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structures!?). It is obvious that the restriction of the ex-
ploration thinking to the Paleozoic only has hampered
the progress of ore finding.

Of special interest, structurally, is the brecciation and
the pitches and flats. Along-side polygonal or straight
graben and horst structures, the brecciation is due to
faulting. Much, and possibly most, of the breccias extend-
ing over large horizontal distances, usually restricted to
definite horizons, are caused by intraformational brec-
ciation during earthquakes, which accompanied the vol-
canism. Brecciation is thus abundant both in the basement
rocks and the Paleozoic sediments. Breccias have, locally,
been cemented syngenetically by ore minerals. There is
often a gradual transition from contortions of non- or
partly consolidated sediments fo post-diagenetic breccia-
tion. In numerous places various generations of breccia-
tion are visible and are associated with various genera-
tions of chert and ore mineralization. The breccias, the
cherts, the dolomites, and the ore minerals are essentially
syngenctic as concluded from the criteria listed above and
additional information which will be presented in detail
at a later date.

Pitches and flats can be explained as syn- or slightly
postepigenetic structures caused by gravity differences or
local tectonic disturbances. An excellent, though epi-
genetically interpreted, description of pitches and flats
was given by Cox 28,

It is believed that this syngenetic-hypogene theory on
the origin of the Mississippi Valley type deposits elimi-
nates the difficulties encountered by the three old theo-
ries??. It is felt that it fits the facts better than the
previous theories; yet it should be accepted as a working
hypothesis and not as an authoritative dogma.

G. C. AMsTUTZ

Department of Geology, School of Mines and Metallurgy,
Rolla (Missouri), February 19, 1958.

Zysammenfassung
Die Streitfrage um die Genese der Mississippi-Valley-
Pb-Zn-Lagerstitten wird zugunsten einer syngenetischen
und hypogenen Entstehung aus hydrothermal-exhala-
tiven, grossenteils kolloidal sedimentierten Erzldsungen
entschieden. Diese drangen entlang uralten, immer wieder
aufgebrochenen rhegmagenen Bruchsystemen auf.

26 . H. Cox, Illinois geol. Survey Bull. 21, 120 (191.1).

27 After the completion of this manuscript, it came to the knowl-
edge of the writer that a similar proposal was made with regard to
many Alpine lead-zinc deposits (see SCHNEIDER?S and NickEL29),

28 H.-J. SCHNEIDER, Fortschr. Min. 32 (1953).

2 E. Nickewr, Chem. d. Erde 18, 99 (1958).

Crystal and Molecular Structure of
3, 3'-Dibromobenzophenone

It has become increasingly clear that in benzophenone
the steric hindrance between the hydrogen atoms in the
2, 2’-positions would prevent the molecule from being
coplanar. It would therefore be of great interest to get a
quantitative measure of this non-coplanarity by X-ray
methods. With this view the determination of the crystal
structures of a series of benzophenone derivatives have
been undertaken in this laboratory and the present note
gives the results obtained with 3, 3’-dibromobenzo-
phenone.
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The crystal belongs to the orthorhombic system with
cell dimensions

a= 399 0=11-70 and ¢ = 24-69 A.

The space group is Pben and the unit cell contains four
molecules. The C=0 bond in the molecule coincides with
a two fold axis of symmetry in the crystal.
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Fig. 1. — IFourier projection on the (100) plane with the Br atom
removed. Contours are at arbitrary intervals. Dotted lines correspond
to zero clectron density.

Three dimensional Weissenberg data were obtained
with CuKa radiation and the intensities were estimated
visually. The structure was solved by the heavy atom -
method. The (y, 2) coordinates of the bromine atom were
determined from the Patterson projection on the (100)
plane. Using the signs of a number of reflexions of the
type (Okl) obtained from the contribution of the bromine
atom, the first Fourier map was prepared which showed
distinct peaks corresponding to the light atoms. The
(¥, 2) co-ordinates were refined by a succession of differ-
ence syntheses. The Fourier projection on (100) plane
with the bromine atom removed is shown in Figure 1. An
estimate of the tilt of the benzene ring was made from
the distortion it displayed on the (100) projection which
gave the approximate x co-ordinate of the bromine atom.
This was used for the determination of the x co-ordinate
of all the atoms by the gencralized Fourier projections
using the (1kl) and (2kl) reflexions. The final atomic co-
ordinates are given in the Table.

Atomic co-ordinates

Atom xfa /b zfe
Cy 0-025 0-075 0-196
Cy ~0-100 —-0-033 0-194
Cy -0-081 —0-092 0-142
¢y 0-055 -0-029 0-098
Cy 0-174 0-079 0-102
Cq 0-158 0-138 0-151
G, 0-00 0-133 0-250
O 0-00 0-240 0-250
Br 0:3400 0-1573 0-0448

The R-factor for the 700 observed reflexions was 15-79,.
The intramolecular distances and angles are indicated in
Figure 2. The standard deviation in the bond lengths,
estimated by CruicksHaNK’s method! is of the order of
0-04 A for C—~C and C—O bonds.

