except that
the carbon-oxygen distance of 1.22 E in cedreloneo jiodoacetate
is rathezpbhort, Finally inspsoiion of the bond longths in

the iodoacetats group reveala no great disagreement with
accepted values. The carbon-iodine bond length is 2,15 2 and
compares well with the valune of 2,14 g quoted for alkyl iodides
(45); (#46). Therefore all the bond lengths agree within the
estimated standard deviations with accepted wvalues of comparable
bonds. Further the non~-bonded inter-moledular (fable VIII)
distances are normal, The average angle sbout & apzoazbon is
120.3° compared to the expected value of 120°. The average
angle sbout ep3 carbon atoms is 109°oompared with the acoepted
tetrahedral waluo of 109°28“. Only one tetrahedral angle,

C8 « 09 - C10 = 1190, ie at great variance with the expected

value., Thios angle refloots the steric repubion between the 1 3 3
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- diaxial methyl groups C19 and C30 in ring B,

The equation of the mean plane through the furan ring
calculated by the method of Schomakay 33_33.(47) is,

06.651X + 0.750Y = 0,1152 - 7.238 = O

The deviations of the atoms from the plene are shown in Table
XI. Application of the7§2 test to these deviations suggedted
that they are probably significart. No reason can be put forward
to explain thig either chemically or sterically. In the orystal.
as can be seen from the intermolecular contacts (Table VILI),

normal van der Waals interactions hold the molectles togethur,
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TABLE I.

COURSE OF ANALYSIS

Operation Dats used Atoms inoluded R_(%) quw.

2D Patterson sytheses ok X and hko = - -
reflections.

1st 3DF, synthesis 1156F i 49 =

n " =
Num 11647 o 11 43
3rd ® " wmomm.o il + 9¢ 35.7 -
4th v " 1227F, 11 + 15¢C 33.9 -
5th * o Hm.mmmo 1 + 23c + 50 29.6 o
m&# n u

. end .

1s% wum.o " 1285 1T + 28C + 50 27.4 -
Tth uum.o f

and _
2nad uuwo v 1285 1I + 29C+ 50 24.2 -

1st Least-squares cycle H.Nmmu,o 1I + 29¢c + 50 20.5 10800
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TABLE I. (oontinued)

Opsration Datae uged Atoms included
2nd Lesst-sguares oycle Hummwo il + 29¢c + S50
3xd " " " Hmmmwa 1T + 2% + 50
4th * " n .._.mmmm.o 1I + 29 + 50
8th wuaf synthesis memwo 11 + 2% + 50

whmw Wﬂ%
19.1 mmoo
18.4 8300
18.0 7700
W.le -

1285 structure amplitudes were used in the phasing caleculations.

In fact 122 of these were unodbsarved.
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TABLE II.
ATOMIC __ CO-ORDINATES

(origin of co-ordinates as in "Internstional Tables")

Aton x/a b7} zlo
¢y = 0.3157 - 0.0520 0.1550
¢, - 0,3783 - 0.0957 0.1406
C5 - 0,2634 - 0.1337 0.1687
A - 0.1512 - 0.1311 0.2654
s = 0,0985 - 0,078 0.2787
Ce - 0.0131 - 0.0596 0.3679
o 0.0318 - 0,0086 0.3925
Cq 0.0840 0.0185 0.2986
o - 0,0851 0.0093 0.2311
Cy0 - 0,1186 - 0,0424 0.1949
¢yy - 0.0764 0.0460 0.1412
c;, - 0.1651 0.0958 0.1854
615 - 0,0779 0,1067 0.2925
01 0.079¢ 0.0744 0.3175
G5 0.0235 0.1024 0.3824
0y 0.1063 0,1495 0.3960
C1q - 0.0109 0.1585 0.3085
C1g - 0,2785 0.0931 0.3694
019 0.05%44 - 0.0578 0.1154
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TABLE J1I (Continued)

sten A
020 - 0.1626
Cs - 0.?756
€y - 03139
Cas - 0.4079
028 - 0,2911
029 0,0410
03.0 032710
031 0.1412
50 01435
OA - 0,2808
OB - 0@022_3
o 00597
o 0.2559
o, - 0.3849
0, 0.2847
I 0,.2808

.
02006
0.2147
0.2093
0,2487

- 0,1504
- 0,1661
0,0030
- 01035
- 0,1425
- 0,1767
- 0,0932
0.0047
0.0974
0.2467
~ 0,0888
~ 0,2054

sle
0.3251
0,4005
0.2532
0.2789
0.3437
0.2702
0.2637
0.4855
0,5768
0.1316
0.4444
0.4678
0.2779
0.3740
0.4452-

 0.5353
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TABLE IIT

ANISOTROPTC TEMPERATURE - PACTOR PARAMETERS (b, = 10%)

b

5743
5176
8289
3464
3791
4980
5221

5979

1673
58935
7163
5452
3849
2400
6076
6744
3669

411
2492
7048

boo
243
238
213
188
138
163
586
334
103

B33 Mo
642 597
558 - 282
768 <1498
729 - 166
730 1007
525 249
426 2494
389 502
955 = 211
656 - 243
1047 201
1301 432
514 652
439 161
562 312
829 595
1017 = 702
1113 204
528 0
274 1308

bo3
124
461
177
82
178
359
676
- 567
58
381
241
158
- 196
51
~82
265
~98
132
-~ 153
149

b5

2186
0
3246
1779
1821
0
2774
0
2396
1248
0
1120
3074

1924
1385
17

280
3237
2656



$ABLE III (Contimued)
beo 33 by
550 850 658
257 1400 328
186 1440 0
250 1065 - 440
266 928 379
284 1012 648
239 1319 - 254

424 925 -~ 350
283 901 14
247 855 =575
216 402 ; 297
175 941 - 419
143 1192 1981
210 790 513
183 983 356

41.

87
- 404
381
- 102
- 443
- 304
- 431
- 25
=498
65
256

367
186

B3

1876
- 4043

3046
979

660

- 2712
2189
2861
1894

- 438
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HOLBCULAR DINMENS TONS

INTERATOMIC DIsTAncES (R) aND aNGLES

I LEC

1.29
1.50
1,37
1.54
1.29
1.51
1.55
1,65
1.45
1.52
1.48

1.40
1.53
1,11
1.52
1,56

TABLE ¥
R_B

DISTAN

1.45
1,52
1.59
1,68

1,62
1,62
1.45
1,51
1.79
1.55
1.48

1.54
1.46
1.47
1.58
1.36
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TABLE V, (Continued)

1.47
.22

3.3}

1.32

Oxy = Oy
C35 - Op

1=0;5

1,65

1.30
1.21

2,05
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TABLE VI

INTERBOND _ANGLES

C, Cg Cg
C; g Cpf
C7 % O30
0g Cg Oy
0g 0Og Csg

C14 % 30
s €9 C10

Gy Cg €pq

%10 C9 C1a
8, Oy Cs

%1 C10 O

¢y Gy Cyg
%5 %10 %9
C5 C30 19
Cg C10 Ci9
Cg Cy3 O1p
€11 32 13
8y, 013 Oy
Cyp Oy3 g
Ci2 %335 %18

104
110
110
105
117
111

118
110
110
104
115
112
110
105
110
103
11
113

115
192
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TABLE VI_(Comtd,

Cig c13 Cyq 108 Cy3 014 Cy5 109
C14 C13 Crg 109 Oy5 Cpy O 106
Gy 033 g 111 Cy5 O34 O 58
Cg €y Og3 125 Oy Cq5 O 98
Cg 014 Oy 125 Cy4 O35 O 59
Cs C1q % 110 C16 %15 % 106
Cy5 Ciefaq 110 Cyp 023 Oy 100
O3 Opp Oy¢ 98 032 051 0g 119
€13 814 Gy 120 O35 Ogy Op 124
%16 Cuq Oy 112 Oy G5y Op 117
®17 Cap Coy 135 05y Oyp 1 110
C17 %20 %20 120 - G0y C5y 115
€21 €20 Cpp 95 C14 % %5 63
Ca0 Cpy O 110 Cpy Op Cps 114

Cap 02z Cp3 108



INTRAMOLECULAR NON-BONDED DISTANCES < 4 A

Ci-Ce6 3.61 cl " cs 3.92
Cl - Cu 3.17 cl * C28 3.75
o1 _ oa 3.44 °p _ og 2*76
c2 - c9 3.74 c2 - cX9 3.21
g oog 3.22 c2 " 929 3.93
c, - c6 3.83 °3 » 19 5.23
4 ™ co 3.91 °4  °%o 3.22
°4 - C31 3.72 cA-°RB 2%82
o5 ' °g 2.95 5 °11 3.90
o5 1 °30 3.41 o5 - c31 3.37
o5 ¢ °p 3.61 o5 - °C 3.62
c5 * °p 3.53 °6 \ Cl4 3.80
° " °19 3.50 o w °2g 3.17
°6 " ¢29 3.23 ° 6 -c30 2.99
6 ' °32 3.82 _ op 2.47
o7 " °10 3.05 o7 v °11 3.84
o7 w 013 3.53 c7 ™ °15 3.33
c7 ' °18 3.54 °7 €31 3.00
o7 - °p 3*66 o m 2*%91
c8 - Cl12 3%15 c8 " °16 3-84
°g 7 c17 3%90 c8 7 °18 3.39
°g 1 °19 3%28 c8 * °B 3.74
08 - Oy 5%83 co - c15 3.93
Cg - C18 3427 O " op 3.41
°g ' °p 3.45 °10  Cl12 3.81
°10- c14 3*88 c10 ” C28 3.79



°10 * Cc29
Cl0 - °A
10 W °c
°XX " °X8
CXX ' C30
°X2 " CX5
°X2 ™ c20
°X2 " °D
CX3 " C2X
cx3 ' °c
°Ww ' °C
CX5 " C20
CxX5 * °C
°X6 ™ C2X
CX7 " c23
CX7 * °D
°X8 " °2X
CxX8 " °c
CX9 " °29
°28 - C31
Cc28 * °B
°29 - °A
c29 - °p
C30-s8
c31 ™ °c
°c -°p

i - OB

3*72

4

.95

.15

.67

.18

.63

.45

.20

.59

.82

.82

.89

.14

.21

.74

.54

.37

.64

.65

.81

.81

.96
.63

.60

.03

.89

.94

TARLE!

A80
VIX

(VonU, )

°10 ™ €30
Cl10~°B
°11 * c17
Cll " c19
Cl1-°D
Cl2 * C16
c12 ™ °22
Cc13 ' °22
cl3 * C30
Cl4 - C20
cl5 * C18
cl5 * °30
Clé * C10
Clée - C22
C17 ' °B
Cl8 * C20
Ccl8 * c22
ci8 ™ °D
Cl9 ~ C30
°28 * °f
°29 * C31
C29 * °B
Cc30 ~ °C
C30 * °F
°B * °C
°C - °F

I-0,

3.13
3.76
3.87

3.01

3.30

3.41
3.31
3.76
3.85
3.51

3.20

3,12

3.89

3.12
3.58
3.93

3.04

3.00
3.49
3.15
3.17

3,55

3.02

3.43
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TABLE VIIX

INTERMOLECULAR DISTANCES (<4 %)

I I
032 LA X J OD 3011 cls L N ] 019
: Iv II
QE ses QA 3.14 032 soa 022
Iv : Iv
023 9eo0 OA 3025 023 [ X N} 028
‘ I II
00 [ XX Cl 3555 032 LA X3 012
II IT
021 a0 OA. 3036 018 oo0¢ 02
. III IIT
023 ama 029 3+53 oE 0se 029
| ‘ III
OF Qoo 0111 3.57 022 o9 a 029
I II
oc te e 019 3067 OB een 012
II III
o L XN C 3067 eoa C
¢ 2 %20 29
The supersoripts refer to the following positionss
I d-x, -y, $+2
11 “% = Xy “¥s 24 3
1 -xy &+y, 5 =~2
Iv ; ‘."1 - z, i o

5+

3.76
3.81
3.86
3.87
3.88
3492
3.95

3.96
3,98
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TABLE IX
STANDARD DEVIATIONS OF THE FINAL ATOMIC CO-ORDINATES 9)
Atom &lx) [-162) £(z)
¢y 0,059 0.042 0,046
¢, | 0,058 0,045 0.044
C3 0.069 0,042 0,043
¢, 0,051 0,043 0,047
Cs 0,049 0,038 0,044
Cg 0,061 0,040 | 0.044
Co 0,064 0,051 0,049
Cq 0,056 0,041 0,046
cé 0,047 0,035 0,048
Cy0 0,072 0,050 0,048
Cyq 0,065 0.049 0.055
Cyp 0,063 0.042 0.051
¢35 0,054 0,047 0,044
€14 0,053 0.047 0,041
015 0,069 0,038 0043
Cg 0.059 0,040 0,050
C14 0,055 0,041 0,049
Cig 0,051 0.036 0.047
C19 0.053 ~ 0.048 0,050
Cag 0,059 0,048 0,043
c 0,069 0,058 0,055
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TABLE IX (Continued)

Cpp | 0,050 0.046 0.053
Cps 0,084 0,046 0,063
Cog 0.067 0,046 0,051
Cag 0.075 0,050 0,055
Cso 0,063 0,045 0,044
G5y 0,052 0.045 * 0.056
C35 0,057 0,058 0.051
0, 0,051 0,031 0.032
0y 0,037 0.028 0.030
0, 0.037. 0,028 0.033
Op 0,033 0,024 0,027
Oz 0,078 0.042 0.058
Op 0,042 0,026 0.028
1 0,004 0.003 0.004
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TABLE X.

