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Abstract - This review describes the work done in the field 
of electron spectroscopy (ultraviolet spectra) of aromatic 

and heterocyclic compounds with or without electron acceptini: 

groups substituted by hydroxy. mcthoxy or methylenodioxy 

group in diffarcnt positions of the aromatic nuoleus. 

An analysis of tho ultraviolet spectra of many structurally related benzyl- 

tetrahydroisoquinoline alkaloids revealed a difference in the position and 

absorption of their bands at ca. 280 nm (A-band - Secondary band) and 240 nm ,., rVCnrrrVIMCVW 

(B-band - First primary band). A similar phenomenon was observed in the spectra ,., W r r r r r V I M M l C n  

of other groups of alkaloids with one or two aromatic nuclei. Some 

have made use of this difference between the molar absorptions of tho above 

mentioned bands for the differentiation of related alkaloids, and this pheno- 

intenon they called the "Mantissen-Difference,'. In view of this findiw we under- 

took to study the effect of substituents on the UV spectra of simple aromatic 

compounds, particularly on the effect of the melhoxy group or the pairs of 

ortho-methoxyls versus methylenodioxy groups. Studies carried out on a larger 
w 

group of alkaloids with the same type of skeleton showed that the different 

position and the lilolar absorptivity of the above-mentioned A and D bands were ,., ,., 
conditioned by the presence of hydroxy, methoxy or methylenedioxy groups and 

their positions versus tho other parts of the r:mlecuLe, particularly versus 

tho electron accepting groups. 

Having completed our work in 1965,3-~ we found that the effect of the methoxy 

versus mothylcnedioxy groups on the UV spectra of alkaloids and of some other 

aromatic compounds had already been studied by hitasato8 (Japan) in 1927, 



by Feist, Awe and mzrodt9 (Germany) in 1934, by Ling and ~~rozail' (Iiungary) 

in 1964, and by Sebe et al.ll (~apan) in 1967. 

Shanima et a1.12 studied the UV speotra of tetrahydroprotoberberine, proto- 

berberine, dihydroprotobcrberine, dchydroprotoberberine, and psaudoprotober- 

berinc salts, however, without pay in^ attention to the effect of the methoxy/ 

methylenedioxy groups on the position and extinction of the individual bands. 

These authors also studied the effect of the formation of phenolic salts on 

the UV spectra of protoberberine alkaloids. 

The first three groups of authors 8-10 examined only the bands at higher wave- 

lengths than 300 nm. Sebell. has drawn attention to Kitasato's paper8 which due 

to insufficient citation in the "Chemical Abstracts" and "Cheaisches Zentral- 

b-" has fallen into oblivion, %be1' studied the effect of the methoxy 

versus the methylenedioxy group o n  the W spectra of tetrahydroprotoberberine 

and protoberberine alkaloids of the normal and the seudo-series, Awe, L 
a coworl"sr in the joint paper by Fcist and ~tzrodt,' did not meil ie  use of this 

effect in his further work and the term "llantissen-Differenceee he utilized1 

only for the differentiation of compounds. 

Studies of model compounds have shown that this phcnomenon is attributable not 

only to the effect of hydroxy or methoxy versus methylenedioxy eroups hut also 

to the siac of thc alicyclic component attached to the aromatic ring; a similar 

effect was observed in connection with the pair of 1,2-msthylenedioxybenaene 

versus 1,2-ethylenedioxyben.ene, indanc versus tetralin or 4,5-trimethylene- 

pyridazine versus 4,5-tetramcthylenepyridazine (~umrnarizingly~'~~). An analysis 

of the A and I1 bands of simple aromatic compounds with oxygen substituonts ,., ,., 
showed that in unpolar and polar solvents the shorter wavelength band II is ,., 
attributable to the %-%* transition, whereas the longer wavelength band A - 
to tho n -% * transition. The papers by lIuis8en et a1.I3 and Moore ot al. 14 

and tho findings reported in the monograph by ~ewar'~ indicate that the 

different location and absorption of the A and D bands of compounds with 
w w 

methylenedioxy groups (contrary to those of similar compounds with two ortho- * 
methoxy groups) arc conditioned by an incveased torsion and distorsion of the 

adjacent aromatic ring and coplanarity of the whole system. Some authors14 

interpret such an effect as caused by hyperconjugation, 
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A. Simple Aromatic Compounds and Heterocyclic Compounds 

