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Auszug

Echitaminjodid C,,H,,O,N,J und Echitaminehlorid sind isomorph und
gehbren der Raumgruppe P2,2,2, an, Die Gittcrkonstanten sind a = 18,45 A,
b = 13,83 4, ¢ = 8,48 A; die Elementarzelle enthilt 4 Molekiile. Die Kristall-
struktur wurde aus Interferenzen Ak0, A0l und 0kl mittels zweidimensionaler
Fourier-Synthese bestimmt. Zur Ermitthung der Interferenz.Vorzeichen wurden
die Methoden des isomorphen Ersatzes und des schweren Atoms herangezogen.
Fiir 379 Intorferenzen meBbarer Intensitdt ergab sich zurl_ct;zt;r ‘R = 0,145, Der
Aufbau des Echitaminmolekiils wird festgestellt; es zeigt sich, dal dieses
Dihydroindol-Alkaloid insofern einzigartig ist, als in ihm zwei Fiinferringe zu
‘einem bootfSrmigen Cyclohexanﬁng langs einer gemeinsamen Bindung ver-
schmolzen sind. Die Lagen der Seitengruppen lassen sich unter Annahme
sochwacher intramolekularer W&sserstoffbmdungen gut erLI&ren

. Ahstraet

. The paper reports the detailed x-ray analysis of the structm'e of echitamine
iodide. This substance and the chloride which arc isomorphous belong to the
orthorhombic space group P2,2,2, with four molccules in the unit cell. The
axial dimensions of the jodide are @ = 18.45 A, b = 13.83 A e =848 A. The
structure has been solved from the Ak0, O and 0kl data by Fourier-projection
methods, use being made of the “isomorphous replacerent’ technique and the
“heavy atom’ method to obtain the phases of the reflections. The final R index
for 379 refloctions of measurable intensity is 0.145. The molecular configuration
of the quarternary echitamine ion has been established, and it has been shown
that this dihydro-indole alkaloid is unique in having two five-membered rings
fused to a ‘boat’-shaped substituted cyclohexane ring along a common bond.
The positions of all the side-groups are well explained by postulatmrr weak
mtramolecular hydl‘ogen bonds. :

- * Present Address 8. RAMASESEAN, Professor.of Phys:cs, Indlan Instituté
of Technology, Madras-36, India.
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Fig. 1. Various structures that have been pro-
pused for echitamine chloride -

Introduction

Echifamine (CpHygO4N,),
the major alkaloid derived
from the bark of the Alstonia
specieshaslately beenattract-
ing the attention of organic’
chemists. The alkaloid was
isolated! in 1875 and was re-
ported? later to have an in-
dole nucleus with 2 methoxyl
and a methyl-amino group.
Recently Govinpacrartand
Rajarea? established that

_ the chloride (CauHlON,C1)

is a quarternary salt and not
a hydrochloride as suggested
earlier. From spectroscopie
studies they also deduced
that the substance is a di-
hydro-indole derivative with
the two nitrogen atoms sepa-

_ rated by one carbon atom

forming a@-N-C-Nstructure.
Interest in the substance
seems to have been stimu-
lated by the appearance of

1 v, Group-Brsanez, Notiz
iiber em wmber dem Namen
Ditain in den Handel gebrach-
tes Chiningurrogat. Ann. Chemie
176 (1875) 88—89.

2 J. A, GoopsoN and T. A,
Henry, Echitemine. J.Chem.

" Soc. [London] 127 (1825) 1640t0

1648,
3T, R. GovINDACHARI and

. 8. RasaPPA, Echitamine. Proc.

Chern. Soc. 1959, 134; Echita-
mine: Confirmation of the pres-
ence of the N,—C-N, system.
Proe. Chem. Soc. 1959, 1549,
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these papers, and one partfial and three complete structures (Fig. 1)
have been proposed for the quarternary chioridle — 1 on the \
@-N-C-N model4, IT based on E,-dihydromavacurine’, III on the
strychnine-vomicine model® and IV based on methyl-ajmaline?.
Bircu, Hopsow, Moore, Porrs and Svrre? in a critical review object
to the three structures I, ITT and IV in the light of available evidence
and feel that the @-N-C-N system affords the best rationalization
of the data. Despite the controversy about the structure, purely from
chemical evidence, the presence of a dihydro-indole nucleus, a quarter-
nary nitrogen, CH,0H, COOMe, =CH—Me, N*—Me and OH groups
seems t0 be establishied beyond doubt. '

