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Ahxtraet-A general survey of optical rotatory dispersion (ORD) and circular dichroism (CD) studies on 
aromatic compounds is given. Recent developments in equipment permit observation of Cotton effects 
associated with the a-band (a~ 2-280 mu). and often of thoseassociated with the p-band (cr. 220-240 mu). 

The chromophorcs may be classified as (i) inherently dissymmetric or twisted chromophores (e.g. 
overcrowded polycyclic compounds, biaryls); (ii) coupled oscillators consisting of two non-conjuguted 
aryl or related groups (e.g. calycanthine. lignans. benzyltetrahydroisoquinolinna); (iii) single aryl chromo- 
phora perturbed by dissymmetric surroundings (e.g. oestrogenic steroids, indoles. mandelic acid deriva- 
tives, nucleosides). 

In classes (ii) and (iii) the rigid structures are dealt with before the flexible structures; since the geometry 
of the rigid structures is more precisely known, they can be better considerad in theoretical terms. 

Many of the studies are of very piecemeal character, and it is hoped that this review will suggest areas 
where further work is likely to be most prolitablc. Applications of theory have been possible so far only 
within very limited fields. 

I. INTRODUCTION 

THE Cotton effects exhibited by optically active aromatic substances have not as yet 
been adequately studied.’ - s It is only in restricted fields that attempts have been made 
to relate the sign of the Cotton effects to the configuration of an asymmetric centre 
(or centres) near an aromatic chromophore, or to the chirality of the molecule as a 
whole. 

t This paper is Part 43 in the Westfield College series on Optical Rotatory Dispersion; for Part 42, see 
W. Klyne, R. J. Swan, N. J. Dastoor. A. A. Gotman and H. S&mid, He/v. Chim. Acra 50, I15 (1967). 

’ P. Crabbt. Optical Roratory Dbpersion and Circular Dichroism in Organic Chemistry. Holdcn-Day, 
San Fraocisco (1965). 

’ C. Djcrassi, Opricol Rotoror) Dispersion: Applications ro Organic Chemistry. McGraw-Hill, New York 
(1960). 

’ W. Klyne in Advances in Organic Chemisrry (Edited by R. A. Rapheal. E. C. Taylor and H. Wynberg) 
Vol. I; p. 239. Interscience. New York (1960). 

l G. G. Lyle and R. E. Lyle in Dewrminat’ wn of Organic Strucrwes by Physical Methods (Edited by F. C. 
Nachod and W. D. Phillips) Vol. 2 ; p. 1. Academic Press, New York (1962). 

’ L. Vcllux, M. Legrand and M. Grosjean, Opricol Circular Dichroism Principles, Measuremenrs and 
Applications. Verlag Chemic. Weinheim (1965). 
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The development of ORD and more recently CD equipment which permits the 
penetration of the absorption bands of aromatic compounds in the region of the 
a-band (260-280 mp) (for nomenclature see Table 1)6 and sometimes below 240 mp, 
has led to a good deal of exploration of the aromatic field over the last three years. At 
present this work is of a piecemeal character, but a pattern begins to appear, and it 
seems to be the appropriate time to make a general survey of the field. This will at 
least systematize the fragmentary data now available, and enable organic chemists to 
see where there are gaps in our knowledge. We are well aware of the highly tentative 
nature of some of the generalizations suggested here, but we hope they may serve to 
suggest lines for future progress. 

Although theoretical studies are as yet limited to a few groups of compounds, 
which have been intensively studied, empirical approaches show that from the sign 
and magnitude of the Cotton effect(s), the stereochemistry, including the absolute 
configuration of asymmetric centres, and the conformation of rings or conjugated 
systems, may often be deduced. 

The criteria of aromaticity are of three types:’ (a) the presence of (4n + 2) out-of- 
plane n-electrons, as stated by Htickel;” (b) a reasonably planar configuration; 
(c) a ring-size below certain limits. Hence, “a compound is considered to be aromatic 
if there is a measureable degree of cyclic delocalization of a x-electron system in the 
ground state of the molecule”.’ 

Aromatic compounds usually show three major transitions between 180 and 
300 mu; two strong absorption bands appear near 180 mu and 200 mp, and a weak 
band, usually showing considerably fine structure, appears at about 260 mp.6 Several 
different nomenclature systems are used for the first three UV absorption bands of 
aromatic structures;6 going (usually) from longer to shorter wavelengths, i.e. from 
lower to higher frequencies, they are as in Table 1. In the present paper we shall refer 
mainly to the weak a or ‘Lb band around 260 mu. 

If an aromatic compound is symmetrical (e.g. benzene) the weak transition at 
260 mu is a formally “forbidden” band.6 However, in any dissynvnetric aromatic 
system, this x-x+-transition at ca. 260 mu will become optically active. 

Dissymmetric aromatic compounds are of widely differing types. These compounds 

6 l H. H. Jam and M. Orchin, Theory and Applications 01 Ulwosioler Specfroscopy. Wiley. New York 

(1962); 
b A. 1. Scott, lnterpretarion of the Ulrrol;ioler Spectra of Natural Producrs. Pcrgamon Press, London 

(1963); 

’ A. E. Gillam and E. S. Stem. An Introduction ro Electronic Absorprion Specrroscopy in Organic 

Chemisrry. Arnold, London (1958); 

’ J. R. Platt. J. Chem. Phys. 17.484 (1949); 
’ L. Salem, 7% Molecular Orbital Theory of Conjugated Systems. Bcqamin, New York (1960); 

/ J. W. Sidman, Chem. Rel;. 58,689 (1958); 
’ S. F. Mason, Quart. Rev. IS. 287 (1961). 

’ ’ F. Sondhcimcr, Pure and Applied Chem. 7, 363 (1963); 
* J. A. Elvidgc and L. M. Jackman, J. Chem Sot. 859 (1961); 
c L. hi. Jackman. F. Sondheimer. Y. Amiel, D. A. Ben-Efraim, Y. Gaoni, R. Wolovsky and A. A. 

Bothner-By, J. Am. Chem. Sot. M. 4x7 (1962). 

’ l E. Htickcl, 2. Physik 70. 204 (193 I) ; 
b E. Hiickel, Gnmdriige der Theorie ungesiitrigwr und aromafischer Verbindungen. Verlag Chemic. 

Berlin, ( 193i3). 
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range from polycyclic structures of dissymmetric character such as hexaheliccne9 
(1) and the various benzphenanthrene derivatives (2) on the one hand, to compounds 
containing a simple benzene ring attached to a classical “asymmetric carbon atom” 
as, e.g., in mandelic acid, on the other hand. 

Hexahelicene 

1 

0 x4’ 0 0 
GO 

3,CBenrphenanthrenes 

2 

TABLE I. NOMENCLATURE FOR THE THRWE UV AB- 
SORPTION BANDS OF AROMATIC COMPOUNDS IN 7HE 

180-280 mp REGION6 

Wavelength region 
(approximate) 

Designation of the band 

260-280 mp a 

‘Lb 
‘A,, -t ‘Bzu 
‘A -, ‘L,, 

B 

200-220 mp P 

180-190 mp B 

‘B. 
‘A L, -+ ‘El” 
‘A -+‘B 

E, 

0 ’ A. Moscowi@ 7-emhedron 13.48 (1961); 
* A. Mo~witz, in Admes in Chemical Physics, (Edit& by I. Prigoginc) Vol. IV. IntCr%k%X% 

New York ( 1962) ; 
’ 0. E Weigang jr.. J. A. Turner and P. A. Trouard 1 Cfrem fhys. 45. If 26 (19661, 
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The two extremes of this range correspond to the two classes of dissymmetric 
structures suggested in one of their important papers by Moscowitz. Djerassi, Mislow 
et al.” l;ie :- those with inherently dissymmetric chromophores, and those with sym- 
metrical but asymmetrically perturbed chromophores. In the sequel it will be seen that 
within the aromatic field there are many intermediate stages between these two ex- 
tremes. 

On all grounds it is easier to treat compounds of a fixed conformation or shape 
than those in which the conformation is flexible. Whilst proceeding from the inherent- 
ly dissymmetric chromophores to the essentially symmetric but perturbed types, we 
shall at each stagedeal logically with the more rigid before the more flexible structures. 

Definitions ofstructures (cf. formulae 3-8) 
(1) As defined above, “aromatic” generally means a benzene ring with or without 

substituents; it can also mean naphthalene or a hetero-structure like furan, pyrazole, 
indole, pyrimidine or purine in nucleosides, etc. 

3 4 5 

In 3 Cl is bcnzylic 

la 4 2 is a henzylic hctero atom 

In 5 C2 is phenethylic 

6 7 8 

In 6 (Z = -OR, - NR,, - Br), Z is arylic 

In 7 and 8, N and 0 are arylic heteroatoms. 

(2) Heteroatoms (0, N, S, halogen) directly attached to an aromatic ring are called 
arylic; this term is used both for hetero-substituents not associated with the alicyclic 
part of structure (e.g. - OH, - OMe, - NH?, - NHAc, - Br, etc.), and also for hetero- 
atoms in a reduced ring and adjacent to an aromatic nucleus-eg. N in 1,2,3,4-tetra- 
hydroquinoline (7) or 0 in 2,3-dihydrobenzfuran (8). 

” ’ K. Mislow, M. A. Glass. R. E. O’Brien. P. Rutkin, D. H. Steinberg and C. Djerassi. 1. Am. C/tern. Sot. 

82,4740 (1960); 

b K. Mislow, M. A. Glass, R. E. O’Brien, P. Rutkin. D. H. Steinberg, J. Weiss and C. Djerassi. Ibid. 

84, 1455 (1962); 

’ E. Bunnenherg, C. Djerassi. K. Mislow and A. Moscowitz., Ibid. 84.2823 (1962); 

’ K. Mislow, Ann. N.Y. Acad. Sci 93,459 (1962); 

’ A. Moscowitz K. Mislow, M. A. W. Glass and C. Djerassi, J. Am Chem Sot. 84, 1945 (1962). 

’ K. Mislow, E Bunnenherg, R. Records, K. Wellmin and C. Djerasai, Ibid. 65. 1342 (1963). 
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(3) Centres o~asy~et~ which are adjacent to an aromatic ring are caflwl &eflzy&z, 
e.g. C-l in 3; centres ofasymmetry which are separated from an aromatic ring by CH2, 
or another saturated group, are called phenethyiic., e.g. C-2 in 5. 

Definitions and units for curves 
Wave-lengths (A) are in mp. 
ORD curues. Rotations are mokufar rotations, [&t J. The ~~~~~r~e (a) of a Cotton 

effect is defined as 10’ 2 ([#I at 1st extremum minus [#] at 2nd extremum). If the 
second extremum was not reached, the value is shown as a ! 

CD cwues. Vatues for maxima are given as A.5 = (s, - E,), or (in a few cases) as 
(G), molecular elliptic&y. 
6 = 3300. As 
For an ideal case (Ref. 1, p. 19) ORD amplitude and CD maximum are interrelzrted 
as follows: a = 40.28 As or a = 0.0122 8. 

Absolute conf~~ario~. fn most cases this is designated according to the Sequence 
Rule (R, S system) of Cahn, Ingotd and Frelog (Ref. 14). In other cases the older 
D,L convention is used when convenient. 

