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I. INTRODUCTION 

The interconversion of the cis and trans isomers of organic compounds has 
been known to chemists almost ever since the discovery of geometrical isomerism, 
and recent reviews on cis-trans isomerism have contained brief discussions on 
the interconversion of such isomers (26, 88). While the cis and trans isomers of 
organic compounds containing isolated double bonds are usually quite stable and 
relatively drastic conditions are required to bring about isomerization, the inter
conversion of the geometrical isomers of conjugated compounds occurs more 
readily, and in the case of some highly conjugated compounds precautions are 
actually necessary in order to prevent isomerization (10, 48). During the last 
two decades the application of new physical techniques, spectroscopy and 
chromatography in particular, has permitted the study of the cis-trans isomeriza
tion of conjugated molecules (and sometimes the actual isolation and char
acterization of the isomers) that had previously gone unnoticed (52, 119). 

I t is the purpose of this article to review the literature dealing with this field, 
with particular emphasis on developments during the last twenty years. The 
scope of the review will encompass compounds in which the double bond (about 
which there is cis-trans isomerization) is conjugated with at least one other 
carbon-carbon double bond or with an aromatic ring. In addition, the few notable 
exceptions among the conjugated unsaturated compounds that do not exhibit 
cis-trans isomerization (e.g., indigo dyes and some hydroxyazo compounds) will 
also be discussed. In conclusion, an attempt will be made to correlate the many 
isolated experimental facts in the hope of arriving at a simple, unified picture 
concerning the cis-trans isomerization of conjugated compounds. 
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II. GENERAL MECHANISM OP THE ISOMERIZATION REACTION 

Because of the tetrahedral structure of carbon and nitrogen, a double bond 
between any two atoms of these elements is usually pictured as two tetrahedra 
sharing one edge in common. Purely from a geometric viewpoint, this model 
predicts the existence of cis and trans isomers in (a) olefinic compounds having 
different substituents on each carbon, (6) azomethines having different sub-
stituents on the carbon atom, and (c) all azo compounds. These isomers differ in 
their physical properties (e.g., melting point, boiling point, absorption spectra, 
etc.) and, usually, in their relative stabilities. In general, both isomers of simple 
organic olefins are quite stable, suggesting that there is a considerable energy 
barrier that must be overcome before isomerization can occur. This energy 
barrier decreases with increasing conjugation in the olefin (26), probably because 
in such conjugated molecules the double bond acquires increasing single-bond 
character (99). 

In common with other chemical reactions, the rate of cis-trans isomerization 
may be increased by raising the temperature or by the addition of a suitable 
catalyst. In addition, isomerization may also be brought about by irradiation 
with ultraviolet (or sometimes visible) light. In contrast with the thermal and 
catalytic isomerizations, the photochemical reaction tends to produce the less 
stable isomers. 

The thermal cis-trans isomerization of a number of organic compounds has 
been studied by kinetic methods. It was observed that these reactions could be 
readily divided into two classes on the basis of their kinetic behavior: (1) reac
tions having a frequency factor of approximately 10" and an activation energy 
(pz and Ea, respectively, in the Arrhenius equation) of about 45 kcal.; 

k = pze-E'lBT (1) 

and (2) reactions having an unusually low frequency factor of approximately 
10* and an activation energy of about 25 kcal. (67). It has been proposed that 
this indicates that the thermal isomerization may occur by one of two distinct 
mechanisms: (1) a rotation about the double bond without any change in the 
multiplicity of the electronic state of the molecule or {2) a rotation during which 
the molecule goes through a triplet state (85). The reaction may take place by 
either of these mechanisms, or by a combination of the two (18). In any event 
the product of the reaction is the more stable isomer. 

Although the mechanism of the catalytic isomerization reaction is not fully 
understood, it probably involves the loosening of the double bond by the forma
tion of some sort of an addition complex between substrate and catalyst (83, 93). 
A large number of substances of different types have been found to catalyze the 
reaction, and the product of the catalytic isomerization is also the more stable 
isomer. 

Photochemical isomerization must take place by an entirely different mech
anism, since the product is usually the less stable isomer. It is also clear that 
isomerization cannot occur through a common electronically excited state in 
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which there is free rotation about the double bond, because in that event the 
unstable form should have its first absorption band at longer wave lengths than 
the stable isomer, the converse of which is usually true (10, 77, 119). Therefore, 
there have to be two separate excited states, one corresponding to each con
figuration. The energy difference between the two excited states must be of the 
same order of magnitude as that which exists between the two isomers in the 
ground state. 

A mechanism for the photochemical cis-trans isomerization of stilbene has 
been proposed from a study of the rate of the reaction and the fluorescence of the 
two isomers (77) and on the basis of the results of earlier work on the photo
chemical isomerization of a,/3-unsaturated acids (94). Since stilbene may be 
considered to be the prototype of conjugated olefins, the photochemical iso
merization of these compounds probably occurs by some similar mechanism. 

The energy diagram in figure 1 shows the various energy levels which have 
been proposed for the two isomers of stilbene. T0 represents the lowest level of 
the trans molecule, while C0, some 10 kcal. higher, shows the energy level of 
the cis isomer in its lowest state. The height of the potential energy barrier of 
the thermal isomerization reaction (approximately 42 kcal. for stilbene and 20-50 
kcal. for other conjugated olefins) is indicated by the dotted line R on the dia
gram. The lines T0, T1, . . . etc. show the principal energy levels with respect to 
longitudinal vibrations along the double bond. Corresponding levels in the 
excited state are shown by T 0 , T i , . . . etc. When a molecule of tfrans-stilbene 
absorbs light at room temperature it goes from To to one of the several energy 
levels in the excited state (T 0 , T i , . . . etc.), thus giving rise to the absorption 
spectrum. T 1 is the energy level to which irans-stilbene molecules are raised 
upon excitation by light of 2537 A. wave length. From here some of them will 
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rapidly fall to the T 0 level without losing their trans configuration and will drop 
further, by fluorescence, to one of the ground states T0, Ti,... etc. without any 
change in their configuration. However, a number of the excited trans molecules 
in the *TX state will not fluoresce, but will exchange their electronic energy for 
rotational and vibrational energy instead. 

The behavior of the cis molecules is different, because they do not fluoresce. 
In the excited state there are no discrete energy levels, only a broad continuum 
of states. Excited cis molecules will exchange their electronic energy for vibra
tional and rotational energy. In this manner those of the excited trans molecules 
that were not deactivated by fluoresence and all of the excited cis molecules will 
acquire enough torsional energy to lose their identities as cis and trans isomers. 
From this "no man's land" they eventually fall by loss of energy to the ground 
state, some of them becoming cis and the remainder trans molecules in the 
process (77). It has been postulated that it is because of the large amount of 
energy possessed by these molecules that the isomers of highest potential energy 
are preferentially formed during the deactivation process (94). 

Inasmuch as geometrical isomers frequently differ considerably in their ab
sorption spectra, it is often possible to use the photochemical isomerization 
process for the selective preparation of one of the isomers: e.g., irradiation with 
light of a wave-length range which is absorbed by only one form, which then 
isomerizes, while at the same time the desired product is not being exposed to 
any radiation which it would absorb and thus cause the reversal of the process. 