COMPARISON OF THE BOMD LENGTHS IN SOME FURAN RINGS,

: o

Compound Bond_Lengthe (A)
g -0 C -0 C =0

Furen 1.433 1.372 1,355
Cedrelone 1,46 1.32 1.34
TIodoacetste 1,22
Epi limonsl 1.44 1, 42 1,25
Iodoacetato

Guariganyl 1.45 1:36 1.25
Todoacetata 1.25

PABLE XI

6‘52!2

0.09

0.08

0.08

Reference

(44)
Thies Thesis

(R9)

(37)

Displacements (3) of atoms from the mean plane through atoms

C20 C¢21 c2z2 c23 Oge

e(x7) 0,020
c(20) 0.180
c(21) = 0,160
c(22) - 0.213
c(23) 0,130

o(E) 0,044




PART TII,

THE STRUCTURE OF CHIMONANTHINE: X-RAY

ANALYSIS OF CHIMONANTHINE DIHYDROBROMIDE.
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9

(1) INTRODUCTION

Recently Hodscn, Hobinson and Smith {48) isolated a new

alkaloid from the leaves of Chimonemthus fragcrams (Lindley),

a deciducus shrub growing neiturally to about eight feet. This

coapret shrud was indtroduced Yo this country in 1766 from Chine

and is closely welated to the Calvuentheceas. Baceuge 1t

swest-smelling flovers apprear in December, i% is commonly known

as Winter Sweeib,

Theece workers named the alkeloid Chimonanthine and gave
its formule as 622326N40 Chimonan%hine wan shown to be a
diacidic base of equivelent weight 175 and fzom U,V. speciral
evidence to contain & Ph~R«C-F grouping. Murther it was proved
that the comround contained two Nemethyl groups snd that N-H
groups were present. Reduction with ginc and hydrochloric acid
gave the indoline, 3@21 - methylaminoethylinds 1¢, showing that
like folicanthine (49) snd caiycanthine (50) its skeleton is
composed of two tryptamine units, It was alsc shown that like
calycanthine, chimonanthine had aromatic NH groups and aliphatic
tertiary E-methyl groups. Hodsorn gi al proposed two probable
structures for chimomanthine neither of which wag reedily

chemically distingaishable from the other.

The X-ray analysis of chimonanthine wae carried with

erystals of chimozanthine dihydrobremide, Gy Hpel, . 2HBT,
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supplied by G.FP.Smith of the Dopartment of Chemistry, the
Unlversity, Menchester, The analysis to determine the
molecular awnd c¢rystal structure of chimonanthine was commenced

shortly before the above chemical work was published.

(2) CRYSTAL DATA

Chimonanthing dihydrobromide 022326N4.2H3r

Molecular Weight = 508,31

Melting Point = 188 - 189° |
Density Cslculated = 1,311 gﬁ/cfo.

Density Measurement = 1. 356

By flota%ion using benzene/carbon tetrachloride).

The crystal is tetragonal with

[+]

a=5= 13,95 + 0,02 4

C = 26467 i 0502 A
Volume of the unit ceil = 5190 A3

Number of molecules per unit cell = 8,

Absent spectra; 002 when L+ 4~
h00 when ~* 2~

8

Space group P 42,2 (D44) or its enantiomorph P45212 (D4 )

Linear asbsorption coefficient for X-rays (Copper Ko~ radiation)

M = 42 o™t
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Total number of electrons per unit cell F(000) = 2064

T £ (1ight atoms) = 1016 (sin® = 0)

S #° (heavy atoms) = 2450 ( " )

3. (3). INTENSITY DATA

» Rotation, oscillation and moving-1ildm photographs were taken
with copper Kot (\ = 1.542 £) redietion, The unit cell
dimensions were obtained from rotation and equatiorial layer
line photographs of a erystal mounted about the a ~ axis. The
gpace group was determined, from the systematic halvings in the
X-ray spectra, to be P4,2,2 (344) or its enantiomorph
P4,2,2 (384)q

Small crystals, crystallised from éry ethyl alcohol, bathed
in & uniform X-ray beam were used for the intensity measurements,
Ko absorption corrections were made. Using a Wéiséenberg equi~
inclination camera the Okf - 9 kg specitra were collected photo-
-graphically. Correlation of strong and weak reflections was
achieved by mesns of the multiple film technique (24) employing
a calibrated step-wedge. The intensities were estimated
visually and were corrected for Lorentz, polarisation and
rotation (A5) factors. The values of the structure amplitudes,

IFO\, were obtained by the mosaic crystal formula.

As the crystal belongs to the tetragonal system most

reflections have symmetrically occurring equivalent reflgotions
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in different zones obtained by rotati on about the same axis.
The reflection (h,k,8) equals reflection (Li,h,2) in intensity
under these conditims and the occurrsnce of such reflection
equalities was used as e basis for interzonal scaling, In
general in any zone (HEKL), the data used for structure deter-
-mination is of the type (H, X H,L) and the dats used for
scaling is of the type (H, KE£H, L), e.g. in the zone (5 KL)
caleculations used (5,5,L), (5,6,L)5 (5,7sL)ecoos eto. and
scaling used (5,0,L) vevoeeee (5,4,L)c All zones were puf on
the same relative scale in this way and the absolute soale
was found at a later stage by comparison with the calculated
structure faotors, QFE\ o In all 2093 independent structure
amplitudes were measurad. Apaxt Lrom theoe, 525 stroature awplidndon
were found whose intensity was lesec than the loweat value on
the step-~wedge used. These reflections were not included in

any stage of the structure determination.

(4) DETERMINATION OF THE HEAVY ATOM POSITIONS.

The Pstterson furction expression P(U,V,¥) of a orystal

having point group symmetry 422 is,
o

oD O
P(U,V,%) = —%;- g %Z_ |F(lﬂcﬂ)‘2 cos 27T h U cos 2KKkV cos 2TEW,

The interpretation of %he map of this funotion will be complicated
by the high symmetry of the tetragonal system and the presence

of two heavy atoms per asymmetric unit. Each set of N symmetric~
-ally relatsed heavy atoms will give rise %o E (H~1) basic vectors.
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Thus there will be 112 bromide ion - bromide ion vectors
botween symmetry related bromide ions, 56 per set of
symmetrically related atomsa, Further, there will be 128
bromide ion -~ bromido ion vectors between non-symmetry
related bromide ions., On account of the symmetry of the
Patterson function, it is only necessary to consider six peaks
due to vectors betwaen each seti of symmetrically related
bromide iors and eight peaks due to vectors between non-

symmetricelly related bromide ions.

The two dimemsional Patterson projection, P(V,W) was
computed with 319 verms. The projection contained a greal
nany peaks and offered no hope of providing the bromide
coordim tes. The three~dimensional map was accordingly
computed over one eighth of the unit cell volume using 2093
teras,

The peaks to be oxpected on the ﬁhree Harker sections
of the three-dimensional Patterson syathesis, P(U,V,%),
P(U,¥,%) and P(UD%;W) are in themselves imsufficient to define
fully the two ssts of bromide ion coozrdinates. Qhe occurrence
of a Br - Br veotor at 2%, 2y,% on section P{U,V, ) does not
distinguish the following x, y = coordinates,; X,y; % o Xy Y5
X% + 35 %, y3 T, §1 etc. In & similar fashion the peaks on

the section P(U,%,%) at & « 2x,%, % - 2z and % = 2y, 3, 1 + 22

|



Y=";

Fig, I,

[o] ] ‘2
Levi o]
A

The three-dimensional Patterson function
section P (U, V, 3). Contour levels are
arbitrary. The peaks mentiored in the text
are shown,
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could bo<xuemﬂb§ bromide ions having any of the coordinates
listed aboveq  Thus the three Harker sections will provide a
gset of coordinates which will be consistent for all the peaks
expected on theseAsec%ions but they, in all prodebility, will
not be consisten% wlith the peaks to bs expected in general
positions in the body of the Pattersom function., This initial

set of coordinater will be referred to as the "basic set".

The section of the three-dimensional Patterson synthesis
P(U,V,%), Fig.II, should comtain peaks at 2xy 2y1,§ and
2x5y 2559 % for bromido ions at (x4 Fyo 2y)s Br(I), and
(xz, Tor 32)§ Br(II), respsctively. The diegonal symmetry of
this section means it should contsin peaks &t 2y,s; 2x,, % and
2¥pp 2%, % related to the first two pesks. In Fig.II the four
most prominent peaks sre C,0%, D and D - the firet two being
symmetry related to the last two. Bach pezk was assigned
coordinates in avbitrary unite. The units chosen werej the
& and b - ares were divided into 40ths and the ¢ - axig into
80ths., All pesk coordlnates were then expressed in these

80ths
units. Peek C, Fig.II, has coordinates (04%1“’9 8,630the  ,,80ths)

1 40thn 640%39 20%0th8y 1 o

and peak O~ has coordinates (3

assign pesk G to Br.(I), the ion then has coordinates (0, 4.3,
zl) expressed in the chosen arbitrary units, Similarly if

peak ¢t ig assigned %o Br.(II), thies ior has ccordinates
(1.5, 3, x,). Posks D and p* boing related to peaks C and G-




X='z2

Fig, II The three-dimensional Patterson function section
P(U,V,%). Contour levels are arbitrary, the dashed
contour being negative. The peaks mentioned in the
text are shown, ‘
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respectively give idential =z~ and y~ coordinates for the two

Bromide loms.

The section of the three dimensional Patterson synthesis
P(U,V,}), Fig.I. should comtain four peeks at; & + X - ¥y
3. Xy = ¥q» 1 ond at é%xgayzf %wxgwyzy.%'ana the synmetry relatod
peaks; % ~xy -~ Fys F 43y -~y Tand F -3, =¥y B4 X, -y, 1
The section P(U,V,%) only contained three prominent peeks, marked

i respectively on Fig.I. As peak (AB) is the

(2,B), AL and B
largest peak on the section and is nearly elliptical in shape
it can be assumed that the two peaks expected for one atom on
this section either lie on the diagonal mirror plane or lie
és}close to it as to be fused into one large elliptical peak
due %o lack of resolution. The peak (AB) has coordinates

1 ana B! have covrdinates (15.5,

(4.3, 4.3, 20) vhilet peaks A
18,5, 20) and (18,5, 15.5 20) respectively, From section
P(U,V,%), Bromide iom I, (=,5 ¥;0 %) was sssigned coordinates
‘X = 0 and ¥y = 4,3 units. Peak (AB) is clearly due to Bromide
ion'(I) and the y - coordinate for the basic set of this atom

now becomes y = 15.7 In section P(U,V,%) the y - coordinste must
really be 3 - y. Thuxu at this stage Br (I) has ooordinates

(0, 15,7; z;) Calculation of the coordinates of the peaks to

be expected in section P(U,V,%) due to Bromide ion (II), using
the x, y= values obtained from‘?(‘{?sv,, é) gives psak coordinates

corresponding exactly to those of peaks Ai, and 31. Thus Br (II)

hes still coordinates (1.5, 3, 32)-
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The pection of the three dimenaibnal Patterson synthesis,
P(U,%; W) should contain four peaks, two per non-gymmetrically
related ion oty % - 23 5 Fp & - 22,3 % - 2xyy &y % - 23,3
2 2yy» 0 3 + 22,3 and 3 - 2¥ps 3y %+ 22,. This seotion is
shown in Fig.III and can be seen to contain several peaks the
largest of which are lettered E, F, }E::",,F;l and ¢ respeotively.
Peaks E and F with respective coordinates (20,20,11) end (11.4,
20,29) are dus %o Br (I). From these peak coordinate values,
Br (I) is found to hame coordinates (0,403, 4.5). Clearly at
this stage the y- coordinate of this ion can not be unambiguously
agsigned. Pozk EE and Fl with respective coordinates (17,20,33)
and (14,20, 7) belong to Br (II). From these coordinates we
find that § ~ 22, = 33 end § + 22, = 7 thus making z, = -6.5.
Thus these three Harker sections have given us our basic set of
coordinates,

Br I (0,4.3, 4.5) Br IT(1.5, 3, <6.5)

which will be used to locate Br — Br vectors in the body of
the Patterson synthesis. These peaks in general positions will

decide whether or not the basic set is correct.

Fig. P(U,V,W)
Ref, Veotor Coord., Found (arbitrary units) |arb. unit
A | Bexyeyy, BHxy-yyoE 4.3(40ths) 4.3(40tk) 20(60ths) | 60
A 0 8.6 40 54
B | &-2xy, 3, 23, 20 20 11,0 112
F | &27;, &, 3+22, 11,4 20 290 44
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Fig. 1T P(U,V,W)
Ref. Veotor Coord. Found (Arbitrary Units)| Arb.units
TytEy o Tyt¥yo '%-4-231 15.7 15.7 31.0 35
¥3=Xyo ~X3+¥q0 2z1 15.7 15.7 9.0 39

1
A A P00 PNE a0 S0 P 4 15.5 18:5 20 51
¢t |eox,, 2y, % 3,0 6.0 40 50
B | de2xy,Bo-2s, 17.0 20 33.0 n
F-2y,3,3v2m, 14.0 20 7.0 42
ya“‘ng X2+y29%“3'232 105 los 2700 54
Yo 25"3‘2"729 232 4.5 4.5 13.0 54
[+ Xy Xy 9§y HY B+~ 2 18.5 1.5 11.0 109
X=Xy 0F9"Yq 0 225514 18,5 Te3 29,0 47
y1+ng xlg+y29%-zlgo22 5.8 17.0 2,0 44
Xy 9T 9=Fq 9 Bp+Ey 5.0 17.0 38,0 41
%gxawl,-éuyzszl Q%fzzszl 17.2 3.0 31.0 40
%‘N@*ﬁlp%v12®315%°52‘”1 12,7 | 1.5 18,0 69
éux2+x1?éwy2~yl9%+z2+zl 1.5 18,7 22,0 35
Ty ohox, 4y sdoBy 2y [ 300 17,2 9.0 36

The table above lists all the vectors to be expected in the three-

dimensional Patterson synthesis; +the coordinates found (in

arbitrary units), and the pealk value of P(UVW) in arbitrary units.