II. THE fNHERENTtY D~~§~MMETRjC ~ffR~M~PHDRE~ 

~~~r~~w~~~ structures. The most rigid structures of this type are those ~orn~unds 
in which the aromatic system is of an angular polyeyciic type (the overcrowded 
structures). Among these hexahelicene (1)9 is the classic example, followed by several 
recent studies on compounds of the 3,4-benzphenanthrene type 2. These have been 
fully dealt with elsewhere by Moscowitz, Mislow et ai.‘* 1 ’ and by Mason.” Recent 

Ro. 1. uv Absorption (------ ) and CD CUIWI (-----) of (-)-1,12-dimetbylbcwn[c]- 
phcnaothrenc-5-nwic acid (from Kemp and Muon, Ref. 12~~) 
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work by Kemp and Mason ” shows how the chirality (helicity or sense of skew)r3 
(M or P in the newest terminology of Cahn, lngold and Prelog)14 of certain 3,4- 
benzophenanthrene derivatives 2 may be determined from the signs of the CD 
maxima associated with their p- and b-bands (Fig. 1). 

Biaryls. The next class consists of the skewed biaryls 9; these have already been 
considered fully on the general treatment of Djerassi, Mislow, and Moscowitz” 
(Fig. 2). Compounds of this type include natural products such as the aporphines’ s 
10, which provide excellent rigidified analogues, some colchicine derivatives,16 
as well as some dihydrophenanthrenes.“- l9 Binaphthyl and bianthryl compounds 
of this type have been discussed recently.20*21 A recent paper*“’ deals with the 
i&a-red ORD of two complex dibenz-cycloalkene derivatives. 

Biaryls 

9 

Aporphina 

10 

Figure 2 shows the relationship between UV, ORD and CD curves for a typical 
biaryl:(S)-2,2’-dimethyl-6,6’-dinitrobiphenyl (9; X = Y = Me, X’ = Y’ = NO&” 

As shown in Fig. 2, one can distinguish three main regions of absorption. The 
350-340 mp UV absorption band is hardly detected; a weak CD and ORD Cotton 
effect is however observed ca. 350 mu. In the 310-300 mu region, the UV curve shows 
an infiexion, with which a strong negative Cotton effect is associated (at 298 mu). 
The third band appears at 260 mu, and corresponds to a strong x-n* transition in the 
UV. A very strong positioe Cotton elfectis observed by CD around 251 mu. More- 
over, the ORD curve also shows a strong positive Cotton effect, although the first 
extremum is probably joined up with the second extremum of the 300 mu negative 
Cotton effect mentioned above. 

This figure illustrates well the facts that (i) UV inflexions, which are hidden under 
the shoulder of a stronger absorption band, are often shown up well by CD; (ii) the 

’ K. Mislow, Introduction to Stereochemistry. Benjamin, N.Y. (1965); 
’ E. L. Eliel, Stereochemistry of Carbon Compounds. McGraw-Hill, New York (1962). 
l R. S. Cahn and C. K. Ingold. J. Chem. Sot. 612 (1951); 
’ R. S. Cahn, C. K. lngold and V. Prelog Experienria 12,81 (1956); 
’ R. S. Cahn, C. K. lngold and V. Pfelog. Angew. Chem (latemat. Ed.) 5, 385 (1966). 

C. Djcrassi. K. Mislow and M. Shamma. Experientia 18.53 (1962); J. C. Craig and S. K. Roy, Terro- 
hedron 21,395 (1965). 
J. Hrbck, J. P. Jennings, W. Klync and F. botav$;. Coil. Czech. Chem Comm. 29 2822 (1964). 
K. Mislow and H. B. Hopps. J. Am. Chem Sot. 84,3018 (1962). 
’ T. R. Hollands, P. de Mayo, M. Nisbct and P. Crabb& Canud. J. Chem 43.3008 (1965); see also: 
’ P. CrabM. Yiernumica Chimica Acta, I (1967). 
P. Crabby. Ind. Chim. Be& 31. 131 (1966). 
R. &-inter and S. F. Mason, Trans. Faraday Sot. 60,274 (1964). 
G. M. Badger, R. J. Drewer and G. E. LearL. J. Chum Sot. 4268 (1962). 
’ H. R Wyss aod Hs H. Giiothard He/o. Chim. Acta 49.660 (1966). 
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. 
d 
G 

,4 

0 

RG. 2. UVabsorption (-.-.-.), CE (-----A and ORD (- ) curves of (&ZZ’dimethyl- 
6,6’dinitrobiphcnyl (based on Ref. I. p. 182. and Ref. IOQ 

CD curve “pulls apart” the Cotton effects of neighbouring absorption bands more 
efficiently than does the ORD curve, in which these may overlap; (iii) very large Cotton 
effects in inaccessible regions of the spectrum (“invisible giants”) are indicated by their 
“tails”, which stretch into regions accessible by ORD-although for CD measure- 
ments the wavelength of the absorption band must be reached in order to draw 
stereochemical conclusions. 

A recent application of ORD and CD to bithienyls by Gronowitzzl* may be also 
noted. 

Other Conjugated Structures 
Styrenes. The next class, which has not hitherto been fully considered elsewhere, is 

that of the skewed styrenes. These may be considered as formally analogous to a 

” * S. Gronowiy Ark. Kmi 23,307 (1965). 
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biaryl, except that one aromatic nucleus is replaced by an olefinic double bond. Ex- 
amples of hexahydronaphthalene, which are “rigidified styrenes”, are shown in 
Fig. 3. Table 2 gives the ORD data for skewed styrenes belonging to the steroid 
series (11.12, 13)22*23 and the hexahydrobenzo[f]quinolines (14).2s The chirality of 
the conjugated system in the A6-oestrogens (11) (left-handed helix; negative Cotton 
efTect) is opposite to that in the A* and A9(l ‘) compounds 12,13 (right-handed helix ; 
positive Cotton effect). The nature of the substituent at C-3 (H, OH, OAc, OMe, 
OBz) sometimes has an important influence on the amplitude of the Cotton effect of 
such styrenes, although not on its sign; substituents at C,6 and C1, have lesser eKects. 
Since the A*-14fGsteroid (12b)26 exhibits a positive Cotton effect in the 260 rnp 
region, one can deduce its conformation; the 7-methylene group is very probably 
below the plane of ring A and the 8(9) double bond, and the 1Zmethylene group is 
in this plane. In this conformation the non-bonded interactions between hydrogen 
atoms are minimal. 1 

RG. 3. ORD Curves of “rigidified styrenes” 
A (-----) Am”‘-Ckslrogeo 
B ( -) Hcxahydrobcnzo(f)quinoline, with 4afJH 
C (-.- .-.) Hexahydrobcnxo(f)quinolinc, with QrH 
D (-----) A6-Ckstrogcn 
(based on Ref. 1, p. 254, and Ref. 25). 

” l See Ref. I, p. 253 ; 
’ P. Crabby, in An Introduction 10 Optical Rotatory Dispersion and Circular Dichroism in Organic 
Chemistry. Advanced Institute for Study of Optical Rotatory Dispersion and Circular Dichroism, 
Bonn. September 1965. Heydcn (1967). 

” Some physical properties of cis- and rrans-styrenes have been mentioned by Havinga and et al.. see : 
M. E. Kroncnbcrg and E. Havinga, Rec. Trac. Chim 84.17 (1965). and Refa citedtier&. 

‘* These compounds came from the Syntcx Steroid Collection. 
I’ These N-methylh~xahydrobcno-[j]quinolinea are duedo the courtuy of Dr. H. G. Leeman, Sandoz 

A.G., Baael, cf. H. G. Leeman and S. Fabbri, Helc. Chfm Acra 42,2696 (1959). 
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The absolute contigurations at C-4a of the N-methyl-hexahydrobenzo-[f]- 
quinolines (14)25 are allotted in accordance with the same principles (cf. Fig. 3). 

Substitution. It may be that the patterns of substitution in the aromatic nuclei 
themselves are nor of primary importance in determining the ORD behaviour of such 
twisted chromophores. The empirical studies of many alkaloids and lignans (cf. 
pp. 1617-below) lead us to think that the general structure and stereochemistry 
are the major factors responsible for the optical properties (with arylic substitution 
in many cases, a secondary one). However, this is at present a statement of opinion.* 

Several of the styrene-type oestrogens in Table 2 also illustrate this point; substitu- 
tion on an olefinic double bond by a polar group such as, e.g. acetoxyl (in an enol- 
acetate) makes a major difference in the amplitude (cf. compound 1 lg), no doubt as a 
result of the inductive effect of the substituent. Methyl would presumably affect the 
amplitude in a much less pronounced fashion. 

The substituent at C-17 seems to influence considerably the amplitude of the Cotton 
effect associated with the styrene chromophore (cf. compounds 1211 and 12b in Table 
2). This influence may he due to a change in the degree of chirality of the styrene 
chromophore, or to conformational mobility, or perhaps to non-conjugative inter- 
action (in 12a) between the groups C=O at 17 and C=C at 8(9), which are separated 
by only two saturated carbon atoms (cf. p. 18 below). t 

Aryf ketones. The conjugated aryl ketones, e.g. 15 and 16,‘which may be considered 
as substituted acetophenones, or better 1-tetralones, have been studied by Bose, 
Cambie et a1.27 and by Snatzke.2s” 

These studies have so far been largely restricted, for instrumental reasons, to the 
n + II* transition at ca. 320 rnp, which is not aromatic. When exploration of the lower 
wavelength regions is more thorough, 2** the true aromatic Cotton effects can be 
profitably discussed. 

The rotenoids (16) constitute a rather complex group of conjugated aryl ketones, 

0th 

l But m the important note added in Press on p. 12. 
t A non-rigid skewed styrenc type is represented by a degradation produa of tarctrine (Highct CI 01’~‘). 

26 P. Crabby, A. Cruz and J. Iriarte, Terrahedron submitted for publication. 

l&R. J. Higher. P. F. Highet and J C. N. Ma Tetrahedron Letters 1049 (1966); R. J. Highct and P. F. Highet. 
Ibid. 4099 (1966). 

*‘I ’ A. K. Bos. M. S. Manhas, R. C. Gunbie and L. N. Mandcr. J. Chrm. Sot. 84.3201 (1962); 
* R. C. Cambie. L. N. Mander, A. K. Bose and M. S. Manhas, Tetrahedron 20,409 (1964); 
c A. K. Bose. M. S. Manhas and R. C. CambiG 1. Org. Chom. 30.501 (1965). 

1s l G. Snatzke, Tetrahedron 21.439 (1965); 
’ J.-C. Bloch and S. R. Wallis, work in progress 
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containing another non-conjugated aryl group in addition. Extensive studies have 
been carried out by Djerassi and OIhs et al.?’ 

III HOMOCONJUGATED SYSTEMS 

By the term “homoconjugated”, we mean compounds in which two aromatic 
nuclei or one aromatic and one other chromopho~ are separated by one (or possibly 
two) saturated carbon atoms. These compounds can perhaps best be treated on the 
coupled oscillator model of Mollitt, 30 which is related to the classical work of Kuhn ;31 
see also the discussions by Moscowitz, Mislow et af.lod*loe which include g,y-un- 
saturated ketones and the non-conjugate diene 17. / D I 

17 

Rigid system 
(I) Cu~ycunrhjne. A perfect example of a rigid system, which represents an elegant 

choice for the application of theory, is the alkaloid calycanthine (18) studied by 