Since the absorption bands of organic compounds shift towards longer wave 
lengths and increase in intensity with increasing conjugation in the molecule (9), 
the photochemical isomerization process assumes particular importance for 
conjugated unsaturated compounds. Thus, it is not unexpected that, while it 
is necessary to subject a non-conjugated olefin to intense ultraviolet irradiation 
in order to bring about photochemical isomerization, a highly conjugated un
saturated compound may undergo isomerization even in ordinary diffuse day
light (10, 48). 

III . ISOMERIZATION ABOUT CARBON-CARBON DOUBLE BONDS 

A. ALIPHATIC POLYENES 

Most of the work that has been reported in the literature to date concerning 
the stereochemistry of aliphatic polyenes has dealt with the carotenoids. This is 
a group of plant pigments (red, yellow, orange, or violet) that consist of mole
cules comprising conjugated chains of about eight isoprene units between two 
more fully or partially hydrogenated terminal groups. These end groups may 
either be saturated or unsaturated hydrocarbon radicals or, alternatively, con
tain alcohol, aldehyde, keto, or acid groups. Carotenoids have been found to 
undergo cis-trans isomerization of all three types, i.e., thermal, catalytic, and 
photochemical. While it has been easy enough to observe the isomerization of 
these compounds by spectrophotometric methods and even to separate the 
several forms by chromatographic adsorption, the assignment of the configura
tion of the various isomers has been greatly complicated by the large number of 
double bonds about which cis-trans isomerism is possible. In general, a shift in 
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the wave length of the absorption band to longer wave lengths and an increase 
in its intensity indicates a cis —> trans change about one or more of the double 
bonds, while the appearance of a weak new band in the near ultraviolet is char
acteristic of a change to a multiple cis configuration. 

The early work in this field was reviewed a decade ago (120); therefore this 
review will be confined to developments that have occurred since that time. 
There also have been two more recent reviews touching only on the highlights 
of the research in this field (99, 122). For a detailed discussion of the problems 
and techniques involved and for generalizations concerning the effects of heat, 
light, and catalysts as disclosed during the early work in this field, the reader is 
referred to these review articles. 

The cis-trans isomerization of a-carotene (I) was reinvestigated by Nash and 

CH2 

/ \ 
H2C C(CHa)S CCH3 

I l / \ 
H2C CCH=CHC=CHCH=CHC=CHCH=CHCH=CCH=CHCH=CCH=CHCH CH 
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I 
a-Carotene 

CH2 

Zscheile (92); their results confirmed the findings of Zechmeister and Polgar 
concerning the structure of this pigment (120, 130). Axerophthene (II), a re-
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cently discovered carotenoid, was found to undergo photochemical and catalytic 
isomerization in a manner typical of 3\l-trans carotenoids (90). The isomeriza
tion behavior of m-antheraxanthine (III), a pigment isolated from the blossoms 
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of lily plants, was found to be typical of carotenoids containing several cis double 
bonds (111). The slow trans —> cis isomerization of /3-carotene (IV) and of lyco-
pene (V) adsorbed on alumina or titanium oxide from petroleum ether solutions 

CH2 

H2C C(CH3)2 CCH3 

I I / \ 
H2C C C H = C H C = C H C H = C H C = C H C H = C H C H = C C H = C H C H = C C H = C H C CH2 

\ / I I I I I I 
C CH8 CH3 CH3 H3C (CHS)2C CH2 
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CH3 CH2 

IV 
/3-Carotene 

(CH3)2C=CHCH2CH2(-C=CHCH=CH-)2C=CH(-CH=CHCH=C-),CH2CH2CH=C(CH3)2 

CH3 CH3 CH3 

V 
Lycopene 

has been reported to occur even at room temperature (91). Six poly-m lycopenes 
have been discovered that contained most of their double bonds in the cis con
figuration (127). Addition of traces of iodine to solutions of these compounds 
resulted in an increase in the intensities of the main absorption bands, accom
panied by a shift to longer wave lengths and the appearance of fine structure 
(as shown in figure 2), which was characteristic of cis —» trans isomerization 
about one or more of the double bonds (126). Other carotenoids (natural and 
synthetic) that have been reported to exhibit both catalytic and photochemical 
isomerization include retinene (VI) (63) and the dehydrogenation products of 

CCH3 

/ \ 
H2C C C H = C H C = C H C H = C H C = C H C H O 

I I I ! 
CH3 

H2C C(CHs)2 

CH2 

CH3 
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/3-carotene (IV) (131), phytoene and phytofluene (123). (The structures of the 
two latter carotenoids have not been fully elucidated to date.) 

Recently the synthesis of several of the sterically hindered cis isomers of a 
large number of carotenoid-like aliphatic polyenes containing two to five con
jugated double bonds in isoprenoid structures has been reported. While the 
dienes were found to be inert to photochemical, thermal, or catalytic isomeriza
tion, the tetraenes and pentaenes were readily stereoisomerized upon the addi-
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FIG. 2. Molecular extinction curves of fresh solutions of three different poly-cis-lycopenes 
in hexane. The dashed curve ( ), characteristic of an ail-trans carotenoid, is obtained 
after iodine catalysis in light of one of the poly-m isomers ( •—). 

FIG. 3. Steric hindrance caused by a methyl group in the position alpha to a cis double 
bond in a conjugated polyene. 

tion of iodine (95, 96). Among the compounds prepared in that investigation 
were a number of css-polyenes possessing cis configurations about the double 
bonds that are once removed from the carbons holding the methyl groups. It 
had been recognized some time ago that this structure, which involves consider
able steric hindrance (c/. figure 3), would be relatively unstable with respect to 
a trans configuration (97, 99). It is of interest to note that even these sterically 
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hindered compounds were found to be stable enough not to undergo spontaneous 
isomerization at room temperature. 

The cis-trans isomerization of a few miscellaneous aliphatic compounds pos
sessing conjugated double bonds has also been described in the literature. Thus 
the dimethyl ester of corticrocin (VII) has been reported to undergo trans —> cis 

HOOCCH=CHCH==CHCH=CHCOOH 

VII 

Corticrocin 

isomerization (as shown by increased absorption in the ultraviolet region) 
when irradiated with light from an incandescent lamp (32, 106). The cis-trans 
isomerization of cinnamalazine (VIII) and of phenylpentadienalazine (IX) has 

C6H6CH=CHCH=NN=CHCH=CHCeH6 

VIII 

Cinnamalazine 

C 6 H 6 C H = C H C H = C H C H = N N = C H C H = C H C H = C H C 6 H 6 

IX 

Phenylpentadienalazine 

recently been investigated, using spectroscopic and chromatographic tech
niques (28). The stable (all-trans) form of each of these compounds was observed 
to undergo isomerization progressively to two cis isomers (cis-I and cis-II) when 
irradiated with sunlight or an incandescent lamp. Both cis forms may be con
verted thermally, catalytically, or photochemically to an equilibrium mixture 
that is rich in the all-trans compounds. The cts-II isomers were found to be 
relatively inert to thermal isomerization. The addition of a small amount of 
iodine, however, brought about a spectacular increase in the rate of the thermal 
isomerization of the ct's-II compounds, while leaving the isomerization of the 
czs-I forms unaffected. Since this inertness to iodine catalysis set the cis-I com
pounds apart from as-carotenoids, it was considered probable that these com
pounds possessed a cis configuration about one of the carbon-nitrogen double 
bonds, while the ct's-II isomers were assigned a structure involving a cis con
figuration about one of the carbon-carbon double bonds. 