Investigation of the crystal structure of the guarternary iodide
and chloride was commenced by the present writers soon after the
appearance of the paper by Conrov®. The substances were kindly
prepared by Prof. T. R. Govispacmarr and the jodide and chloride
were chosen since Goopsox and HENRY? report that, “the iodide
crystallizes in the anhydrous state while the bromide a.lways contains
one molecule of water of crystallization. The chloride, on the other
- hand, crystallizes as ‘stumpy prisms’ with one molecule of water
when erystallized slowly from water, and as long anhydrous needles
when crystallized rapidly”. Chemical analysis of the iodide made in
Prof. GoviNDACHARE's laboratory showed that it was anhydrous
“having the formula CeH,yO,N,I. No analysis was done on the chloride
but the needle shape of the crysta,ls was taken to mdmate the absence
of water of crystallization.™~ Lo

Crystal data

The substances were in the form of pale yellow ﬂa,ky needles.
 Parsllel extinction under the polarizing microscope suggested ortho-
" rhombie symmetry. Table 1 gives the crystal and physwal data for

“¢chitamine jodide and chloride. The mea.sured value of densnty for the

4A.d. Bmcn, H.F. Hons(m and G F SMI'I‘I{, Eeh;ta.mme Pme Chem :
Soc. 1959, 224.7

% A, CHATTERJEE, S. ‘Gmosal and 8. GHosm MAJUMDAR Ech1tazmne, the
major alkaloid of Alstonia scholaris R. Br. Chermn. and Ind. 1960, 265—267.

¢ H. Covro¥x, R. BErNascon:, P. R. Brook, R. Iaw, R. Kurrz and K. W.
" RoBiNsox, The structure of echitamine. Tetrahedron Letters. No. 6, 1966, 1—-9.

7 D. CHAKRAVRATI, R. N. CEARRAVARTI, R. GHOSE and Sir RoBERT ROBIN-
sow, HEchitamine. Tetrahedron Letters. No. 11, 1960, 2526 -

8 A J.Birch, H. F, Hopsow, B. Moogs, H. PorTs a.ud G F. Spurn, Echit-
amine. Tetrahedron Letters. N“o 19, 1960, 356—42. S

i8*
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Table 1. Crystal data for echitamine halides

Echitamine | FEchitamine
iodide chloride
Formula-weight 512.4 420.9
Melting point 267°C 205°C
Space group Orthorhombic' | Orthorhombie
_ P2,2,2, - Dyt | P2,2,2) — Dyt
Axial dimensions in A units a- 18.45 17.29
- b "13.83 14.97
¢ 8.48 7.04°
Volume of the unit coll (3%) 2163.8  2085.1
Density (measured) gfem? 1.583 ‘

' Density {calculated) gfem? 1.573 1.261
Number of molecules per unit ccll 4 -4
Total number of electrons per unit cell F{000) 1040 896
Lmea.r absorptlon coefﬁclent for CuKx radaa.- 130 - .20

tion per ém U

iodide confirmed the anhydrous nature of the crystal. The differences
in cell dimensions which were obtained from rotation and Weissenberg
photograplis seemed to indicate that the lsomorphlsm between the
two halides may not be exact. - -

Intensﬂ:y data

"Intensity data were collected for the hk0, 0kl (I — 1 to 5) and
hOl zones with CuK« radiation employing the multiple-film Weissen-
berg technique. Linear integration® of the spots was effected by moving
the cassette in the direction of its motion through equal distances of
approximately 0.15 mm at periodie intervals using a simple serew
arrangement. Eight to twelve movements were normally made. The
intensities were measured visually with calibrated intensity scales
prepared from the same erystal with the spots integrated in a similar
manner. In the k0 zone there were 196 and 166 reflections of measur-

° K. STanLEY, A ome-dimensional integrating method for estimating the
intensities on. upper level equi-inclination Weissenberg photographs. Acta
Crystallogr. 8 (1953} 58—-59.
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able intensity for the iodide and chloride respectively, while in the
kOl zone there were 114 spots in the case of the lodide.

The ki reflections for the iodide were photographed with a needle-
like crystal of nearly cylindrical eross-section {r = 0.11 mm). There
was therefore no difficulty in obtaining the absorption factors. On the
other hand, the specimen used for getting the A0l data was not satis-
factory as it was obtained by cutting the crysta,l perpendicular to the
needle axis. Its dimensions varied between 0.16 and 0.48 mm. The
absorption correction was however applied assuming that the crystal
was cylindrical with a mean radius of 0.16 mm. No correction was
considered necessary Tor the chloride data. Lorentz and polarization
corrections were also applied for the different layers and the intensities
were approximately sealed up by WiLsox’s method.

hkO prolectlon

Tt was intended to solve the structure in projections owing to lack
of computational facilities for three-dimensional work. Though the
space-group has no centre of symmetry, it is fortunate that all three
projections are centrosymmetric (pgg*)for this considerably simplified
the calenlations. Since there are four molecules in the unit cell, with
tlie space-group having four general. eqmvalent posﬂ:lons all the atoms
should occupy general positions.