Mason 32 From the purely steric viewpoint this molecule may be considered as a 
di~~~“~~~-hexalin (1SA) modified by substitution (two NH groups for two CH2) 
and rigidified by cross-links (dashed lines in 18A). 

18 (&-de&in backbone 
emphasized by heavy lines) 

,8&,.:::::5A 
xYa* 

mc 
imaginary line XY where two 
aromatic planes mat 

Mason3’ considers the compound on the coupled oscillator theory as consisting 
optically of two aniline chromopbores; the planes of tbe two aromatic rings make an 
angle of 61” with one another (18B), and the two-fold axis of each aniline residue 

C. Djerassi, W. D. Ollis and R. C. Russell. J. C/tern Sot. 1448 (1961). 
W. Mofitt. Proc. U.S. Nat. Ad. Sci. 42,736 (1956). 
W. Kuhn, Z. Physikaf. Chem. (&4,14 (1929) 
’ S. F. Mason, Proc. Chpm Sot. 362 (1962); 
’ S. F. Mason and C. W. Vane, 1. Chem Sot. B, 370 (1966); 
r S. F. Mason, Newer Physical Merho& in Organic Chemistry (Edited by R. Bennett and J. G. David. 
United Trade Press. London (L966); also Proc. Rob. SM.. A, WI, 3 (1967). 



3460 P. CRABBY and W. KLYNE 

makes an angle of 28” with this intersection (18C). The author then calculates the 
dipole strengths of the transitions in calycanthine, and relates them to the two CD 
bands associated with the 310 mp absorption band. This analysis permits the allot- 
ment of the absolute configuration shown in 18. Other, less rigid, structures are also 
considered.32b 

Added in Proof-March 1967. 
Mason et of.‘” have extended this method fo argemonine and to Troger’s base. These compounds had 

previously been studied empirically by (Itrvinka er ~1.‘~’ and Mason points out that “this particular com- 
parison illustrates the shortcomings inherenr in the empirical comparison of Cotton-effect curves”. 
The non-empirical comparison. m which the orientanon of the transition dipoles for the different chromo- 
phores is considered, gives the opposite answer for the absolute ~on~gura~ion of Troger’s base from that 
obtained empir~cally.3z’ using a simple but faulty analogy. 

(ii) Brazilin and haemtoxylin. Another rigid type is represented by the heterocyclic 
compounds brazilinand haematoxylin (19A, B)studied as their tetra-acetate and penta- 
acetate by Craig. 330 These compounds give strong fairly simple negative Cotton 
effects between ca 285 and 273 mp; (19A) a = -234; and (19B) a = - 130. Other 
derivatives have been examined in one of our laboratories (Swan34), and the results 
confirm and supplement those of Craig. The absolute configuration of this group of 
compounds is as yet unknown. 

Severa studies on the pterocarpin and mopanol groups may also be mentioned 
here 3 3b. 34 

R 

HO 
H 

OMe 
OH OMe 

19A R=H. Brazilin 20 

19B R--OH. Haematoxyhn Tetrahydro-palmatine 

(iii} ~e~ru~y~ro~~~~ri~e. This is a simpIe example of a dibenzoquinolizidine 
(berbine) structure (20); ORD curves have been studied by Lyle,3S and by Craig and 
Ro~.‘~ The evidence for absolute configuration depends on monochromatic rotations 
(Corrodi and Hardegger). ” The ORD curves reproduced by CraigJ6 do not appear 
to show any close relation to the UV absorption. 

” ‘S. F. Mason. K. Schofield. R. J. Wells J. S. Whizehu~t and 6. W. Vane. Te~~edr~ Letrers 137 (1967); 
cf. also A. C. Barker and A. R. Battcrsby, ibid. p 135 (chemical evidence). 

” ’ 0. &rvinka A. Firbryova and V. Novak. Tetrahedron Leuers 5375 (1966). 
u l J. C. Craig, A. R. Naik, R. Pratt and E. Johnson, J. Org. Chem 30. 1573 (1965); 

b S. E. Drewes and D. G. Roux, 1. Chem Sot. C, 1644 (1966). 
s4 R. J. Swan, Ph.D. Thesis, London, 1966. and unpublished data. 
s5 G. G. Lyle, J. Org. Chem 25,1?79 (1960). 
s6 J. C. Craig and S. K. Roy, Terrahedron 21.4Oi (1965). 
” H. Corrodi and E. Hardcggcr, Heft. Chim Acm 39,889 (1956). 
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(Since this paper was first submitted, data for CD curves on further alkaloids of 
this group have appeared ; see Ref. 80). 

(iv) Heteroyohimbine alkaloids. The ORD curves of the heteroyohimbine alkaloids 
(21) discussed by. Finch, Taylor, Klyne et al. M have as their most striking feature a 

large Cotton effect in the region of 250-230 mu; this appears to be due to interaction 

21 

between the methoxyl~~nyl~nol ether grouping (MeOzC * C:C-OR) in ring E 
and the iudole nucleus. The sign of the Cotton effect is related to the chirality of this 
coupled oscillator. 

(v) A nearly-rigid sysrem: Quasi-enantiomeric conformers. Another example, where 
ORD “evicts” the skewing of an apparently almost symmetrical molqule, is 
the following The azocine derivative 22 (2,3-dimethoxy-6,12-methano-9,1~methy1- 
enedioxy-5,6,12,13-tetrahydro(7H) dibenz[c,fJazocine) prepared by Wildman et ~1.~~ 

OMe 

OMe 

22 

uppecus to be almost symmetrical, because the difference between the two “halves” 
of the molecule is only that of two methoxyl groups oersu~ a methglenedioxy group. 
Nevertheless this compound has a strong aromatic Cotton effect (a, - 88 ; 3 lo/283 mu 
and a, + 565 ; 254/238 m&; this must be due to the essentially twisted character of the 
molecule, leading to interaction between the two n-electron systems. 

Disregarding for the moment the arylic substituents, the constitutional formula 22 
has an apparent plane of symmetry (dashed line). Study of Dreiding models shows 
however that 22 would probably exist as a mixture of two conformations of enantio- 
merit type, as 22A and its mirror image. The actual existence of a pronounced Cotton 

” N. Fin&, W. I. Taylor. T. R Eherso~ W. Klync and R. J. Swan, Tenohairar 22.1327 (1966). 
1* Y. hibuwbi, H. hi. Fahw, E. W. Warnhoff snd W. C Wildman, 1. Orfi. C&n 25.2153 (1960). 
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effect in the 
arising from 
rings. 

A 

be due to a preponderance of one conformer, 
of the arylic substituents in the two terminal 

226 

Intersection of aromatic 
planes is (nearly) along ay 

Chirality along (imaginary) 
bond rp is negative 

This provides a third example of a stereochemical phenomenon which has come to 
the surfaa only in the last two years--viz. that ofstructures which appear cmstitution- 
ally to be of point-group CzO*O and therefore non-chiral; but which confobnationally 
belong to the chiral point-group Cz, and therefore exist as one or the other (or a 
mixture) of a pair of nearly enantiomeric interconvertible conformers. The previous 
examples of related problems are the 9dimethylamino-9,10-dihydro_4,5dimethyl- 
phenanthrene 23 of Mislow and Joshua,41 and the cis-hexahydroindan-2-ones 24 
(Klyne42). 

Partially Rigid Systems 
(v) Lignans: 4-Aryltetralins. Many good examples of a partially rigidified system 

are found in the 4-aryl-tetralins of the lignan series (general formula, 25). 
Swan and Klyne 43 have studied the ORD curves of more than 100 members of this 

group, which includes many important natural products, e.g. podophyllotoxin, the 
peltatins, the conidendrins, and their derivatives (general formula, 25). 

The compounds all give two Cotton effects, the first between 290 and 280 mu and 
the second between 245 and 230 mu. The second Cotton effect is not easy to study, 
because it lies near the lower wavelength limit which can be reached by the presently 
available instruments; it appears to be opposite in sign to the first Cotton effect in 
nearly all cases. We deal here with the regularities found in the first Cotton effect. 

do For a convcnicnt survey of point-groups, xc H. H. JalB and M. Orchin, Synunerry in Chemistry. 
Wiley, New York (1965). 

*I K. Mislow and H. Jo&u, J. Am. Ckm Sot. 87,666 (1965). 

“ W. Klpz Anal. Red Soi Esp. Fit Quim eat.371 (1966). 
l ’ l R J. Swmn and W. Klync, Gem. & Ind. 1218 (1965). 

‘W.KlynqRStcvcawn uxi R J. Swan, J. C/urn Sot. C 893 (1966); 
‘RJ.S~W.Klyne~HMacLeasC~.I.Chcm.U,319(1967). 
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The compounds may be considered as falling into three general diastereoisomeric 
classes (each, of course, in two enantiomeric forms); these may be represented by 
the formulae 26,27 and 28 with their enantiomers .The substituents R’, R3 (and R’ 
in type 28) are Me, CH,OH, CHzOTs, CO,H, C02Me, etc.--or -CH,*O*CO-, 
--CH,*OCH,-- linking c(2) and c(3); the substituents X at positions 6,7,3’,4’ and 
5’ are usuaily OH, OMe (or ---OCH2*S linking C(6) and C(7)). (The en~tiomer 
of a given formula is designated by the prefix E). 

x 

X 

27 28 

The overriding generalization is that all 4&aryl compounds give negatioe Cotton 
effects and all 4a-aryl compounds give @tire Cotton effects. Table 3 summarizes 
the ranges of ~plitudes which were found, and some typical ORD curves are given 
in Fig. 4. 

Our studies of CD curves in this field4** 34 are as yet preliminary, but as might be 
expected on theoretical grounds, the CD curves promise to give a clearer picture, 
since they separate the Cotton effects of nei~~u~~g absorption bands in a more 
satisfactory way than the ORD curves. 

Some tentative comments on the effect of substituents at C-l, 2 and 3 in the alicyclic 
ring have already been made, *ja Here one may draw attention to a point concerning 
substitution in the mobile aromatic ring C, which can pivot about the bond joining it 
to C-4. All compounds of Classes (E26) and (E2’7) have three Me0 groups at positions 

U * R. J. Swan and W. KIync, Newer Phystcor Metkds in Ortp&c Clwmfscry (Edited by R Bonnet 
and J. G. Da+.). United Trade Rws, London (1964); 
‘ W. Klync, Proe. Roy. Sot A., 297,66 (1967). 
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TABIJ 3.QARYL-TE-TFALIW 

Signs and amplitudes of fmt ORD Cotton effects 
at 290-280 mp.“’ 
Solvent: methanol 

Type Configuration 
No. of Sign and amplitude of 

compounds ORD cotton ckt 
a 

245 28.3a: 48 20 -290 to 410 
E26* 2cg38.4a 3 +18Oto260 

27 2~3~48 8 -1ooto2c@ 
FJ7 28.3B, ht IS +80 to 130 

28 zfA3s4at 30 +25 to90 

l E indicates ‘enartiomcr of’. 
t Many of the compounds in these two classes have sub 

stituents al c(l) (either la or 1s). 

300- 

P 
(:Iq;: - 

ooll ‘I 
M#o\ * 

-0 .- 
lco- Q _-_-_ 

I 
zso 300 3SOmp 

FIG. 4. ORD Curves in methanol of stereoisomcric lignans; 2,3-bia(hydroxymetbyl)6,7- 
methylenedioxy4(3’,4’,5’-trimethoxyphenyl)tetralins (- ) 2a,3a; (-----) 2a3fJ; 

(. . . .) 28.38; (-.-.-e-v) 2j3,3a (From Swan, Ref. 34). 

3’. 4’ and 5’ in ring C, whilC the comparable compounds in Classes 26 and 27 have two 
such Me0 groups (at 3’ and 4’). The amplitudes for Classes (E26) and (~97) are about 