The reference letters used 4in Figs.I, II and III are shown opposite
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the appropriate wectors. It is seen that these are two vectors
per set of symmetrically related bromido ions and eight veotors
between nonesymmetricelly related bromide ions in the body of

the map.

Using the basic set of coordinates for Br (I) and Br (II)
these general pesks were assigned coordinates then looked for
in the boedy of the Patterson map. 0f the iwelve vectors, only
four were found in the expected positions. Clea:ly the basic
set of coordinates was not correct., Accordingly, the whole
Pattersor map was gsearched for vector peaks with values of
P(UVW) greater than 30 (in arbitrary units), These peaks were
assigned coordinates. In all only tweniy vootors satisfying
these conditiong were found and of these, sixteen consisted
of two symmeiry related sets of eight vectors. Omne set of
eight vectors was rejected leaving twelve vectors in all =
the number smpscted to be found, The final sots of coordinates
were found by solving the twenty simultaneous equations
provided by the vectors listed above %o give iwo sets of
Bromide ion coordinates which wouid agree with the calculated
and observed positions of any givea Br — Br~ veotor. The
final sets of coordinates fournd in this manner werej

Br I (20, “4.3, 4.5) Br IT (38,5, 3, 33.5)

These coordinates were related to the basic set by the symmetry

of the Patterson funotion.
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In the Harker section P(U,#,W), Pig.III, there is a
large veotor{ P (U,7,¥) = 109} whioh is marked G. This
veoltor is caused by non-symmetrically related bromide ioms
and is tho vectors =) + X,y ¥y + Yoo 44 By = Bpe Thq |
observed and calculated positions of this vector sre (0,20,11)
and (18,5, 103, 11) respectively. The observed position has
its x- and y=- coordinates lying or the mirror planes U = 0
and v = ¥, This vestor occurs twice in the map the other
obaerved position being (20, 0, 11) with z- and y- coordinates
onVUe=%and V=0, Clearly this large peak arises from the
fusion of four smaller peaks near the intersecting mirror planes

due to laoik of resolution,

(5) STRUCTURE DETERMINATION

The ratioi{feH /%f%_ for chim onanthine dihydro-bromide
is 2,41 indicating that the first set of phasing calculations based
on the positions of the bromide iong alons should give a reasonable
approximation to ths correct phases,.

The Fourier programme devised by Dr. J.S. Rollett for
the DEUCE computer cammot conveniently be used for orystals
belonging to the space group P4,2,2. The high symmetry of this
space group requires very large computing time to calculate a full
three;dimensional synthesis., It was therefore advisable to change

the space group to one of lower symmetry. At the suggestim of
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Dr,T,A., Hamor, it was ocbserved that P41212 could be transferred
to the orthorhombic space group P212121‘ _This arises on

account of P41212 having 222 as a sub-point group to its

point group 422, P212121 contains four asymmetric units per
unit cell whereas P41212 contains eight per unit cell. Thus,
this transformation will require two molecules of chimonanthine
dihydrobromide to comprise the new asymmeiric unit, It was also
necessary to include symmetrically equivalent reflections in

all calculations having P212121 a8 specs group. In the three
dimensional Patterson syathesis, 2093 independent terms were
used, The extra 5Fof valuea for the Fourier calculations were
obtained by preparing s set ofﬂFO( velues from the original

2093 by interchanging the h and k indices but leaving the value
of ’Fol the same. These two sets of date together make up the
data to be used for 8ll future TFourier calculations. In pre-
°P8ripg the extra datm, veflections with indices of the type (h, k = h,
{ ) were not treated ir this manner. This resultod in 4003
structure amplitudes for inclusion in the Fouricr calculations.
If under these new conditions the origin is changed to (%, 0, §)

the space group effectively beconss P212121.

The first set of phasing celculations was carried out
using the coordinates of four Bromide ions. Two of these
Bromide ions had coordinates assigned to them from the Patterson

Synthesis., The other two were related to the first two bromide
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ions by tetragonsl symmetry. If (x, y, z) is a bromide ion
from the Patierson synthesis, théh its symmetry related
bromidefion has coordinates (y, x, =-3). An equal isotropic |
temperature factor, BQ o« 4.5 32, was assumed for each bromide
ion, The average discrepancy between observed and calculated
structure factors was 39.9%. A three dimensional Fourier

map was computed using the phases obtained and all 4003 [POI
values. This map was computed over one quarter of the unit cell
volume and drawn out on stacked glass sheets, parallel to (001),
to give s three-dimensional effect., The complete struocture of
the molecule could clearly be seen in this map. Ae expected
both moleocules in the asymmetric vnit were idontical in every
respect as they were related to each other by teitragonal
symmetry. The struoture found was seen to be the sam as one

of the two structures propoced by Hodson et sl (48), a faot
which aided the structure determination considerably. With the
exception of four atome out of the 56 atoms (excluding hydrogen)
in the asymmetric unit, all atoms had an electron density
greater than zeﬁ =3, These 52 regions of high electron density
were the only ones pregent reaching such a value. Thus the
determination of the structure at this early stage was straight=-

=forward.

An impzoved set of phases was obtained in the next cyocle

of structure faotor calculations. This cycle had the cocordinates




contour sections are drawn paralle to . Contour
vel lex-'3 except around the bromide ions, which are
s open circles, The first conto
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of all 56 atoms in the asymmetric unit inoluded. Exoept

for the four dromide ions, all other atoms were included as
carbon atoms and each atom was assigned an isotropic
temperature»faotor of Be = 4.5 2 2. The wvalue of R, the
discrepancy, fell from 39.9% in the previous cycle to 29.3%.

A second Fourier synthesls was computed using the new phases
and 4003 %terms, On drawing up this mep as before, it could

be seen that both molecules in the asymmetric unit were now
clearly resolved. Further, very few arsas of positive electron

density, other than those duec to etomic locations, remaimad.

'rom a consideration of peak heights it was now poasible

to determine which atoms were nitrogen atoms. Accordingly a

- third cycle of structure factors was computed including four
bromide ions, eight nitrogen and forty-four carbon atoms.
Each atom was sssigned an isotrepioc temperature factor
Bg= 4.0 E 20 The average discrepancy was lowered to 23..2%.
The third Fourier synthesis based on these phases by now con-
-tained very few areas of spufious eleotron density. This map
is shown in Figure IV. as superimposed contour sections drawn
parallel to (001). The corresponding atomic arrangemont is

g€iven in Figure V.

3. (6) REFINEMERT,
Using the atomic coordinates obtained from the third




The arrangement of atoms in the miecule corresponding
to Fige
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electron~density distridbution, a fourth cycle of structure faotors
was caloulated. Once more each atom was assigned an isotropiec
temperature factor ofIBQ = 4,0 %2. The discrepancy, R, was
lowered to 21.4%. Further rofinement of the atomic coordinates
was carried out by computing both{Fol ard ‘FO! Fourier maps. The
ivo sets of atowic coordinates obtained from theso maps were used
to correct the ccordinatee used in the fourth structuroe-factor
cycle, for termination-of-serios errors.

It was now felt that further refinement of the structure
by Fourier methods would not be very effective, Accordingly, it
was decided to refine the positional and thermael parameters by
the method of least squares. The agpace group of the crystal was
changed back to P41212 by the reverse of the process out lined in
section (3.5), Two cycles of least-squares ocalculations were
carried out using the DEUCE programme of Dr. J.S. Rollett (32).
vwhich refines three positional and six thermal parameters. The
first cycle used the coordinstes which had besn corrected for
termination-of-geries errors. After these two cycles, the value

of R stood at 17.1%.

Rafincment was completed by the calculation of a final

set of structure factors, each atom having the amisotroplic

temperature factors calculated in the second cycle of least squares.

The final value of R, calculated over 2093 observed structure

factors was 14.9%.




Fige VI, The arrangement of atoms in the molecule as
viewed in projection along the a - axis.
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The theoretical atomic scatiering factors employed in
the structura-facfbr calculations were those of Berghuis ot al
(30) for carbon and niirogen, ard the Thomas-Fermi (=f) values
for bromine (& bromide iom scattering curve was not employed).
The course of the analysis is given in Table I. The weighting
scheme used in the leasi-squares refinement was as follows;

[ e \FN/\F\ a2 |\ [T~ \F 1/ |F,y| if |Bp]F| whore
\F*\is constant. It was tsken equal %o the average value of ‘Fo\

(ebout 20).

3. (7)  RESULTS.

The finel atomic coordinates are listed in Table II

and the anisotropic temperature factors, b i j, listed in

Table III. Table IV conbelns the final values of Fo’ Fc and
o{ for the 2093 observed independent refisciions. The inter~
-atonic distances and valency angles calculated from the final
atomic coordinates are given in Tables V - VIII. The standard
deviations of the final coordinates were estimated in the usual
manner from the least squares residualz and are shown in Table
IX. The average cotimeted standard deviation im the coordinate
of a carbon ajom is 0.06 E? of a nijrogen stom 0o04§ E end of a
bromide ion 0,006 ﬁl From these results the average estimated
standard deviation of a certon-carbon bond is about 0.08 2, of
& carbon-nitrogen bond is ebout 0:07 E and of a nitrogen bromide

. . L}
ion bond of 0.045 A. The averags estimated stendard deviation of
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& valgenoy angle is about 4°.

Figure VI shows the atomic arrangement as viewed in
projeciion down the g -« sxis, The arrangoment of the molecules
in the unit cell is shown in Figure VII as seen in projection
down the b ~ axis, The bromide ions ars shown as large open
circles and the nitrogor atoms as small black circles. Distances
between bromide ions and nitrogen atoms are printed beside the

broken line linking the atoms,

(8) DISCUSSION

Shortly aftoer commencing this analysis, Hodeon et al as)
on the basie of chemical ovidence suggested four structures which
could be taken into consideration for the siructure of chimonanthine
(x) - (Iv), However, of these (IV) wes recently acsigned to
calyeanthine (5!,52), and Hofmann degradatior indiceted that (III)
was alsc unlioly. Zinc dehydrogonmniion of calycanthine, which
has a preformsd quinolcquinoliine skelston, givas calyecanine (53),
(¥v), (52) in 8% yield. Chimonanthine on being treated similarly
gave only traces of calycanine (< 0.1%) lending suppori to (I) or
(22) veing the correct siructurs, Hodson g% al (42) also showed
that the alkeloid folicanthine (41) is almost cortainly bie - N(a) -
methylchizonanthine, Mors vscently (54) the alkaloid celycan-
thidine was proved to represent the intermediate stage in the
methylation of chimonanthine to folicanthine., Chemical evidence

doss not




(1) ()
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distinguish structures (I) ard (II) but support for (I) as
being the correct structure came from the mass-spectral
observation that the molecule exhibits easy halving., Folican=
~thine and calycanthidine were shown %o behave in a similar.

nannexr.

The final results of this structure analysis have
established the congtitution and etereochemistry (apart from
absolute configurstion) of chimonanthine to be as in (I). It
follows thaet calycanthidine amd folicanthino must be (VI) and
(VII) respectively. Chimonanthine dihydrobromide is therefore
(VIII) and is given with the atomic numbering system used in

the text and tables of results.

The chimonanthins molecule congista of iwo cheslcally

and stereochemically identical halves of formula (011 P N,.H Br).

i

Rings C and ¢l are fused eis- to rings B and B respectively.

The two halves of the molecule can in theory rotate freely
sbout the single bond, €(11) - C€(11'). In the crystal the
molecule adopts o cis- conformation iz which the benzene rings
ar¢inclined st en angle of 60°. The mean molecular plane
calculated by tho mothod of Schomaker gt al (47) through the
atoms of benzeno ring A has oquationj

0.133 X 4 0,156 ¥ + 0,972 2 =~ 14,105 = O
where X, ¥, Z are coordinates expressed in Angstrom units

referred to orthogonal azes &, b end g. This ring is planar to
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within 0.013 Z, Simi;arly the meen plene through the atoms
of benzene ring Al is,

00352 X = 00697 Y + 0.625 2 « 9,512 w 0
and the ring is planar to within 0,019 A. The equation of the
mean plane through atoms Cl, ¢2, €3, €4, C5, N6, C7, Cl1l, Cl2
iss

0,131X + 0,199 ¥ + 0,971% = 14,097 = O
and ig planar %o within 0,017 Z._The equation of the mean plane

3 1 012t 10

through atoms c1', c2', ¢3%, c4*, os', mél, o7%, ou1
00313 X = 0.679 ¥ + 0.664 2 = 9,810 = 0

and is planar to within 0907ﬁu The planes through the atoms of

rings B and B1 are planar o within 0,017 A end 0.071 i

respectively. Thus it can be sesen that rings A and B and rings

1 and Bl are, within experimental error plenar as one would

A
expect., Table X gives the deviations of atoms from various
planes in the moleculs.