L. W, J. Cruicksnank, Acta eryst, 2, 65 (1949).
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The angle between the 1, 4 axes of the phenyl groups
is 126-2°. The equations of the planes of the benzene rings
were determined by the method of least squares and it

Fig. 2.—Bond lengths and bond angles for 3, 3’-dibromobenzo-
phenone,

was found that none of the atoms was off the plane by
more than 0-01 A. The angle between the plancs of the
benzene rings is 39-9°; however each of the phenyl rings
is twisted out of the common plane ie,, the plane con-
taining

O

‘.
C.
¢, ey

by an angle § = 22-4°, It is estimated that the angles arc
accurate to - 1-5°,

The elucidation of the stereochemistry of benzophenone
derivatives by physical methods (magnetic susceptibility?,
dipole moment and ultraviolet spectra) was started as
early as 1935, but unfortunately the substance under re-
port has never been studied. However, the earlier workers
were mostly interested in the angle between the 1, 4 axes
of the two benzene rings and the values varying from 122°
to 133° have been suggested. The value obtained in this
determination is quite close to that computed by Coom-
BER and PArTiNGTON® from dipole moment measure-
ments for benzophenone (125 + 3°). By determining the
exact positions of the two iodine atoms in 4,4’-diiodo-
benzophenone by X-ray method, MANTHEY ¢t al.t have
reported the angle to be 123-5°. However, the complete
structure of the molecule was not solved, thus leaving
the non-planarity. of the molecule an open question.

In recent years the changes in the frequencies and the
intensities of the ultraviolet absorption bands have been
used most successfully to get an idea of the aplanarity of
molecules (BRAUDE et al.®; O’SHAUGHNESS and RoODE-
BUsH®; Jones”; REXKER and NavuTa®) and a series of
accurate studies have been made to determine how far the
various symmetrically substituted derivatives differ from
the unsubstituted benzophenone. For this purpose, the
investigators have to assume the tilt of the benzene ring
from the common plane
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2 K. Bawerjee and A. Hague, Indian J. Phys. 71, 87 (1938).

3 D. 1. Coomser and J. R, ParTINGTON, J. chem. Soc. 1938, 1444,

4 W. MantHEY, K, PLEITH, and A. SiNngEWALD, Z. Elektrochem.
56, 690 (1952).

% E. A. Braupg, F. SONDHEIMER, and W. I, Foruxs, Nature 173,
117 {1954). - E. A. BraUDE, Exper. 11, 457 {1955).

8 M. T. O’Suavenness and W. H. RopeBusH, J. Amer. chem,
Soc. 62, 2906 (1940).

7 R. Normax Joxgs, J. Amer. chem. Soc. 67, 2127 {1945},

8 R. F. RExKER and TH. W. NavuTta, Rec. Trav. chim, Pays-Bas
73,969 (1954).
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and the calculated value of this angle depends on the
assumptions made regarding the bond angles, bond
lengths and the minimum distance of approach for the
hydrogen atoms; hence the large discrepancy between the
theoretical angles reported by Surton and CoaTEs’
(28°) and Jownes? (15°). This angle (6) in the present case
is 22-4° and the minimum distance of approach of the
(Co)H and (Cy')H is of the order of 2:2 A. One must re-
member that additional intermolecular forces may come
into play in a solid; but, as the distance between the
atoms of neighbouring molecules is never less than 3-3 A,
one may presume that the only predominant forces are
of the Van der Waals type.

1t may be remarked that if the length of the bond con-
necting the phenyl ring to the carbonyl group becomes
shorter due to substitution of electron releasing groups at
the 4 position, then § would become larger. This is per-
haps the reason why in the case of 4,4’-dimethoxy benzo-
phenone?® this angle is of the order of 30°,

The authors wish to thank Dr. M. V. BHATT of the Department
of Organic Cheristry, Indian Institute of Science, for kindly provid-
ing them with the samples.

S. RamasEsHAN and K. VENKATESAN

Department of Physics, Indian Institute of Science,
Bangalove (India), April 23, 1958,

Résumé

La structure du cristal de 3, 3'-dibromobenzophénone a
¢été définie par I’emploi de données obtenues par rayons X
dans trois dimensions. Les distances et les angles de liaison
ont été obtenus et l'on a trouvé que deux anneaux de
phényle de la molécule ne sont pas dans le méme plan,
I’angle compris entre eux étant de 39,9°.

9 G, E. Coares and L. E. Surrox, J. chem. Soc. 1942, 567,
1 1. L. Karrr, H. Haupruax, J. KarLg, and A, B, Wing, Acta
cryst. 16, 481 {1957).

Zur Konstitution des Resibufogenins und
Artebufogenins

Eine eben erschienene rein theoretische Betrachtung
von THIESSENL, die sich — gestlitzt auf unsere friiher? er-
haltenen Resultate — unter anderem aunch mit der Frage
der Konstitution des Resibufogenins befasst und fir
dieses die Formel V in Vorschlag bringt, veranlasst uns,
hier kurz, und frither als beabsichtigt?, iiber ganz analoge
Schlussfolgerungen zu berichten, die sich aus unseren
neuesten experimentellen Untersuchungen am Resibufo-
genin und an seinen Isomerisierungsprodukten ergeben
haben.

Beim Eindampfen einer Losung von Resibufogenin
(V) in Aceton hatte sich frither? rein zufdllig und nicht
reproduzierbar ein mit V isomeres Artefakt gebildet, das
wir als Artebufogenin bezeichnet haben, Wir fanden nun,
dass dieses ohne Schwierigkeiten durch Kochen von Resi-
bufogenin in Aceton, das etwas Perchlorsiure enthilt,
bereitet werden kann. Artebufogenin ist instabil und wird
durch ALO, in ein Isomeres umgelagert. Wir bezeichnen

1 W. E. Tuiessen, Chemistry and Ind. 1958, 440,

2 K. MEvER, Helv. chim. Acta 35, 2444 (1852).

3 Die ausfiithrliche Arbeit erscheint demnichst in Helvetica
chimica Acta.