B. AROMATIC COMPOUNDS 

1. Aromatic olefins 

The cis-trans isomerization of stilbene and other aromatic olefins has been 
extensively investigated. The preparation of the two geometrical isomers of stil
bene and some of the early work on their interconversion has recently been 
reviewed (121). The thermal cis-trans isomerization of stilbene (66), p-methoxy-
stilbene, p-nitrostilbene, p-methoxy-p'-nitrostilbene (18), and /3-cyanostyrene 
(68) has been studied by kinetic methods. The results indicate that while the 
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isomerization of stilbene and of /3-cyanostyrene occurs without a change in the 
multiplicity of the electronic state of the molecule, p-amino-p'-nitrostilbene 
probably goes through a triplet state during the reaction (87). The isomeriza
tion of the three other compounds is likely to occur by a combination of these 
two mechanisms. 

The catalytic isomerization of m-stilbene may be brought about by the action 
of boron trifluoride (101) or of bromine atoms produced by the photolysis (65) 
or the oxidation of hydrogen bromide (113), but not by hydrogen bromide per se. 
The cis-trans isomerization of the o-amino- and o-nitrostilbenes has been brought 
about by heating these compounds in quinoline or nitrobenzene solutions in the 
presence of a trace of iodine (103). The isomerization of 5,5'-dibromo-2,2'-di-
methoxystilbene and of 5,5'-dicyano-2,2'-dimethoxystilbene has also been 
reported to occur under similar conditions (1). An equilibrium mixture of the 
two isomers was obtained from the biologically important diethylstilbestrol 
(X) by heating either isomer with alcoholic hydrogen chloride (86). The catalytic 

C2H6 

H O < Z > - C = C - < C I > O H 

C2H5 

X 
Diethylstilbestrol 

cis-trans isomerization of 2,2',4,4',6,6/-hexaisopropylstilbene was observed 
when a solution of this compound in ethanol was shaken with a platinum catalyst 
in an atmosphere of hydrogen (42). Changes in the spectra of aqueous solutions 
of p-amino-p'-nitrostilbene hydrochloride with increasing acidity have also 
been attributed to cis-trans isomerization (20). 

The photochemical isomerization of stilbene was first studied by Smakula 
(107). He reported that, upon irradiation with monochromatic light of 313 m/x 
wave length, frans-stilbene was completely converted to the cis isomer and that 
the reaction occurred even at liquid-air temperatures. The quantum efficiency 
of the process was stated to be 1.00 when radiation of this wave length was 
employed, and lower when light of shorter wave lengths was used. (At 313 m/u 
the absorption of the trans isomer is approximately eight times more intense 
than that of the cis form (19, 77).) The yield of 1.00 claimed by Smakula was 
questioned by Lewis, Magel, and Lipkin (77) on the basis of the observed fluores
cence of the trans isomer, and also because of the reverse reaction that they 
found to occur to an appreciable extent. They determined the quantum effi
ciency of the trans —> cis isomerization process to be 0.68, when the 2537 A. line 
of mercury was used as the light source. The same reaction was recently rein
vestigated by Hausser, who also used radiation of 313 mju wave length to bring 
about the reaction. She reported a value slightly lower than unity (0.9) for the 
quantum efficiency of the process (53, 54). The photochemical isomerization 
reaction followed by the chromatographic separation of the isomers has also 
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been utilized for the preparation of the cis forms of stilbene, p-nitrostilbene, 
p-amino-p'-nitrostilbene, and p-methoxy-p'-nitrostilbene (19). The partial 
isomerization of irans-a-nitrostilbene in alcohol under the influence of sunlight 
and its reversal by heating the solution in darkness has also been reported (36). 
During a study of the carcinogenic properties of p-aminostilbene and its de
rivatives it was observed that the absorption curves of p-dimethylaminostilbene 
and of a number of its alkyl- and halogen-substituted derivatives showed appre
ciable changes in their absorption spectra when solutions of these compounds 
were allowed to stand in the light (48). In order to test this effect, solutions of 
2,5-dimethyl-4'-(dimethylamino)stilbene in alcohol, cyclohexane, and benzene 
were exposed to radiation of a mercury arc, in the presence of oxygen and also 
in an inert atmosphere. In all experiments the first absorption band was found 
to shift rapidly to shorter wave lengths and to decrease in intensity as a result 
of the irradiation. These photochemical changes, similar to the behavior reported 
for stilbene itself (77), were ascribed to trans —* cis isomerization. 

Among the aromatic monoolefins of higher molecular weight trans-sym-di-p-
toluylethylene was similarly reported to undergo isomerization to the cis form 
when irradiated in dilute acetone solution with light of 4047 A. wave length 
(87). The shifts observed in the ultraviolet absorption spectrum of sym-di(9-
phenanthryl)ethylene (XI) upon irradiation with ultraviolet light (as shown in 

>-<z> 
H 

C = C 

s2/m-Di(9-phenanthryl)ethylene 

&J5 

O 

2SOO 3 0 0 0 

x (A.) 

3SOO 4000 

FIG. 4. Absorption spectrum of gj/w-di(9-phenanthryl)ethylene (XI): curve 1, original 
substance; curve 2, after irradiation for 1 hr.; curve 3, after irradiation for 2 hr. 
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x(A.) 
FIG. 5. Absorption spectrum of 9,9'-phenanthroin (XII): curve 1, original substance; 

curve 2, after irradiation for 1 hr.; curve 3, after irradiation for 2 hr. 

figure 4) also have been attributed to trans —» cis isomerization when it was 
found that the spectra of the symmetrical compounds, tetra(9-phenanthryl)-
ethylene and tetraphenylethylene, failed to show such changes even after pro
longed irradiation (57). Since the spectrum of 9,9'-phenanthroin (XII) also 

OH 
o-o<z^<z> 

X=/ V=/ 
CO—CHOH C=C 

HO 
^ % 

XIIb 
> 

XII 
9,9'-Phenanthroin 

exhibited such changes (c/. figure 5), it was concluded that this latter compound 
had to exist exclusively in the enediol structure (XIIb) rather than as a tauto
meric mixture, as had previously been suggested (64). It should be noted that 
the trans compound showed the stronger fluorescence, as had also been reported 
for the stilbenes (77). 

The cis-trans isomerization of the simplest conjugated aromatic diolefin, 
l-phenyl-l,3-butadiene, has been investigated, using spectroscopic techniques 
(46, 47). It was observed that irradiation of the trans form in ethanol solution 
by sunlight or by ultraviolet radiation caused conversion to the cis isomer in 
good yield. In contrast with piperylene (37), the catalytic trans —> cis isomeriza
tion of this compound could not be brought about by heating it with a trace of 
iodine. 