3 can in no way be consgidered

However, rings { and €
planar, The mean molecular planes through these rings are only
planar %o within 0,162 A and 001953 respectively. In these
rings, atoms G9 end 691 redpectively lie out of the plane so that
the rings adopt the so-called "envelope"” configuration. In
chimonanthine theo adoption of this configuration is very pro-

=nounced and is probably caused by steric repulsion between

3 2 1
atoms N6 end C13 in ring € end atoms K6~ and Cl3” in ring C»
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The mean plana oaloulated through atoms 013, NB; C9, Cl0 of

ring C is planar to within 0.057 30 This high degree of
planarity of these atoms is unexpected, but is due to the ring
having a folded appearance which when viewed from above resembles

(IX) not the more usual appearance (X)

10 10
] u
B q B q
7 8 2 e
3
(1x) (x) 3

The angle betweeﬁ {the mean plane through atoma C7, §8, €10,

Cll and the plane through €13, N8,C9, €10 is 72°. In »ing

1 1

1
Cl the masan plsne through atoms 01319 8", €97, Cl0” is planar

(o]
to within 0.096 & and is imclined at an angle of 64° to the

1 1l

plane through stoms C7°, N8*, €10, 0113, 1In ring C, as atom 09

- does not lie in the usual configuration but is forced to lie
neare;rgenzene ring; the methyl group at Cl3 ig forced further
away from aitom W6, HNeasurement of @& stendsrd Dreiding model
gave a (1 - (9 distance of 4.45 % whereas the value found in the
molecule is 4,07 A, The N6 ~ Cl3 distance obsorved is 2.914
whilst the model gives e value of 2.55 i, Below is a list of
non-bonded distances compared with the corresponding distances
in a standaré nodel, which illustrate the configurstions of

rirgs € and Glo
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Ring C Obzerved Heasured Observed Ring cl

¢l - 9 4,07 4.45 3,89 a1l - ¢t
€5 ~ €9 3049 3.90 . 3044 o5’ - o9’
€5 - €33 | 3,99 3.60 3.80 o5t - c1st
6 - C9 3,19 3040 3,16 56> - co
§6 - €13 | 2.91 2,55 2,72 6'- ci3t
9 - c12 | 3.19 3045 3.04 cot - c12t
€10 - €13 | 3.75 3,60 3,80 o10* - c13%
Cll - €13 | 3,77 3,60 3,77 cu1t - o3

The average length of the carbon-carton aromatic bond is
1.39 K which ayrees favourably with the length of 1,395 2 in
benzene. The individuél values vary from 1.34 i t0 1.44 3, a
variation which is not significant whoen the standard deviation of
OaQBK of an aromatic bond length is considered, The average
carbon-carbon singis bond length between spsa hybridised carbon atoms
is 1.54 29 in good agrsement with the accepted walue in diamond
of 1.545 2, The averags carbon-carbon single bond between szu
and SP3° hybridised atoms is 1,52 zvagain in good agresment with
the accepted value of 1.525 4 (54).

The carbonenitrogen bond-lengths show a greater spread,
varying from 1l.36 3 to 157 3, However, these are not all of
the same type. Three types are present, carbon (apzo,hybridieed)
= nitrogen, carbon (3p3a hybridised) - nitrogen and carbon (595-
hybridised) -B*. The carbon (gpzo hybridised) - nitrogen bond

[+]
length has been measured in scetanilide (56) as 1.33 A, in
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2 = chloro - 4 - nitroaniline (57) as 1,37 X, in calycanthine
dihydrobrogide dihydrate (51) as 1.40 £, in echitamine bromide
methanol solvate (58) as 1,38 § and in ibogaine hydrobromide (59)
a8 1,40 3, The average value found in chomonanthine of 1.43 i
agreas reasonably well with most of these valuos. The average
carbon (spg) = nitrogen bond longth at 1.44 does not differ
significantly from, the acceptod value of 1.47 & (55), the
calycanthine (51) value of 1.44 A and the echitamine (58) value
at lo43 i,

In chimonanthine there are six ¢ (ap3) - ¥ bonde varying
from 1,41 £ %o 1.57 2 with en averago value of 1,50 £, This
variation in length exceeds the stendard deviation of 0.075 K
of this {type of bond. However, wide varietions in the length
of this bond in molecules conteining several such bonds are
frequently observed, Cslycanthine (51) has six such bonds which
vary from 1.43% A - 1.56 & (average 150 ﬁ)e The values 1,51 A
in d 1 alphaprodine hydrockloride (60), 1.503 A in (+) - Dos -
(oxymethyiena) ; lycoctonine kydriodide monohydrate (61), 1.506 A
13‘2.; methadone hydrobromide (62) suggest that the average valuo

in chimonanthine is reasonably good,

The average bond angle of the two benzene rings in
ohimonanthine is 12009 equel to the expected value. Rings B and
1
Bl have an average value of 107,6° whilst rings C and C~ have a

value of 10406 The aikaloid echitamine (58) hes a ring system
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almost identical to the ring systems ABC and A]'Blc1 in ohimonan-
thine, In echitamine, the equivalent of rings B and 31 has
an average vaelency angle of 108° and the squivalent of rings

¢ and 01

has an average valency angle of 106°, In five membered
rings average valenoy angles consistently smaller than tetrahedral
have been reported, in hydvoxy - L - proline (106°), (63),
isoclovene hydrochloride (105%), (64), himbacine hydrobromide
(105°), (65) and olorodin bromolactone (106%), (43). These
wvelues are &onaiatent with “ho non-planarity and conssquent

angle defomration in cyclopentane (66). When a five-membered
ring is fused %o an aromatic ring (as in chimonenthine) or
incorporates a double bond the average valoncy angle is slightly
larger than in the above examples. In browmogeligerin acetate
(67) the average valency angle im the cyclopentonone ring is
107%, in 5 - bromogriseofulvin the equivelent angle is IOS?EQLTho
valuo of 107.6° in chimonanthine is consistent with thesa results,
The average totrshedral bond angle in chimomenthine 4is 110° in

favourable egreement with the accepted value of 109° 287,

In the orystal the positively charged molescules and the
bromide jons are held together both by the normal ionic forces
end hydrogen bonds, Tho nitrogen atomebromide ion hydrogen bonds
involve the indole nitrogen stom and ¥* atom in ome half of the
molecule the corresponding nitrogen atoms in the other half of the
molecule not boing bonded ir this fashion, Each of the




Fig.ViI, The crystal structure of chimonanthine dihydrobromide

as viewed in projection along the b -~ axis.
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oerystallographically independext bromide ioms hes twe centacte
‘.00: vith two nitrogen atoms in different noleosules., Broaide
(1) bas acntaots of 4,008 and 3.43 £ with nitrogen atonms of the
type B8 and 56 rospeotively whilst browide (II) has sontaots
of 3,068 snd 3,308 with nitrogen atoms of the typo N6 and we'
zespootively. These sontacts are ghowm in Fig. VII whieh showe
ths oontents of the mnit oell im projaction down the B - axis.
The Br (I) - !’61 distanoe of 5.43? oorrosponds £0 o weak hydrogen
_bond and is cimilaxr $0 ths values of WH - Br distances im
echitanine dromide methanol solvats (58), celyoanthine dihydrodromide
dihydrate (51), ivogsine hydrobromide (59), and im eystine
iih'drobroniao (69). T™e Bx (II) - 36 aistance of 5.162 0OrYOD~
ponds $0 @ hydrogon hond and ie in agreoment with the equivalent
distances in codeine hydrodromide (3.17 g) (70), strychine
hydrodromido (3.17 :) (71), end ibogaine hydrobromide (3.23 1) (59).
The angles CT' - N8 - Be(1I)s 05" - ¥8® - B (11), 0231 - me! -
32(XT) are 116%, 105°, 114° respectively indicating the kydregen
dond 1ies tetrahedrally slong the §' ~ H benmd,  The closest
sarbon-brouide ion distance is 3.76 4 betwoen C4* (vi) and Br (I)
a value greater than the average value of 3.62 X found in similer
ocompounds, The elosest approash between two chimonanthine
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acleonles is 3.262 between CA of the reference moleocule (x,y,s)
and C4 of the molecule related to it by the tetrsgonal symmeiry
operation (y,x,-z).
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TABLE I

COURSE OF ANALYSIS

Operation Data Used Atoms Included _R% Space Group
3D Patterson Synthasis 2093 “ = gwnum
let 3D F, Synthesis 4003 4 Br 39.9 P2,2.2,
2na 3D F, n A003 4 Br + 52C 29,3 "
3vd 3D F, " 4003 4 Br + 8N + 44C 23,2 "
4th 3D F, " ) -
and w 4003 4 Br + 8Y + 44C 21.4 w
ist 3D F, "
1lst Least Squsres Cycle 2093 2 Br + 4§ + 22C 19.1 g”_.,mwm
2ng  ® w  on 2093 2 P + 4N + 220 17.1 P4,2;2

5th 3D F, Synthesis 4003 4 Br + 8§ + 440 14.9 .mmpmp.m
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TABLE II

ATOMIC CO-ORDINATES

(OQiggn of co-ordinates as in "International Tables")

x/a
0.7967
0.7670
0.6668
0.,6007
0.6302
0.6303
0.6774
0.7690
0.7340
0.7252
0.5073
0.7016
0.6986
0.7823
0.8641
0.8582
0.9096
0.8899
0.7932
0.8022

/b
0.4854
0.5813
0.6053
0.5361
0.4449
0.2788
0.2363
0.2581
0.3136
0.4192
0.1977

© 0.3649

0.4311
0.4912
0.4812
0.4132
0.3051
001697
0.1830
0.2895

s/o
0.4351
0.4280
0.4330
0,4435
0.4527
0.4689
0.3850
0.4115
0.4600
044479
0.4127
0.5779
0.6161
0.6248
0.5988
0.5576
0.5048
0.5449
0.,5187
05057




TABLE II (Continued)

x/a
0.7815
1.0587
0.5710
0.6039
0.9423
0.9607
0.4868
0.9715

79«

b 71}
0.3584
0.2324
0.3692
042065
0.3873
0.2134
0.1069
0.0758

/o
0.5487
0.5380
0.4647
0.4268
0.5262
0,5122 |
0.5537
0.4173 -



80,

PABLE III
ANISOTROPTC TENPERATURE-FACTOR PARAMPTERS (b, 10°)
333 Bo2 Bs3 5P b5 B3
661 663 182 «17 10 «700
899 627 182 -92 - 2 ~141
638 555 174 ~60 -63 - 46
965 681 106 243 -9 229
551 705 143 ;51 ~-101 921
453 710 174 ~58 44 -299
619 324 104 85 179 - 73
534 457 124 -39 - 51 912
421 1063 217 ~305 -44 -636
592 45 175 175 115 703
892 607 197 2 -4 933
961 274 277 ~11 63 82
&9 885 216 ~19 ~49 -507
750 286 1:39 69 ~172 ~869
468 422 196 -247 103 400
886 753 85 -9 -216 287
675 232 116 46 48 ~195
802 858 263 13 475 434
296 564 163 199 82 256
577 566 191 5 131 294
5356 552 178 =152 18 429




=11

266
415
47
639
541
681

694

659
593
736
606
505
735
667
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TABLE III (Contd,)

Bs3

123
182
101
135
128
209

192

b

=12

- 26
=151
=332

bos

- 18

-64
- 57
8l
-80
-6

-49 .

bys
301
155
396
254
119
-89

418
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6, - ©,
C, - 03
o5 - ¢
€4 = 0

C5 = 01
Ci12= G
C = Ty

Bg = Cq

Cq = 0y

11 = %2
7 = Yg
NB -09

c
c

C9 ~ €39
10 = Cy3

84,

MOLECULAR DIMENSIONS

Interatomic Distances (R) gnd_ingles

- s an s an ob de

TABLE V.

Intramolecular bonded Distances

1.41 oy - Cy'

' 1.44 . Gy = 0y
1.36 o5 - o
1.35 Cyr = Og'
1.35 Cg' = Cpp'
1.42 G2 = &y
1,38 Ost - Hgt
1,51 Ng' = Cq'
1.54 Cq' = Cpy!
1,52 €13 = G2
1.55 o - Hg
1.57 Ngt - Cg'
1.49 Cg' = O30’
1.58 C10' = Cn2'
1.41 g = Oy

1.58

Cy1 = Cpy'

1.38
1.44
1.34
1.45
1.34
1.36
1.49
1.36
1,51
1.52
1.48
1.45
1,53
1.53
1,55



TABLE VI

IABLE VI

INTERBOND _ANGLES.
116° 0 =01 -y
119 0f -¢p -0,
121 0 =05 - ¢y
120 05' - G - G
121 Gy = OG5t = Cpp
123 C5' = O30 gy
104 C1p' = Cyy' = Cp
104 Opq' = Cot = g1
109 C;' - Hg' - Gy
113 NG‘ = G5t = Cpp!
109 Cg' = Cpp' = Oy
103 €13’ = Cy0' =~ Cy!
106 Cig0 = Cg' - DBy!
101 Cg! = Ng' = Oy
108 Ng' = Cp» = Gy
105 G7' = %' - Gy’
117 Cg' = ' = Cp3 !
119 Cq' - Hg' = Cp3'
128 €' = Cp' = Cpy'

120°
119
123
114
124

121

96
117
100

113
110

99
106

97
111
103
114

110
129



04“05“N6
N6-07-N8

Cyo = Cy3 = Cyq'

10~ %3 - Cpy
Cq = Cy3 = Cqy'

C., = C

12 =~ %11 - Gy

125
111
116
110
112
109

86,

TABLE VI (Contd.)

04. - 05' - NG‘
NG‘ - 07‘ - Fg°

Ci2' = Cy' - Cyy
l-c

0

1n' "~ 1
Cp' =~ Cyp' = Cpy

[}
Cyp' = O33' = Oy

123
121
109
109
124
115



01 - N6

o1 -
ol -
01 -
02 -
C3 -
C4 ~
c4 -
05 -
¢5 -
o5 -
¢5 -
§6 -
¥6 -
F6 -
N6 -
09 -

010 - 013
011 - 013

0l -
0l -
cl-

c7
c9
€10
c11
N6
c7
c11
N8
£9
c10
c13
09
010

Ci3-

c12
012

o5t

¥

o7t

3.62
3.6
4,07
3,26
3@85
3465

3.68
_3.64

3042
3.49
3043
3.99
3.19
3.47
2.91
3.45
3.12
3.75
3.77
3+93
3.45
3.50

.