two-thirds of those for Classes 26 andl27. 

ORD measurements have been used to determine the absolute configuration of the 
lignans otobain43b and plicatic acid.*” 
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A few 2-aza-analogues of lignans-dehydrococcinine derivatives (as 25, with NH 
instead of CHI at position 2) from Wildman39-have been examined by Swan.“’ 
The ORD curves are generally similar in shape to those of the carbocyclic structures 
2!!.+ 

F&t;ans. Extensive studies have been carried out by CiarkLewis, Ollis and others4s 
on fiavans of various kinds, es$eciaily iso-flavans (29). Many of these curves need to be 

29 

rewted with instruments covering the 260-280 mu absorption region. Some pre- 
liminary measurements on catechin derivatives have heen made in this regionJ4 

~enzyf~ie~n and ~~nzyl-~~~o~ types 
We next turn to structures in which an aromatic nucleus is homo~onjugated with 

a doubk bond (c-c or C-==O). 
(vi) ~e~z~~o~e~~ types. Examples of these are A’-aromatic steroids such as dihydro- 

equihn (30): this compound (from Ayerst, McKenrta & Co., Montreal) has a small 
positive Cotton effect (a, + 22) between 290 and 265 mp). 

(vii) Homoconjugated aryl ketones. The very intense Cotton effect exhibited by 
some of these chromophores can be interpreted in terms of homoconjugation of 

HO 

31 3u-Ph 
32 3B_Ph 

* !bmc interating 1.4diphenyltetrahs, with an additional hetcrwyclic ring at positions 2 and 3, 
be nantly beut studied by Q&&en et 4%4” 

u ’ G. Quinkert, K. Up& W. W. Wiersdorff end M. F&kc Ann Chevs &93,44 f 19553. 
41 J. W. Ckk-tcwi3 I. lkktis and C Rmttsayp Ass. J. C&CJK 24 1035 (1%5& J. W. CGrk-Lewis tMf R W. 

kmiros Ibid. l& 1m (1965); w. D. a& M. 2. Ranmy 8ad LO. sutbertmd. md. 1% inn (1%$. 
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carbonyi and benzene x-electrons. ‘Or.’ Cookson et ~1.~~~~’ have indicated that in the 
3-phenyl-5acholestan2-ones, the very strong positive Cotton effect (a = +374) 
of the axial 3a-isomer 31, which is accompanied by the typically intense absorption 
in the carbonyl region, (E,,, 220, at 299 mp) suggests the prevalance of conformations 
in which the orientation of the benzene n-electrons relative to electrons of the 
carbonylgroupisgeometrically favorable toenhancement ofabsorption. Furthermore, 
the sign of the Cotton effect of31 is in harmony with the geometry B of Fig. 5,‘oc for 
the absolute con~guration indicated. On the other hand, the equatorial 3&phenyi- 
isomer 32, in which such orientations are not possible, has a normal absorption spec- 
trum and molecular amplitude (a.= +45). The recent paper by McKenzie et aL’s 
suggests that the conformational situation may be more complicated. 

QL+ /-/Z/a 

A B 

RG. 5. Representation of tbc enantiomcric chromophorcs associated with dissymmetric 
B;/-unsaturated ketones (from Moscowiu, et al., Ref. Me, and Ref. I, p. 232). 

Moscowitz et uI.‘Oc treated a wider range of compounds in terms of the coupling 
between the x-orbitals of two unconjugated n-systems. 

I I-Oxo-aromatic steroids. The CD technique has permitted a detailed study of the 
conformation of the 1 l-oxoAring aromatic steroids (339-338 listed in Table 4. The 
isomeric compounds (33a, 33b), ” for example, differ in the con~guration of the 
hydrogen atom at C-9. The very strong positive Cotton eflect off33b) can be interpreted 
in terms of homoconjugation of the carbonyl and benzene x-electrons, since the 
geometry is favorable to such interactions. (Ref 1, p. 238). 

33 

Table 4 shows that the compounds with the 9fiH-stereochemistry always exhibit a 
much more positive Cotton effect than the 9aH-isomers. Moreover, since a 20_keto- 
steroid (in a 17&side chain) presents a strong positive carbonyl Cotton effect (a = 
+190; 8. 1o-2 = +112),‘*s and provided there is no vicinal effect between the 11 
and 2Ouubonyl groups, a negative Cotton effect generally seems to be associated 

‘O ’ R. C Cooknon and S. McKcazic, Proc. Chm Sot. 423 (l%l); 
’ R C. C&non and J. Hudec, J. Cbtn Sot. 429 (1962). 

“I R. C. Co&son and N. S. Wuiyar, J. Chem Sac. 2302 (19%). 
** 8 McKenzie, S. F. Mamocci and H. C. bmpc, J. Org. Chem 30.3328 (l%S). 
*’ J. A. Edwuds, p. CnbM ad A. Bowen, 1. An Chem Sue. SS, 3313 (1963). 
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with the homoconjugated 11-ketochromophore with %-H stereochemistry as in 
33a, 33c and 33e. 

However a small positive Cotton effect is associated with the same chromophore in 
33g although this has 9a-H; thus indicating that ring C in l-methyl-ll+xo-A- 
aromatic-steroids probably has a different conformation. Table 4 shows finally that 

TABLE 4. “HOMOCONJUGATED” BENZYLKETONES-A-RING AROMATlC ~~4XOSlEROtDS 

CD data; Solvent, dioxan. 

Substituents in Substitucnts in 
Molecular cllipticity : 0 . 10-l 

Compound 
aromatic ring A ring D 

Ref. 

9aH 9BH 

334b 
G d 
e. f 

3-OMc 17fXO * CH, +89 + 502 1.49 

3-OH 17pCO * CH, +87 + 502 49. 50 

3-OBz 17@CO - CH, +98 + 342 49.50 

I-Me. 3-OAc 
17a-OH, 

17f.KO * CH,OAc 
+ 162 + 267 I,49 

the nature of the substituent at C-3 does not modify the sign, but has only a slight 
influence on the intensity of the Cotton efTect associated with these homoconjugated 
chromophores. 

& Ho_& 
CH3 H 34 9a-H,R=Ac 

9fhH,R=H CH; 36 

Chaparral. Similar reasoning has been used to assign the stereochemistry at C-9 
in chaparral mono-acetate (34) and neochaparrol (35), obtained from the terpene 
chaparrin (36).‘* Chaparrol mono-acetate (34) exhibits a negative Cotton effect 
(a, - 56), in agreement with the Octant rule for ketones,” whereas neochaparrol(35) 
has a very strong positive Cotton elTect (a, +250), in agreement with the stereo- 
chemistry proposed for this homoconjugated n-system.’ ** l9 

(viii) BAnilinoMylic esters. The homoconjugated systems in which a heteroatom 
(N) lies between the two unsaturated units include certain alkaloids of the aspido- 
spermine and strychnine groups, most of which may be considered as @Alino- 
acrylic esters (37). These compounds (S&mid and Klyne et al.“) which belong to the 

” J. A. Edwards and J. B. Siddall, io preparation 
” W. Moflitt. R. B. Woodward, A. Moacowitz. W. Klyoe and C. Djcrrari, J. Am Chem. Sk. 83.4013 

(1961). 

” W. Klync, R. 1. Swan, B. W. Bycroft, D. Schunum and H. S&mid, Hrlo. Chin Acta 4&3 (l%S). 
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aspidospermine and strychnine-like groups (38,39) show two Cotton effects, generally, 
one (a) between 340 and 270 mp, and the other (6) below 250 mu. The signs of these 
Cotton etfects are related to the neighbouring centre of asymmetry (C-l 1) as follows: 
1 la-X : a positive, b negative; 1 lfI-X: a negative, b positive. The relevant data are 
summarized in Table 5 ; for further details see Ref. 52. 

37 

TABLE 5. p-ANILINCMCRYLIC ESTW 

ORD data in methanol” 

cotton eNects 
, , 

First Second 

(NO-270 mp) (250 w) 
Amplitude First extrcmum 

(a) [I#] x 10-z 

Strychnine-like system (38) 
(- FAkuammicine 
(-)-19.2~Dihydroakuammicine 

(+ FCondylocarpine 
( + FTuhotaiwine 

- 1514 
- 1315 
+ 1339 

+ 1382 

+ 763 
+815 
-476 

- 748 

Aspidospermine-like system (39) 
( - tVincadflorminc 
(-)-Tabcrsonioe 

- 1008 + 373 
- 1427 +629 

A more flexible, and more extended, type is represented by the following group. 
(ix) Benzyltetmhydroisoquinolines. Battersby et aL5’ and Cymerman Craig and 

RoyS4 have studied the ORD curves of a number of l-benxyltetrahydroisoquinolines 
of the general formula 40, and its enantiomer. 

” A. R. Battersby, 1. R. C. Bick, W. Klyne. J. P. Jennings, P.M. Scopes and M. J. Vcmengo. J. Gem. Sot. 
2239 (1965). 

54 J. C. Craig, M. Martin-Smith, S. K. Roy and J. B. Stcnlake., Tentiron 22.1335 (1966); see aiao Ref. 36. 
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0 

I 
R 

% 

*. H 

40 ‘I 
Thecompounds, which might be considered asdihomoconjugated, show an aromatic 

Cotton effect at about 2%270 mp, and also the first extremum of a second Cotton 
effect at about 240 rnF All members of the S-series have two positive Cotton effects, 
while the enantiomeric R-compounds have double negative curves. A summary of 
the results is given in Table 6, and examples are shown in Fig. 6. 

FIG. 6. Typical ORD curves of bcnzyltctrahydroisoquinoiincs; oorarmepavinc, armepatie 
and armepnvinc me&iodide. AU compouods have l(S)-contiguratioo; curves in methanol 

(from Rcfa. 53 and 54). 

Recent evidence540 ” suggests that quatemization of nitrogen in a benzyltetra- 
hydroisoquinoline makes no change in the sign of the ORD curve, although there 
may be changes in wavelength and amplitude of the Cotton effect. 

” S. M. Albonioo. J. Comb, A. M. Ku& E Sanchez, P. M. Scopem, R J. Swan and M. J. Verneogo, 
1. chtn% s0C c. 1340 (1966). 
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Related work is that of Rheiner and Bros.s?j on tetrahydro-N-methyl-142-phenyl- 
ethyl)isoquinolines, i.e. compounds ‘in which there is an additioracl saturated carbon 
atom between the two aromatic nuclei. ORD evidence has been used to allot the 
absolute configuration to the fragments obtained from the bis(phenylethyliso- 
quinoline) alkaloid melanthoidine (Battersby et al..“~ and to the aglycone from 
latericin.57b 

ORD curves have also been reported for some phthalide-isoquinoline alkaloids 
of the narcotine-hydrastine group. (Ohta.‘* also work in progress. Snatzke. 
&navy, BlAha, Klyne et al.). 

The stereochemistry (configuration and conformation) of the very flexible bis- 
(benzyltetrahydroisoquinolines) is too complex to permit interpretation of their 
ORD curves at present, though useful empirical correlations have been found.53 

(x) Flexible homoconjugated compounds. Some diphenylpropylamines have recently 
been submitted to an ORD examination. s9 Fig. 7 reproduces the ORD and UV 

8 

f 

T 
,o 
L 

s 
*--- 

_____---- 

2 11’ ’ B ORD 

1 4- 
i_I 

-4 

FlG. 7. 
A 
B 

1 

200 300 400 
A(mA 

Uy absorption and ORD curvcn of: 
-) ~l-cyan~2-mcthyl-I,ldipbeoylpropanc-3-N,Ndimethylamine (41) 

I___--) D-lcyan~l.ldiphcoylbutaoe-3-N.Ndimcthylaminc (42) 
(from Ref. 59). 

‘* A. Rkincr. Jr. and A. Browi, Expmfcntia 22,488 (1964). 

” ’ A. R. Battersby, R. B. Herbert and F. &tav$, Chtn~ Comm 415 (lW5’); 
* V. Prciaiugcr, A. D. Crow and F. &ntav$. COIL Czech Chem Comm 31.3345 (1966). 

“ M. Ohta,*H. Tani, S. Morozumi, S. Kodaira ad K. Kuriyama, 7kwakdron Letters 1857 (1963). 