The photochemical cis-trans isomerization of 1,4-diphenylbutadiene was first 
described by Straus, who noted the effect of sunlight on one of the labile isomers 



636 GEORGE M. WYMAN 

FIG. 6. Molecular extinction curve of Jrans-frans-l,4-diphenylbutadiene in hexane and 
its shift toward the curve of the cis-trans form during exposure to sunshine: , fresh 
solution; , after 1 min; , after lOmin. of insolation; , after iodine cataly
sis at the end of 10 min. of insolation. 

FIG. 7. Molecular extinction curve of «s-cis-l,4-diphenylbutadiene in hexane and its 
shift toward the curve of the cis-trans form during exposure to sunshine: , fresh solution; 

, after 10 min. of insolation; , after iodine catalysis at the end of 10 min. of insola
tion. 

obtained from the hydrogenation of diphenyldiacetylene (110). The all-irons 
isomer of 1,4-diphenylbutadiene has been reported to undergo partial trans —» 
cis isomerization under the influence of sunlight or upon irradiation by an in
candescent lamp (105). Solutions thus enriched with respect to the cis isomers 
are readily isomerized to the all-irons form by the addition of a trace of iodine. 
Further studies disclosed that both the all-irans and the all-a's forms in hexane 
solutions were converted to the cis-trans form under the influence of sunlight; 
however, the addition of a trace of iodine (in the presence of light) brought about 
reversal to the all-irans form (100), as shown in figures 6 and 7. Light from an 
incandescent lamp was also found to be effective in bringing about the isomer
ization. I t was shown spectrophotometrically that the reverse reaction was a 
stepwise one; i.e., the all-ci's compound was first almost completely converted 
to the cis-trans form before that isomer was further rearranged to the all-irons 
compound. In the solid phase the crystalline cis-trans form appeared to be stable, 
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but oils containing the two cis isomers showed a tendency to rearrange and 
deposit crystals of the all-irons isomer (100). 

A study of a number of ring-substituted 1,4-diphenylbutadienes (in alcohol 
or dioxane solutions) disclosed that the ailerons isomers of each of these com
pounds were stereoisomerized by ultraviolet radiation (58). It was also noted 
that in each instance the all-irons isomers exhibited the most intense fluorescence 
(59). The catalytic conversion of the cis-trans isomer of l-phenyl-4-(2-nitro-
phenyl)butadiene to the all-irons compound has been carried out by heating it 
with a trace of iodine in nitrobenzene solution (2). 

The existence of five of the six possible spatial configurations has been ob
served during a study of the stereoisomerism of 1,6-diphenylhexatriene, utilizing 
spectrophotometric and chromatographic techniques (78). In a manner resem
bling the behavior of diphenylbutadiene, the all-irons form was observed to 
undergo rearrangement toward partial cis structure under the influence of sun
light, and reversal of the reaction was found to occur upon the addition of a 
catalytic amount of iodine in the presence of light (78). During the catalytic 
cis —» trans isomerization reaction it could be shown that it was the sterically 
most hindered double bonds which first rearranged their configuration. 

The stereochemistry of 1,8-diphenyloctatetraene was studied by Zechmeister 
and LeRosen (124, 125) and by Zechmeister and Pinckard, using spectrophoto
metric and chromatographic techniques (129). Partial isomerization to mixtures 
containing varying amounts of three different cis forms was brought about by 
irradiation with sunlight or from an incandescent lamp, by the addition of iodine, 
or by the heating of crystals of the all-irons form above their melting point. 
Some of the cis forms that were produced in this manner were believed to pos
sess cis configuration about the first double bond and were therefore sterically 
hindered. The photochemical isomerization of the all-irons isomer of 1,8-di
phenyloctatetraene has also been observed by Hirshberg, Bergmann, and Berg-
mann (58). 

The synthesis of some of the cis isomers of a number of a,aj-diarylpolyenes 
containing seven, nine, and eleven conjugated double bonds has also been de
scribed in the literature (44). It was found that these compounds were readily 
isomerized to the all-irons forms by the catalytic action of iodine in daylight. 
It is noteworthy that their dehydrogenation products (in which some of the con
jugation has been destroyed by the formation of adjacent double bonds) are 
not susceptible to catalytic or photochemical isomerization. 

2. Aromatic carbonyl compounds 

The photochemical isomerization of benzalacetone and of ethyl styryl ketone 
was first studied by Baroni and Seifert (3). They observed that a lower melting 
and more intensely yellow modification was obtained when either of these ke
tones was exposed to ultraviolet radiation from a mercury arc and attributed 
this to partial trans —> cis isomerization. The irons —> cis isomerization of benzal
acetone, along with that of cinnamonitrile, by ultraviolet radiation has also 
been carried out by v. Bree, who was unsuccessful, however, in attempting the 
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photoconversion of tfraws-cinnamaldehyde (7). The partial trans —*• cis isomeriza-
tion of benzalacetone by sunlight has also been reported recently, and the ultra
violet absorption spectra of the two isomers have been described in a qualitative 
manner (80). Semicarbazones and phenylhydrazones of benzalacetone and its 
derivatives have been obtained in two forms, depending on the configuration 
about the carbon-nitrogen double bond. The anti derivatives were found to 
undergo a reversible color change upon exposure to sunlight, suggesting iso-
merization about the carbon-carbon double bond, while the sz/n-phenylhydra-
zones were readily converted to pyrazolones (89). 
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FIG. 8. Absorption spectra of benzalacetophenone. Curve A, cis isomer; curve B, trans 
isomer; curve C, trans isomer exposed to sunlight for 2 min.; curve D, cis isomer exposed to 
sunlight for 2 min.; curve E, either isomer exposed to sunlight for 12 min. 

Although the phototropism of benzalacetophenone was first observed by Crom
well and Watson by spectrophotometric methods, they attributed this to a di-
merization reaction (27) which had first been postulated twenty years earlier 
(109). The same reaction was subsequently studied by Lutz and Jordan by a 
similar technique, who attributed the change in the spectrum to trans —* cis 
isomerization and succeeded in separating the cis isomer by fractional crystal
lization (81). They noted that the progress of the isomerization could be con
veniently followed spectrophotometrically because of the differences in the ab
sorption spectra of the two isomers, as shown in figure 8. The cis-trans isomeriza
tion of substituted a-aryl-substituted benzalacetophenones has also been studied 
using spectrophotometric techniques; their behavior was found to parallel that 
of the parent compound. From the shifts observed in the ultraviolet spectra 
upon the introduction of different substituents, it was concluded that in a-aryl-
p-nitrobenzalacetophenone the nitro group was in conjugation with the a-phenyl 
group rather than the benzoyl group (6). 
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During a study of the relative stabilities of the cis and trans isomers of 1,2-
dibenzoylethylene and some of its alkyl-, aryl-, and halogen-substituted deriva
tives, it was found that the labile forms were readily converted to the stable 
isomers by the action of acids, bases, or iodine. It was shown by spectroscopic 
methods that both the relative stabilities of the two isomers and the resonance 
between the several parts of these conjugated molecules were determined by 
steric considerations. While the trans isomer of 1,2-dibenzoylethylene was ob
served to be the stable one, the introduction of bulky substituents in the a-posi-
tion was found to give rise to steric interference with coplanarity preferentially 
in the trans configuration; thus for a number of a-substituted derivatives the 
cis isomers were found to be the stable ones. The photochemical isomerization 
of these compounds has not been reported (69). JJJ 

The geometrical isomerization of a number of a-aryl-substituted dibenzoyl-
ethylenes (1,2-dibenzoylstyrene and its derivatives) has also been investigated. 
In these compounds there is considerable steric hindrance in the trans configura
tion, owing to the bulky a-phenyl group; consequently, the cis isomers of these 
compounds are the stable ones. The unstable (trans) isomers are readily con
verted to the stable (cis) forms by heating and/or by the action of catalysts 
(e.g., hydrogen chloride), while exposure of the stable cis isomers to sunlight 
causes partial isomerization to the trans forms (4). 