An hk0 Patterson synthesis gave the posﬂ;lon of Iod.me in fractional
coordinates. The phases of 70 reflections for the iodide and 52 for the
chloride were deduced with: some degree of certainty by the ‘isomor-
phous replacement’ method, true isomorphism being assumed. However
it was decided to proceed with the solution of the structure of the

iodide as it was felt that the ‘heavy atom’ method would be pa,rtxcularly

Lhoaine
ML Y I
ZZ it atoms

A Fourier synthesm with the 70 amphtndes confirmed the iodine

. position and in addition it showed a large number of peaks.. On making
a structure-factor caleulation putting seventeen atoms at the peaks,

all the atoms being assigned the scattering factor of carbon, the signs

of 66 more reflections could be deduced. In the Fourier projection

(Fig. 2) with these terms included, the phenyl ring and a five-membered

ring could be easily distinguished. The iterative process of Fourler

synthesis was continued incorporating more high-angle amplitudes

and omitting doubtful ones, until all 28 light atoms in the molecule

suitable here in the determination of phases (

* International tables for x-ray crysta,liograph_y, 1952, Vol. I, p. 63, No. 8.
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(excluding hydrogens) could be put at the peaks. A structure factor
computation assuming all the atoms to be carbons gave the signs of
169 amplitudes and the R index for the observed reflections was 0.28.
A fairly accurate idea of the scale and temperature factors (B = 2.6)
could also be obtained.

A subtraction Fourier synthesis with the temperature-corrected
iodine contribution removed from the observed amplitudes was next
made and it showed very much better resolntion. Caleulation of the

Ser

Fig. 2. Echitamine iodide. Second {A#0) Fourier syntheéis Contours are dravwn
at arbitrary mtervals. Positions where atoms were placed for the struchtre
: factor cotnputation are indicated by Crosses

structure factors for the ‘bad’ reflections with the atoms moved to the
peaks gave the phases of six more reflections, all of which made signifi-
cant confributions to the lodineremoved synthesis. The Fourier map
that followed indicated movements of eight a,toms and these when
made brought down the R faetor to 0.22. : '

In spite of this improvement there were large dlscrepa.ncxes in the
case of quite a few reflections. A difference-error synthesis was there-
fore indieated and this (Fig. 3) showed six atoms in deep negative
areas. On moving them to high positive regions, not only did the -
© R index come down to 0.19, bat most of the large differences were
considerably reduced, resulting in the signs of 33 more reflections,
moost of them medium to weak ones, being fixed. The most important
- sign obtained at this stage was that of 210 and it proved to be opposite




The structure of echitamine iodide 279

to that given by the heavy atom method. (¥, = +21.5; Fry, = —35).
This reflection made a large contribution of - 58.5 to the subtraction
Fourier which was subsequently made. A second difference synthesis
was simultaneously computed. S

The Fourier map showed mgmficant changes compared to the
previous one. The positive region had shrunk considerably owing to
the suppression of many spurious peaks and the positions of some
peaks had shifted. A structure factor calculation after making three

Nofer

Fig. 3. Echitamine iodide. Difference-error synﬁhesis (h0). Contours are drawn

at arbitrary intervals. Negative areas are indicated by broken lines. The atoms

that were removed on the basis of this synthesis are shown by open cireles,
their new positions by full circles and the rest of the atoms by crosses

atomic movements gave the phases of 192 out of 196 reflections. A
Fourier map including all these a.mphtudes formed the basis for the
identification of the molecule, full use belng made of tlie available
chemical data, ,

The hE0 Fourier map (Flg 4) showed very clea.rly a phenyl ring with
a five-membered ring fused to it. This five-miembered ring appeared to
be fused on to two other rings, one five-membered and the other a
gix-membered ‘boat’-shaped ring (dotted lmes) along a common bond.
The earbomethoxy group :
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is attached to the six-membered ring at the equatorial position. The
heavy peak at the centre of the first five-membered ring is due to two
atoms and is therefore presumably the Cand O of the CH,OH. This group
is attached tothe same earbon atom of the ‘boat’ as the ecarbomethoxy

b
2\ 7
el !
-
Ne
a
4 | D
14 .

