Vol.31 No.4 RUSSIAN CHEMICAL REVIEWS April 1962
36. J.Furukawa, T.Saegusa, T.Tsuruta, and H. Fujli, Makro- 80. R.Schulz, Makromol.Chem., 27, 62 (1955).
mol. Chem., 33/1, 32 (1959). 81. M.Brubaker, J.Amer.Chem.Soc., 74, 1514 (1952).
37. L.Alexandru and M. Coman, Revista de Chemie, 11/5, 298 82. C.Moureu and C.Dufraisse, Séances Acad.Sci., 275, 127
(1960); L.S. 6871/60. (1922).
38. J.Furukawa, T.Saegusa, T.Tsuruta, and H. Fujli, Makro- 83. E.Gilbert and J.Donleavy, J.Amer.Chem.Soc., 60, 1911
mol. Chem., 40, 226 (1961). (1938).
39. Chem.Age., 81, 699 (1959). 84. S.Scherlin, Chem. Zentr., 1, 1971 (1939).
40. G.Natta, G.Mazzanti, P.Corradini, and J. Bassi, Makro- 85. R.Schulz and H.Wagner, Angew.Chem., 69, 162 (1957).
mol. Chem., 37, 196 (1960). 86. German P. 1081231 (3rd February 1958—5th May 1960).
41. J.Furukawa, T.Saegusa, H. Fujli, and A.Kawasaki, Makro- 87. V.A.Kargin et al., Dokl.Akad,Nauk SSSR, 134, 1098
mol. Chem., 37, 149 (1960). (1960).
42, G.Natta, P.Corradini, and J. Bassi, Atti Accad.naz. Lincei, 88. G.Natta, G.Mazzanti, G,Pregaglia, and M.Binaghi, J.
Rend. Classe Sci.fis. mat.nat., 28, No.3, 284 (1960). Amer.Chem.Soc., 82, 5511 (1960).
43. C.Chachaty, Compt.rend., 251, 385 (1960). 89. G.Natta, G.Mazzanti, G.Pregaglia, and M. Binaghi, J.
44, A.Staudinger, Trans.Faraday Soc., 32, 249 (1936). Amer.Chem.Soc., 82, 4742 (1960).
45. F.Bovey and R.Wands, J. Polymer Sci., 14, 113 (1954). 90. A.Novak and E.Whalley, Trans.Faraday Soc., 55, 1484
46. 0.Vogl, J.Polymer Sci., 46, 261 (1960). (1959). -
47. A.Novak and E.Whalley, Canad.J.Chem., 37, 1718 (1959). 91. H.Tadokoro, T.Yasumoto, S.Murahashi, and I. Nitta, J.
48, P.Bridgman and J.Conant, Proc.Nat.Acad.Sci.U.S.A., Polymer.Sci., 44, 266 (1960).
15, 680 (1929). 92, W.Kern and V.Jaacks, Paper at the International Sympos-
49. J.Conant and W. Peterson, J.Amer.Chem.Soc., 54, 628 ium on Macromolecular Chemistry, Moscow, 1960, J. Poly-
(1932). mer Sci., 48, 399 (1960).
50. M.G.Gonikberg, V.M. Zhulin, and B.S.El'yanov, Dokl. 93. N.Grassie, “Chemistry of High Polymer Degradation
Akad. Nauk SSSR, 132, 353 (1960). Processes” (Translated into Russian), Moscow, 1959,
51. M.G. Gonikberg and B.S.El'yanov, Dokl. Akad. Nauk SSSR, pp.80-84,
118, 92 (1958). 94. B.P. 860410 (1961); Brit.Plast. Federat, Abstrs., No.3,
52. V.M. Zhulin and M. G. Gonikberg, Vysokomol.Soed., 3, 262 356 (1961).
(1961). 95. German P. 1083048 (28th November 1958-9th June 1960).
53. M. G.Gonikberg and V.M. Zhulin, Vysokomol. Soed., 3, 268 96. Canad,P. 595638 (5.4.1960); Brit. Plast. Federat. Abstrs.,
(1961). No.11, 1445 (1960).
54. M. G.Gonikberg, “Khimicheskoe Ravnovesie i Skorost' 97. H.Staudinger, “Die hochmolekularen organischen Verbin-
Reaktsii pri Vysokikh Davleniyakh” (Chemical Equilibrium dungen” (Translated into Russian), ONTI—Khimteoretizdat,
and Reaction Velocity at High Pressures), 2nd edition, Izd. Leningrad, 1935, p.242.
Akad. Nauk SSSR, 1960. 98. B.P. 835841 (25th May 1960); Brit.Plast. Federat, Abstrs.,
55. H.Natterer, Monatsh., 3, 442 (1882). No.7, 772 (1960).
56. R.Friedrich, Annalen., 206, 251 (1881). 99. N.Kern and H.Cherdron, Makromol.Chem., 40, No.1-2,
57. O.Jacobsen, Ber., 8, 87 (1875). 107-117 (1960).
58. A.Novak and E.Whalley, Canad.J.Chem., 37, 1722 (1959). 100. N.Grassie and H.Melville, Proc.Roy.Soc., 1994, 1 (1949).
59.  J.Furukawa, T.Saegusa and H. Fujli, Makromol. Chem., 101. G.Smets and G.Delzenn, Makromol.Chem., 18, 101 (1956).
44 —46, 398 (1961). 102, G.Smets and G.Delzenn, Makromol.Chem., 23, 16 (1957).
60. J.Liebig, Annalen., 1, 194, 209 (1832). -
61. F.Chattaway and F.Kellet, J.Chem.Soc., 2709 (1928). Synthetic Resin Research Institute,
62. S.Gaertner, quoted by ‘“Houben-Weyl”, Methoden der organ- Vladimir
ischen Chemie, Vol.7, pp.1, 430.
63. S.Gaertner, Compt.rend., 1, 513 (1906).
64, J.Boeseken and A.Schimmel, Rec.Trav.chim., 32, 112
(1913).
65. A.Novak and E.Whalley, Trans. Faraday Soc., 55, No.9,
1490 (1959).
66. H.Schechter and F.Conrad, J. Amer.Chem.Soc., 72, 3371
(1950).
67. F.Brown and W.Musgrave, J.Chem.Soc., 5049 (1952).
68. D.Husted and A.Ahlbrecht, J.Amer.Chem.Soc., 74, 5422
(1952), ROTATORY DISPERSION AND ITS APPLICA-
69. Canad.P. 510532 (1st March 1955). TION IN ORGANIC CHEMISTRY
70. B.P. 719877 (8th Dec., 1954).
71. J.Redtenbacher, Annalen, 47, 113 (1843). S.S8.Yufit and V.F.Kucherov
72. C.Moureu and C.Dufraisse, Sednces Acad.Sci., 169, 621
(1919).
73. R.Schulz and H.Wagner, Angew.Chem., 62, 103 (1950). CONTENTS
74. R.Schulz, Kunststoffe-Plastics, 6, 32 (1959) (Translated
into Russian), Khim. Tekhnol. Polimerov, 11, 60 (1959)]. I. Introduction 236
75. R.Schulz, H.Cherdron, and W.Kern, Makromol.Chem.,
24, 141 (1957). II. Optical rotatory dispersion and the Cotton
76. R.Schulz, Kunststoffe, 47, 303 (1957). effect 236
77. R.Schulz, Makromol.Chem., 21, 227 (1956).
78. R.Schulz, Makromol.Chem., 20, 161 (1956). II. Main regularities of rotatory dispersion and
79. R. Schulz and H. Wagner, Angew.Chem., 62, 105 (1950). the “octant rule” 237