With a Hydrogenated lleterocyclic lting 

The results obtained from the analysis of simple aromatic compounds and 

alkaloids can be summarized in the following Tray: 

(1) rile A and B hands or all the studied  omp pounds with one (la) or two ( ~ b  - - 
and 1c) aromatic rings undergo a red shift when the pairs of m - m o t h o x y  

groups are substituted by a methylencdioxy group. At the same time, an increase 

in the molar absorption of the A hand and a decrease in that of the ahand ,., 
are observed (Fig. 1). E.g. see also the alkaloids 1 and 2 (hydrochloride) 

from Phelins comosa Labil. 
16 

-NWW 

(2) Substitution of one methoxy group with a hydroxy group in the corres- 

ponding pair of methoxy groups has no effect upon the location of the &band 

it may, however, moderate the difference between the molar absorption of the 

A a n d 2  bands. 
-%, 

(3) m e  compounds Ib and Ic with two aromatic rings show3"l only a small 

difference in molar absorption when the mcthylenedioxy group is on the ring A 
and the ortho-methoxy pair on the ring or vice versa: 

w 

(4) In compounds of the type Ic, the shift of the oxygen substituents of the 

aromatic r i w  B from the positions 9,10 to the positions 10,ll causes a very - 
small difference batween the molar absorptions. 3,ll 

The fact mentioned sub (3) indicates that the differenoe in the behaviour of 

the compounds in UV light depends on that whether the oxygen substituents of 

both aromatic rings versus the other non-chromophorous substituents (or versus 

the saturated moiety of the molecule) are in the ortho or in the %position. - 
The A band of the pseudotetrahydroprotoberberine alkaloids undergoes a red ,., 
shift by ca. 3 nm and a hyperchromic shift by ca. Amax 1500 compared to the 
normal series, 

(5) The effect of the position of electron donating oxygen substituents on 
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the intensity of thehband can also be observed in the promorphinan alkaloids 

0-methylsalutaridine (ortho-para condensation of the aromatic rings and 2)  - 
and 0-methylflavinantine (~ara-para condensation of the rings A and 2). 17 - 
B. hronmtic Compounds with Conjugated Electron Accepting 

Chromophores or with Conjugated Double Bond 

After the confirmation3 of the effect of the methylenedioxy groups on the 

UV spectra of simple aromatic compounds and different natural products, this 

phenomenon has been ~ t u d i e d ~ ' ~  on more complex aromatic oompounds and on 

~om~ounds whose aromatic nucleus is in conjugation with an L ,/? -double bond, 
a n d  -carbony1 group or an epoxy group (Compounds I1 - VIII). The results 

show that the shape and tho position of the A and I] bands are not affeoted 
N N 

only by the methylencdioxy group versus the ortho-methoxy croups but also by 
m 

their positions on the aromatic ring versus the electron accepting group 

(F~c. 2). This offoct is also observed in aromatic 0x0-compounds with only one 

hydroxy or methoxy group. The UV spectra of ortho and meta-msthoxyhenzoic acids - - 
(or other 0x0-compounds) (11) greatly resemble contrary to those of m- 

where the A band is markedly shifted to the blue and the II band to ,., ," 

the red. The effect of the ortho meta and ara substrtuents of aromatic - R, 
compounds on their UV spectra has been studied by many authors, 18-21 however, 

no satisfactory explanation, particularly for the A hand, has been given - 
(~ummariaincly'~). l ie assume that in the case of the A hand it is not so much 