a ) . . 2 .
Oc¢ MDre Co ol
- Fig. 4. Echitamine iodide. Final (££0) iodine rernoved Fourier projection and
view of the molecule down the e axis. Contours are drawn at arbitrary intervals
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group. An oxygen atom, probably the OH group, is attached to the
opposite end of the ‘boat’. The N*—Me and —=CH—Me groups counld
also be approximately identified although the manmer in which the
“latter is joined to the main structure was not clear. However, it was
obvious even ab an early stage of the work that none of the struc-
tures II, IIT and IV (Fig. 1) are compatlble with the A0 Fourier map
For deducing the strue-
ture, a model given by V
(Fig. 5) which satisfied all
the points mentioned above
wastried. Tt appeared tohave
the further merit in having
the p-N-C-N structure advo-
cated by both GoviNpa-
. ¢cHARI® and Birow®, and also
the same number of five and
six-membered rings as in the
structures of Coxrov® and
_ RominsoN7?. A structure-
factorcaleulationidentifying
the peaks according to the
model gave an R factor of
0.16 for the observed reflec-

tions and the unobserved .
Fig. 5. V shows the tentative structure propo-

ones also calculated quite sed for echitamine iodide and VI the correct
low. However, when the structure

three-dimensionalmodel was
made, it was found to explain all the peaks in the map except fwo
whieh eorrespond to the present positions of atoms Cyy and Cy.

At this stage information was received that Prof. J. M. RoBERTSON
had solved the structure of echitamine bromide. Prof. ROBERTSON
subsequently informed the authors that the compound used by him was
echitamine bromide with one molecule of methanol as solvate
{CopHoyO,N, Br, McOH. Space-group: P2,2,2,; 4= 1473 A, 5 =14.17 &,
¢ = 11.09 A) and he was also gracious énough to send a prepublica-
tion report of his work 1 which showed that the structure corresponded
to VI (Fig. 5). This differed from the tentative structure V in that Cy
was bonded to C; instead of to Cy,, making the Jower sm-membered

©.J. A. Hasurow, ‘P A. Hawor, J. M. RorerrsoN and G. A S, The
structure of echitarnine. Proc. Chem. Soe. 1961, 63—64. '

COOMe HOCH,

5 VI . Me
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" ring into a seven-membered one. With strueture VI, all the atomic
peaks could be most satisfactorily explained. A preliminary note!?
on the work done upto this stage was published. The existence of the
seven-merbered ring has been esta,blmhed beyond doubt in the other
two pro;ectmns

ROI projection

The ooordinates of the iodine atom in this pro;ect;on were obtained
from & Patterson synthesis, and the phases of 101 amplitudes deduced
by the ‘heavy atom’ method. The amplitudes were scaled up by com-
paring the axial spots (200} with the same reflections in the 2k0 zone,
An iodine-removed Fourier synthesis was now made but the molecule
could not be unambiguously identified. A structure-factor caleulation
“putting 28 atoms at the peaks gave an R index of 0.22 for the observed
reflections. Some large discrepancies for many low-angle spots sug-
gested an error-difference synthesis on the basis of which six atoms
were shifted to positive regions. The movements resulted in a fall of
the R factor to 0.19. Now using the three-dimensional model and the
kO projection, atoms were placed along the common coordma.tes,
and the molecule tentatively identified.

It was noticed that the phenyl ring and the atta.ched five- membered
ring were practically vertical in this projection with the iodine atom
also situated in this region. Thus owing to the considerable overlap
of these atoms, the identification in this region was uncertain. Also,
the. atom C,, could either be cis or frans with respect to Cg, and a
choice between the two eorresponding z coordinates- could not be
unequivocally made in this projection. The presence of a large peak
in the region (z = 0.667 in fractional ecoordinates) resulted in its
being placed frans to Cy. On the other hand, the second five-membered
ring (containing the quarternary nitrogen) and the six and seven-
membered rings were well resolved , and it was evident that Cy could
be linked only to Cj; and not to Cy;. The possible ambiguity was thus
resolved and structure VI confirmed. A structure-factor ealeulation
putting atoms according to this identification showed that the B factor
had risen to 0.23 indicating that a few atomic positions were incorrect.