235



RUSSIAN CHEMICAL REVIEWS

Vol .31 No.4 April 1962
IV. Some applications of rotatory dispersion 240 Since no reviews of this subject have been published in
Russian, it appeared useful to examine some general as-
1. Orientation of a hydroxyl group in pects of the method of rotatory dispersion, and to cite in-
trihydroxymetagenin(V) 43 240 dividual examples to illustrate the possibilities of its appli-
I - tion. Therefore the present review does not claim to be
2. Use of rotatory di 1 ca : - ©
stiigo;;;mi(:zz prs(ﬁ::(sm in sotving T complete account of the available facts, but is intended
merely to direct attention to the main achievements of this
3. Rotatory dispersion study of the forma- new research method. :
tion of ketone acetals and hemiacetals 241
4, Employment of smooth rotatory disper-
sion curves in some structural and IEI:F I?EPéI‘%CAL ROTATORY DISPERSION AND THE COTTON
stereochemical problems 242

I. INTRODUCTION

Recent years have seen the application of new physical
methods in organic chemistry. Microwave spectroscopy,
nuclear magnetic resonance, electron paramagnetic re-
sonance, and other modern research methods have proved
powerful tools in the hands of organic chemists. None of
these methods, however, is very suitable for the study of
problems connected with the spatial structure of molecules,
especially questions of the relative and absolute configura-
tion of organic compounds, which are of particular impor-
tance in the chemistry of natural products. Many stereo-
chemical problems could be solved by X-ray, electron, and
neutron diffraction methods, but unfortunately these proce-
dures are frequently inapplicable because of the very nature
of organic compounds. The most convenient method for the
solution of problems of spatial structure would, of course,
be the use of a physical phenomenon directly linked with the
structure of the molecule and greatly dependent on the
slightest changes in its configuration. Such a phenomenon
has long been known to chemists. It is the variation in the
optical activity of substances with change in the wavelength
of the polarised light, i.e. the dispersion of the rotation of
the plane of polarisation or the “rotatory dispersion”.

