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THE EFFECT OF HYDROXY, METHOXY AND METHYLENEDIOXY
GROUPFS ON THE ULTRAVIOLET SPECTRA OF AROMATIC AND
HETEROCYCLIC COMPOUNDS « ALKALOIDS

FrantiZek Santavy
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Palacky University, 775 15 Olcmouc, Czechoslovakia

Abstract - This review describes the work done in the field
of electron spectroscopy {ultraviolet spectra) of aromatic
and heterocyclic compeunds with or without electron acceptiug
groups substituted by hydroxy, methexy or methylenedioxy

groups in different positions of the aromatic nucleus.

An analysis of the ultravioclet spectra of many structurally related benzyl-
tetrahydroisoquinoeline alkaloids revealed a difference in the position and
absorption of their bands at ca, 280 rm (A—band - Secondary band) and 240 nm

o L e VoV VoV NS el
(E:band - First primary m}. A similar phenomenon was ohserved in the spectra
of other groups of alkaloids with one or two aromatic nuclei. Some authorsl’2
have made use of this difference between the molar absorptions of the above
menticned bands for the differentiation of related alkaloids, and this pheno-
menon they called the "Mantissen-Difference", In view of this finding we under-
took to study the effect of substituents on the UV spectra of simple aromatic
compounds, particularly on the effect of the methoxy group or the pairs of
ortho-methoxyls versus wethylenedicxy groups,. Studies carried out on a larger
group of alkaloids with the same type of skeleton showed that the different
position and the molar absorptivity of the above-mentioned }Land‘gﬁbands were
conditioned by the presence of hydroxy, methoxy or methylenedioxy groups and
their positions versus the other parts of the molecule, particularly versus
the electron accepting groups.
Having completed our work in 1965,3_7 we found that the effect of the methoxy
versus methylenedioxy groups on the UV spectra of alkaloids and of some other

aromatic compounds had already been studied by Ritasatos {Japan} in 1927,
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by Feist, Awe and Etzrodt? {Germany) in 1934, by Lang and Barozai® (Hungary)
in 1964, and by Sebe et a1, 1t (Japan)} in 1967,

Shamma et al.l2 studied the UV spectra of tetrahydreprotoberberine, proto-
berberine, dihydroprotoberberine, dehydroprotoberberine, and pseudoprotober—
berine salts, however, without paying attention te the effect of the methoxy/
methylenedioxy groups on the position and extinoction 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 authorssdlo 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 "Chemisches Zentral-

blatt® has fallen into oblivion, Sebe = studied the effect of the methoxy
versus the methylenedioxy group on the UV spectra of tetrahydroprotoberberine
and protoberberine alkaloids of the normal and the Eseudo-series. Awe,

a coworker in the joint paper by Feist and Etzrodt,9 did not make use of this
effect in his further work and the term "Mantissen-Difference" he utilized1
only for the differentiation of compounds,

Studies of model compounds have shown that this phenomenon is attributable not
cnly to the effect of hydroxy or methoxy versus methylenedioxy groups but also
to the size of the alicyclic component attached to the aromatic ring; a similar
effect was observed in connection with the pair of 1l,2-methylenedioxybenzene
versus l,2-ethylenedioxybenzene, indane versus tetralin or 4,5-trimethylene-

3120).

pyridazine versus 4,%-tetramethylenepyridazine (Summarizingly A analysis

of the ibandlg'bands of simple aromatic compounds with oxygen substituents

showed that in unpolar and polar solvents the shorter wavelength band }i is

attributable to the 9r—9rx transition, whereas the longer wavelength band A
~r

3 4

to the n ~9r ¥ transition, The papers by Huisgen et al.l and Moore et al.l

15 indicate that the

and the findings reported in the monograph by Dewar
different location and absorption of the ikandlg’bands of compounds with
methylenedioxy groups (contrary to those of similar compounds with two ortho-

PN
methoxy groups) are conditioned by an increased torsion and distorsion of the
14

adjacent aromatic ring and coplanarity of the whole system, Some authors

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

With a Hydrogenated Heterocyelic Ring

The reosults obtained from the analysis of simple aromatic compounds and
alkaloids can be summarized in the following way:

(1) The ﬁ,andnzihands of all the studied compounds with one (Ia} or two (Ib
and Ic¢) arcmatic rings undergo a red shift when the pairs of ortho-methoxy
groups are substituted by a methylenedioxy group. At the same time, an increase
in the molar absorption of the A>band and a decrease in that of the E’band
are obsorved (Fig. 1}. E.g. see also the alkaloids 1 and 2 (hydrochloride)
from Pheline comosa Labil.l6