A difference synthesis next made showed the iodine atom to be in
a steep gradient.' Small movements of 0.001 (in fractional coordinates)
indicated by a ‘least-squares’ refinement did not, however, lead fo

D H, Maxwomar and 5. RAMASESHAN, Thestmcture of echitamine iodide.
Curr, Sci. 30 {1961) 5-T.
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improvement in the structure-factor calculation, even though this
served to confirm the accuracy of the iodine position. Difference
syntheses made at this stage proved difficult to interpret and gave no
clear indication of movements of the light atoms. An unexplained
~ Ppositive region (at z = 0.767, z = 0.933 in fractional coordinates) in

PRl

Fig. 6. Echitamine iodide. Final (h0) iodine removed Fourier projection antd
identification of the atoms in the molecule. Contours are drawn at arbitrary
intervals : :
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successive ditference syntheses, however, sugcrested a slightly different
identification of the phenyl and attached five-muembered rings, the
new orientation of the molecule having the additional merit of tallying
better with Ak0 projection. These changes congiderably improved
many ‘bad’ reflections. A few more small movements of atoms followed
by a slight inerease in the scale factor on the observed amplitudes -
brought the K factor down to 0,175,

The refinement of the atomic coordinates was stopped at this stage
for the following reasons. The diffraction effects due to the jodine atom
could never be completely eliminated and therefore the coordinates
of atoms lying in its vicinity could not be refined. It was hoped to -
overcome this difficulty in the 0L projection where this overlap did
not exist. Again the non-uniformity in the dimensions of the erystal
resulted in considerable variation in the size and shape of the spots
and this affected the accuracy of the intensity data. These factors

' notwithstanding, the fairly good agreement between the F.’s and
Fs testified to the correctness of the identification of the molecule.

01 pm]ectmn )

Smce photographs had not been taken with the crysta.l moun‘bed
along the o axis, data for this zone were obtained by selecting the
appropriate terms from the Akl reflections (I = 0 to 5). The intensity
data were incomplete as amplitudes with == 6 to 10 were not available.
The intensities were corrected for Lorentz, polarization and absorption
factors!? and scaled up by comparing the %0 reflections in each layer
() picked out just as before from the hkl data with the corresponding
reflections obtained by rotating the crystal abous its & axis. A structure
factor computation using the & and I coordinates of the previous two
projections gave an £ index of 0.25 for reflections in the measurable
range. The calculation also gave the signs of 64 out of 63 observed
coefficients. A Fourier synthesis was made with the iodine contribution
removed. This map (Fig. 7) showed that the atoms of the phenyl ring
and attached five-membered ring were well separated with oniy C; being
close to the iodine atom. However, the resolution was poor with most
of the atoms lying in thr_ée large positive regions. Using the iterative
process of Fourier and difference syntheses, and comparing this pro-

12 W. L. Bovp, Equi-inclination Weissenberg intensity correction factors

for absorpiion in spheres and cylinders, and for crystal monochxommtxsed radia-
tion. Acta Crystallogr 12 (1950) 375—381. :




The structure of echitamine iodide . 285

jection with the other two, and the three-dimensional model, 12 atomic
movements were made and the R factor brought down to 0.195.

In this projection large discrepancies were observed for six intense
low angle refiections, the calculated values being greater than the
observed ones in everycase. This suggested a possible error in the

' "'\\ i . -
Fig. 7. Echitamine iodide. Final iodine removed Fourier projection (0kl), and
view of the molecule down the g axis. Contours are drawn at arbitrary intervals
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Lorentz and polarization factors which vary rapidly at very low and
high angles of sin?f. A ‘least-squares’ refinement. of the appropriate
cell dimension ¢ showed a small correction for £, the layer spacing, and
when the corrected Lorentz and polarization factors were applied,
most of the reflections showed considerable improvement and the
R factor dropped to 0.165. :

Interatomic bond lengths and valency angles were now caleulated.
Generally they agreed with standard values. However, two distances
C; —C,; and C,—Cy,; (== 1.75 A) were in error and this necessitated
large movements of Cy; and C,; fromh high positive regions in the 0kl
projection. Also the angle Cy;—Cy—C,, was found to caleulate as low
as $6°, again raising doubts about the correctness of the z coordinate
of Cyy. In fact a caleulation of intermolecular closest contact distance
showed that the assigned posifion was not chemically feasible. When
Cye was moved to the alternate position cis to Cy (z = 0.333 in frac-
tional coordinates), not only did the above mentioned angle approach

‘the theoretical value, but some of the existing discrepancies also im-
_ proved. The B index with these changes was 0.145.