Considering the conformations of molecules of cholestan-
-3-one (I) (trans-linking of rings A and B) and coprostan-
-3-one (II) (cis-linking of rings A and B), we can see that
the environments of the keto-groups in the molecules are
quite different.

?an

It is quite evident that the rotatory dispersion (which is
associated with the symmetry of the molecule) will also

be completely different (see Section III). Consequently,
even slight variations in the conformation of the molecule
will greatly affect its symmetry, leading to a marked change
in the rotatory dispersion curve, which thus becomes
characteristic of the spatial arrangement of groups in the
molecule. The practical value and the quite extraordinary
sensitivity of rotatory dispersion as a method for studying
the spatial structure of organic compounds were thoroughly
investigated at the start of the present century in the work
of Chugaev (for a detailed survey see Ref.1) and several
others (for review see Ref.2). However, the lack of ultra-
-violet spectropolarimeters was a great obstacle. It is
only during the past few years that suitable instruments
have become available3-6.
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Refractive indices are known to increase markedly with
decrease in wavelength. Furthermore, the refractive
index of a substance measured in a region of the spectrum
in which the latter has an absorption band exhibits a char-
acteristic anomalous behaviour, as shown in Fig.1.

Since the rotation of the plane of polarisation of light in
an optically active substance is caused by the difference in
refractive index between the right-hand and left-hand com-
ponents of linearly polarised light, this phenomenon should
obviously be governedby the same fundamental laws as the re-
fractive index. Indeed, asearlyas 1821 Biot” had derivedan
empirical ruleto represent the dependence of the specific
rotation [@Jonwavelength: [a] = A/)?, where A is a constant
characteristic of a given substance. It followsfromthisfor-
mula that, as withthe refractive index, the specific rotation
should increase on passing intothe ultra-violet region of the
spectrum.

The most striking example in support of this rule is
provided by the behaviour of the tricyclic ketone (III) ob-
tained from morphine?8:

OCH,

]
2N

PPNV

NN\
(1)

Over the range 700-500 mp it was found to have no appre-
ciable activity, whereas at 310 mpu its rotation reached
+1172°,

The variation in rotation with the wavelength of the
polarised light will also be analogous to that of the refrac-
tive index. An anomalous change in rotation occurs within

Fig.1l. Change in refractive index in
the vicinity of an absorption band:

n — refractive index; B — absorption
coefficient.
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an absorption band of an optically active substance. This
was first discovered in 1896 by Cotton®, and is known as
the Cotton effecti. An absorption band in the spectrum of

a substance is caused by energy losses due to excitation of
a chromophoric group and the conjugated system as a whole.
This is associated with the transition of electrons from one
orbital to another, or from one state to another. This will,
of course, change the nature of the interaction between the
chromophore and the remainder of the molecule. And this
change will primarily affect the symmetry (or dissymmetry)
of the molecule, a direct consequence of which will be a
marked distortion of the rotatory dispersion curve.

Thus the Cotton effect is in its very nature extremely
sensitive to any variation in molecular structure, and it is
for this reason that the rotatory dispersion curve is just as
characteristic of a given substance as, for example, the
characteristic infra-red vibrations of a functional group.

Fig.2 shows typical curves for the variation of the ab-
sorption coefficient (log %) and molecular rotation [M] with
wavelength !,

The Cotton effect can be either positive (+) or negative
(-). A positive rotation on the long-wave side of an ab-
sorption band (Fig.3A) indicates a positive Cotton effect,
and a minus sign for the rotation on the long-wave side
(Fig.3B) implies a negative Cotton effect. In general, a
change in the sign of rotation need not necessarily occur
within an absorption band, but the anomalous character of
the curve is still maintained.

-— X

Fig.2. Variation of absorption log &
and molecular rotation [M] with wave-
length.

Fig.3. Shape of curves for positive
(A) and negative (B) Cotton effect.

1 The concept of the “Cotton effect” includes also the problems
of circular dichroism, but, although this is connected with the
matter under discussion, it does not need to be dealt with here,
since it is not required for the subsequent exposition.

lot]
o 0

"y
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250 350 450 550 650
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Fig.4. 1) Anomalous curve (positive Cotton
effect); 2) smooth curve.

Some substances do not exhibit the Cotton effect in the
region of the spectrum accessible to measurement (usually
the near ultra-violet), and a smooth dispersion curve
(Fig.4) is then obtained. This too can be utilised for the
determination of molecular structure.

On the suggestion of Djerassi and Klyne!*, to avoid con-
fusion, the maximum of the curve representing the Cotton
effect is termed a “peak” (Gipfel, sommet, pik), and the
minimum a “trough” (Tal, creux, trog). Such a termino-
logy is appropriate, since the concepts of “maximum’ and
“minimum” already have a definite meaning in ultra-violet
spectroscopy, and the terms “pik” and “trog” themselves
have long been used in Russian (in geography and geology).
The distance between them is called the “amplitude”, and
is characteristic of each type of molecular structure. If
the curve shows additional peaks and troughs within an ab-
sorption band, it is said to be a complex Cotton-effect
curve.