," 

a sterio interaction, for example of the carboxy group with the methoxy group 

in the ortho position, but a symmetry of the compounds. 
m 

The absorption of 3,4-methylenedioxypropcnylbenzene (111 Xe) is similar to that 

of 3,4-n~ethylenedioxypropiophenone (I1 Xd) (the behaviour of 3,4-dimothoxy- 

propenylbenzeno resembles that of 3,4-dirnethoxypropiopt1enone or aceto- 

phanone ). 6,20122 These two typos of compounds uxhibit an additional band at 

ca. 300 nm hut due to the presence of the niethyloncdioxy group the molar 

absorption of the band at 300 nm is increased and displaced bathochromically 

and that one at ca. 270 nm shows to be decreased. The UV spectrwn of 3,k-methy- 

lenedioxypropiophenone is practically identical with that of piperonal 

(3,4-methylenedioxybenzaldellydc) and the UV spectrm;~ of :,4-dilllethoxypropio- 

phenonc (I1 ~ d )  with that of 3,4-dimethoxybonzaldehyde (I1 ~a). A similar 
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phenomenon is also to be seen in the spectrum of 3,k-methylenedioxyb~nzoic acid 

compared to that of 3,4-dimethoxybonzoic acid (I1 Xh) or in the spectra of 

thcir esters (11 Xc). 4'20122 These spectra also resemble those of the electron 

donating derivatives of trans-cinnamic acids (111 Xc), its methyl esters (111 Xd) 
lWVI 

and or analogous derivatives of the oximes (IY), resp. 6s20 From that follows 

that it is decisive whathcr a hydrogen, hydroxyl, alkoxyl or an aliphatic 

remainder is prosent at the carbon atom carrying a carbonyl. The resultin(; 

spectra arise by superposition of the spectra of compounds monosubstituted by 

hydroxy or methoxy croups 6120722 (Figs 2 and 3). 

Tho same effect as that produced by the double bond of 3,4-methylenedioxy- 

propenylhenzene and 3,4-dimetl1oxypropenylbenzene (111 Xe) is brought about by 

the epoxy group (Y) located in the same p o s i t i ~ n , ~ ' ~ ~ ~ ~ ~  Such spectra are 

also exhibited by tetrahydrogrotoberberine alkaloids which have undergone 

Aofmann degradati~n.~ In analoeous compounds with electron donating oxygen 

substituents in the positions 2,3 (compared to compounds whose positions 3,4 

are occupied), the A end the B hand are shifted to the red. This effect can be - ,., 
accounted for by the restricted rotation of the electron accepting group and 

by the greater symmetry of thc roolccule of corilpounds whose auxochromic substi- 

tuents are in the positions 3 and 4. The aromatic compounds with a carbonyl 

Croup or a double bond in the side chain are of importance for the elucidation 

of the constitution for example of liemine.23'24 lihen tho carbonyl eroup is in 

conjugation with the benzene ring by the double bond, as in the case of methy- 

lenedioxy or ortho-dimethoxycinnrunic acid,6 then all the bands are shifted 
M 

to the red by ca. 20 nm. The relative position and extinction of the bands are, 

however, similar to those exhibited by tho above-mentioned substituted banzoic 

acid. The UY spectra of coumarine derivatives (VI)25 resemble those of cis- - 
cinnamic acids (I11 Xc and Xd) in that respect that the substituents in the 

ortho and para positions versus the double bond of the ring g have a decisive - IVIIIC 

effect on the form of the spectrum; 5-methoxyoowuarinc corresponds to 

2,6-dimethoxy-cis-cinnamic - 
In the spectra of 1-indaillones (==a) ,4 1-tetralones (Y1Ih) and phthalides 