Resulis

- The three final iodine removed Fourier projections and the iden-
tification of the molecule in the maps are shown in Figs. 4, 6 and 7.
The final atomic coordinates are listed in Table 2. These are referred

Table 2. Final atomic coordinates in the space group 'I5212121 Jor echitamine todide
expressed in fractions of the cell edges

Atom x iy C oz Atom | z | ¥ z
I 1 0.317 0.192 | 0828 Cy; 0.521 0.425 0.550
C: | 0.629 0.050 0.633 Cie 0.550 0.467 0.703
C, 0.673 —0.012 0.717 Cier 0.513 0.217 0.412
C, 0.725 1 0.013 0.833 Cus 0.400 | 0.217 0.308
C, ‘0.729 0.108 0.883 Cis 0.642 0.225 0.375
Cq 0.683 0.171 0.800 Cu 0.633 0.442 0.925
Ca 0.629 G.146 0.683 Cyy - 0.458 0.467 0,504
C,; 0.638 0.329 - | 0.725 Coy | 0.433 0.483 0.333
C, 0.396 0.246 0.642 N, - 0.679 0.275 0.846
Cy 0.525 0.325 '| 0.858 N. 0.583 0.392 0.808
Ceo 0.521 0.254 0717 | O - 0.500 0.133 0.473

- Cy " 0.692 0.383 0.617 0O, 0.467 0.267 0.300
Cp 0.658 0.421 0.458 Oy 0.633 0.229 0.208
AC]3 0.579 0.383 0442 | O, ' 0.742 0.448 | 0.675
Cu 0.579 0271 [ 0467 | . oo o0
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TFable 3. Observed and caleuluted structure f&uars for echitamine todine. The caleulations have been made

MR MM M H M NN e 300D DO S

R R R R R R BT R I B S R O L L L I O VR TR TR

with the atomie coordinates given in Table 2 for the asymmetric

I

000500 R000 B30 6800088 Y0D0acEdD00CRA000G00E0O000n@00RcC8 B3O 0G 508

FB
43.6
29.6

8.2
18,1
14.5

6.1

4.9
10.8

42.3
5.9
23,8

AE.4

%35
L]

bE R ]
1.1
L

3.9
12.4
2.2

F{ N
14,8
1.0

10.7
6.2

33.t
5.4

18.5
9.1
15.6

6.2
[eR
Ja.8
5.2

¥

]
- h9.7
28,3

— A&, B

18.9
2.t
161
a7
21
6.2
2.3
1.4
-1a.6
LI

2.3
2.3

‘1.6

- 101
15.5

- A5
0,2
6

- LG
2 1
14,6

5.6

- 0.8

- 110
7.2

1.1
&3.7
- 36.8
2.5
17.1

1n.e

5.9
12,5

WM W WD WA R m D@ D% D W @~

EY RN RPN RN

[T
e @ o

13

o

090 600Q090EAaBC000Y 00000 ¢ERO00R P®dDO0R00C0OE 000000 RA B o@E3000A0000C0% PO 000 O

Fﬂ

154

1t.6
1.8
6.7

5.8
21.6

20.7
175
0.8

5.3

10.5

“30.1

2.2
10.5
16.3

5.8

15-9
013

5ol

9.1

15.4
2.4
T4
6.8
7.1
%l
30,4
20.9
13.1
116
a7
9.0
10
1.7
20.%
5.7
5.6
3.0
%z
.5
1.1
bt
1.9

3.6
3.4
.0.!
[%
[N]
1351
19,5
5.4
3.5
“1.0
1.6
8.7
0.9
6.2
0.4
14,2

12,

ra.1

1.2
3.1

4.3
3.0

-17.9

13.%
w2
a.5

14.9
8,z
1.6
3.4
L)

P )
BRERE
H”hrlé@ﬂ]“upm_mfl’b\ﬂ\luu—'

15
15
3
13
17

15

19
13

‘oo

" 20

20
21
as
21
2

23

LR R I R R F O R I O R L R

EVIRY V)

o

11

[T I T

LI = R P

=

E

&

c oo RooOODO0OCadOoO0nd o000 S8 D0

o
[
o
a
a
1]
a
o
a
a
0
o
o
a
o
o
¢
e "
a
o
1]
o
o
2
2
a
1]
o
]
o
&
a
[
0"
a
o
a
@
]
o
o
0
o