II. MAIN REGULARITIES OF ROTATORY DISPERSION
AND THE “OCTANT RULE”

Since the Cotton effect is exhibited only within (or close
to) an absorption band, its investigation requires that the
substance should have a group which absorbs in the part of
the gpectrum selected. Such groups are termed, by
analogy with dyes, chromophoric groups.

The chromophore is in most cases the carbonyl group,
but other chromophoric groups canbe used, containing, for
example, sulphur (xanthates, dithiourethanes, thiones)!2-16,
nitrogen (nitroalkanes, nitriles, azides, etc.)!?"2!, halo-
gens 22~%, aromatic rings7,18,26,27  and also such uncom-
mon groups as diselenide?® and dipyrrolylmethyl?. Rota-
tory dispersion has been most thoroughly studied in the
near ultra-violet (down to~230-250 my), because organic
chemists deal largely with colourless substances having ab-
sorption bands in the ultra-violet, Furthermore, itis
possible in this region to work with very small amounts of
material (of the order 0.1-1 mg), since, as already men-
tioned, the rotation increases markedly on passing into the
ultra-violet region of the spectrum.

Although 150 years have elapsed since the discovery of
the phenomenon of optical activity by Arago (1811), and a
comprehensive study has been made of the phenomenon,
especially with the aim of finding a relation between the

237



Vol .31 No.4

RUSSIAN CHEMICAL REVIEWS

April 1962

structure of optically active substances and the nature of
the rotation, no rigorous or sufficiently general theory has
yet emerged. On the basis of a huge amount of experi-
mental data, it has been possible to establish only a multi-
tude of empirical rules, which, although having no theore-
tical foundation, have proved useful for elucidating and
systematising most of the observed facts. These rules
have been carefully tested by Djerassi and his coworkers
on more than 2000 optically active substances 28,30,81, Some
of the most general of these empirical rules are given
below.

1. Kuhn3? discovered experimentally and explained theo-
retically a rule forming the basis of the method, according
to which weak absorption bands produce a marked change in
rotation, ¢.e. a strong Cotton effect. It is for this reason
that aldehydes and ketones have been investigated for the
most part, as they have a characteristic band of very low
extinction in the ultra-violet (A\max 280-300 mu, €msx ~50).

2. Chugaev's proximity rule33-38: (g) substances of
similar structure undergo identical changes in rotation with
changes in structure; (b) an identical change in structure
produces a smaller change in rotation, the farther it is
from the chromophoric group and from the asymmetric
atom.

These two rules are the most general.

3. Change in the mode of linking of the rings (cis or
trans) in steroid ketones and their bicyclic analogues in-
volves a change in the sign of the Cotton effect (see Fig.5).
The presence of various other substituents (hydroxyl, ether
group, lactone, acyl, etc.) or even of a double bond can be
ignored, provided that they do not affect the conformation
of the molecule. The only exceptions are other ketone or
aldehyde groups37.

4. Angular substituents do not appreciably affect the
shape of the curve representing the Cotton effect38,%,

5. The axial “halogeno-ketone rule” enables us to deter-
mine the sign of the Cotton effect in halogenated cyclic
ketones4°»%1; introduction of a halogen atom (other than
fluorine) into the axial position a to the keto-group re-
verses the sign of the Cotton effect and greatly increases
the amplitude.

J
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Fig.5. Rotatory dispersion of:

I) cholestan-3-one; II) coprostan-
-3-one.
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The sign of the Cotton effect can be determined by
looking at the molecule from the point of view of the keto-
-group:

\ \

Q A o] 8
X(a) X(a)

(+) )

With cyclohexane in the “chair” form, for example, the
Cotton effect will be positive if the axial halogen atom is
located to the right of the observer (A), and negative if the
halogen atom is to the left (B). The rule is applicable also
to polycyclic systems. Equatorial halogen atoms do not
influence the sign of the Cotton effect4z,

6. The sign of the Cotton effect changes on passing from
five- to six-membered rings, and from six- to seven-mem-
bered rings.

7. “The 4,4-dimethyl effect” 3. Introduction of two
methyl groups into the 4-position of 3-keto-steroid and
related systems causes a reversal in the sign of the Cotton
effect. Introduction of only one methyl group produces no
change at all. This phenomenonisnot causedby 1,3-diaxial
interaction between axial methyl groups attached to C, and
Cio-

8. “The octant rule” t. Consideration of a vast quan-
tity of experimental results has enabled a quite simple
rule — the so-called “octant rule” — to be derived, en-
abling us to predict the nature of the curve representing the
Cotton effect from the spatial structure of the molecule.
Since all the remaining rules are merely particular cases
deriving from this rule, and since, moreover, the deter-
mination of absolute configuration is based on it, we must
consider it in greater detail (see Fig.6).