” P. Cnbb& P. Danoeo and P. Janawn, Bull. Sot C&IL Fr. 2855 (1965). 
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absorption curves of ~-lcyano-2-methyl-l,ldiphenylpropane-3-N’Nd~e~yl- 
amine (41). This o-isomer exhibits a positive multiple Cotton effect associated with 
the aromatic a-band at ca. 265 mu. The strong optical activity around 300 mu may 
be due to home-conjugation between the triple bond of the nitrile grouping and the 
Ph groups. 

NC .CPh,.CHMe. CH2.NMez 
41 

NC.CPh,.CH2.CHMe. NW, 
42 

Fig. 7 also shows the ORD and UV curves of an isomeric diphenylpropylamine 42 
(l-cyano-1, ldiphenyl-butane-3-N,Ndimethylamine), in which the asymmetric 
centre is separated from the CPhl group by one methylene. The o-isomer exhibitss9 a 
negative multiple Cotton effect at ca. 270 mu. This phenomenon of inversion of the 
Cotton effect, by introduction of a methylene grouping between an asymmetric 
centre and a chromophore, l9 has been noted previously for saturated ketones.60 
The Cotton effect occurring at low wavelength in 42 is much weaker than that in 
4L59 

It is significant that the W absorption curves of the position-isomers (41.42) are 
almost identical; whilst the ORD curves, which reflect the chin&y of the structure, 
and in particular of the chromophore vis&vis the asymmetric centre, are very 
different. 

The ORD curves for D-(-) and L-( +)-methadone hydrochlorides (43)6’ exhibit 
multiple positive and negative Cotton effects in the 260 mu region respectively. 

To this class of flexible, homoconjugated compounds belong diarylmethanes and 
the corresponding quinones such as latifolin (44) and related substances,62-64 and 

*O l P. A. Levene and A. Rothen, J. Chn Phys. 4.48 (1936); 
’ C. Djmui and L. E. Cklkr, J. Am Chem Sm. 81. 2789 (1959): see alao Ref. 2. 

“ Private mmmuniatioo from Profwor J. Cyme- Craig, Univemity of California, San’Franckco 
Medical Center. Calif. 

62 W. Klync and D. Donnelly; unpubliehcd results. 
l ’ D. Kumari. S. K. Mukejee and T. R. Suhadri, Teuahedron Letters 3767 (1966). 
u ’ W. B. Eyton, W. D. 0114 1.0. Sutherland, 0. R. Gdicb, M. Tavcira Magalhacn and L. M. Jachan, 

Tezrdwdron 21,2683 (1966); 
b W. R &ton. W. D. Ollk, 1.0. Sutherland, 0. R Gottlkb, M. Taveira Magahau and L. M. Jackman. 
IbL1.21.2697 (1966). 
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the dalbergiones (45), in which one “aromatic” group is quinoooid in character;62-63 
these have been studied extensively by Ollis et aL6’ Dihomoconjugated representa- 
tives, such as diarylethanes (46) may also be mentioned.6s Methyl-a-naphthyl- 
phenylmethane [and its silaue and germane analogues; general formula 
(C,,H,)XH] have been studied by Brook.66 

tie(Iih) 

44 
Latifolin 

Dihydrocodeinone 

The rather complex CD curyes of dihom~onju~t~ aryl ketones of the morphine 
series (e.g. 47) which show carbonyl. aromatic and charge-transfer bands are discussed 
by Rti11.67 

It is to be hoped that in due course the general coupled-oscillator treatment applied 
by Mason32 to calycanthine can be applied in turn to all other structures discussed 
on pp. 12-25. The strategy must be to deal with other less symmetrical, but none the 
less rigid, structures first-and then the more flexible ones, where the aim must be to 
use ORD and CD (probably in combination with other physical techniques) to deter- 
mine preferred conformations. 

1V SYMMETRICAL CHROMOPHORES WHICH ARE 
DISSYMMETRICALLY PERTURBED 

The second major class of aromatic compounds is that in which there is only one 
chromophore (a single aromatic system) which has many elements of symmetry but 
is dissymmetrically perturbed by “a centre or ccntres of asymmetry”. Some evidence 

” l J. L. Mateoa and D. J. Cram, .I. Am Chem Sot 81, 2756 (1959); 
’ G. G. Lyle and W. Lwroix, J. Org. Chm 28,900 (1963) ; 
’ A. Weisabcrgcr and W. Klyac; unpubliskd nsuits. 

66 A. G. Brook. i. Am Chem Sot. 8!5.3051(1963). 
6’ I. R&U, Ed!. Sot. C&n. F-r. 3715 (l%S). 
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suggests that a heterosubstituent on the aromatic ring itself (arylic substitueot) is 
necessary to provide an optically active transition of high intensity;6s’-72 there are 
however several exceptions (cf. pp. 31-32). 

It may be hoped that at some later date one or more Segment Rules (similar to the 
well-known Octaot Rule for ketones) may be proposed to correlate the geometry of 
perturbed aromatic chromophores in an asymmetric surrounding with the signs and 
amplitudes of the Cotton effects produced. The important fundamental paper of 
Schellmao73 on symmetry rules points the way to a general consideration of the 
geometrical problems. It is worth emphasizing however that the nature of the per- 
turbing groups, as well as the geometry, must be considered in every case. 

Some tentative progress for particular classes of compounds has reccotly been made 
by Brewster and Buta (see pp. 30-1, below) for simple indaoe derivatives ; Takeda 
and Kotera et ~1.” and Wildmao76” (Amaryllidaceae alkaloids); other treatments 
have been suggested in discussion by Soatzke.76b 

So far the bulk ofwork on ORD and CD of aromatic compounds has been concerned 
with series of compounds (natural products and their derivatives) already available 
for other purposes. The time has come when it will be necessary to design and syo- 
thesize structures deliberately plaooed74 to test rival hypotheses, and/or to give 
reference values for the amplitudes or molecular ellipticities associated with particular 
groups. (cf. much pioneering work by Djerassi’s school on ketooes_Ref. 1. pp. 
85-89). 

The logical subdivision of this general class of compounds is difficult and the 
following suggestions are put forward tentatively. We consider first structures which 
are bicyclic or polycyclic, with one aromatic ring and at least one alicyclic ring (for a 
summary, see Table 7). Compounds in which the only asymmetric ceotre(s) are in a 
flexible side chain are considered in Section V (pp. 48-55). 

Our subclassification must take account of(i) the relation between centre orceotres 
of asymmetry and the aryl nucleus, (ii) the presence or absence of heteroatoms with 
lone-pairs adjacent to these centres of asymmetry, and (iii) the pattern of substitution 
on the aryl nucleus itself (character and local symmetry). 

Centres of asymmetry 
Factors (i) Md (ii). The centre(s) of asymmetry in the side-chain (or second-ring) 

may be associated with (a) alkyl groups; (b) heteroatoms with lone-pairs of electrons 

68 A. Moscowitz, A. Rosenberg and A. E. Hauscn, 1. Am. Chem. Sot. 87.1813 (1965). 

69 L. Verbit. J. Am. Chem. Sot. 67. 1617 (1965). 
‘O T. M. Hooker, Jr. and C. Tanford, 1. Am Chum Sot. 86.4989 (1964). 
‘I A. Yogev and Y. Mazur, Ch. Comm 388, (1965). 
‘l L. Velluz and M. Legrand, Anger. C/tern. (ht. Ed.), 4,838 (1965). 
” J. A. Schellman, 1. Chem. Phys. 44.55 (1966). 
” ’ J. H. Brewster and J. G. Buta, J. Am. Chem Sot. 88,2233 (1966); 

* J. G. Buta. Ph.D. Thesis, Purdue University. 1965. 
” K. Kotcra, Y. Hamada, K. Tori, K. Aooo and K. Kuriyama, Tefrahedron Lrtters 2009 (1966); K. 

Kuriyama T. Iwata, M. Moriyama, K. Kotera, Y. Hamada, R. Mitaui and K. Takeda, J. Char Sot. 
B. 46 (1967). 

‘I6 l W. C. Wildman, Paper at 4th IUPAC In~ernariontal Symposium on the Chemistry O/N-al Prohc!s. 

Stockholm, June (1966); 
* G. Snatzke. Discussion on paper by Kotera, Oxford, July 1966. 
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TABLE 7. RIGID COMPOUNDS WITH PERTURBS momnc CHROYOP- 

CLASSlFlCATlON 

No arylic substitucnts With arylic substitucnts 

I. No benzylic heteroaloms 

I-Alkyl-tetralin 

(48, R=AIk ; A=H) 

I-Alkyl-indane (531) 

2. With benzyllc hereroaroms 

2a. Nor in ring B 

I-Tctralol 

(48. R-OH ; A==H) 

I-lndanol(S38) 

Morphinans (55,s) 

2b. In ring B 

Bcnzquinolizidine (51) 

3. Arylic heteroatoms in ring B 

4. Hereroaromaric srrucrures 

Other Chromophares 

Steroid oestrogcns: A ring aromatic, with OH 

(without alcoholic OH near A ring; (49, 58, 

59, 60); 
also o-homo-ring aromatic (cnaotiomeric type) 

(50). 

6-Hydroxy-oestrogcn (49; with OH at 6a or 66) 

Tetralin-1,5diol (48; R=A==OH) 

Morphine-thcbaioe derivatives (57. 64. 65.66) 

Chaparral derivatives (61.62) 

Tetrahydroisoquinolincs (68) 

Tctrahydroquinoline (7) 

Dihydrobcnzfuran (8; 67) 

Dihydro-indoles ; 
Aspidospcrminc type (69,70) 

Neblinine type (72) 

Tetrahydroharman (73,74) 

Steroid-indolc (75) 

Yobimbine type; (77,78) 

(Nb is bcnzylic on indole; Na is hctero- 

aromatic) 

Quebrachaminc; (76) 

(Nb is phcnethylic on indole; Na is hctero- 

aromatic). 

lndolenina (79.88.81) 

Tropona (82.83) 
Pyrazolcs (84) 

Furaas (85,86,87) 

In classes 3 and 4 the heteroatom servea to make the aromatic unit unsymmetrical; therefore 

all compounds may he considered as canyin arylic substitucntl. 
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2 

3 

4 6 

Ace 
H 

50 

(either in or out ofthe second ring);(c) heteroatoms without lone-pairs(e.g. quaternary 
ammonium groups). 

Geometrical basis for optical activity of aromatic transitions 
The rotational strength (Rd of a transition k of a chromophore is related to 

its electric @t) and magnetic (& dipole transition moments by the following 
equation 9. ” 

R, = &&0se 

e being the angle between the two transition moments. 
According to Moscowitz, 68 the weakness of the ?60 rnp Cotton effect of many 

aromatic compounds is due to the Cl0 effective local symmetry of the aromatic ring. 
If the Ir-molecular orbitals of the system are constructed solely from linear combina- 
tions of 2p, orbitals of carbon, then all X--X* transitions from the ground state have 
their nonvanishing electric dipole transition moments ~3 directed in the plane of the 
ring, and their non-vanishing magnetic dipole transition moments c(“, directed 
perpendiculurtothatplane;coseiszero. Noamount ofmixingofthe transitionsamong 
themselves, therefore, can lead to a nonvanishing scalar product (R,= pi. &, and 
thus to optically active n -, x* transitions. 

To produce an optically active IL -+ II* transition by mixing in of other transitions, 
the essential factor is the generation of an in-plane magnetic moment 01, in the right 
direction). This is most readily brought about by lone-pairs of electrons in the vicinity 
of the aromatic nucleus (see pp. 29-30), but it could come from other sources. 