1.7
2.7

35.5

66

7.5
23.3
38,0
3.2

unit containing one molecule

Fe
12.6
18.0

8.9

6.7

4.6

7.6
15.7

.8

1
10.8
1.2

6
5.4
a.3
6.0
2,6
a5
5.0
5.5
7.5
a.1
2.0

3.2
c.2
Iz
2.3
B

2.9

19,3

3.8

- b2 5

36.5

h

L . . T T B S T T T T T T N U T Y

¥

o
iy

RNt

1

© 98000 R OP 006 ELE P00 ReFo0R080CRAS2a0a88030C0STD 000D 00 000000008 60556000

¥

12.%
13,1
9.8

0.0
17.4

L]
20.%
21.%
=3

3.2
3k
8.2
1.3

12,4

7.5

16,2
8.9

.B
A5
.1

245

3.7

23.7
18,2
6.6

5.1
s
26,2

s
8.3
13.8
7.2
1.3
338
18.6
12,9
22,
225
10.9
1.0
8.8
8.1
8.3
306
1.0
1.9
8.1
16.8
105
Ja
27.2
166
2.5
1.7
H.0
L
1.5
3.1
3.7
5.3
LTS
A6
1.1
3.7
5.4
a.g
1.6
3.2
1.2
1.8
1.0
1.0
7.2
2.2
3.7
o.a
17.7
T
2,1
w7
6.8
7.9

20,8
€.9
4.8

21.9

12,6
5.7
o2
3.7

17.6

2k.6



288

11
12

4
a

12
14

IR IR

-

11
13

1k

L

10
12

[NV eI

TR

-
]

L I N R R T

A AS OO0 AEO000 a0 ROROY000 R OD 00 RAEEH 000000009 98 ROP OGP E 00000 s Ce 8O BE @O

1.6
1,8
%t
1.k
L]

17.8
12.9°
B3

3.2
10:5
143
1.3

a.7
bk
2%
9.1

10.4
7

6.0
1.7

6.7
ERY
3.3

WLt
T4

L4
6.1
3.5

55

3.5
‘2,8

'

2.4
2.3
11.8
0.1
0.4
=2
7.6
1.6
15.3
13.5
ue
1.8
3.6
10,5
12.9
10.3
2.8
8.5
6.5
5.3
9.6
1.8
1.0
9.5
6.3
2.4
2.3
%.8
0.4
2.a
L3
1.3
4.1
13.5
5.5
0.1
3.0
4.0
2.2
0.3
15t
1.8
.0
EX
L)
5.5
5.3

a1

5.7

1.5

o

Suhye
Ll SEE N IRE R

H.

989 oaDdo0eaeHPAAEAEI0ERRO00048REOCO0BAS0S0C0D000GE00000GaA0a o000 B

Mawomar and 5. RaMASESHANW

Table 3. (Conlinued)
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Table 3. (Continued)

F B ok 1 i 4 E L S
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o 7 1 162 16.6 o153 a9 &3 0 & 1 0.3 016 3 ~ 1.3
8 9 1 1.4 - 1i7.2 017 3 5.9 - 5.6 o i 128 -120 0t 4 109 12.%
Q11 2 6.8 L7 o 2 A 15,7 5.0 ‘012 1 12,6 14,2 03 a 13.9¢ - 18.9
013 1 R o L & - 57 [ TR 8.2 - 8.5 55 & 25,3 21.8
515 1 - 4,0 06 4 -6 - 2y a6 1 LN ) LI e 7 4 12.7 - 1a.%
517 1 2.1 0B & 16 7.3 12 A7 - N4 ¢ 9 4 10.B . 0%
¢ 2 2 33T 38.9 ¢ 10 4 8.5 - 6.3 *'3 2 e 1.3 015 & 11.7 11,2
% 4 2z ZLO -9 0z 4 . 1.4 8 5 2 . w262 6135 &  10.5 « 183
o 6§ 2 162 4149 1§ a 0.a ¢ 7 2 a2 11.8 015 & pH 5.8
o a8 2 13.6 9.6 015 & ~ 2.4 9 9 2 1.9 oz 5 143 S 1ME
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9 1 F  Jla - 391 495 %3 - 12,5 [N ] - 23 ¢z 5 B.2 - 7.4
03 3 IS 0.3 ot 5 7.8 7.8 0 43, a7 8.9 LRI ] 6.0 5.1
v 5 3 1L9 171 013 5 - .6 L -2.8 .

e 7 1 161 -30.% 015 5 LEEIE 2 0.7

-~ .5

The reflestions mxrked * could mut he reccrded am they weee tod off by the beam-cxtchar.

to the same origin as that given in the International Ta,l')les‘ Table 3
gives the observed and caloculated structure amplitudes for the three
zones. It should be mentioned that the contributions of the 29 hydro-
gen atoms have not been taken into account in the calculated am-
plitudes; norhavethe observed intensities been corrected for extinction.
The B values used in the AkO, 20l and Okl projections are 3.1, 4.0
and 3.6 respectively, the differences being obviously due to the slight:
inaccuracies in the absorption corrections. The final B factors for
reflections of measurable intensity in the three projections ave 0.127,
0.175 and 0.145 respectively, the over-all B mdex for the 379 reflections
being 0.145. -