If the cyclohexanone molecule is intersected by three
mutually perpendicular planes, in such a way that plane A
passes through the O, C,, and C, atoms, plane B through
C,, C,, and Cq, and plane C between the O and C,; atoms,

q —o
4

Fig. 6.

Diagram illustrating the “octant rule”.
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the whole molecule will be divided into eight parts or oc-
tants. It is then seen that the C; and C; atoms lie outside
the planes, equatorial (g) substituents attached to C, and C,
lie in plane B, and both equatorial (e) and axial (a) sub-
stituents attached to C, lie in plane A.

The octant rule states: (1) To a first approximation, no
substituent lying in one of the planes has any effect on the
form of the curve representing the Cotton effect. (2) All
carbon atoms and other groups located in the octants I
(far upper left, looking at the molecule along the axis 00’),
IV (near lower left), V (near upper right), and VII {far
lower right) change the rotation to more positive values
(make a positive contribution to the Cotton effect). With
cyclohexanone, this type of change will be produced by axial
and equatorial substituents attached to Cy and by axial sub-
stituents attached to C;. (3) Carbon atoms and other sub-
stituents situated in the remaining octants (1, III, VI, and
VIIT) change the rotation to more negative values (make a
negative contribution to the Cotton effect). Such an effect
will be exerted in cyclohexanone by axial and equatorial
substituents attached to C, and by axial substituents attached
to C,. (4) The magnitude of the positive or negative con-
tribution to the Cotton effect depends in general on the size
of the substituents, since it determines the extent to which
the symmetry of the molecule is destroyed. Thus 3-methyl-
-5-t-butylcyclohexanone, for example, should exhibit a
negative Cotton effect, while interchange of the substitu-
ents should make it positive, since the t-butyl group is
larger than the methyl group.

Fig. 6 can be represented schematically by a so-called
“octant diagram” (Fig.7) if we look at the molecule along

!

i
a 3 a
rod ! .
a
e * Ve _ de@|se.
i 2(a) | 6(a)
plane B ¢ o -
hd
a i
e - vi+)
plane A
Fig.7. Simplified diagram of octant rule.
HQ_ CisHy CioHa
g H K
(1] (iva)
H | H
HaoCle"m Eﬁ—cn"lal
i i
(e)Cy9Hae ’QDHQQ(')
+) (-)
Fig.8., Determination of the configuration

of 3-hydroxy-3-nonadecylcyclohexanone.

Fig.9.

Octant diagram for 3-oxo-5a-~steroids.

rings

16—1, ! D
i
N l7< r ! 7419
N = 13— H—! 7 =
N CHj
12— 11—

)

: |
Hog N, :
o"o \ ]
k4
Fig.10. Octant diagram for 2-oxo-5a-steroids.
TABLE. % Cotton effect in 5a-steroid ketones.
- Cotton effect
Position .
of oxoe Arrangemem of substituents
-groups (octant diagram) predicted found
7,19, ri 5
2 |min®C | S
|
3 16,15.7,6 | + + 65
|
4 119, rings C and D - — — 9
1
6 19 |12, 18, ring D _— — 76
{
7 2,3 — — 16
16,15 ‘
1 16,18 l [] + + 186
2
12 2,3,4,5,6 1 +4 + 42
|18, side-chain
Note. The bold type denotes atoms located in the near

octants (I, IV, V, and VIII).

the axis OO’ and ignore the near octants (the Roman nume-
ralsin Fig. 7 denote the numbers of the octants).

We shall discuss a few cases of the application of this
rule.

1. In the 3-hydroxy-3-nonadecylcyclohexanone mole-
cule (IV) the nonadecyl group is considerably larger than
the hydroxyl group, so that, according to the conforma-
tional rules, it should occupy the equatorial position. Hence
the absolute configuration (IV) can be readily established
from an examination of the Cotton effect curves (Fig.8).

If the compound does have configuration (IV), its Cotton
effect should be positive (both substituents situated in
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octant IT). If, however, the absolute configuration of this
molecule is represented by (IVa), the Cotton effect will be
negative (both substituents located in octant VI). It has
been shown experimentally 28 that 3-hydroxy-3-nonadecyl-
cyclohexanone has a positive Cotton effect, and hence its
absolute configuration corresponds to formula (IV).

2. Similar reasoning can be applied to more complex
molecules. If 5a-steroids (with frans-linking of rings A
and B) are examined on the basis of the octant rule, the
diagram obtained for 3-oxo-5a-steroids shows that they
should possess a positive Cotton effect (see Fig.9).

Fig. 10 shows the octant diagram for 2-oxo-5a-steroids,
according to which they too should possess a positive Cotton
effect, as is actually observed. A detailed study of the
Cotton effect in other 5a-steroids also confirmed the cor-
rectness of the octant rule. Several of the results obtained
are given in the Table.