The cis and trans isomers of a number of ring-substituted derivatives of 
2-benzylidene-3,3-diphenyl-l-hydrindone (XIII) have been synthesized and 
characterized. Partial interconversion was found to occur on treatment of either 
isomer with hot acetic acid, while the unstable (cis) compounds could be con
verted to the trans modifications by heating them to 160°C. (43). The isolation 
of a red and a yellow form of 2,4-dibenzylidene-3-phenyl-5-oxazolidone (XIV) 

CeHg H 
I / 

CeHsC C=C 

T I \ 
rV-c=o ^6 ̂ 6 

V" 
XIII 

CeHgCH=C4 6 C = 0 

C6H6N
3 1O 

C 
/ \ 

H CjHg 
XIV 

2-Benzylidene-3,3-diphenyl- 2,4-Dibenzylidene-3-phenyl-
1-hydrindone 5-oxazolidone 

has been ascribed to cis-trans isomerism about the double bond in the 4-position 
(70). Although the irradiation of each isomer with light of a wave-length range 
corresponding to its first absorption band failed to bring about the interconver
sion of the two forms, it did bring about changes in their absorption spectra. 
This suggested that under these conditions partial isomerization occurred about 
the double bond in the 2-position, giving rise to two additional isomers (118). 

Among aromatic unsaturated acids and their derivatives the iodine-catalyzed 
cis-trans isomerization of cinnamic acid has been studied by kinetic methods. 
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The reaction was found to be first order with respect to the acid and one-half 
order with respect to iodine, suggesting a mechanism involving catalysis by 
iodine atoms. The energy of activation was found to be approximately 24 kcal. 
(30). These observations support the theory that had been previously proposed, 
suggesting that the halogen-catalyzed isomerization of unsaturated acids prob
ably takes place through catalysis by halogen atoms (5). The thermal isomeriza
tion of methyl cinnamate has been reported to occur by a unimolecular reaction 
mechanism with an activation energy of approximately 24 kcal. Since this value 
is almost the same as the one obtained for stilbene (66), it suggests that both 
isomerizations probably occur by similar mechanisms involving the triplet 
state (67). 

The photochemical isomerization of cinnamic acid has been studied using the 
3130 A. (114) and more recently both that and the 2537 A. mercury line to cause 
the excitation (94). It was found that either isomer was converted to an equi
librium mixture by irradiation and that the position of the equilibrium was a 
function of the wave length of the light used and the absorption curve of the 
isomer that was being irradiated. I t was on the basis of this investigation and 
the study of some simple unsaturated aliphatic acids that some of the theories 
concerning the mechanism of photochemical isomerization reactions (c/. Sec
tion II) were formulated (94). 

The unstable cis isomers of ^-benzoyl- and /3-(4-bromobenzoyl)acrylic acids 
and of their methyl esters and amides have been prepared by exposing the cor
responding trans compounds to sunlight in acetone or benzene solution. It was 
found that isomerization of the esters occurred most readily (82). The photo
chemical isomerization of /3-styrenesulf onamide, N, iV-dimethyl-£-styrenesulfon-
amide and methyl /3-styrenesulfonate has also been carried out by irradiation 
from a mercury lamp for several days. Although the isomers were not sepa
rated and identified, it was observed that more soluble forms were obtained 
after irradiation (112). 

S. Dyes 

Since only a few classes of dyes possess carbon-carbon double bonds which 
may give rise to geometrical isomerism,1 it may seem arbitrary to discuss them 
separately. However, dyes are known to exhibit anomalous physical and chemi
cal properties, largely because our structural formulae are inadequate to describe 
systems possessing such a high degree of conjugation. Moreover, by definition, 
dyes show absorption in the visible region of the spectrum and their behavior 
with respect to photochemical isomerization is likely to be different from that 
of colorless conjugated compounds. It is on the basis of such considerations that 
it was decided to discuss the cis-trans isomerization of dyes separately. 

I t has been known for a long time that dyes, in general, undergo chemical 
changes upon irradiation (115). It has also been shown that the spectra of some 
azo and thioindigo dyes show reversible changes under the impact of irradiation 

1 The important family of azo dyes possesses nitrogen-nitrogen double bonds and will be 
discussed below. 
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by visible light (108). It was not until recently, however, that systematic studies 
were undertaken to investigate the cis-trans isomerization of some of these 
compounds. 

The cis-trans isomerization of thioindigo dyes (XV) is probably best under-

CO S 

Nc=c 
V\ 

/ 
\ 

CO 
XV 

Thioindigo 

stood at present (14, 119). It has been found that in solutions of these dyes in 
organic solvents an equilibrium exists between the cis and trans forms. The posi
tion of the equilibrium depends on the solvent, the temperature of the solution, 
and the illumination to which the solution has been exposed. Irradiation with 
light of a wave-length range corresponding to the first absorption band of the 
dye shifts the equilibrium toward the cis form, while irradiation with light of 
shorter wave lengths, or heating in the absence of light, causes a shift in the 
opposite direction (cf. figure 9). The separation of the geometrical isomers of 
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F I G . 9. Absorption spectra of thioindigo in chloroform after exposure to (a) blue light 
(X < 495 mii), (6) green light (X > 350 mji), (c) yellow light (X > 520 mn). Concentration, 
10.1 mg./ l i ter . Cell length, 2.00 cm. 



642 GEORGE M. WYMAN 

TABLE 1 
First absorption bands of thioindigo dyes 

Substituent 

None 
5,5'-Dichloro-7,7'-dimethyl-
5,5'-Dichloro-4,4',7,7'-tetramethyl-
5,5',7,7'-Tetramethyl-
4,4'-Dimethyl-6,6'-dichloro-

In CHCIi 

546 
565 
574 
568 
540 

In HJSO* 

mil 

640 
694 
709 
729 
671 

two of these dyes was accomplished by chromatographic adsorption in the ab
sence of light. Among other dyes possessing structures similar to that of thio
indigo, Pechmann's dye (XVI) (8) has also been observed to undergo reversible 

Ce Hs C=CH C O - O 

C = C 

0—CO CH=CC6H5 

XVI 
Pechmann's dye 

photochemical isomerization in chloroform solution. In contrast with their be
havior in organic solvents, thioindigo dyes were found not to undergo photo
chemical isomerization in concentrated sulfuric acid solution (15). The absence 
of phototropism, coupled with the observed strong bathochromic shifts in the 
position of the first absorption bands (as shown in table 1), suggested that in 
this medium each thioindigo dye exists in the form of a hydrogen-bonded com
plex possessing a trans configuration (XVII). The behavior of the hemi-thioindi-

O H 

/ \ 

A / \ / V \ 
/c=cv 

B' /V 
H O 

XVII 

^ 

++ 

XVIII 
Vat Scarlet G 

goid dye Vat Scarlet G (XVIII) in organic solvents and also in sulfuric acid 
solution was found to parallel that of the thioindigo dyes. 