(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 ibhand
it may, however, moderate the difference between the molar absorption of the
lAvand’?, bands,

3,11 only a small

(3) The compounds Ib and Ic with two aromatic rings show
difference in molar absorption when the methylenedioxy group is on the ring A

and the ortho-methoxy pair on the ring B or vice versa:
PN -

(#) In compounds of the type Ic, the shift of the oxygen substituents of the
aromatic ring B from the positions 9,10 to the positions 10,11 causes a very
small difference between the molar absorptions.j’ll
The fact mentioned sub (3) indicates that the differenceé in the behaviour of
the compounds in UV light depends on that whether the oxygen substituents of
both aromatic rings versus the other non-chromephorous substituents (or versus
the saturated moiety of the molecule) are in the ortho or in the Rﬂa&spOSition'
The ﬁ?band of the pseundotetrahydroprotoberberine alkaloids undergoes a red

shift by ca, 3 nm and a hyperchromic shift by ca. A 1500 compared to the

max
normal series,

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

O-methylsalutaridine (ortho-para condensation of the aromatic rings A and C)
WA NSNS — —

and O-methylflavinantine (para-para condensation of the rings A and C).17
PSS NSNS - -

B, Arcomatic Compounds with Conjugated Electron Accepting

Chromepheres or with Conjugated Double Dond

3

After the confirmation~ of the effect of the methylenedioxy groups on the

UV spectra of simple aromatic compounds and different natural products, this
phenomenon has been studiedh’6 on more complex aromatic compounds and on
compounds whose aromatic nueleus is in conjugation with an J',/g ~double bond,
an|¢ ~carbonyl group or an epoxy group (Compounds II - VIII). The results
show that the shape and the position of the ﬁland Rlbands are not alfected
only by the methylenedioxy group versus the ortho-methoxy groups but also by
their positions on the aromatic ring versus the electron accepting group
(Fig. 2). This effect is also observed in aromatic oxo-compounds with only one
hydroxy or methoxy group., The UV spectra of ortho and meta-methoxybenzoic acids
Pad e a"d WA
(or other oxo-compounds) (II) greatly resemble contrary to those of 2%33:
compounds where the A band is markedly shifted to the blue and the ELhand to
o~
the red, The effect of the ortho, meta and g&s& substituents of aromatic
SN SN
compounds on their UV spectra has been studied by many authors,ls_gl however,
ne satisfactory explanation,; particularly for the A band, has been given
A
(Summarizinglylg). We assume that in the case of the A band it is not so much
a steric interaction, for example of the carboxy group with the methoxy group
in the ortho position, but a symmetry of the compounds.
Fata ¥ s
The absorption of 3,4-methylenedioxypropenylbenzene {III Xe) is similar to that
of 3,k-methylenedioxypropiophenone (IL Xd) {(the behaviour of 3j,4-dimethoxy-
propenylbenzene resembles that of 3,4-dimethoxypropiophenone or acetc-

).6’20’22 These twoe types of compounds exhibit an additional band at

phenone
ca. 300 ne but due to the presence of the methylenedioxy group the molar
absorption of the lPand at 300 nm is increased and displaced bathochromically
and that onhe at ca, 270 nm shows to be decreased, The UV spectrun eof 3,4-methy-
lenedioxypropiophenocne is practically identical with that of piperonal

(j,h—methylenedioxybenz&ldehyde) and the UV spectrum of 3,%-dimethoxypropio-~

phenone (II Xd) with that of 3,%-dimethoxybenzaldehyde (II Xa). A similar
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phenomenon is also to be seen in the spectrum of 3,4-methylenedioxybenzoic acid

compared to that of 3,4-dimethoxybenzoic acid (II Xb) or in the spectra of

4,20,22

their esters (II Xe). These spectra also resemble those of the electron

donating derivatives of trans-cinnamic acids {III Xc), its methyl esters (III Xd)

6,20 From that follows

and of analogous derivatives of the oximes (IV), resp.
that it is decisive whother a hydrogen, hydroxyl, alkexyl or an aliphatic
remainder is prosent at the carbon atom carrying a carbonyl, The resulting
spectra arise by superposition of the spectra of compounds monosubstituted by

6,20,22 (Figs 2 and 3).