TABLE VII
(6) LAR _RON - BOND D

ot
aa!
nl!
o1t
02!
03
C4
04
C5
e5
05
c5
§6*
56"
w6

N8

o9t

1
1

1
1

- 6t

- oT

- 091

- c10t
- o112}
- m6*"
ot
- o1}
- 55
- c9t
- 010
- c13*
- o9*

- c10*
- c13*

- o121
1

1

- C12

010" - 013

el - o1zt
€9 - Ci1

C10
cl0

1

- get

- 071

1

3.64
5499
3.89
}.25'
3.83
3.74
3-57
3.75
3.36
3.44
3.49
380
3.16
5.53
2,72
3,36
3.04
3,80
3.77
3.74
3.84
3.24
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TABLE VII (Contd,)

o1 - o1t

3.32 - 010 - C16 3,06 .
a - o2t 3.51 010 - c12t 3,92
¢5 - o1t 3.66 o11 - o1t 3,26
05 - c11t 3,53 c11 - o5t 3.42
o5 - o1zt 3.53 11 ~ w6t 3,55
N6 - c1t 3.53 c11 - met 3,73

56 - cuat 3,56 o1t - oot 3,73
56 - c12* 3,70 c12 - 1t 3,56
o7 - o1t 3.30 o2 -5t 3.48
¢7 - c10' 2,95 012 - w6 " 3,73
¢7 - c12t 3,19 c12 - o7t 3,41
§8 - 610 3,62 ' c12 - c10t 3.92
¥ - c1x* 3,66 012 - c12t 2,93

9 - ciot 3.99
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PABLE VIII
INTERMOLECULAR DISTANGES 4.0 &
c3 « ¢3 (i) 3.77 C7 - Brl 3.86
c3 - C4 (1) 3.76 #8 - Bri 4.00
03 -c2t (1) 3.7 €10 - BrIl 3,680
03 - o3 (1) 3.80 - €13 ~ Brl - 3,98
c4 ~ 04 (1) 3.27 ¥8® - Bril 3.18
¢4 - €5 (1) 3,76 ¢9* - BrII 3,82
ca ~ 02X (1)  3.64 c10* - BrII 3,97
013 - 13" (i1) 3.98 F6L - Brr (11) 3.43
69 - c13% (411) 3.9 BeII - c15t (41) 3.84
C10 - €13 (iti) 3.92 9 - BrI (1i1) 3092
62 - 63% (v)  3.92 BrII - C4 (111) 3.80
c2 - 04l (v) 3.7 BriI - €5 (ii1) 3.90
62 - o5 (v)  3.89 BrII - W6 (1i1) 3.86
c2 -~ 091 (v) 3.82 BrII - €13 (iii) 3.84
e3 - 09t (v)  3.68 BrI « €AY (iv) 3,76

C9 - C13 (vi) 393
The figures in parenthesss refer to the following
oequivalent positions.
1) 5, z, -2 (1) y + 1, x4 %
(121) 2+ 3, § oz, 2oz, (iv) 1} - 3, ~dex, £ + 3.
(v) fey, 1fx, ¢+ 8 (vt) 1% -y, x4+
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TABLE IX

o
STANDARD DEVIATIONS OF THE PINAL ATXOIC CO-ORDINATES (4)

Atom S(x) (3 EAO)
cy 0.053 0,057 0,067
¢, 0,060 0.059 0,061
Cy 0.053 0,052 0,057
cy 0.058 0,053 0,059
Cg 0,052 - 0,056 0.067
¢, 0.054 0.053 0.062
Cg 0.056 0,061 0.066
C10 0,052 0,052 0.054
Cyy 0.049 0,046 0,056
G0 0,043 0.042 0.059
01’3 0,053 0.056 0.070
WX 0.048 0,050 0.064
Cy 0,055 0,056 0.066
o5 0,059 0,057 0.071
Oy 0,056 0,064 0,065
Cg' 0,044 . 0,041 | 0.053
0 0.049 0.047 0,060
Cy' 0,059 0,056 0,060
Cy0° 0,053 0,054 ' 0,061
€3t 0,050 0,043 0,057
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TABLE_IX (Continued)

STANDARD DEVIATIONS OF THE FINAL AT:OI0 0O-ORDINATES gZ)
Aton S(x) s S(s)
¢y, 0.052 0,051 0.057
015' 0,061 0,063 0,077
Ng 0.039 0,040 0,049
Ng 0,047 0,044 0,052
N ' 00040 0,044 0,055
Ng! 0.041 0,041 0.051
Brl 0,006 0.006 0,007
Bril 0.006 0,006 0,007



TABLE X,
DEVIATIONS SA! OF THE ATOMS FROM VARIOUS PLANES,

Plane through bensene ring atome Ci, C2, C3, C4, €5,012

1 1

‘b Plane through bensene ring atoms 1Y, c2t, o3%,c4?, cs?, c12l.

Plana through atoms Cl, €2, 3, 84, 65, W6, C7, C11, €12,

1

0
d  Plane through etoms c1t, c2l, o3t, cat, cst, wed, c7%, enl, mel.

sson & B e a
a (1Y) -0.013 0.021 0,022 0,030
02 (21) 0,006  -0.00% 0.005 0,065
03 (31) 0.013 -0,028 0,017 0,015
04 (4) -0.026 0,036  =0,022 0,006
¢5 (5') 0.020  =0.0i6 0,007  =0,102
6 (61) - - 0,009  =0,048
o7 (1) - - «00024 0,208
w8 (%) - - - .
o (gh)y - - - -
010 (20%) - - . .
oy - - 0.0%1  -0.09
012 (12%) o0.000  0.011 0,010  =0,078

s (15%) - - - -
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4. (1) INTRODUCTION

In b ological systems, metal ions play a significant
role in meny processes. Appreciation of the variety of biological
reactions which depend upon the presence of a metal ion in greater
or lesser amount has grown steadily in rocent years. The part
played by metal ions in onsymatic procosses depends on the ability
of suoch ions to form chelato compounds with a wide variety of organio
materials. The metal ion can apparenily act iz ona of two rather
different waynm. Firstly the enzyme or protein molecule etc, may
be so tightly bound to the metal lon that it io only romoved by
vigorous chomical attack and oxamples of such strong pinding are
chlorophyll and the blood proteins. Secondly, the metal ion can
20% in g manner aimilay %o that in which 1t caialyses 2 nox-enzymatic
veaotion in which oage it ig readily split from tho enzyme or subgtrate.
Generally the iom is not specific and different metal ions will be
associated with different degrees of reactivity. Enazymes included
in this group include the phosphatases and peptidases.

The peptidases sre enzymes of low metal lon specificity
dbut although several metal ions assist their catalytic effeots,
individual ions have very different efficiencies. To explain
catalysis by this form of loose association between enzyme and
metal ion Hellerman (1) has postulated intoraction between onzyme,
subtrate and metal iom forming @ species in which the subtrate will
undergo some type of chemical change. This theory has had wide

acoeptance but 1ittls work hae been done to correlate ensymatic
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reaotion rates with the formation of the suggested ocomplexes.

The dipeptidase of glycylglycins is apparently catalysed
by several metal ions including cobaltous (CoII). Smith (2) from
spectroscopic work decided that cobaltous ilons formed exceptionally
atable conplexes with glycylglycine. The order of stabilities of
the glycylglycine chelates follows tho normal Irwving and
Williams (3) series,

co™t < m'T < cufl >zt

Williams (4) suggesited that Smith's complex was cobaltic (coIII)

which did not hydrolyse in the presence or sbsence of an enzyme.
On this basis Williams postulated structures (I) and (II) for the

cobaltous and cobaliic complexes respoctivelys

CH;“ NHS‘ - ‘_'.NQ':
8 Cu"‘ CHa
,C.é‘--—o-:? o |
-/ \.‘NH Z TNH-C=O
NV ?
U
o)
(x) (11)

Although the stabilities of many amino acid metal ion
complexes have been determined only a few peptido complexes,
notaebly dipeptides such as glycylglycime oz glycylsarcosine have
been closely studied (5) - (24) » Bjerrums mothod based on
the theory of stepwise conplex formation has usually been used
for the caleculation of stability constants. Datta and Rabin (10)

II
have ghown that cobaltous (COII) end manganous (Mn™~) complexos
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of dipeptides form in a manner similar to that for amino acids
and that a stepwise formation process appears to ocour but
peptide complexes with coppsr, however, appear to be more
complicated. Datta and Rabin (10) also Dobbie and Kermack (13)
discovered that if on equimolar mixture of cupric chloride and
glycylglycine was titrated with alkali three equivalents of base
were required to mneutralisc all acid species produced. It
stepwise complex formation occurreds

24 v
i

C + 607 == Cueet

Cu 6™ + 66" == Cu oG,

where GG ropresenis the anionioc form of glycylglyocine. Theroforoc,
for an oquimolar mixture oanly one equivalent of alkeli should ve
required for complete titration, Rabin (11) and Dobbie and
Kermack (13) offered similar explanations to accmunt for the uwo
additional acid dissociations from this 1 : 1 dipeptide - metal
complex.

The first ionisation with pK == 4.5 is absent in glyoylsar-
-cosine - copper l:1 - complexes. In glycylsarcosine (II1I) iteelsf

the peptide hydrogen atom of glycylglycire (IV) is replaced by e

methyl group,
Nﬂé - 032 - g - ? - Gﬁé = GOQE HH2 - 032 - g - F - 032002H
0O H
0 OK3
(111) (Iv)

and it is reasonable to assume thaet this dissociation is probably
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due to ionisation of the peptide hydrogen. The seocond
dissociation, pE= 9, oan equally well be asoribed to
ionisation of a hydrogen ion from a wator molecule co-ordinated
to the complex or to upiake of & hydroxyl ion. The iomisation
of this peptide has only been definitely showa to occur from
copper chelates. Thus, exiremely powerful interactions must
occur between the copper ion and tho peptide bond. Whether

the peptide carbonyl or nitrogen is involved is not immediately
apparant, Rabin considers that oxygen atoms rather than mitrogen
atous are involved, at least prior to the ococurrence of any
additional acid dissociations. Intergction with the peptide
nitrogen would lead to abolition of the resonance in the peptide
bond since any interaction would have to take place with the
long pair of electrons on the nitrogon, which is energetically
unfevourshl e. Examinastion of several similar compounds, includ-
-ing glyocindmide, glycylglycine, itriglycine and glycine ethyl
aster shows that & linear relationship exists between the

~ stability conastaanl of the complex and %the pK of the amizjo group.
If such a relationship holds, only features common to all the
compounds can be involved in complexing with metal ions. All

the compounds passess the structure (V),

B, N3
:mz % S~ 2
c c »
% {2 L4

”
-

C=0

C=0
. "4
x/ X

(v) _ (v1)
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and therefore (VI) ie the most likely struature for the complex.

If co-ordination %o the carbonyl group took place then such a

linear relationship would not be anticipated. The evidenae

suggests that no interaction ocours with the peptide nitrogen in

the initiel complex but this does not preclude such interaction
following on the ionisation of the peptide hydrogen. Indeed |

Rabin supports just such a change in co-ordimation site since, accord~
~ing to Maritell (15), copper has a great preference for nitrogen

rathexr than oxygan co-ordination,

To summarisc, Rabin (11) represents complex formation for
the copper-glycylglycine system as shown inFigure I (cannonical
forms of complezes A and B are shown to indicate thaet resonpance
stabilisation occurs) and it is interesting to compare these
structures with those proposed by Williams for the cobaltous and

cobaltic complexes, (III) and (IV) respectively.

The “ydrolysis of peptides depends upon the reactivity of
the carbonyl group at the peptide bond and if this can bs polarised,
susceptibility of the carbon atom to attack by nuocleaphilic species

occurs (VII). st
I :
02 Og-
(viI)

Carbonyl reaoctivity is almost absent in peptides due to compensate

~ing electron displacement from the peptide nitrogen (VIII).

—_—C £ N -
n \
[«] H

(viiI)

Wﬂﬂ, 7



/
NHz
C“ - e
| * ar K ﬁHl N 2+ /Nh
’Cao ¥+ Cao —= C—o--"Cu C'\\z c.2
A o e=o-rT"T "
[ | !
Wy <Oy CH,Co,” " ‘?
Cen\t}lex A
“9. NH2
Ke )“ \ /
ex = cw \‘
Somp R woar o 0GR N 2w
— [}
o C. /7: Q'.—.C.\ . :'
.,_| : +H® ®] .'
CHaCoy C¥ycoq"

K . NHZ
< 7
COMNQX B+MH0 = CHy 2+ @
- ]
A /: \ o
z ! oM
Chy €O5°
Co:«j:(ex C.
/Nﬂz Ka NH
=
c %-—c
NH \x}N/ \%-—-C—
(_HZCO:: | @ﬂn
CH¢0, / o
Cﬂzcon
Com?\ex D

Fiauge (1)
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Co-ordination of the peptide nitrogen to an ele¢trophilic spécies
however, such as a metal atom, M, will induce carbonyl activity

towards nucleophilic attack (IX).

\
o ¥

M
(xx)
Further, such co-ordination will favour scission of the peptide

bond and departure of the residue containing the peptide nitrogen

following nucleophilic attack at the carbonyl group. Co-ordination

to the peptide nitrogom will favour hydrolysis but if electron
withdrawai at this nitrogen leads to ionisation of the peptide
bydrogon, thon the resulting complex will, according 4o Rabin (11),
be inactive,

Kinetic etudies of the hydrolysis of glycylglycine have
usually been conducted at low pH Lawrence and Moore (16) have
carried ocut rate measurements in concentrated hydrochloric acid
and Martin (17) has studied the reaction in perohioriq - acetio
acid mixtures. It is generally oonsidered that these reactions
involve the protonated intermediate (X)

Vic)
5

”y
= 0
i
O, — CO,H

(x)

”O

8]

«a

: 4 \\.:“ﬁg
: Pl

€2
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Lawrenge and Moore (16) observed an inorease in the rate of
hydrolyeis on the addition of cobaltous ion but they did not
attempt to identify any complex species formed. Rabin, houvar;
has suggested a possidble structure (XI).