The possibility of the existence of cis and trans isomers of indigo (XIX) has 
intrigued organic chemists for a long time. Although derivatives of cis-indigo 
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CO NH 

/Y- \ / VN 
V\ / \ /V 

NH CO 
XIX 

Indigo 

have been reported (102) and the appearance of a fleeting blue color during the 
oxidation of leucoindigo at low temperatures has been attributed to cis-indigo 
(55), the existence of this isomer has never been established beyond doubt. At
tempts at bringing about the photochemical isomerization of indigo and several 
of its halogenated derivatives by irradiating them with light of a wave-length 
range corresponding to the first absorption band failed to disclose any change 
in the spectra (12), even when irradiation and measurement of the solution were 
carried out essentially simultaneously, utilizing a rotating shutter for this pur
pose (45). Since this latter technique had been found to be successful for obtain
ing qualitative evidence for the existence of some very unstable cis-&zo dyes (see 
below), it appears that the cis isomers of indigo and its derivatives are too un
stable (with respect to the corresponding trans isomers) to form. The high rela
tive stability of trans-indigo is consistent with the hydrogen-bonded structure 
which had been proposed for this isomer (31, 84). It was conclusively proven 
that the difference between the behavior toward photochemical isomerization of 
indigo and thioindigo dyes was due to the existence of hydrogen bonding in the 
former, when it was shown that JV,iV'-diacetylindigo (which had no hydrogen 
atoms available for hydrogen-bond formation) acted very much like thioindigo 
dyes when irradiated with light of a wave-length range corresponding to its first 
absorption band (12), as shown in figure 10. A similar behavior is also exhibited 
by iV,JV'-dimethylindigo (118). It should be mentioned that the mixed indigo-
thioindigo dye Solvat Grey BL Base (XX) also failed to undergo photochemical 

CO NH 

C=C O 
\ / \ /VBr 

S CO 

XX 
Solvat Grey BL Base 

1Cl 

isomerization, indicating that the formation of just one hydrogen bond endows 
the trans form of dyes of this type with sufficient additional stability to make it 
impervious to photochemical isomerization. 

There is only one report in the literature that suggests the existence of geo-
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FIG. 10. Absorption spectra of JV.iV'-diacetylindigo in benzene after exposure to (a) 
blue light (X < 495 mp) ( ), (6) green light (X > 350 nip) ( ), (c) yellow light (X > 
520 niju) ( ). Concentration, 40.2 mg./liter. Cell length, 2.00 cm. 

metrical isomers of a cyanine dye (128). In that work it was observed that when 
a solution of this dye (XXI) was subjected to chromatographic analysis, during 

S S 

f\/ \ \ 
V\ / 

N 
I 

C2H5 

C=CH(—CH=CH-

C2H6 

XXI 

the development of the chromatogram the dye separated into three zones. How
ever, upon isolation of each of the zones it was found that they were spectro-
photometrically identical. On the basis of these observations it was believed 
that three of the geometrical isomers were separated, but that isomerization to 
an equilibrium mixture had occurred before it was possible to identify each of 
the isomers. The attempted photochemical isomerization of two other cyanine 
dyes (XXII and XXIII) in chloroform solution, by the techniques that had been 

"AAcH 3 CHaAZM+ T A A A / 

W" 
CH3 

-CH= 

I 
CH3 , 

\A1 
XXII 

CH3
 C H s CH 

XXIII 

successful in the study of thioindigo and azo dyes, disclosed only an irreversible 
fading reaction (8). Phototropism was exhibited, however, by the chloroform 
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FIG. 11. Absorption spectra of Genacryl Yellow (XXIV) (a) on standing in darkness and 
(ft) after exposure to blue light. 

solutions of a number of other dyes containing but one carbon-carbon bond 
about which cis-trans isomerism was possible. Such behavior was shown by 
Genacryl Yellow (XXIV), Quinaldine Red (XXV), and a Rhodanine derivative 
(XXVI), as shown in figure 11 for XXIV (8). 

1+ C(CH3)2 
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CCH=CHNH^ 

®N 
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_ > 
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CH3 
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Quinaldine Red 

HN CO 

sc C = C H / SN(CH3)2 

x g / \ = / 
XXVI 

It was recently reported that each of a number of colorless spiropyrans gave 
rise to several unstable colored modifications upon heating or irradiation (34 
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FIG. 12. Absorption spectra of the spiropyran shown in equation 2. Curve 1, solu
tion after 1 min. of irradiation at -1830C; curve 2, solution 1 heated to — 160°C. and 
recooled; curve 3, solution 2 heated to —1000C; curve 4, solution in ethanol-methanol 
after 1 min. of irradiation at —1600C. (note the separate scale), not changed when heated 
to -1000C. 

FIG. 13. Absorption spectrum, at several temperatures, of dye XXVIIIa in a mixture 
of ethanol and methanol. Concentration, 2 mg./liter. 

61, 62), as shown in figure 12 for XXVII. The formation of the colored modifica
tion was found to be a function of the temperature and of the solvent used. Al
though the mechanism of these changes in the absorption spectra is not fully 
understood at present, it was suggested that this behavior may be attributable 
to spiropyran-merocyanine tautomerism (as shown in equation 2 for a typical 
molecule), followed by the cis-trans isomerization of the merocyanine dye (61). 
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A study of the effect of temperature on four merocyanine dyes disclosed that 
the spectra of these compounds exhibit drastic changes upon heating, as shown 
in figure 13 for dye XXVIIIa. The gradual disappearance of an absorption band 
accompanied by the simultaneous appearance of a new band upon heating has 
been attributed to the formation of a new modification (60). This may well be 
due to cis-trans isomerization about one of the acyclic double bonds (if they 
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have sufficient double-bond character), or about the central bond, if the dye 
should exist principally in the dipolar structure XXVIIIb. 

I V . ISOMERIZATION ABOUT CARBON-NlTROGEN DOUBLE BONDS 

The cis-trans isomerization of organic compounds containing a carbon-nitro
gen double bond has been studied relatively little, although the existence of 
geometrical isomers in compounds of this type has been well known for a long 
time. Benzalaniline, the simplest aromatic compound containing a C=N bond, 
and some of its derivatives have been investigated, using dipole moment and 
ultraviolet spectroscopic techniques. Although these compounds were known to 
exist in two modifications, it was found that neither the absorption spectra nor 
the dipole moments showed changes when their solutions were exposed to radia
tion from a mercury arc. On this basis it was concluded that the two modifica
tions must have been due to polymorphism and that the molecules existed exclu
sively in the trans configuration (29). This last conclusion was subsequently 
disputed by Wiegand and Merkel, who noted that the dipole moment of benzal
aniline was intermediate between the two values expected for the cis and trans 
configurations. Moreover its ultraviolet spectrum was very different from that 
of 2-phenylbenzimidazole (XXIX), which is structurally very similar to trans-
benzalaniline and which, consequently, would be expected to have a similar 

// 

N 

S \A 
CeHgC 

NH 
XXIX 

2-Phenylbenzimidazole 

spectrum. On the basis of these observations, coupled with the reported absence 
of cis and trans isomers, they suggest a linear structure for this compound (116). 
Irradiation of benzalaniline with light of a wave-length range corresponding to 
its first absorption band and measurement of the absorption spectrum using 
the rotating-shutter technique have also failed to disclose any change (118). 