IV. SOME APPLICATIONS OF ROTATORY DISPERSION

It is clear from the above account that the new method
of investigation can be employed in all cases entailing
determination of the spatial structure of molecules, which
is a most important problem of modern organic chemistry.
Among a large amount of experimental work involving the
application of rotatory dispersion, only those cases will be
considered below which illustrate particularly clearly the
inherent potentialities of this new method.

1. Orientation of a Hydroxyl Group in Trihydroxymeta-
genin (V) 48

The structure of this sapogenin has been almost com-
pletely established by chemical methods, apart from the
position of one hydroxyl group. In order to solve this
problem, the triol (V) was oxidised to the keto-diol deriva-
tive (VI), and the rotatory dispersion curve of the latter
was determined.

O

IVNon vn

The curve was found to differ from all known curves for
the Cotton effect obtained with oxosapogenins #4, but corre-
sponded fully to the curve characteristic of 7-oxosteroids
with cis-linkage of the A and B rings. Hence this hydroxyl
group in trihydroxymetagenin (V) is attached to C,, which
was subsequently confirmed by chemical means.

2. Use of Rotatory Dispersion in Solving Stereochemical
Problems

Determination of absolute configuration and its relation
to optical rotation forms one of the most important tasks of
theoretical chemistry. However, its solution has encoun-
tered immense difficulties. It was only in 1958 that the
relation between the left-hand rotation of a-quartz and its
structure (right-hand spiral in the crystal lattice) was

240

finally established with certainty%. Several examples have
shown that measurement of the rotatory dispersion often
enables such problems to be solved quite reliably.

(a) Stereochemistry of the C, atom in
lumisterol (VI).*:4? In order to establish the stereo-
chemistry of the C, atom, lumisterol (VII) was converted
to the cyclic ketone (VII):

O (Vi

The curve for the Cotton effect in this ketone is the mirror
image of that for coprostan-3-one (II) (see Fig.1), which
corresponds to the 8B,98-configuration in (VIII), and hence
the 98-configuration in lumisterol itself (VII). This con-
clusion was subsequently confirmed by chemical methods.

() Stereochemistry of the link between
six- and five-membered rings in B-norchole-
stanol (X) * [This section has been modified to accord
with the sources quoted (Ed. of Translation)]. B-Norchole-
stanol, formed by the hydrogenation of (IX), can posses
one of the two possible configurations (X) or (XI) with cis-
or trans-linkage of the A and B rings:

CgHyz CgHyq

HO x) H (X) HO

In order to solve this problem, the hydrogenated product
was oxidised to the ketone, whose rotatory dispersion curve
is given in Fig.11. This shows that the ketone has a cis-
-linkage of the A and B rings, and hence that B-norchole-
stanol itself has the same configuration (X), although all
the early chemical and spectroscopic data had indicated
the presence of a trans-linkage.

A later, more rigorous investigation®® confirmed
Djerassi's results. The reason for the error was that the
earlier workers had applied to B-norsteroids chemical and
spectroscopic rules obtained with steroids having a six-
-membered B ring.

(c) Determination of the configuration of
2-chloro-5-methylcyclohexanone. This com-
pound (XII) can exist in four different chair conformations:

Q, Q,
§ CHy \ ‘ +CHs E GHa
\ -— CHa \ -—
Cl (:;| él |
b 3 d
) az. (+) q

eq.
{methanol)

trans«form

€q.
(methanol)
cis-form

ax.
(octane) (octane)

(X1

It had previously been found5! that conformations havingthe
chlorine atom in the axial position (i.e. b or c) predominate
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Fig.12. Change in the conformation of
2-chloro-5-methylcyclohexanone.

in non-polar solvents (for example, in octane), whereas
the equatorial forms (a or d) predominate in polar solvents
(for example, in methanol). However, it was impossible
by means of spectroscopy to decide to which series (cis or
trans) these conformations belong.

It is readily seen from the “halogeno-ketone rule” (Sec-
tion III) that, of the two forms with the chlorine atom in the
axial position, only one (b) will possess a negative Cotton
effect, whereas the other (c) should show a positive effect.
Hence if a negative Cotton effect is observed in octane, and
a positive effect in methanol, 2-chloro-5-methyleyclo-
hexanone (XII) will belong to the frans-series, whereas if
the Cotton effect has the opposite signs, the compound will
have the cis-configuration. Anexperimental check (Fig.12)
showed that the change in the form of the curves corresponds
to the first case, and hence that 2-chloro-5-methylcyclo-
hexanone has the trans-configurations?,

The change in sign of the Cotton effect with the polarity
of the solvent provides a confirmation of the conformational
mobility of cyclohexane systems.