KH,
/ N\
fxz w2t

”

A rd
Ce 0’
\m;

{

CH, - 0025

(xx)

At the low pH used by these workers only traces ‘of such a complex
could exist but Rabin beolieves that sufficient will form to

oastalyse hydrolysis.

More recently Baman, Haas and Trapmen (18) have studied
the metal ion catalysed hydrolysis of peptides in alkaline solution.
4 large number of metel ions were studied pr:!.ncipgl among -ihioh
wero transition and lanthenide metal ions,further, these workers
noted that oupric ions in alkaline solution at 7o°c gave a
detectable catalytic effect. The main part of this work was devoted
to a study of how $het the catalysed hydrolysis of the peptide bond
varied with the structure of the amino acids comstituting the

dipeptide.
" In conolusion, we have attempted to show how the results
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of Dobbie and Kermaok (13) and Rabin (11) have suggested that of
the first two 13l copper-glycylglycine complexes ohly one will )
be hydrolyeagble., Rabin suggested that the first complex formed
between oupric ions and glyoylglyoine prior to ionisation of the
peptide hydrogen 'ehould undergo hydrolysis vwhilst the second
ocomplex should be unreactive. Therefore, at pH values
significantly greater than 4.5 hydrolysis of the peptide should
be inhibited. It was therefore decided to study the reaction

of copper-glycylglyocine complexes over a wide range of pH

values and a range of cupric ion concentration,

(2)  EXPERTMENTAL |
Although it was hoped to study the reastion at 5o°c it

became obvious that it was too slow at this temperature. According-
-ly it was decided to use a temperature of 85°c at whioch reactions
in sealed pyrex tubes indiocated appreciebly faster reactions than
those at 50°C. Temperature of the oil-filled thermostat was
initially achieved by means of & "Variac' bimetallic strip

(85 ¥ 0.5°C) 1latterly a mercury regulator and 'Bunvic! oirouit
relay switoh were used giving 85 ¥ 0.1% ..

Reactions were oarried out in sealed pyrex tubes and
each kinetic run consisted of about eight such tubes containing
approximately 4 to 5 m.l, of reaction mixture. The tubes were
supported in copper racks fitted with lids and were then suspended
in the thermostat. At suitabla time intervals they were removed
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and their oontente analysed, The pH was maintained ocomstant
by the use of buffered reaction mixtures, ohloracetio acid
buffers betweoon pH = 300 end 3,75, acotic acid buffers betwen

PH = 3.75 end 5.5 and 0.1 molar hydrochloric acid used to maintain
a pH = 1.0. One oxperiment was made at pH = 6.7 in which the
solution was unbuffered and was adjusted to the ;'equired PH by
addition of alkali. All r'eaetion mixtures were 0.2 molar in
the buffer acid anion since ssparate experiments established
that was sufficient to give the required pH conitrol. Since metal
ions were present, it waes impossible to use thermodynamic means
to caloulate the buffer ratios, and these were determined
empirioally. by measuring the pH of trial solutions with a
Cambridge pH meter and glass and cedbmel slectrodes. The pH
meter was standardised dally with two buffer solutions made from
Burroughs and Wellcome pH = 4,01 and 6.99 buffer teblets.

It was first necessary to devise an analytical process
for the analysis of glyoylglycine/glycine solution mixtures. The
complexes of ninhydrin with peptides and amino acids have long
been known as colourimetric tests for such materials. Lately
Yomm and Cooking (19) have succoeded in making the reaction
quantitative thus giving a useful method for estimating amino
acide and peptides. The méhod depends upon the formation of
colour vhen ninhydrin (triketo hydrindene hydrate) is treated
vith a substance containing & primary amino group. Glycylglyoine
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-conteins one such group and the hydrolysis products (two molecules
of glycine) give rige to two such groups. Therefore, the
course of the reaction can be followed by measuring the increase

in optical density of samples of the reaction mixture.

Hydrolysis reactions were followed in presence of
copper ions of concentrations 0,01, 0.02, 0.033, 0.066, 0.1, 0.3
and 0,0 molar and the reaction mixtures wers prepared in 50 m.l.
graduated flasks in the following manner. The correct weight
of glyecylglycine %o give a concentration of 0,01 Molar was added
then, the required quantities of acetic acid and scdium acetate
aolutions to give the chosen pH and finally an accurately moasured
volume of a concentrated standard Cu C 12 solution to give the
chosen copper ion concentration. The flask was then filled
with distilled water, shaken, and then chacked for pH to0 ensure
the chosen wvalue hed been obtained. About 5 m.l. of the reaction
mixture was then placed in the eight tubes comprising the
experiment and the tubes then drawn out and sealed. The remain-
~3ar of the reaction mixture_was analysed to give the zero time
optical density. In oxrder %o make an analysis the mizture had
first to be freed of cupric ions by precipitating as copper
sulphide with hydrogen sulphide under pressure and then filtering
under slight suotion through a hard filter paper (Whatman's No.48).

Two m.1l, of the copper free solution were made up to 20 m.1l., in a
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graduated flask with an 0.2K citrate buffet (pH = 5.5) and ome
m,1. of this diluted mixture was then analysed by the method of
Yemm and Cocking (19) in the following manner. The one m,l. of
diluted reaction mixture was placed in a test tube and to it

wore added 0.5 m.l. of citrate buffer (pH = 5.5), 0.2 m.l. of &
5% W/¥ ninhydrin - methyl cellosolve solution and then 1 m.l. of
"a potassium cyanide -« methyl cellosolve solution, Tﬁe‘test

tube was then placed in a boiling water bath for 40 minutes %o
develop the complex (ezeessive ovaporational losses were prevented
by plecing glass marbles on top of the test tubes). When the
now deep pmrple solution had cooled %o room temperature, 10 m.l.
of a 60% by volume othanol - water solution was added and the mix-
-ture stirred thoroughly. Tho optical density of thimp solution
was determined by a Hilger aad Watts Uviepek spectrophotometer

aﬁ wavelength 570 m # using 1 c.m. matched, quarts, stoppered
cells. Calibration curves vsing 0,001 molar glycine and
glyeylglycine solutions revealed that the ratio of optical densities
of glycine o glycylglycine for & given concentration was asbout
1.25. A1l future celoulations of degree of hydrolysis had to

allow for this,

- The oupric ohloriée; sodium acetate, chloracetic acid,
potassium cyanide, citric acid ana'ninhygrin used were Amalar-
reagents and the glycine and glyoylglyoine (B.D.E. "Laboratory
Reagent"”) were found to be chromatographically pure. The purity
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of the glycylglycine was confirmed by formol titratiom (20).

'.l'hroughout only grade 'A* volumetrioc apparatus was used.

(3) RESULTS.

Thirty kinetic runs were made and many of these had to
be repeated because of precipitation of copper acetate and
irregularities in the analyses (reproducibility was only 15%).
Table I gives a summary of all the experiments and each one is

given a number under which 1% is listed in Tables II - IX. Each

~run is defined by ite pH and cupric ion concentration and Tables

II - IX list the experimental quantities; +time in hours,

corrected optical density, and percentage reaction. The

. ninhydrin reagent was found to deteriorate through time giving

progressively lower results and as a result a check solution of
0.001 molar 'glycine was employed., If we let the optical density

of this solution measured at ¢ = o be = D° _ and optical density

G
measured after a time = t, be D'y.  Then if the optical denmsity
of the reaction mixture at time % is multiplied by DOG / DtG it

will be scaled o allow for any variations im the reagent which

mey oxist at time % .

The values of percentage reaction quoted for each reaction

were celculated as follovwss

If x = fraction of glycylglycine rescted after time ¢

‘giving an optical density D, and D, = optical density when i = o}
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e
7. Dt - Do = x (2 D°; - Do)

Sy x = (Dt = Do)

(2D°G - Do)

Dt =~ Do - xD_ +:2x, D°

and Percentage Reaction = 100 (Dt -~ Do) « « « « « «(a)
ol

vhere X = (2 :D°G = Do)

~ For 100% reaction, all the glycylglycine will be converted to
glycinevwhioh should result in a doudbling of the optical density.
However, the optical density of an 0.001 M glyocine solution is
about 1.25 times that of an 0.001 M glycylglyoine solution and
the final optical density should be 2.5 Do, If instead of this
numerical factor of 1,25.we used Doc then at complete reaction Diog%
2 % substituting in equation (a),

100 (2 b’ ~ Do) - 1006

(2 y° - Do)

Percentage Reasction =

ot 1is a constant for each :aaction as Doc and Do themselves are
constant; for any given feaction and these values of oL are given
for each reaction in Table I. The runs marked (=) in Table I
are due to J.M. Wilson sometime of this Department and of theses
‘runs 1, 2, 3, 4, 5, 6, 26 and 28 have no o value. In the
oaloulation of the extent of reaction of these experiments no
reagent correction was employed and the equation;

Percentage Reaction = 100 (Dt ~ Do
® 0 « 1O
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2ABLE X
SUMMARY OF EXPERTMEN®S IN TABLES II - IX.

2+

Ro. pH Ou K. c‘ No, pH
1% 1.0 0 . 16 4.0
2% 3,0 0 - 17 * 4.}
5% 35 0 - 18 4.3
4% 1.0 0,033 - 19 4.3
5% 1,0 0,30 - 20 * 4.6
6% 3.0 0,30 - 21 4.6
7 3.5 0,10 1,99 22 4.6
8 3,75 0,035  1.91 23 5.0
9 3,75 0,035 1,90 24 5.0
10 3.75002 1.9 25 6.0
11 3.75 0,02 1.95 26 * 6,67
12 4,0 0,10  1.98 27 # 5,5
13 4.0 0,066 2,01 28 * 5,5
14 4.0 0,033 2,02 29 5.5
15 4,0 0,02 1.96 30 5.5

# These runs due to J.M. Wilson.

Gue*

0,01,
0.033

M.

0.02
0.01
0.033
0,02
0.01

0,02

0.01
0.01
0.01
0:033
0.1 {zn")
0,02
0,01

o

2.02
2.01

2.02
1.90
1.97
2,03
1.91
1.96
1.96
2?04
2?03 .
1.96
1.95
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Tinme

0o .

24
72
100
120
316
744

TABLE 11
Experiment 1.
b1y % Rn
1.39 0
'1.67 13.0
2.09 33.}
2,18 37.3
2,29 42,6
2.76 65.0
3.52 100.0
Experiment 3.
Time Dt
0 1.41
32 1,37
408 2,10
864 2,58
1392

3,10

Experiment 2.

" Time

o
24
12 |

120

510

408

840

5645
82

It
1.39
1.46
1.62
1.73
2,36
2,56
5,18

% Bn
0
3.0
10,5
1645
46.0
55.5
85,0
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TABLE IXI
EXPERIMENT 4. EXPERIMENT 5
Zime Dt _£Bn © ime 2t £Bn
0 1.39 0 0 1,25 0
5 1.48 4.0 24 1.62 19,0
24 1.69 14,0 48 1.73 26,7
48 1.89 23,3 [ 2.04 30.6
196 2,62 58,0 120 2,20 50,0
456 3,14 83.3 164 2,19 48.4
290 2,42 62.0
729 3.08 97.0
EXPERIMERT 6. EXPERIMENT 7.
Zimg D2t ZEn Bime 2t £B8n
0 1,25 0
5 1.35 4.0 ) 1.37 0
10 1.44 9.5 14 1.54 8.5
24 1,48 12,0 24 1.59 11.0
48 1.55  15.2 38 1.68 15.6
77 1,76 28,0 63 1.74 21.9
120 1.92  35.0 96 1,93 27.5
168 2,13 48,0 143 2,21 41.0
290 2.41  61.0 244 2,61 60.5
312 2.39 63.0 355 2,91 T7.3
456 2,66 78,0 455 2.98 79.6

1238 3013 8802 ’
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TABLE IV

EXPERTMENT 8
ABET

Time Dt %GB

0 1.45 O
12 1,57 T3
18 1,65 11,3
24 1.68  13.2
37 1.69 13.6
48 1,73  15.9
61 1,75  17.0
90 1.86  23.7

115 1,92  26.6

PER 10
ACETATE_BUFFER
4 % % Bn

0 1.41 0

6 1.47 2.9
24 1.56 7.3
30 1.58 8.4
43 1.60 9.4
15 1.65 12.1
98 1.69 14.3
115 1.74 16.7

Time

0
6
24
30
43
75
98
115

EXPERIMERT 9
CHLORACETATIE BUFFER
¢ % Ba
1.44 0
1,56 -3
1.66 11.5
1.69 13.4
1.71 14,0
1.81 19.8
1.83 20.9
1,97 29.2
2,02 31.8
PERIMERP 11
CHLORACETATE BUFFER
i % Bn
1.41 0
1.47 2,9
1,58 8.4
1.64 11.5
1,66 12.9
1.70 14.9
1.75 17.4
1.80 20,2
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EXPERIMENT 12
Time Dt _%#Bn

0 1.42 0
15 1.86 22
23,5 1,99 29
38 2.23 41
47T  2.28 46
95 2.89 78

168 3.01 84.5
240 3.14 87

EXPE
Time Dt % Bn

0 1.425 0.
14 1,65  10.0
24 1,80 18,5
37 1.91  24.0
85  2.24 42.5

122 2,32 47.5

190 2,81 68,5

215.5 2.74  65.0

291 2,91 T4.5

528 3,07 81,0

114,

EXTERY 1
Time b 1] % 8n
0 1.425 )
14 1.74 15.5
24 1.95 21.0
40 2.23 35.0
65.5 2,52 . 54.5
134 2,96 75.5
EXPE 15,
Zime 2t R
0 1.435 0
5 1.54 5.5
23 1.66 11.5
63 1,90 24,0
100 2,01 29.0
133 2.13 35,0
EXPERTMENT 16
Time ot £B
0 1.42 0
14 1.54 5.60
38 1.70 13.80
65 1.82 19,50