In quaternary ammonium compounds” the transition giving a significant in-plane 
magnetic moment might be of S-X+ character, or might involve d-orbitals. 

Substitution in the aryl nucleus itself 
Factor (iii). This is usually of prime importance in determining the magnitude of 

” ’ E U. Condoa, W. Altar and H. Eyring. J. Chum Phys. 5,753 (1937); 
’ SecahoRefs.11aod23; 
’ D. J. Caldwell and H. Eyring, Ann. Rm. Phys. C&m lS, 281 (lwS), 
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the Cotton effect. (cf. Moscowitz68 and Mazur”). It appears that in most cases an 
arylic hetero-substituent is necessary to make a X-A* transition optically active and 
hence to give a significant Cotton effect at 260 mu. 

A pair of compounds illustrating the importance of arylic hetero-atoms is provided 
by the aromatic aminoacids L-phenylalanine and r_-tyrosine (its p-hydroxy-analogue) 
(52A, 52B).68 - ‘O 

As pointed out by Moscowitz 6* the unsubstituted compound 52A gives an almost 
negligible Cotton effect at 260 rnp; whilst in 52B the OH group gives rise to a much 
larger Cotton effect (a = + 12) (cf. Fig Q6*- ‘O, ‘* 

Rc. 8. Comparison of ORD curves of aromatic compounds without and with arylic hctcro- 

substitucnts; (-.-.-.) L-phcnylalanim (SZA) and ( -) L-tyrosinc (L-phydroxyphenyl- 
alanine) (SZB) (basad on Moscowitz et ol, RcC 68, and Hooker and Tanford, Ref. 70). 

u YHZ 
R 

0 
cH&H . coy 

S2A R = H 
SZB R =OH 

The extreme weakness of the Cotton effect associated with phenylalanine (52A) 
is due to the unfavourable geometry of the electric and magnetic dipole transition 
moments in this structure as discussed above. If the possibilities of charge-transfer, 
or of the mixing of transitions btween the aromatic and amino-acid groups can be 
ignored, then the requisite in-plane & can be achieved only by mixing the x-x+ 
transitions with some perpendicular transitions of the aromatic chromophore 
(e.g. a e-x* or n-x* transition), or expanding the basis set and invoking, e.g. 3d 
orbitals. 

” ’ M. Bilhrdoa, C.R. Ad. Sci., Paris 251,535, 1759 (1960); 
’ E Iizuka and J. T. Ya& Biochemisrry 3,1519 (1964); 
‘G.D.FurmrsEBodenbeima~CL~blow.IbidJ,1665(1964); 
‘S.BeychokandG.D.Famnan,lbld3.1675(1964); 
l J.AWandC.G. S&Uman, Arch. Biocbem Blopl?y* 65,58 (1956). 
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In tyrosine (SZB), the oxygen atom of the phenolic OH group attached to the aro- 
matic chromophore is a ready source of nonbonding orbitals for n-z+ transitions. 
Hence, the long wavelength aromatic Cotton effect can easily be detected.70~78 
Conversely, in phenylalanine (52A), where the 260 mp pt is itself only very weakly 
allowed to begin-with, this important mechanism for .producing a properly directed 
& is absent ; this explains the faintness of the 260 mp.Cotton effect in phenylalanine 
(S2A),68 (pp. 3S5). 

The same concepts may be applied to the substantial diflerences observed in the 
Cotton elTec.ts associated with the aromatic steroids carrying different substittients, 
listed in Table 8 (pp. 33-5). 

Comparison of rigid a&flexible systems 
We next consider an example in which rigid and non-rigid structures of the same 

chemical type are compared. These are represented by the indane-l-amine (53i)74 
and a-phenyl-ethylamine74~ 79 (54, R’ = NH,) as hydrochlorides. Comparison of the 
curves in Fig. 9 shows that the Cotton effect at about 280 rnp is negligible (a, -4) for 
the flexible compound 54, but of significant size (a, + 32) for the rigid indane deriva- 
tive 53i. See further discussion on p. 36. 

30. 

‘O 50 32 24 16 
" km-'rlo-'1 

266 300 A(qL) dm 5W 600 

RG. 9. Comparisoo of ORD curved of aromatic compounds with non-rigid and rigid side- 
chains of the same chemical type. A. (R)-a-phenylcthylamine; B. (R) indanc-I-N-methyl 
amine (both as bydrochlorides) (baaed on Brewster and Buta, Ref. 74, and La Manna et a/., 

Ref. 79). 

There are, however, some anomalies. The morphinans (55, 56 = E55) (Ref. 1, 
p. 290) have no arylic substituent, but nevertheless show a good Cotton effect (a, k25) 
(cf. Fig. 11). 57 which has an arylic OMe substituent (at C-3), has a slightly higher 
molecular amplitude (a,.about +35); the dihydro-derivative of 57 would be de&- 
able to study, in order to avoid any possible complications by the olefinic double 

“A~M~V.Ohir~P.M.Scopea~RJ.Sw~IIFmmaco (Edk sci.) Is.842 (1965). 
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a, R=H 

b. R=C02H 
c, R40,-Na+ 

d, R=CH,OH 

e, R=C-CH, 

II 
0 

f. R=O-C-CH, 

II 
0 

g. R--OH 
h. R=NH, 

i, R-NH,+CI- 

j. R==$H, 
k, R=NHI . CH,CI- 

bond at C-6,7 present in 57. Other compounds of the morphine series are discussed 
below (pp. 3940). 

On the other hand, possession of an arylic OH group is not sufficient in itself to 
guarantee a strong Cotton effect; cf. the work of Yogev and Mazur” 05certain A- 
ring aromatic steroids (oestrogens) 49 with varying arylic substituents. We may con- 
sider, for example, compounds 58 and 59, where the local surroundings of the OH 
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group are symmetrical, (cf. !%A, 59A); here the aromatic Cotton effect at about 
260 mu is weak. 

In contrast, compound 60, which is noz symmetrical about the OH group 6OA, 
shows a strong Cotton effect at 280-260 mu. The greatly increased rotational strength 
of the structure of type 60 may be due to the relative geometry of the electric and 
magnetic moments (i.e. a more favourable cos 8 factor, cf. p. 28, or it may also be 
due to hindered rotation of the OH group at C-l by an adjacent methylene group 
(C-l 1). 

“o&9 ,,A& 
58 

OH 

IA 

59 

OH 

._ _ 0 0 - 

A 
A’ 

59‘4 

CH:, 

68 

OH 

cr 0 
A 

p: 

k 
64A 

In these formulae AA’A” stand for an alkyl group or part of an alicyclic ring. 

Oestrogens 
The oestrogenic steroids (49) and related compounds (50, 61, 62) provide a wide 

range of other substances with differing stereochemistry, arylic and benzylic sub 
stituents.7’~72*80-86 The aromatic Cotton effects of some such compounds are 

’ summarized in Table 8. 

*O M. Legrand and R. Viennet, Bull. Sot. Ckim Fr. 2798 (1966). 

s’ This compound was prepared by Professor G. Ourisson and Mile F. Lederer, University of Strasbourg. 

I2 J Levisalles, W. Klyne and W. Mose; unpublished results; compounds from University of Nancy. 

a3 We are much indebted to Dr. 0. Wintersteiner. The Squibb Institute for Medical Research. New 
Brunswick, NJ., for these sample-s; see: 0. Wintersteiner and M. Moore. J. Am Chem Sm. 81. 442 

(1959). 

s* C. J. Sib S. S. Lee, Y. Y. Tsong and K. C. Wang J. Am Chem. Sm. 87, 1385 (1965) and related papers. 

*s H. Audier, M. F&on and J. C. Gramain, Bull. Sot. Chim Fr. 3088 (l%5). 

*6 We are most grateful to Dr. W. F. Johns, G. D. Searle, Chicago, for these samples; see W. F. Johns, 

J. Org. Chem. 30, 3993 (1965). 

*’ U. Weiss and T. Rilll, Bull. Sm. Chim Fr. 3707 (1%5). 

s* K. Kuriyama (Shionogi Research Laboratory) unpublished results; cf. Ref. 1, p. 289. 
I9 Samples kindly provided by Professor V. Prelog, E.T.H.: ZUrich; unpublished results; curves 

measured at Westlield College. 
9o D. BattaiLRobert and D. Gagnaire, Bull. Sot. Chin Fr. 208. (1966). 
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OH 
l-0 

0 ’ d H 

0 A - 
/I ‘0 0 

H 

61 

Chaparrol OH 

Tetralols 
63 

( + ) and ( - )+Tetralols (63, ~563) give almost plain curves ([4], f 3800 at 227 mp), 
with only a slight inflection in the region of 270 mps9- 9o Here the side-chain sub- 
stituent is relatively remote from the aromatic nucleus in a phenethylic position 
(Ar - CH, - CHR - OH). 

l-Substituted Indanes 
Brewster and B~ta’~ prepared a series of optically active l-substituted indanes 

(general formula, 53) from the ( +)-1-carboxylic acid (53b) by reactions which ensured 
retention of configuration (R) at the asymmetric centre. Fredgag’ had resolved the 
acid and had proved the absolute configuration. The ORD curves of these indanes 
showed weak aromatic Cotton effects in the 260-270 nqr region for the acid, carbinol, 
methyl-ketone, alcohol, acetate, amine and amine salt (534 d, e, f, g, b, i). However, 
no Cotton effect was observed in the ORD curves of the Me derivative 53j and of the 
carboxylate salt 53c. Some related compounds have been prepared recently by 
Gagnaire et ~1.~’ 

Three representative curves are shown in Fig. 10. The compounds had positive 
multiple Cotton effects of varying intensity, the amplitudes being greatest for corn- 
pounds where the I-substituent has a positive charge or can perhaps hydrogen-bond 
with the nucleus (au exception is the methyl-ketone 53e, the By-aryl-carbonyl chromo- 
phore of which must probably be considered as a coupled oscillator; this shows a 
negatioe Cotton effect). 

Brewster and Buta’s work was undertaken in order to determine whether the ro- 
tatory properties of an optically active molecule having a “fried” Ph group adjacent 
to the asymmetric centre would differ significantly from those of a similar molecule 
in which the Ph group could rotate freely. It had been anticipated that Ph compounds, 
having weak absorption bands in the near W, might well exhibit rotatory properties 
diRerent from those expected by an application of the Conformational Dissymmetry 
Rttl~,~’ that rule applying to effects related to strong absorption bands. According to 
Kuhn,93 interference with free rotation of the Ph group would be significant for the 

” A. Frcdga, Chem. Ber. 89, 322 (1956). 
92 J. H. Brewster, 1. Am. Chem. SC. 81,5475, 5483, 5493 (1959). 
9J W. Kuhn, Ann RN. Phys. Chem 9,417 (1958). 
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consideration of optical activity; tk vicinal effect of the “fixed” Ph group would be 
different from that effect due to the freely rotating Ph group, the latter being cylin- 
drically symmetrical. 

Several of the compounds of type 53 were compared with their analogues of the 
a-phenylethyl series (as 54). in which the Pb group is essentially free to rotate. 

4Yo” 
\ ._.. 

30- @IX) 

25. 
It 

5% 

;; 

\ - 
20’ 

I 03 

101 L . ’ - * 1 
40 J 52 23 21 20 16 

v(cm\ lo*) 

ID 
~A(mlr)- 9Joh 

FIG. 10. ORD Curves of representative I-substituted-indanc derivatives in methanol; 
configuration (R) (- ), I-metbyl (S3j); C...-....) l-bydroxymetbyl (531); (-,-.-g l-N- 

metbylamino, as hydrochloride (53i) (from Ref. 744. 