(YIIIa) or homophthalides (VIII~), the position of the spectroscopic bands is 

also dfected by 1,2; 2,3 or 3 , 4  dimathoxy/nlethyleuedioxy s u h s t i t u e n t ~ . ~ ~ ~ ~ ~ ~ ~  

The closer thc location of the carbonyl group to the electron donating 
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substituents, the smaller the symmetry of the molecule and the greater the red 

shift of the A and the i3 band. These findings are of value for the interpre- -". I*. 

tation of the W spectra of phthalidetetrahydroi90quinoline or ochotensimine 

alkaloids o r  of similar corn pound^.^'^^ 
Regarding the conpounds with two aromatic rings with different auxochromic 

substituents, whose distance from the keto croup or double bond of the side 

chain varies, it is assu:ned that their UV spcctrun is the result of ti10 chroieo- 

nhorous systems similar to those observed for examplo in 13-oxoprotopine, 

phthalidetetrahydroisoquinoline, rhoeadine or oxoprotoochotensimine alkaloids. 
4 

The UV spectra of 13-oxoprotopine allcaloids show4 that the interaction takes 

plaoe only between the nitrogen and C-14. 

ORD and CD analyses show that the effect of the shift of the A and B bands, in 
U .A 

dependence on the presenoe of the liiethylenodioxy/methoxy groups, acts upon the 

position of the Cotton 

C. Compounds with a Heterocyclic Chromophore 

While studying these compounds, we also paid attention5928931 to the UV spectra 

of 3.4-dihydroisoquinoline (IX), 3,k-dihydroisoquinolinim (x) and isoquinoline 

(XI) compounds and to those of berbinc (XII) and benzophenanthridine (XIIS) 

alkaloids with oxygen substituents in different positions. In the first three 

types of co:npounds, the bands B and A are affected by the presence and the 
'VI VC 

position of the methoxy/methylenedioxy groups. The electron spectra of di- and 

trisubstitutcd isoquinoline, 3.4-dihydroisoquinolinn, <and 3,4-dihydroisoquino- 

linium compounds are a130 superimposed to those of monosubstituted compounds. 

There is great resemblance betueon the spectra of tho salts of 3,4-dihydroiso- 

quinoline and 3,4-dihydroisoquinolinim compounds substituted by oxyEen electron 

donating substituents in the same positions (5,6; 6 , 7  and 7 , s ) .  In alkaline 

rnediuui (~a0If + ethanol), tho spectra of 3,4-dihydroisoquinoline compounds are, 

ho~revcr, similar to those of their salts except that the A and B hands aro 
U ..,. 

shirtcd to the blue. The 3,4-dihydroisoquinollniunl compounds in alkaline medium 

exhibit clcctron spectra similar to thoso of the analogously substituted 

benzene due to the formation of a carbinol f ~ r m . ~ " ~ ~  (Pigs 4 - 6 ) -  

In alkaloids of the berbel-ino (XII~) and sanpinarinc (chelirubine, resp.) 

(XIIIa) types whose aromatic nuclei form the major part of the% -electron 
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donating system, only the bands at 340 and 280 run and those at ca. 440, 330 and 

280 nm, resp., are affeoted by the oxygen substituonts of the aromatic ring 

which is attached to the heterocyclic rinc 2. The spectra of compounds of proto- 
berb-rine (XIIa) and benzophenanthridine (saneuinarine) (XIIIa) types diifer 

from those of compounds of pseudoberberine (XII~) and nitidino (XIII~) types. 

Thus even here evidence is provided for the considerable effect of the position 

of electron donating oxycen eubstituente5 on the eloctron spectra (Figs 7 and 8). 

The colour of protoberberine (XIIa) and benzophenanthridine (XIIIa) alkaloids 

shows whether an ortho-dimethoxy or, imethylenedioxy croup is present on ring 2. 

The salts of these compounds carrying methoxy groups are yellow, whereas those 

with a mathylencdioxy group are orange and red, respectively. 
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