134 1,99 28,0
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- DABLE VI
EXPERIMENT 17
Time ot ﬁ Rn Time
0 1.44 (4] o
14 1,72 14 5
22 1.78 17 12
31 1.86 21 24
44,5 2,16 36 29
86 2.35 45 60
91.5 2.45 51 77
162 2,64 60 101
163 2,80 68 172
3,12 83
EXFERINMENT 18

Time Dt % Bn

o 1.425 0

21 1.75 16

31.5 1.86 22

44,5 1.97 27

103 2,352 44

117 2.39 48

143 2.47 52

/ 309 2,82 70

622 3.08 83

PERIMERT 1

2t % Bn
1.46 0
1.54 4.3
1,68 11,2
1.79 17,0
1.84 19.8
2,00 30.5
2,13 35.0
2,18 40.5
2.43 51.0
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JABLE VII
EXPERTMENT 20
Pime Dt £ Rn
0 1.4 0
14 1.64 11
24 1.76 18
42 1.92 26
86,5 2,26 44
122 2,52 61
190 2.98 73
268 3.06 17
526 3.24 a7
EXPERIMENT 22.
Time o
0 1.45
5 1.51
12 1,64
24 1.69
29 1.73
60 1.91
7 2,04,
100 2,09
172 T 2.27

21

31.5 -

44.5
103
117
143
309
622

% Bn
0
3.0

9.5
12,5

ot

1.42
1,67
1.82
1.86
2,17
2,26
2,33
2.59
2,79

4.5

25.0
30,5
35.0
43.0

EXPERINENT 21

12
20
22

N
45
58
69
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EXPERIMENT 23
Timo ot % Bn
0 1.46 o
12 1,70 12
20 1.76 15
32 1,79 17
44 1,83 20
49 1.88 22
67 1.99 28

146 2,22 39
EXPERIMENT 25
Time  _Dt % Bu
0 1.46 0

405 1053 305
11 1.55 4.9
217 1.61 Te5
35 1.67  11.0
- 54 1.73 14.0
72 1.79  16.5
168 1,92 24,0
192 1.94 24.5

TABLE VIIT
BXPERIMENT 24
Pime n % Bn
0 1.44 0
9 1.56 6
21 1.65 10
45 1.77 16
50 1.82 18.5
55 1.84 20
69 1.88 22
EXPERIMENT 26
Pime Dt % Rn
0. 1.44 0
19 1.44 0
68 1.54 4.4
143 C 1,63 8.5
337 1,94 22,7
1340 2+34 41,2
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DABLE IX
EXPERTMERT 27 EXPERTNEN? 28
Pine ot % Rn Tine ot % Bn

(1} 1.40 0 (1] 1.40 (4]

5 1.40 0 5 1.48 4
24 1.51 5.6 10 1.57 8
52 1.68 14.2 24 1.77 18
96 1.84 21.8 52 2,06 33

216 1.94 26,1 96 2.62 59

1560 3.05 8l.2 840 3.29 g2
g;ggg:usnr 22 EXPER;!E!Z 20

Moo D% % En Time ot % Bn

0 1.44 0 0 1.47 0
25 1.62 9.1 12 1.52 2.4
48 1.74 15.7 22 1.55 4.3
T 1,83 20.0 36 1,63 8.3
96 1.9 24.3 49 1.68 12,2
144 1.98 28.5 61 1.70 13.2
168 2,01 30.4 67 1.76 15+4

85  1.80 170



£2) "1ax3
| (6] "1dx3

(82) _.A.Exm

s-s =H({ - | NYe,

X ‘Old



299 anv ,o,.mm_:.n o

.,. o NY %o




119.

; 7& RJF = 199—122—:—221. * » & o ¢ @ s 0 o o (b)

" 1¢5 Do

was weed,

Plots of percentage reaction versus time for each kinetic
run are given in Figures II - XI and each run is referred to by
its Table I number., Where pogsible all experiments made at one pH
are given in the same figure., Experiments 1, 2 and 3 were oarried
out with no copper iom present and all others had copper present
except run 28 which had 0.1 ¥ sinc ions instead., Rung 9 and 11
were ocarried with chloracetic scid buffer at the same pH and metal

ion concentrations ae & and 10 respectively.

(4) DISCUSSION

Although errors in the anslyses lead to the experiments
beingsemi-quantitative, several interesting features emerge. From
Pig.II it is seon that the presence of copper ions in the concentration
range O - 0¢5 molar has no effect oﬁ the veaction rate at pH = 1.0.
These experiments have (withim experimenial error) the pame rate and
are ell zcid catalysed. A% this low pH vslue wery little complexing
takes place between copper ions and glycylglycine. As the pH is
raised the rate of the purely acid catalysed reaction decreases
until at pH = 4.0 no reaction was observed after 1,300 hours. This
observation of decresasing réte with decreasing hydrogen ion concen=-

~tration is in accord with other examples of this type of catalysis,
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0.8. esters. After 100 hours the extent of reaction (interpolated’
from Fig. II,III and IV) for the unoatalysed reactions at PH values
1.0, 3.0 and 3.5 sre 39, 15 and 10% respectively.

The increase in catalytic effect in the presence of copper
ions ag the pH is increased from 3,0 to 3.5 is most readily seen
in Figs, III and IV when it is olear thet the catalytioc effect is
greater at the higher pH. The extent of reaction after 100 hours
is the same for each run (within oxperimental oxror) despite tho
concentration of copper ioma being ome third of that at the lower
pH (= 3.0). At this sitage, copper-glyoylglycine comploxing has
commenced and it would appear that that catalysis proceeds via a

complex.

Rabin (11), believes that Complex A (Fig.I) will undergo
hydrolysis and that Complex B will bo inactive. The Lormation

conatant of Complex A igs defined ass
[ Cu GG%']

Le®*], [ae™ ]

where [cuca“'] ahd [GG°] are the concentrations of Complex A

Kl"’

and the anionic form of glycylglycine respectively. Loss of the
peptide hydrogen from cuGG+ gives Complex B whosa atability coanstant

ig dofined asy

_ _Longelln*]

Ke T ]

where [cuGG] is the concentration of ComplexB. Clearly the formation

and subsequent decomposition of Complex B will depend-upon the PH
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of the solution. In order to determine which cmmplexes are effective
in increasing the rate of reaction it is necessary to calculate the

relative concentrations of eomplexzes A and B in solution,

In the pH range 3.0 - 6.0, the totel concentration of
glycylglycine, [6¢ ) ie given by
Lea,) = [cuee*] ~[ouoe]+ 2 [ouos,™ ]+ [ae™] + (06 )+ (oo

- (1)

where[cu GGZ'J ig the ooncentration of Complex D (Fig.I) and [6a"]

S
and [GG ] are the cationic and szwitterionic forms of glyoylglyocine
respectively. Similarly, the total concentration of cupric iona,
[Cng"'} s 18 given by, '

2+ 24 4 -

Lea?*] =lew®] +[euoe*)+ [omoe]+ [ousa; ] - (12)

The formation constant of Complex D is defined asg

[cu GG'Z' ]
[ouce], fec- 1

also for glyeylglyecine,
X, = [“""]:[H ]
Toc™]
-
and K, = [ee”){g")
[’}

Substituting these constanis in equation (1) we gats . -
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[_Gco] - [cuse™ ] [cm:c‘”] + [ouse*] [m*] [ [8%] +1) +[ouse™]

("] (N g [ r. (o)

+ 2, KK, | cuee™) 2
k[ 8"].[cu®*])

gnd on rearrangement equation (i) becomes;

[ cués*] - 1 ea,]

1+ Kc‘ & 2'K2-Kc~[GGaJ + [H.b:l ( : S 1)
(2] iz*] K, K[ cu®*]

1 s St
K. { Cu J"]

Similarly eguation (i) can be expressed in terms of [CuGGB glving;

w (4i1)

[cu%] = [q‘!-] - {GQ‘% H‘Ll [‘H-:-:! [H+ 2]
1+ -é-c- + 2.1(2.[(}91 ] + m&k](l % mﬁ;‘.‘ +'—-ﬁ'—b-, )

- (1v)
Equations (iii) and (iv) assume constent ionic strength,and activity
coefficients were assumed constant, further copper - buffer acid

complexing wag omitted.

If we define n as the average number of ligand molecules
bound by each copper et any stage in the process of complex formation
 (JoBjerrum (21) ) then using the equations of Dobble and Kermack (13)

for the value h at eny pE at which it 1s expected to be less than one,

we haveg

(3 - 1) (X - 8) = b -
7 Ey .[Cug“”]_(z +E,/ [B1) =)
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vhore X = [06,] / [cu®*] ana
1.;13}'% +[E]/K K

Baving obtaimed B, [G6” ] mey be obtained frem,

Lea”] = [oc)) - & .0 oud*] _ - )

ol

Rewriting equation (ii) in terms of [Ouzﬂp

{Gu +] . [Cu‘?]
1e g fee”)+ £k Lee"]+ x,.x,.K [007] e
[="] [H*']

Thus by consscutive use of aguations (v), (vi) and (v:li) we can find
the values of [GG } and {Quz ]the unknown quantities in equations
(111) snd (iv), |
Using constent valuwess Ky 53.05'-'889 K, » 105"269 K, ® 107425
E, = 107837 ang &, = 107712, (13}, and taking values of [ga;}= 0.0
molar and {Cua""} = 0,01 and 0,02 molar, #eluss of | Cu 66~ ] and [Cu ce)
were calculated in the pN renge 3 to 7 and are shown in Table X-
Figure XII shows ( Cu G(} ] vez‘*eua pH the upper curve correspunding to
[cuz"] e 0,02 molaz ard the lower to {cuz"] w 0,01 molar. As can
do aeen,, both curves have a maxinmm at pH = 4.2, For a comparison
of Fig. XI¥, the extent of reacf;:ion after 100 hours foz; experiments
with [0u2*]e 0,01 molsr is plotted egainst DH, Fig.XIII, sud the
results given in Table XI. Tt is seen that ag the pH is varied
from 4.0 to 7.0 the ezﬁem‘: of reaction passes through a meximmm at
'DE w 4.2, Experiments with [cu®*] = 0,02 molar and 0,033 molar
treated similarly give the other two curves on Fig.XIII» Haxima

again ocour at asbout pH = 4.2. 1% is clear that these ocurves are
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PABLE X,
ee® = 0.,01M , cu?; =« 0,014 | GGo = o.onk
?E cu?* = 0.02M
cuse”™ x 10°u Cues x 1078 cuce® x 10°M
3»0 2303 1n3 4399
3.5 97.1 - 154.1
4,0 215.0 105,0 301.,0.
4.3 241.9 - 311.,0
4.5 226.6 - 276,0
550 . 125,7 556.0 145,0
5«5 4497 - 4505
6.0 17,0 161.0 17.4
7.0 1.8 53.3 1.8
8.0 0,2 5.6 0.2
.PABLE XI
EXTENT OF REACTION AFTER 100 HOURS.
pH cu®” = 0,014 cu* = 0,028 |cu®t = 0,033
3075 = 15ao 2500
4.0 19,5 31,0 46.5
403 4095 4655 52&0
406 34@5 3705 5095
5.0 27,0 34,0 -
5¢5 19,0 22,0 24.5
6.0 18,5 - - .
6.67 11.5 - -
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closely parallel and that the maxinms oorresrond closely to the
'lmax#mum in concentration of Cu 667 (Fig. XII). It is

likely therefore that at physiological pH's, hydrolysis of glycylglycine
proceeds vis Complex 4. (XII).

/2

CH, \\\‘
! 2+

CHéCOQ

(x11)
This result is in complete agreement with_Rahin‘a (11) postulate

that, the first complex formed between cupric ions and glycylglycine

should undergo hydrolysis. He further stated that ionisation of
» the peptide lJydrogen from the first complex shall result in a
complex resistant to hydrolysis., It is seen in Table X that

CuGG has a concentration maximum at pH=Z 5.25 (in reasonable

PR PR SR D n R T DR

agreement with Dobbie and Kermack’s {13) value of pH = 5.5) and
that at physiological pH's CuGG is present in greater quantities
than cuGe?.