(d Proof of the boat form of the A ring in
20-methylcholestan-3-one. On the basis of the
ultra-violet and infra-red spectra, it had been accepted®?
that the product formed by bromination of 2a-methylchole-
stan-3-one (XII) has the structure 28-bromo-2a-methyl-
cholestan-3-one (XIV):

Cshz

—

xmm

Since it has been proved that the bromine occupies an axial
position in this molecule, its configuration could be con~
firmed by the “halogeno-ketone rule” (Section III), accord-
ing to which XIV should have a positive Cotton effect (bro-
mine atom on the right):

CHy
CH,
CHy

(XIVa) (XV)

ax., ax.
+) )

The compound was found, however, to exhibit a negative
Cotton effect. As can be seen from the conformational
formulae, this is possible only if the A ring has the boat
form (XV). This result shows that the A ring in steroids
exists in some cases in the boat form and not in the chair
form, as had been assumed.

3. Rotatory Dispersion Study of the Formation of Ketone
Acetals and Hemiacetals

It has been shown earlier?4 that, when an acid is added
to an alcoholic solution of a ketone, an equilibrium is
established between the ketone and a hemiacetal (or an
acetal). Since this involves the disappearance of the
chromophoric group, and thereby the conversion of the
anomalous curve representing the Cotton effect to a smooth
curve, this phenomenon can be utilised for the study of
structural and steric problems. The following empirical
rules have been established®® with polycyclic ketones as
examples.

(@) The changes in amplitude and shape of the curve re-
presenting the Cotton effect are very sensitive to steric
factors. Replacement of methanol by ethanol, for example,
produces a marked shift in the equilibrium towards hemi-
acetal formation, while replacement of methanol by propan-
-2-ol completely suppresses the formation of a hemiacetal:

HO.

O i RO
H

(6) Hemiacetals are formed more readily by six-
-membered ring ketones than by those witha five-membered
ring.

24)
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{¢c) The presence of substituents in the vicinity of the
keto-group impedes this process.

(@) If the resulting acetal can undergo 1,3-diaxial inter-
action with an angular methyl group, acetalisation does not
take place. This provides a ready means for distinguishing
2- and 3-oxo-5a-steroids, since the former do not yield
hemiacetals, and hence the form of the Cotton effect curve
is not changed on addition of acid to their alcoholic solu-
tions,

Study of the rotatory dispersion curves during acetal
formation has provided solutions to several difficult prob-
lems associated with the structure of a number of organic
compounds. Thus the possibility of transannular interac-
tion within the eight-membered cyclic ketone (XVI) has been
demonstrated by means of this method. It has been estab-
lished®® that, on addition of acid to this ketone, its charac-
teristic negative Cotton effect curve is converted to a
smooth positive dispersion curve. This means that the
chromophoric group has disappeared, which can be readily
explained by interaction of the keto~group with the nitrogen
atom (XVIa):

OH
CHyCHCH,CgHs CHyCHCH,CgHs
(Xvi) (XVla)

This method has been used to determine the position of
the hydroxyl group in two macrolides (methymycin and neo-
methymycin). The problem was solved57%8 with their
dehydro-derivatives (XVII) and (XVIII). Dehydromethyno-
lide (XVII) was found on addition of acid to give only a
smooth dispersion curve (Fig.13) instead of the character-
istic Cotton effect curve, which indicates its ability to form
a cyclic hemiacetal. The Cotton effect curve of the second
product — dehydroneomethynolide (XVIII) — undergoes no -
change under these conditions, and hence the hydroxyl
group in (XVII) must be so situated that intramolecular
hemiacetal formation cannot take place.

fed] g c ch
, rc~c%f—c—ﬁ-i—c—i—% = C{I-i{c‘;c/-ié-ci-é-{
o0— C=0 C=0
, (xvu)
2 7‘T —
2 —
-1h | | 7 ’ y
[ASARI%sS
| =0
[$.3%11)]

Jo0 400 00 600 0 mp

Fig.13. Demonstration of the position of the hydroxyl
group in methymycin and neomethymycin.
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4. Employment of Smooth Rotatory Dispersion Curves in
Some Structural and Stereochemical Problems

A smooth dispersion curve does not, of course, enable
us to settle fine points of structural chemistry, and there-
fore the opportunities for its employment are for the pre-
sent limited, Nevertheless, it is more useful for struc-
ture determination than the usual measurement of optical
activity in the visible region (~500-700 mp). It must also
be remembered that a smooth rotatory dispersion curve
may become anomalous in another region of the spectrum.

(@) Difference in the curves for cholestene
isomers 5, All cholestene (XIX) isomers have a smooth
dispersion curve in the measurable region. Fig,14 shows,
however, that the curve for each isomer differs from those
for the others, and this can be used for the identification
both of the isomers themselves and of compounds of ana-
logous structure, such as the pentacyclic terpenes.

L 1 J
SO0 400 500 609 700 mu

Fig.14.
isomers.