The a-phenylethyl compounds 54 had much smaller Cotton effects than their indane 
analogues, and the signs were opposite, i.e. the compounds 54 had negative Cotton 
effects at about 260 mu. The results were considered’” in the light of the Eyring- 
Jones treatmentg4 of optical activity. 

These compounds will, as suggested by Brewster and Buta in the Discussion of their 
plBper,76 be valuable reference compounds for Segment Rules (cf. !Schellman73). 

Benzodihydrojim 
The benxodihydrofkan type is represented by toxol (64),97 which gives a strong 

negative Cotton effect between 290 and 250 mu (a = -200). The situation is com- 
plicated here by the CO group conjugated with the aromatic chromophore; although 

‘* l L. L. Jones and H. Eyrin& ‘J’etrohcdron 13,235 (1961); 
’ L. L. Jones and H. Eying, J. Chem E&c. 38,601(1%1). 

9’ ’ 2. Horii, M. lkcda, Y. Yamawaki, T. Tamurr, S. Saito and K. Kotcra, Terrrrhcdron 19,2101(1964); 
’ Correction; Ibid. 20.1106 (1965). 

“ J. Trojintis 2 Kobliwvl and K. BlAba, Chem & Jnd 1261 (l%S). 
” L. H. Zalkow. N. Burke, G. C&at and E A Grula, 1. Med. Phwm Chem 5,1342 (1962); L H. Zalkow 

and N. Burke, Chem & Jnl. 292 (1963) We UT most indebted to Pro&or L H. Wrow, Georgia 
lzutitutt of Tcchololiy, for a sunpie d toxol 

” ‘ V. N. hbry&n, A. I. Gurwicb, M. G. Karxpetym. M. N. Koloeov ad M. M. Shem~ Tao- 
ht&ou Lcrrar 901(1962~ 
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this CF) group must be ~~o~at~o~~ly free, and is remote from the optic 
cc&e& its effect cannot be neglected, sinct one is de&q here with an a~tophe~o~e 
~~orno~hore md dot a simple aromatic ring. 

~rn~d~ydroi~~~utans {substitute phtha~des) have bn studied by Dobzynin 
et aLq7” in connection with the stereochemistry of the tettacyctins. 

Simple 1-substitq@d tctrahydroisoquinqlines (4%) show a small aromatic Cotton 
effecP3 in the region of 290-270 rnh l&Substituted compounds (S-serie~)‘~ give 
positive tffects; la-@) compounds give negative Cotton effects. vable 9). Ben@- 
tet~~ydroi~uiuoIiu~, which contain two aromatic quqlei per molecule, have been 
copsidered iu an earlier section (see Table 6, pp. 20-Z). 

MtO 

He0 

Amplitude 
a 

4-22 
-36 
+sz 
-13 

The benzquinoW&e (51) studied by Horii et afPs r~pmsents a very s&pie rigid 
type of heteroaromati~ structure with no aryk substituent. Its ORD curve shows a 
sm&u ncgativr Cotton eff&t (4 ca. - 10) on a krong positive bac&ound (Note that 
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the curves given on p. 2103 of Ref. 950 must be transposed; see correction, Ref. 956). 
We have recently confiicd these curves in one of our laboratorim using samples 
kindly sent by Dr. K. BUha, Raguc.96* 34 

Morphine derivatives 
An extensive series of CD measurements on morphine derivatives have been made 

by Weiss and RGU, A’ here we consider only the compounds with no strong chromo- 
phore other than the aromatic nucleus. ORD curvea of similar compounds measured 
by Kwiyamass (reported in Ref. 1, pp. 287-289) include some pairs of cnantiomers 
(cf. Fig, 11 and Table 10). 

0 

j: - ,.J ,,,.----- 
______----- 

2or 

I 
19 / 
I ,I 
III / 
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ado loo 320 3a 
+ld 

no.ll.wAkorptioa(-~-~-~)~ORD(-, -----) cuwa of N-methyl-morpbhna 
in methanol (horn Ref. 1. p. 291). 

(-----) ORD curve for (SS), with 9.13-bride @; 
(- ) for (56 - ES), with 9,13-bridge a 
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The CD curves of the morphine alkaloids proper (66.67, a%), with an oxygen bridge 
from C-4 to C-5, show a negative maximum at about 280 mu and a positive maximum 
at about 240 mu. Derivatives in which the oxygen bridge is absent (as 55) show two 
weak negative maxima in the same regions. The ORD curves for both series cover 
only the first Cottdi effect, which is negative in agreement with the CD results. 

Dihydroindoles 
The dihydroindole series is represented ” by alkaloids of the aspidospermine and 

strychnine-like types (69,70; R = H). Some typical ORD results are summarixed in 
Table 11. 

TABLE 1 I. ORD OF DIHYDROINDOLES 

All curves in methanol: molecular amplitudes arc for the Cotton 
elTa3 of longest wavclengtb. 

Compound amplitude 

(31&o mp) 

Ref. 

(+ ~A8pidospcfmidinc -51 52 
( + )-N-Dacetylupidospcrminc -66 52 
obacurincrvioc (72A) -50 !w 
Obwurinervidinc (72B) -50 99 
Neblininc (7X) -25 99 



n 

A:R=OMe:R’==E!t 
B:R-OMe;R’-Me 
C:R=H;R’=Me 

Still more complex polycyclic structures, which are also esseritially diltydroindoles 
for our present purpose, are the neblinine-obscurinekne group (72), studied by 
Brown and Djerassi. 99 Their fast Cotton effect is around or above 300 mu and is 
negatfve; their second Cotton effect (firs extremum at 270 rnp) is also negative. The 
mid-point of the first Cotton effea agrees well with the fti UV absorption max; 
315 mu for R = Me0 at C-15, but 300 rqr for R = H at C-15. The amplitudes of the 
first Cotton effects for all these non-acylated compounds are moderate (a = -20 
to -60). 

N-A~ld~y~o~dolcs9* of the aspidosperminc and strychnine-like series (69, 
70; R = AC) are characterized by ORD curyes with amplitudes (up to f 1ooO) much 
larger than those for unacetylated compounds (49,70; R = H). 

The asymmetry of these structures (69,70) may be considered in terms of a pro- 
jection 71 along the axis p + q of the dihydroindole system. IExamples are shown at 
69A and 7OA, and typical curves are given in Fig. 12 

Several widely dilking classes of compounds so far studied include the indole 
nucleus aa their principal chromophores. 

‘* W. K&w, R J. Swan, B. W. Bycroft amI H. S&mid, Firlo. Chk Acta 4P, 833 (1966) 
+) K.S.BrowamdC~f.AmChnnSoc.~2;1f;1(1961). 
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ho. 12. ORD Curves of typical N-~yl~~ydro~do~ in mettmol 
(---+- .) r;rr-Aatyl-?cthyi-s~y~~d~~~~~ 
(-----) Na-Aatyltubifoiidioc 
(From S&mid et al., Ref. 98). 

Tetr~ydro~an (731g6 gave a nettable Cotton effect in the 260-280 rnp 
qion; however, the tetracyclic compound 74 frroj&nek et a1.g6) gave a considerable 
positive Cotton effect fo, +82) between 300 and 250 rq~.. The steroid 2,34ndole 75 
has a positive Cotton effect in the 260 w region (4 +75).zoo* lo1 

( - ~Quebrac~e (76) has a g-membered ring fWed to the indole nucleus ; it has 
only one CcIltre of asymmetry and one hetero atom @I,$ each separated from the 
chromophore by two methyiene groups. It gives a weak negative Cotton ef!fectlo2 
in the 300-250 rnp region, folbwed by an intcnst positive Cotton effect between 240 
and22Om)l. 

Finally, a wide variety of yohimbine derivatives and related compounds 77.78 

‘O” This suhotance wao prepued by Dr. J. C Orr in Syntcx S.A. 
lo1 For the qmbai~ ofmch corn- KC for nunpk: Y. Bull and Y. !kto, Chem Pham tbd. Japan 

13.1073 (1965); hi. 6. Later, V. Petrow and 0. Stepberm& Tcnolrcdron 21.1761 (I%$). 
ioz W.Klpe,~J.S~N.J.Dutoor,A.A.Gormu!udK~~Helu.CIiikAcra4X,115(196~. 
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have been investigated.36~ lo2* lo3 1 n the simpler compounds the sign of the Cotton 
effect in the region 290-250 mu depends on the stereochemistry at C-3 (Table 12). 
ThaheteroyohimbineP with another chromophore in ring E, which should probably 
k considered on the coupled-oscillator model; are considered on p. 1 l-12.+ 

TABLE 12. ORD OF YOHIMBINE DEUIVATIWS 

All curves in methanol (Ref. 102). 

Compound configuration 
Wavelengths 

0 of peaks and 

troushs (w) 

Yohimbinc (77) 3a-H +92 29q252 
+Yollimbii 3BH -170 294/258 
Dihydrocorynanthcol(78) 30-H + 125 282/251 
hodihydrocotynanthcoI 3BH -51 298/233 

Zndole?lines 
S&mid, Klyne et al. ” have studied the ORD curves of a range of alkaloids of the 

aspidospermine and strychnine types For tk indolenines of general type 79 tk sign 
of the frost Cotton effect at 290-240 mt.t depends on the configuration at the centre 
C-11 (numbering as in 79) adjacent to the chromophore (1 la-X, positive; 1 lkX, 
negative). The skeletons in which the chromophore is bound are represented by 80 
and 81. Amplitudes are given in Table 13 (cf. also Fig 13).52 The very intense Cotton 
effect observed for these compounds is reminiscent of inherently dissymmetricchromo- 
phores. This could k due to the styrene-like chromophore which is present, and/or 
to orbital overlap between the benzene ring, the N,=C double bond and the lone- 
pair of electrons of the second nitrogen atom (NJ. As in optically active styrenes 
(see pp. 7-9), the chirality of the chromophore probably depends upon the configura- 
tion at the centre C-l 1. 

Other chronwphores 
Tropones. The ORD and UV absorption curves for a pair of isomeric tropone- 

steroidslo (82,83) are given in Fig. 14. The UV spectra of these isomers are very 

l Backett et a/.“” have recently published extensive ORD and CD studies on Mtaqyno alkaloids of 
tk corytlMtlleilE group. 

lo’ N. Finch, C. W. -den, I. Hdu-Chu Hsu, A. Kerr. G. A. Sim and W. I. Taylor. J. Am C/tern Sot. 
87.2229 (1965). 

loa l C. M. Lee, W. F. Tragez and A H. Beckett, Tcwahedron 23. 375 (1967). W. F. Twger. c M. Le. 
J. D. Phillipsott and A. H Bcckctt, Tcrrahdrm 23, 1043 (1967). 

‘01 E Den04 and’P. Crab& unpublished results, we alxo Rd. 19. 



Optical rotatory diapersion and circular dichroism of aromatic compounds 3493 

FIG. 13. ORD curvc.s of typical indolenines in methanol. 
(- ). ( + tcondyfoh (so) 
(-----), (+ )-1,2dchydroaapidoapcrmidine (81) 
(From S&mid er ol.. Ref. 52). 

TABLE 13. INDOL~MNLS 

ORD CURVES IN METHANOL (Ref. 52). 

CN 
‘Y D w@ , t 

A B, c lb\ 
88 N ’ . . 

R 88 __ 
Aspidospcmtinatype 

First Cotton Effect 
Amplitude lo- a (a) 

E@-~mP) 

StryrkJlw-h rystcm flu 
(+tcoadyto~ +911 
(-~lbbifolioc - 1414 
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similar, but their ORD curves exhibit Cotton effects of opposite sign below 250 mp; 
the Itropone 82 has a positive Cotton effect, whereas its Qtropone analogue 83 
gives a negative Cotton effect. 

60. \ \ 
\ . 
\ \ 

40. : 
\ 
\ . \ 

___--. 

a00 
200 3w 400 500 xhd 6 

4.0 

3.5 
0 

ho. 14. UV and ORD curvu of 17~hydroxy-A-hom~ua-1.4(~~~1O~crien-3~c 
( -) and 17~hydrbxy-A-homo-otrua-l(10~4r(S~trien~nc (-----) (Ref. 104). 

OH OH 

Pyrazoks. The steroid 16,20-pyrazole 84~4”~ (as the 3-tetrahydropytiyl ether) 
contains no other chromophore; its ORD curve shows that when in an asymmetric 