It has been observed that the loss of the glyceylglycine
peptide hydrogen %0 form the inactive cbmplex occurs only when
oupric ion; are present. With no hydrolysis-inhibiting complex
present thersfore, one would expe§© with metal ions such as Niz*,

2n2+, etc. thet apprsciasble hydrolysis couid be achieved even
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at pH = 7,0, Oao experiment to teat this hypothesis was made
at pH = 5,0 and 2t o 0.10 molar (experiment 28). After
100 hours the extent of 'reaé*bion vas 59% compared with 24,5%

at the same pH but a cuplric ion concentration of 0,02 molar
(experiment 29). Meking the reasonable aaémﬁion, sino ddes
not complex so strongly to glycylglycine as oopper, this result

lends support for Rabin®s (11) conclusions.

in calculéﬁing the extent of complexing in solution, no

acooui‘zt was takmn of copper-buffer complexing., It is clear that
this is present and Ainﬂuences the reaction rate directly.
Experiments 8 and 10 :i-h acetate buffer ware ekaofxly similar to
experiments 9 and 11 in chlioracetate buffer. It can be seen
(Fig.V) that in the presence of chloracetic acid the hydrolysis
rate is faster, Percenté.gga of reaction after 100 hours ai;e
as féllowsx

Experiment 83 30.5% Experiment 1035 18.5%

Bxperiment 93 25.0% . Experiment 1l 15.0%
The corresponding stability constants for copper-aéetate copper
chloracetate complexes at 25°c ares

acetic acids ILog K, = 2.24 N

Chlorecetic acid; Log Ky = 1.61 (Lloyd -.9:'- al (22) )
respectively. The stronger complex of cupric ions with acetate
ion results in less copper being available for copper =
glycylglycine complex formationo Thﬁs oxperiments 8 and ld are
slower than the oe&esponding. ghloracetate buffered experiments
9 and il. | '
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Since the results are only semi-quantitative in nature

it is not ppasible'to formulate the kinetics o this ieaotion.v
Prom pH = 3.5 - 6,67 in presenbe of cupric ion the reactions were
only first §rder for about 5 hoﬁrs and linearity of first order
plots only oocﬁrﬁed during this périodo Increasing deviation took
place as the reaction proceeded ahd is probably due to the copper
complexing with the reaction product, glycine. Two complexes are
formed in copéer-glyoine solution, CuL+ énd Cung whoso formafion

can be represented as:

et 1 Ko ocut*
> e Ky
Cul,’ + L = 0uL2

where L~ is, FH,~CH,-C0, . Tor cut”, PE) = 8,5 (12) and the
corregponding glycylglycine complex has ?Kl = 5,868 (13). Thus
glycine by complex Formation removes increasing quentities of
cupric iomse in the solution. This resulés in a complicated system,

where the active complex, cuGG+, 2% any given pH will decrease in

concentration as hydrolysis proceeds causing the reaction rate to

fall and the reaction to deoviate from first ordeyr kinetics.

Although the results are necessarily semi-quantitwtive in

nature, the work hes led %o some interesting conclusions. It has

not been possible to study the correlation between rate of

hydrolysis and cupric ionm concsniration, although & non-linear

relationship would eppear %o hold.  HNuclear magnetic rosonance
studies over & wider range of pE and cﬂz* vaelues would probably

complete the study of this reactionm.
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(5)
(1)

(2)

(3)
(4)
(5)
(6)
(1)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(18)
(16)
(17)
(18)
(19)
(20)
(22)

(22)
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The Structure of Cedrelone

By I. G. GrANT, Miss J. A. HamiLton, T. A, Hamor, R. Hopges, S. G. MCGEACHIN
R. A. RAPHAEL, J. MONTEATH ROBERTSON, and G. A. SIM

THE molecular structure of cedrelone,! the principal
constituent of Cedrela toona, Roxb., has been
elucidated by both detailed X-ray analysis and chem-
ical investigation. Our results define the constitution
and stereochemistry (apart from absolute configura-
tion) of cedrelone as (I; R = H).

Elemental analysis and an accurate mass-spectro-
metric determination of the molecular weight of
cedrelone gave the formula CyqHggOj. Cedrelone has
the following spectral properties, vy 3400 (OH),
1674 (af-unsaturated C=0), 3100, 1505, 878 (furan
ring) cm.™Y, Aqax 217 (e 11,800), 279 (e 9100), and
in base Ay, 327 mu (e 5530). Acetylation under
mild conditions afforded a monoacetate, the spectral
properties of which [y, 1770 (enol OAc), 1702
(«B-unsaturated C=0) cm.™; Ay, 222 (e 16,400),
shoulder at 245 (e ca. 8000), 320 my (e 170)], com-
bined with those of cedrelone, suggested the presence
of an enolised «-diketone function similar in en-
vironment to that of diosphenols in the limonin
series.2 That cedrelone possessed a second enone

the appearance, on mild catalytic hydrogenation, of
a band at 1705 cm.™! (cyclohexanone) in addition to

1 Dutt and Parihar, J. Indian Chem. Soc., 1950, 27, 77.

16, 41.

function in a six-membered ring was suggested by -

(CueMISTRY DEPARTMENT, THE UNIVERSITY, GLASGOW, W.2)

the diosphenol carbonyl! band at 1670 cm.™L. This
was confirmed by epoxidation of cedrelone, which
gave a monoepoxide CygHgOg, Vmax. 1720 (a-0xy-
genated cyclohexanone), 1680 (diosphenol) cm.™,
Amax. 201 (e 7200), 276 mpu (e 10,700), whose ultra-
violet absorption curve on subtraction from that of
cedrelone gave Apay, 225 mu (€ 7300). Cedrelone,
recovered from base-catalysed deuteration, showed
no C-D absorption in the infrared region, which is
in agreement with structure (I).

The nature of the remaining oxygen atom was
indicated by the ready conversion of cedrelone
acetate by the boron trifluoride—ether complex
into an isomer, isocedrelone acetate, v,y 3400
(OH), 1765 (enol OAc), 1695 (diosphenol), 1665
(cyclohexenone), 1060 (C-O stretch of hydroxyl)
cm.™L Apay. 210 (€ 23,100), 238 my (€ 26,300). Sub-
traction of the ultraviolet absorption curve of the
acetate (I; R = Ac) from that of isocedrelone acetate
gave Aypay 242 mp (e 13,200). By analogy with
similar rearrangements in the limonin series,® the
structure (IT) is postulated for isocedrelone acetate.

Prolonged treatment of either cedrelone or iso-
cedrelone acetate with hot agueous-methanolic

2 Barton, Pradhan, Stemhell and Templeton J 1961 255; Arigoni, Barton, Corey, and Jeger, in collaboration with
Cagliotti, Dev, Fenm, Glaner Mclera, Pradhan Schaﬁ'ner Sternhell, Templeton, and Tobinaga, Expenenna, 1960.
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potassium hydroxide gave a ' carboxylic acid,
CpgH3506, Vmax. 3450, 3250 (OH), 1705 (CO.H),
1670 (cyclohexenone), Amay. 235 mp (e 20,000),
which readily gave a monomethyl ester. Since the
acid no longer possessed the diosphenol function the
most probable structure is (IIT), formed by benzilic
acid rearrangement. The ultraviolet absorption is
consistent with the presence of both the enone in
ring A and the vinylfuran chromophore.

The X-ray study was carried out with cedrelone
iodoacetate, the crystals of which belong to the

orthorhombic system with cell dimensions a = 697,
b = 27-44, ¢ = 13-74 A. There are four molecules in
the unit cell and the space group is P2,2,2,. Three-
dimensional intensity data were recorded on Weissen-
berg photographs and were estimated visually; in all,
1285 structure amplitudes were evaluated.

The co-ordinates of the iodine atom were obtained
initially from Patterson syntheses. The z-co-ordinate
is close to zero, so that spurious symmetry in the
early stages of the analysis made the location of
atomic sites rather more difficult than usual. After
three rounds of structure-factor calculation and
Fourier synthesis, the carbocyclic rings B, ¢, and D
and the epoxide group were firmly established and

the biogenetic relationship to limonin®2® (IV) was
evident. Thereafter the elucidation of the structure of
cedrelone iodoacetate as (I; R = CO-CH,l) was
straightforward.

The sixth three-dimensional electron-density distribu-
tion over the molecule of cedrelone iodoacetate shown

by means of superimposed contour sections parallel
to (001).

The average discrepancy between measured and
calculated structure amplitudes at the present stage
is 219%,. Further refinement is proceeding. Super-
imposed contour sections illustrating the sixth three-
dimensional electron-density distribution over the
molecule are shown in the Figure.

Cedrelone, like limonin, is clearly a triterpenoid of
the euphol (V) type? from which four carbon atoms
of the side chain have been lost and carbons Cgy to
Ci2g) converted into a furan ring. Ring c adopts a
boat conformation and ring A a half-boat conforma-
tion. The latter stereochemical feature is presumably
partly due to steric interaction between the 28- and
29-methyl groups and the oxygen substituent at
position 6.

The calculations were carried out on the Glasgow
University DEUCE computer, by using programmes
devised by Drs. J. S. Rollett and J. G. Sime. We
thank the Department of Scientific and Industrial
Research for maintenance grants (to 1.G.G., J.A.-H,,
and S.G.McG.), the University of Glasgow for an
I.C.I. Research Fellowship (to T.A.H.), the Tropical
Products Institute for supplies of Cedrela toona, and
Mr. J. H. Beynon (Imperial -Chemical Industries
Limited) for the mass-spectrometric measurement.

(Received, August 8th, 1961.)

3 Arnott, Davie, Robertson, Sim, and Watson, Experientia, 1960, 16, 49; J., 1961, 4183.
4 Barton, McGie, Pradhan, and Knight, Chem. and Ind., 1954, 1325; J., 1955, 876.
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The Structure of Chimonanthine
By L. J. GRANT, T. A. HAMOR, J. MONTEATH ROBERTSON, and G. A. SiM
(CremisTRY DEPARTMENT, THE UNIVERSITY, GLASGOW, W.2)

HobsoN, RoBINsoN, and SMITH recently reported!
the isolation from Chimonanthus fragrans of a new
alkaloid, chimonanthine, C,,H,gN,, isomeric with
calycanthine (I).2 By considering chemical and
spectroscopic evidence they narrowed the structural
possibilities to two formule (II; R = R’ = H) and
(III). We have now carried out a detailed X-ray
analysis of chimonanthine dihydrobromide, which
was kindly supplied by Dr. G. F. Smith, and
find that the correct structure for this alkaloid is
dl; R = R’ = H).

t\r/lle H Me R
g‘%) O
W
(0 H Me E' lr\\lﬂe (m)
- Me H
Ny N i

Sy

H f\'\/le (m)

Two other naturally occurring alkaloids, caly-
canthidine and folicanthine, have now been shown?
to represent successive further stages of methylation
of chimonanthine; it follows that calycanthidine
must be formulated as (II; R = H, R’ = Me) and
folicanthine as (II; R = R’ = Me).

Crystals of chimonanthine dihydrobromide (from
dry ethanol) belong to the tetragonal system with
cell dimensions a = b = 13-95, ¢ = 2667 A. There
are eight molecules in the unit cell and the space
groupis P4,2,2(or theenantiomorphous P4,2,2).2083
independent structure amplitudes were evaluated.

Fourier methods were used for the structure

The third three-dimensional electron-density distribu-
tion for chimonanthine dihydrobromide shown by
means of superimposed contour sections drawn
parallel to (001).

analysis. The third electron-density synthesis is
shown in the Figure by means of superimposed con-
tour sections drawn parallel to (001) and covering
the region of one molecule. It will be seen that in the
crystal the molecule adopts the cis-conformation.

The average discrepancy between measured and
calculated structure amplitudes at the present stage
is 21 %. Refinement is continuing.

The extensive calculations were carried out on the
Glasgow University DEUCE computer with pro-
grammes devised by Dr. J. S. Rollett and Dr. J. G.
Sime. We thank the University of Glasgow for an
I.C.I. Fellowship (to T.A.H.), and the Department
of Scientific -and Industrial Research for a main-
tenance grant (to LJ.G.).

(Received, March Tth, 1962.)

1 Hodson, B. Robinson, and Smith, Proc. Chem. Soc., 1961, 465.
2 Sir R. Robinson and Teuber, Chem. and Ind., 1954, 783 ; Hamor, Robertson, Shrivastava, and Silverton, Proc. Chem.

Soc., 1960, 78; Woodward, Yang, Katz, Clark, Harley-Mason, Ingleby, and Sheppard, Proc. Chem. Soc., 1960, 76.
3 Saxton, Bardsley, and Smith, Proc. Chem. Soc., 1962, preceding communication.
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SUMMARY

X-ray studies have been carried out on orystals of heavy
atom derivatives of naturally -occurring organic compounds.
Two structures have been successfully determihed in this
fashion; the triterpene cedrelone (C,g 330 05) and tho

alkaloid chimonanthine (C,, Hyg N4)°

Information on the structure of cedrelone was limited to
speotfal considerations alone, when a crystalline sample of
the iodoacetate derivative was provided by Mr. S.G. MoGeachin
of Glasgow, The structure analysis was hindered initially by
the lodine atom beling close o a special position in the unit
cell which gave rise to false symmetry in the initial Fourier
syntheses., The fourth Fourier synthesie, however, resulted ik
most of the structure being detemmined and thereafter the complais
structure was obtained and refined to give a discrepancy of,
B = 17.5%. The erystal aand molecular dimansions were in agreo-
ment with acocepted values although no attempt was made to locaie

atomic positions acourately.

Dr. G.F. Smith of Manchester University provided orystals
cﬁ the dihydrobromide derivative of chimonanthine en alkaloid of
the calycantbaceous variety. Chemical and spectral evidenca
had progressed to the stage whexre the structure was probably

ons of two possibilities. The first major problem in this
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structure analysis was the determination of the position of the
bromide ions in the unit cell of the crystal« There were two
bromide ions per asymmetric unit and the derivative crystallised
in the tetragonal systemj these two facts resulted in a very
complex Patterson map whioh required much study before a
solution was found® Thereafter the major problem was minimising
the extremely largo amounts of computer time required for this
analysis® The structure and relative stereochemistry of
ohimonanthine have been determined and the structure was in

fact one of the two structures proposed by the organic ohemioto,
The crystal and molecular dimensions agree with accepted values
within the limits of experimental accuracy and refinement of

this structure has been carried out to givo an average discrepancy

between observed and calculated structure amplitudes of 1479

The final section of this thesis describes the work
carried out under tho supervision of Dr® E®Gelles lately of
this Department® The copper ion catalysed hydrolysis of
glycylglycin®© has been studied over a range of pH values and
cuprio ion concentrations® It has been established that the
first complex formed between glycylglycine and eupric ions
(Cu GG+) is th© one responsible for catalysed hydrolysis and
that subsequently formed complexes inhibit hydrolysis® These
results are in agreement with other workers theoretical pro-

-dictionso
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The structure analysis of cedrelone was carried in
conjunction with Dr* J.;a* Hamilton of this department and the
kinetic studios were a continuation of experiments first

started by Ur. J.M» Wilson lately of this departmento