The existence of hydrogen bonding has been postulated in the Schiff base 
(XXX) derived from ethylenediamine and salicylaldehyde on the basis of spec
troscopic evidence, suggesting a trans configuration in compounds of this type 
(33). Benzaldehyde phenylhydrazone and isatin /3-oxime (XXXI) failed to ex
hibit phototropism when irradiated with light from an incandescent lamp (8). 
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The cis-trans isomerization about the carbon-nitrogen double bond in cinna-
malazine (VIII) and in phenylpentadienealazine (IX) has already been dis
cussed in the section on aliphatic polyenes (III,A). 

V. ISOMERIZATION ABOUT NITROGEN-NITROGEN DOUBLE BONDS 

The unstable cis isomer of azobenzene was first isolated and identified by 
Hartley by means of repeated fractional crystallizations of irradiated solutions 
of azobenzene (51, 52). In addition to the slow thermal isomerization reaction 
(yielding the stable form) under the influence of ultraviolet light there occurred 
a much faster photochemical reaction which caused isomerization to an equi
librium mixture containing 15-40 per cent of the cis isomer. The position of the 
photochemical equilibrium is dependent on the temperature and the nature of 
the solvent. The activation energy of the thermal isomerization reaction was 
reported to be 23 kcal. Shortly thereafter the cis isomers of azobenzene and of 
some of its alkyl-, nitro-, and halogen-substituted derivatives were isolated by 
the chromatographic analysis of their irradiated solutions (23, 24), and their 
absorption spectra were reported (25). Recently the kinetics of the thermal iso
merization of azobenzene and of its p-methyl, p-chloro, p-bromo, p-nitro, and 
p-methoxy derivatives has been investigated. The results (Ea = about 23 kcal.; 
frequency factors, about 10n) suggest a reaction path that does not entail a trip
let state (74), i.e., one similar to that of stilbene. 

Although the darkening of solutions of some of the 4-hydroxy- and 4-amino-
substituted azobenzenes upon irradiation had been noted in these early investi
gations, suggesting trans —> cis isomerization, the cis isomers appeared to be so 
short-lived that they could not be estimated photometrically (52), and during 
the attempted chromatographic analyses only an indefinite "tailing" and the 
appearance of subsidiary zones indicated their possible presence (24), but none 
could be definitely isolated. The absorption spectrum of 4-acetylamino-4'-di-
methylaminoazobenzene has also been reported to undergo reversible changes 
upon irradiation from an incandescent lamp (108). 

The development of a recording spectrophotometer for the ultraviolet and 
visible regions which utihzes a light beam of low intensity (22) and the invention 
of a rotating-shutter attachment for such a spectrophotometer, so as to allow 
for the periodic irradiation of the azo compound during the measurement (45), 
have recently permitted the study of the photochemical trans —> cis isomerization 
of aminoazo and hydroxyazo compounds (10). In general, the spectra of 4-amino-
and 4-hydroxyazobenzenes showed drastic changes upon exposure to light of a 
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FIG. 14. Absorption spectra of 4-dimethylaminoazobenzene in benzene: , after ex
posure to darkness; , after exposure to green light (X > 350 m^i); , after exposure to 
blue light (X < 495 m,u); , calculated curve for cis isomer. Concentration, 6.7 mg./liter. 
Cell length, 2.00 cm. 
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FIG. 15. Absorption spectra of 4-chloro-4'-hydroxyazobenzene: , after exposure to 
darkness; , after exposure to green light (X > 350 m^); , after exposure to blue light 
(X < 495 mji); , calculated curve for cis isomer. Concentration, 6.8 mg./liter. Cell 
length, 2.00 cm. 

wave-length range corresponding to the wave length of the main absorption 
band. As a result of such irradiation the intensity of this absorption band was 
greatly diminished, and usually a new absorption band appeared at shorter wave 
lengths, as shown in figures 14 and 15. When the irradiation was discontinued, 
the solutions reverted to the original spectra within a few minutes. The extent 
of the change in the spectrum (probably a measure of the shift in equilibrium 
toward the cis form) was found to be a function of the structure of the compound 
and of the solvent used. In general, amino compounds were found to be more 
strongly phototropic than the hydroxy derivatives. From these data it was pos-
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sible to calculate the approximate spectral absorption curves for the cis forms 
of some of these dyes. Solutions in non-polar hydrocarbon solvents showed the 
greatest changes in the spectra, while hydroxylic solvents seemed to suppress 
the phototropism (11). Thus the spectra of aqueous solutions of some typical 
water-soluble azo dyes did not show any changes upon irradiation by this tech
nique. Azo dyes containing hydroxyl groups in the ortho position to the azo 
group were found to exhibit little or no phototropism under these conditions 
even in hydrocarbon solvents. Since it has been well-known that azo groups are 
prone to form hydrogen bonds (35, 56), this suppression of phototropism by 
hydroxylic solvents and by hydroxyl groups in the ortho position was attributed 
to hydrogen bonding (10, 11). 

The behavior of 2,2'-azopyridine has been found to parallel that of azobenzene 
closely; exposure of this compound in benzene or cyclohexane solution to sun
light for several hours was found to cause changes in the absorption spectrum 
and the dipole moment (76). Since the irradiated solution had the greater dipole 
moment and the change was reversed on standing in darkness, this behavior was 
attributed to the existence of an equilibrium between cis and trans isomers. The 
isolation of the two isomers of 2,2'- and 3,3'-azopyridine was accomplished 
when the irradiated solutions of these compounds were subjected to chromato
graphic analysis. However, the same technique was found to be unsuccessful 
when applied to 4,4'-dimethyl-2,2'-azopyridine and to 5-bromo-2-phenylazo-
pyridine (21). The cis-trans isomerization of azobenzene and of azobenzene-3,3'-
disulfonic acid has been studied polarographically. The latter compound ap
peared to consist of an equal mixture of cis and trans isomers and the equilibrium 
could be shifted still further toward the cis form by ultraviolet irradiation (117). 

Among the azo compounds containing more than one azo group, the photo
chemical isomerizations of p-bisbenzeneazobenzene, 4,4'-bisbenzeneazobiphenyl, 
and 4,4'-(bisbenzeneazo)azobenzene have been examined (24). Each of these 
compounds was found to undergo trans —* cis isomerization under the influence 
of ultraviolet irradiation and the isomers could be separated chromatographi-
cally. All three possible isomers of the two bis-azo compounds were obtained in 
this manner, indicating that there was isomerization about each of the double 
bonds, and their absorption spectra determined. However, the various isomers 
of the tris-azo compound could not be successfully separated by this method. 
The photochemical isomerization of a number of 4,4'-diamino-substituted p-bis-
azobenzenes has also been studied, using the rotating-shutter technique. It was 
found that in these compounds, too, isomerization occurred about each of the 
double bonds (13). 