" 'The interatomic bond lengths and valency angles dre shown in
Fig. 8 and their mean values are tabulated in ’_I‘a.ble 4. Since very‘
great aceuracy is not claimed for the Structure,' (the sccuracy of the

Table 4. Mean tnieratomic bond lengths and valency a:ngle.s

. Mean - . T Mean
Bond . value Angle L value
O (aromatic) : 141 A O—C—C (aromatic}) > .| 118°10"
c—C (ahphatle) 1.55 C—C—C (setrahedral) ol 110°12”
c=C : 135 | 000 oo )_119°010
- {double bond)
c—0 - 1.41 S o o B g R A
C—N 1.50
C=0 1.30

Z. I{rismuogr. Bd. 117, 4 . 19
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parameters of the light atomsis ~ 0.05 A, while those of iodine ~ 0.014)
small deviations from theoretical values are not of much signifi-

. cance. However, an explanation has been hazarded in the next section
in case of two angles (\,—C,—0, and C,—N,—C,, which show com-
paratively large discrepancies.

Fig. 8. Interatomic bond lengths and valency angles in echitamine iodide

Table 5 gives the intermolecular closest contact distances, There
are 16 contacts of atoms of one molecule with those of other molecules
with distances varying between 3.40 to 4.0 4 and these can be regarded
as normal van der Waals’ confacts. No evidence of hydrogen bonds
linking neighbouring molecules is available. The iodine ion is surrounded
by 11 atoms at distances less than 4.20 A satisfying nsual packing
considerations. ' ‘
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- Table 5. Intermolecular closesbdp?rbdéﬁdiétancés- .

Length . . Lcng!;h EEE R
Bond R Bon.d. e {A) .;' Bor}q ER A Re (A)
O f —0,11 - 3.69 CopT— O, - Ii—Cm ST 397
C,1 — Lyt 2.66 | QO
Gt —Cy' B2 U -Cnl*“{)am
Cgt —Cpit 3. 71 ¢ Cp—-Cynv -
O —Cptt 3.97 | Cl-Cp
€T —O 1 R X B o S 3 L
Gt —C™ 3.76 | O €,

At 398 | Og—CuT

. - membered ring Whlle the ( H2
—CH—CH3 is czs to G and tr

- Cy— 017 bond and the a,ctual dlSpOSltl group is. probably -

.. governed by the formation of CI-I——O_bo ds lmkmg 0, t0' €, and O,
to C,, making these distances a mlmmum “Iit i 'a,lso mt.efestmg 0
observe that the CH,OH group is vertlca.l 1n ‘the hk0 progectlon ‘with -

"0, being approximately symmetrically djsposed with respect to Cy

and C,;. This can be explained as due $o the eﬂfec_i_; of hydrogen bonds
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C . H—0, and O,H—C,,. The six short distances which suggest intra-
molecular hydrogen bonding are shown in Table 6. Finally the attach-
‘ment of C,, cis with respect to Cy; is, as mentioned already, governed
'by steric considerations, and farther stabilised by the formation of the
hydrogen bond CpuH—0,. The positions of all the attached groups are
thus very well explained on the basis of the structure.

Table 6. Skort distances suggesting intramolecular hydrogen bond formaiion

Bond Length (&) | Bond ..  Length(4)
N,—O, . 800 | o0, | © 307
0,—Cyy ) 2.92 0 ~Cyy | 2.81
0,—C, 2.96 0, —C ! 3.08

It may be mentioned in conclusion that the Fourier summations
were made with Beevers-Lipson strips and the rest of the computa-
tions using a Marchant electrical calculating machine. The analytical
expression of VAND, ErLaxD and PEPI\TSKY 13 wag used for computing
a,tomlc scattering factors.
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Note added in proof: The ball model shown in Figs. 4, 6tand 7 corresponds
to the enantiomorph of the molecular configuration given by the atomic co-
ordinates in Table 2. o

That the molecular configuration in the erystal corresponds to this ball
model has been subsequently’ found from the analysis of the absolute con-
fi guratlon of the crystal by anomalous scattering of x-rays (see H. ManomA®R and
8. RauasesHa¥, The absolute configuration of echitamine iodide, Tetrahedron
Letters No 22, 1961, 814—816). . . o

1 ¥V, Vaxp, P. F. Ereayp and R. PEPINSEY, Analytical representation of
atomie scattering factors. Acta Crystallogr. 10 (£957) 363—306.