Rotatory dispersion of cholestene

i
000

27 Nxx
37

— — = in benzene

-10001

e~ in methanol

2000 . o
200055 <00 500

i
G00mp

Fig.15. Use of rotatory dispersion to
prove the occurrence of tautomerism in
amides.
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() Study of tautomerism %%, In order to de-

monstrate the tautomerism of amides

) OH
R—c =R
\NH, \NH

,

a study was made of the rotatory dispersion curves of

o -methyldibenzylamine (XX), N-benzylidene-a-methylben-
zylamine (XXI), and N-(a-methylbenzyl)benzamide (XXII) in
methanol and in benzene (Fig.15). It was found that the
curves for (XX) and (XXI) changed little on passing from
benzene to methanolic solutions, but with (XXII) the curve
in benzene was similar to that for (XX), while the curve in
methanol resembled that for (XXI).

C,Hs—(fH—NH—%—-C,HB 2 CgHs—CH—N=C—CyHs
| |

CH, O CH, OH
(XX1la) (XXII b)
benzene — similar to methanol — similar to
CgHs—CH—NH—CH,—C,H; CyHg—CH—N=CH--CgHq
|
CH, CH,

3
(XX) (XXI)
The conclusion was drawn that N-(a-methylbenzene)benza-
mide (XXII) occurs in the amide form (XXIIa) in benzene,
and in the imide form (XXIIb) in methanol. This was sub-
sequently confirmed by a study of the crystalline forms of
XXII.

The smooth rotatory dispersion curve is widely employed
also for investigating the structure of proteins, polypep-
tides, and other substances of high molecular weight (see,
for example, Ref.62), but these questions are beyond the
scope of the present paper.

---000---

It is evident even from the few examples discussed above
that study of rotatory dispersion and the Cotton effect open
up very great possibilities in the stereochemistry of com-
plicated molecules. At the present time, when this
method is still only in its initial stages, it is difficult to
predict its future development. It is quite clear, however,
that it will soon become just as irreplaceable a tool in the
hands of the organic chemist as infra-red and ultra-violet
spectroscopy have become.
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I. INTRODUCTION

Until recently, chemists used chiefly chemical and
physicochemical methods of analysis in the study of matter,
based on reactions in aqueous solutions. As a result,
while physical chemists up to the end of the 19th century
studied the properties of aqueous solutions, analytical
chemists developed methods of analysis in such solutions.
At the present time all the theories, definitions and chemi-
cal and physicochemical methods of analysis in analytical
chemistry are based on principles developed for aqueous
solutions.

The rapid increase in the production of monomeric and
polymeric organic compounds led to considerable interestin
the analytical chemistry of non-aqueous solutions since
analytical methods developed for aqueous solutions are in-
applicable to such compounds. This is indicated by the
ever-increasing number of original and review articles and
monographs published in different countries on problems
associated with the theory of non-aqueous solutions and
their practical application!-28,

The idea of using non-aqueous solutions for analytical
purposes has recently attracted the attention not only of
analytical chemists, but also of many physical and organic
chemistg 27-58,

In non-aqueous solutions it is possible to determine
various compounds by alkalimetric and acidimetric titra-
tion5¢-80, On the basis of the specific properties shown
by salts in non-aqueous solutions, it is possible to titrate
non-aqueous salt solutions successfully by the precipitation
method, making use of the insolubility, in non-aqueous sol-
vents, of certain salts which are soluble in water 81783,
Since the solvents influence redox potentials, it is possible
totitrate non-aqueous solutions by oxidimetric methods 84-%¢,
The use of non-aqueous solutions for analytical purposes can
alsobe extended to complexometric, photometric, chromato~
graphic, electrochemical, and other analytical methods ®7-114,

In view of the vast amount of published work on all these
methods, we shall in the present review consider only
acid-base titration methods in non-aqueous solutions, of
greatest theoretical and practical interest.

The use of non-aqueous solvents makes it possible to
extend considerably the possibilities of acid-base titration.
Methods of non-aqueous titration are of great importance
in the study of inorganic substances and particularly for
the analysis of monomeric and polymeric organic com-
pounds. The application of non-aqueous solutions in ana-
lysis is extremely promising, since it shows a number of
advantages over aqueous solutions 5,!7,

Considerable progress has now been made in the analy-
sis of inorganic and organic compounds, and of organic
derivatives of the elements, in non-aqueous solutions. It
is sufficient to point out that only by acid-base titration in
non-aqueous media is it possible to determine compounds
irrespective of their pK, isomers, chemical compounds of
the same homologous series, substances which have nothing
in common with our usual ideas of acids and bases, multi-
component mixtures of various compounds, etc. This
progress is due chiefly to the development of the chemical
theory of solutions, whose foundations were laid by the
Russian school of D.1. Mendeleev 720,368,115 =130,