In addition to azo compounds, the cis-trans isomerization of other types of 
organic compounds containing the —N=N— group has been reported in the 
literature. Thus the kinetics of the thermal cis —> trans isomerization of benzene 
diazocyanide (XXXII) and of some of its halogen and nitro derivatives was 

C6H5N=NCN 
XXXII 

Benzene diazocyanide 
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studied, utilizing the difference in the dipole moments of the Wo isomers for the 
measurements. The reaction was found to be unimolecular, with an energy of 
activation of 21-26 kcal. and frequency factors of 1012-1015 for a large number 
of substituted benzene diazocyanides (17, 73, 75, 104), indicating that this reac
tion also occurs without a change in the multiplicity of the molecule. The photo
chemical isomerization of four aromatic hydrocarbon diazocyanide derivatives 
has also been examined. It was observed that the dipole moments of these com
pounds decreased upon exposure to sunlight; they were found to return to their 
original values after standing in darkness for several hours, thus demonstrating 
the reversibility of the reaction (72). From a spectrophotometric study of the 
thermal isomerization of m-p-chlorobenzene diazocyanide in a variety of sol
vents it was concluded that the reaction occurred at a much faster rate in polar 
than in non-polar media (79). 

The isolation of pairs of isomers from solutions containing aromatic diazonium 
salts and alkali sulfites was first attributed by Hantzsch to the cis-trans isom
erism of the aryl diazosulfonates (XXXIII) produced in the reaction (49, 50). 

ArN=NSO3Na 

XXXIII 

This contention has been subject to considerable debate in the literature when 
several investigators preferred to attribute the existence of the two forms to 
structural rather than geometrical isomerism. The history of this controversy 
was recently reviewed in detail by Freeman and Le Fevre, who investigated the 
behavior of a number of substituted benzene diazosulfonates, using spectro
photometric techniques (38). They found that the spectral changes brought 
about by irradiating the solutions with ultraviolet light were partially reversed 
when the irradiated samples were allowed to stand in darkness for several hours, 
as shown in figure 16. Accordingly, they concluded that the several pairs of these 
compounds were indeed geometrical isomers and that the effect of irradiation 
involved a reversible trans —> cis isomerization accompanied by some irreversible 
decomposition. A similar behavior was also observed for benzenediazocarbox-
amide (XXXIV) and its p-bromo- and p-nitro derivatives (c/. figure 17), indi
cating that the same reactions were occurring (41). Investigations of the photo
chemical trans —» cis isomerization of a number of aromatic diazosulfones 
(XXXV) (40) and of some l-aryl-3,3-dimethyltriazenes (XXXVI) (71), utilizing 
spectroscopic and dipole moment measurements, gave inconclusive results, 
owing to the extensive decomposition of the substrates. 

O6H6N=NCONH2 ArN=NSO2R ArN=NN(CH3)2 

XXXIV XXXV XXXVI 

The thermal cis-trans isomerization of azoxybenzene and of p, p'-azoxytoluene 
in a variety of solvents has also been studied by spectrophotometric methods 
(79). Their isomerization was found to take place about fifty times faster than 
that of azobenzene; this was attributed to the weakening of the —N=N— 
double bond by the nitrogen-oxygen bond. The dipole moments and the ultra-
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!'•••• FIG. 16. Absorption spectra of o-chlorobenzenediazosulfonate in water. Curve e, after 
exposure to sunlight for 20 min.; curve/, on standing in darkness for 24 hr. after the treat
ment with sunlight. Curves s and a are for the syn and anti forms, respectively. 
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FIG. 17. Absorption spectra of p-bromobenzenecarboxamide: (a) before irradiation: (6) 
after irradiation; (c) solution from (6) after 24 hr. in the dark. 
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violet spectra of phenyl p-tolyl azoxysulf one and some of its p'-dialkylamino de
rivatives have been found to be unaffected by sunlight, indicating the absence 
of cis-trans isomerism in these compounds (39). 

VI. SUMMARY AND GENERALIZATIONS 

Although the geometrical isomerization of literally hundreds of conjugated 
compounds has been reported, this still does not provide enough data for gen
eralizations that are certain to stand up under the scrutiny of future investiga
tors. While certain classes of conjugated unsaturated compounds (e.g., the caro-
tenoids and aromatic unsaturated carbonyl compounds) have been rather fully 
investigated, a dearth of data is particularly evident concerning cyanine dyes 
and aromatic compounds containing carbon-nitrogen double bonds, where even 
the existence of geometrical isomers is still subject to considerable doubt. I t is 
possible, however, to draw certain useful generalizations from the behavior of 
the other types of compounds discussed in this review and to make some sur
mises concerning these two classes for which insufficient data are available at 
present. 

1. While cis and trans isomers of conjugated compounds are separate molecu
lar species differing in their physical properties and (usually) stabilities, their 
interconversion may be brought about by any of the three methods discussed 
in Section II . 

2. The ease of isomerization is a function of the solvent and increases with in
creasing conjugation in the molecule. Auxochromic groups conjugated with the 
double bond also increase the ease of isomerization. 

3. Excitation of the stable isomer by radiation of a wave-length range corre
sponding to the wave length of its first absorption band causes the formation of 
the unstable isomer. Since increasing conjugation shifts the wave length of the 
absorption bands toward the visible region and at the same time increases their 
intensity, highly conjugated colored compounds will undergo partial isomeriza
tion even in diffuse daylight. 

4. The unexpected absence of cis-trans isomerization under circumstances 
where structural features would require it indicates the selective stabilization of 
one of the isomers, usually by means of hydrogen bonding. Conversely, when 
intramolecular hydrogen bonding is possible in only one isomer, that isomer will 
probably be unusually stable with respect to the other and is usually not con
verted to the labile isomer even by irradiation. 

5. The existence of unusually large steric hindrance in the labile isomer will 
also lead to the relative stabilization of the stable isomer. However, this does 
not seem to prevent the formation of the labile form, but exhibits itself in a fast 
thermal isomerization reaction. 

These generalizations appear to be valid for all of the classes of conjugated 
organic compounds discussed in this review for which sufficient data are avail
able. The very lack of data on the cis-trans isomerism of cyanine dyes and of 
benzalaniline derivatives strongly suggests that these two groups of compounds 
do not exist in two forms. A linear coplanar structure has, indeed, been proposed 
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for benzalaniline (116), and with a single exception (dye XXI), the existence of 
cis and trans isomers of cyanine dyes has not been reported, in spite of the large 
volume of spectroscopic studies on dyes of this type (16). This suggests that in 
cyanine dyes the "double" bonds probably possess so much single-bond charac
ter as to be indistinguishable from the "single" bonds, thus resulting in a linear 
structure. It will be up to future investigations of structure to resolve the valid
ity of these generalizations and surmises. 
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