surrounding, the pyrazole chromophore is optically active. Both the pyrazole 84~4 
and its N-acctyl derivative 84B give negative Cotton effects in the 230 mp region. 

Fumns. The ORD curves of optically active molecules containing a furan ring are 
reproduced in Fig. 15. While the monoterpene menthofuran 85’06 exhibits a strong 

“’ The compounda rsn prcpamd by Mr. J. lrhte in tk Syntax Raarcb Laboruoria, Mexico. 
‘- We are mat graehd to Roknor L EL i%lkor, Gooqh Institute d TacholoSy. for a sample of 
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positive Cotton effect, the diterpene cafestol &i”’ shows a strong negative Cotton 
effect in the 220 rnp region. 

ORD has been applied for the assignment of absolute configuration to a-methyl- 
a’+-furyl)-tetrahydrofuran (87) from sweet potato fuse1 oi1.1o* 

Quinoxuline and related compounds. The steroid quinoxaline (88)lo9 shows two 
positive Cotton effects, [#IS,, + 1200”; [413,, -600”; [412,, + 7500‘9, correspond- 
ing to the two UV maxima ; the unusual shape of the curve at about 255 rnp may be the 

460. 

.no. 

30.1 

I 

I 
40. I 

I 

I 
: 
0 O- 
. 

E: 

-LO. 

40' 

-I201 . . * . . . ( 
200 200 coo 500 ahl1 600 

RG. 15. ORD Curvu of menthofumn ( -_) and of c&stol (-----) (Rcfa lo& 107). 

lo’ We tlunk Rohsor C. Dj6rb Stiord University, for 8 6unple ofafatol; 6~6: C. Djcrh, M. Chi6 
wi L A. Mitrcha. 1. Am Ch6m. Sot. lo. 247 (1958); IMd 81.23% (1959); R. A. FM rod C. 
Djcru6& Ibid. 44342 (1960); A I. Scott, F. McCq& F. Comer, S A. Sutherhd, D. W. Young, 
0. A. Sim NKI G. Fcqwo~ Tcrrdedmn 19 1339 (1964). 

loa M.~lodY.Hiroa,l.clwrrsoc.l~~1335(1%~ 
‘O’ Thhooarpouod~prrpusd~~.St~~SptaS.Atowhomrcucindtbtsdfor~rrmple; 

cf. St. IbuTrmnn. 1. orp. them 31.2395 (196Q 
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resultant of two Cotton elects of opposite sign. The N-oxide derivative @to exhibits 
a positive Cotton effect at ca. 395 mp (a +86). 

V. FLEXIBLE COMPOUNDS 

Many scattered ORD measurements have been made on simple compounds, the 
aryl groups of which should be conformationally free to rotate. The results are out- 
lined in Table 14. 

As in other fields, adequate treatment of these flexible aromatic compounds must 
await the successful outcome of attempts to rationalize the ORD and CD behaviour 
of the corresponding rigid structures. In particular symmetry rules for aromatic 
chromophores, as discussed in principle by !Schehman,‘3 must be established. The 
application of such rules to flexible compounds may then help in the study of pre- 
ferred conformations, as it has already with flexible ketones (Ref. 1, pp. 132-134). 

For many compounds the curves could profitably be measured again with modem 
equipment that will penetrate farther into the UV, and also permit more sensitive 
measurements in tk 260-280 mp region (cf. recent careful measurements on phenyl- 
ahurine;6* and discussion on pp 29-30). 

Most of these flexible compounds have very weak aromatic C+tton effects for 
reasons already considered. This may in itself be of structural significance; however, 

Ilo hf. J. Haddadin and C. H. Iuidoridcs, Tetnahedrm L&n 3253 (196s). 
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the signs of these weak Cotton effects should be used with caution for the allotment of 
absofute configuration 

Many references to diRerent types of aryl-substituted hydrocarbons, alcohols and 
amines62-6s~6g* lrr- “’ show that these compounds give ORD curves which are 
~ntially plain or with very small Cotton effects in the region 26&280 mp, generally 
better detected by CD. However, some other similar compounds which carry arylic 
substituents [adrenaline and noradrenaline, 901 give significant Cotton effects in this 
region.““- rl’ Mateos and Cram65 found that some of the ~~-substitute alcohols 
showed notable changes in their ORD curves, when these were measured in solvents 
of different poIarity,indicating probable variations in the degree of H-bonding with 
the solvents. 

i 

H-4 -OH HO-t-H 
I 

MeNH-F-H 

H 

OH 
iH, 

Considering compounds with two ccntres of ~y~et~, the fit extrema of the 
Cotton effects of ephedrine (911, halostachine and phenyfephrine have been reported 
by Lyle 12’* *” C-AtyI and O-aryi derivatives of carbohydrates (92, 93) also give 
Cotton ~ffects.12z~ 123 

Ia1 L Verbit, S Mituui aad Y. Senda, Tetrakdron 22,753 (1966) 
‘I’ V. K. Honwad and A. S. Rao, Tetmhdrm Zo. 2921 (1964). 
Ii3 D. G. N&on, R J. Swai and W. K&E; unpublis&cd obwrvations. 
t 14 A Frcdga, J. P. Jcnningq W. Klpc, P. H. Scam R Sj6bq and S SjUbcrg, J. Ckm Sac. 3928 fl%5). 
lid A Rotben and P. A. Lcvaw; J. Cknt Fhys. 7,975 j1938); P. A. Levcne ~IKI A Rot&q J. Bid. Ckm. 

127,237 f1939). 

$“ C. H. Hasall and J. Weatherston, J. Ckm Sot. 2844 (19653; cf. C Djerd Red t%m. ?‘qmss a. 
138 (1959). 

I” = V. hi. Potapov and A. P. Tercntiev, f. Gm. Chea U.S.S.R 31,927 (1961); 
‘ V. M. Potapov, V. M. Dcmyanovicb and A P. Tenntkv, J. Gnr. Ckea USSR 3S, 1538 (1965). 

‘*’ J. Cymcrman Craig and S. J. Roy, Tetmhcdrm 21, 1847 (1965). 
I” A. IA Mama sod V. Ghislandi, I1 Fmnaa~ 19,377 (1964). 
I” 0. G. Lyle, 3. Org. Ckm. zS.1779 (1960). 
la’ I. P. Dirkx and T. I. & Bow, Rcc Tmv. Chim Pays Bw, X9.535 (1961). 
Iat ‘ R. J. Fcrrkr and R. f. Swan; uttpubiisbcd obaervatioar; 

* J. Stadkk W. Klyne and R. J. Sms unpublii obwwatioor 
“* Y. A. Zhdan~v, G. A. Koroly&e&o, G. N. Doroknko III& 0. V. Bqduiova, ltdtl Akad Nanlc SSSR 

1% 102 (1963) and carI& R&n. the. 
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OHIOAN CHdXc 

92 93 

We next turn to compounds which contain both an aromatic nucleus and one or 
more carboxyl (or related) groups6** 6’s ’ ’ 3* ’ 14* ’ 24-6 Here again compounds where 
no arylic substituents are present generally give negligible or weak Cotton effects, 
although Kuhn and Biller’2s reported Cotton effects for some derivatives of man- 
delic and atrolactic acids. Related compounds with arylic substituents give moderate 
Cotton etTects.68-70 

Fewsimple dissymmetric derivatives of pyridine have as yet been studied, but three 
alkaloids measured by Craig I20 all give strong Cotton effects (cf. W). l 

\ 

6 

% s /N 

‘k 

94 
S-Nicotine 

Space does not permit extended references to compounds containing aryl groups 
with other double bonds lying in conjugation between the aryl nucleus and the asym- 
metric centre; however many of these give strong Cotton effects, and Refs.130-135 
are given in Table 14. 

Angolensin (which is a ring-opened neoflavonoid; Ollis et a1.)4s may be considered 
as a 1-aryl-1-benzoylethane (Ar l CO - CHMe l Ar’) in this series 

Recently considerable attention has been paid to asymmetric sulphoxides, many 
l &~me &chona alkaloids, which contain the quinolinc chromophorc with a compla side-chain, have 

been mudial by Lyk and Gaflleld.“a’ 

Ia4 T. R. Emerson_ D. F. Ewin& W. Klyne. D. G. Neilcon, D. A. V. Peters, L. H. Roach and R. J. Swan, 
1. chmr sot. 4007 (1965). 

I13 W. Kuhn and H. Biller, Z. PhysUA Chn B-29,1 (1935); S. Ownan, Ph.D. Thesis Purdue University 

(1960). 
‘)‘ B. Sjbbcrg Acfa. Chem. Suaf. 14,273 (1960). 
‘I’ L Verbit, S. Mitsui and Y. Send& Terrahedmn 22, 753 (19663. 
Ia’ See Ref. 36 and Rcfa cited therein. 
“’ ’ 0. G. Lyle and W. Gafticld. Terrahedron 23. 51 (1967). 

12’ D. G. Neilson and R. J. Swan ; unpublished observations. 
“O J. H. Brcwxtcr and S. F. Oarnan, 1. Am Chen Sot. 8% 5754 (1960). 
“’ ALaMumaandV.Ghialandi,IIFamma 19,480 (1964). 
lJ1 F. Nerdei, K. Becker and G. Kreuc, Chem. Ba. 89.2862 (1956). 
I” ’ 0. C Barrett, J. Chmr Sot. (C), 1 (1967). 
I” M. E. Warren, Jr. and H. E. Smith, 1. Am Chcm Sot. 87, 1757 (1965). 
“* E. 0. Bishop, G. J. F. Chittcnden, R. D. Guthric, A. F. Johnson and J. F. McCuthy. Chem. Comm. 93 

I” H. E Smith, M. E. Wurea, Jr. and A_ W. Ingeraoli. 1. Am. Chum Sot. 84, 1S13 (1962); H. E. Smith, 
S. L. Cook, &d M. E.. Warren, Jr, 1. Org. Chem 19,265 (1964). 
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of which contain one (or two) aryl groups, especially in the work of Mislow,‘38 and 
Gafield.‘39 

Nucleosides and nucleotides 
A special groupofcompdunds, in which the ripg-system itseg(pyrimidine or purine) 

has little or no symmetry apart from the plane of the ring, consists of the nucieosides 
qd nucleotides. Representative formulae of a pyrimidine-riboside and of a purine- 
2’deoxyriboside are % and 96. For a discussion of W absorption, see Ref.“*’ 

Uridine 
(Uracil3-&tMboside) 

Dcoxyadenosine 
(~~~nop~ne 

9-(2’&oxy-@Mboside)) 

Much work has already been done on ORD and CD of polynucleotides, partly to 
study their helical character in connection with biochemical problems (for reviews 
see for example Ref. 141 and a recent “Annual Report”, Ref. 142). Studies on the 
monomers and oligomers (Refs. 14>154) indicate that there are many interesting 
problems in this field quite apart from its great biochemical importancc. The ring 
systems involved (pyrimidine and purine), which contain several hetero-ring-atoms, 
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are very easily perturbed, and give strong Cotton effects, generally between 250 and 
300 nqr. Some ORD data are summarized in Table 15. 

Some speculations regarding preferred conformations of the asymmetric (carbo- 
hydrate) unit relative to the heteroaromatic chromophore have been presented by 

TABLEIS.ORD AMPLITUDES~F~EPRESEKTATIVENUCLEIXIDESAND 

NUCLEUTIDW 

All from Ref. 143 unlcxs stated otherwise. 

ORD Amplitudes 

u-Anomer bAn0mc.r 

Pyrimidine muleosides and muleotides 
(extrcma m290/24>265 mp) 

Thymidk 
Thymidine 5’PO,H 
D-Arabinofuranosylthymine 
~RibofuraoosylthymincJ’deoxy 
UlidillC 
Uridine 5’-IluoreS’deoxy 

. . 

$z 2’dcoxy (HCI) 
Cytidioc z’dcoxy 5’-PO,H 

Pluine ml.cleosides and nucleot ides 
(extrema 290-270/25&230 mp) 

Adenosinc 
Adeoosine z’dcoxy 
Adcnoxine 2’deoxy 5’-PO,H 
GuanO.lilX 
Guanosine 2’dcoxy 
Guanosine z’dcoxy 5’-PO,H 
IlloSiIkC 

-104 +95 
+7l 

- loya) + 29Ya) 
-138(a) +85(a) 

t117 
-159 +I20 

+I52 
- 175 +lll 

+ 124 

+I23 
+80 

-58 
_* 

-27 
_* 
_* 

-29 
-59 

l Curve incomplete: only sign can be given. 
(a) Ref. 145. 

Ulbricht et al.“” Whilst it would have been expected that a- and banomers would 
give curves of roughly enantiomeric types, it is of interest to note that a pyrimidine and 
a purinc derivative of the same anomeric type give Cotton effects of opposite sign. 
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