hydroxy or methoxy groups
The same effect as that produced by the double bond of 3,4-methylenedioxy-
propenylbenzene and 3,%-dimethoxypropenylbenzene (III Xe) is brought about by

the epoxy group (V) located in the same pOSitiOn'7,23,2h

Such spectra are

also exhibited by tetrahydroprotoberberine alkaloids which have undergone
Hof'mann degradation.7 In analogous compounds with electron donating oxygen
substituents in the positions 2,3 (compared to compounds whose positions J,h
are occcupied}, the £>and the'E’band are shifted to the red., This effect can be
accounted for by the restricted rotation of the electron accepting greup and
by the greater symmetry of the molecule of compounds whose auxochromic substi-
tuenis are in the positions 3 and 4. The aromatic compounds with a carbonyl
group or a double bond in the side chain are of importance for the elucidation

of' the constitution for example of lignine.zj’Zh

When the carbonyl group is in
conjugation with the benzene ring by the double bond, as in the case of methy-
lenedioxy or ortho-dimethoxycinnamic acid,6 then all the bands are shifted

to the red by ca. 20 nm, The relative position and extinection of the bands are,
however, similar to those exhibited by the above-mentioned substituted benzoic
acid, The UV spectra of coumarine derivatives (VI)25 resemble those of 2&3:
cinnamic acids (III ¥c and Xd) in that respect that the substituents in the
ortho and Base‘positions versus the double bond of the ring B have a decisive
effect on the form of the spectrum; 5-methoxycoumarine corresponds to

2,6-dimethoxy=-cis=-cinnamic acid.25’26
Paad

4

In the spectra of l-indanones (VIIa), l-tetralones (VIIb) and phthalides

(vIITa) or howophthalides (VIITb), the position of the spectroscopic bands is
\ . . . . 4,27,28
also affected by 1,2; 2,3 or 3,4 dimethoxy/methylenedioxy substituents.

The closer the location of the carbonyl group te the electron donating
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substituents, the smaller the symmotry of the molecule and the greater the red
shift of theai.and theaE\hand. These findings are of value for the interpre-
tation of the UV specira of phthalidetetrahydroisogquinoline or ochotensimine
alkaloids or of similar compounds.h’27
Regarding the compounds with two arcmatic rings with different auxochromie
substituents, whose distance from the keto group or double bond of the side
chain varies, it is assuned that their UV spectrum is the result of two chrowno-
phorous systems similar to those chserved for example in l3-oxoprotopine,
phthalidetetrahydroisequinceline, rhoeadine or oxoprotocochotensimine alkaloids.
The UV spectra of l1j}-ocxoprotopine alkaloids show4 that the interaction takes
place only between the nitrogen and C-1k,

ORD and CD analyses show that the effect of the shift of thelékandufkbands, in
dependence on the presence of the methylenhedioxy/methoxy groups, acts upon the

29,30

position of the Cetton bands,

C. Compounds with & Heterocyclic Chromophore

While studying these compounds, we also paid attentions’zs’jl

te the UV spectra
of 3,4-dihydroiscquinoline (IX), 3,4-dihydroisoquinclinium (X) and isoquinoline
{XI} compounds and to those of herbine (XII) and benzophenanthridine {(XIII)
alkaleids with oxygen substituents in different positions, In the first three
types of compounds, the bands'g\and\ﬁvare affected by the presence and the
pesition of the methoxy/methylenedioxy groups. The electron specira of di- and
trisubstituted iscquinoline, 3,4%-dihydroisoquinoline, and 3,4-dihydroiscquino-
linium compounds are alsc superimposed to those of monosubstituted compounds.
There is great resemblance betweecn the spectra of the salts of 3,4-dihydroisc-
quinoline and 3,4-dihydroisequinolinium compounds substituted by oxygen electron
donating substituents in the same positions (5,6; 6,7 and 7,8). In alkaline
mediwm (NaOH + ethanol), the spectra of 3,4%-dihydroisoquinoline compounds are,
however, similar to those of their salts except that the‘é~andﬂa‘bands are
shifted to the blue. The 3,4-dihydroisoquinolinium compounds in alkaline medium
exhibit electreon spectra similar to those of the analogously substituted

benzene due to the formation of a carbinol form.aa’jl

(Figs 4-6).

In alkaloids of the berberine {(XIIa) and sanguinarine (chelirubine, resp.)

{x11Ta) types whose aromatic nuclei form the major part of the & ~-electron
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denating system, only the bands at 340 and 280 nm and those at ca., 440, 330 and
280 nm, resp., are affected by the oxygen substituents of the aromatic ring
which is attached to the heterocyclic ring D, The spectra of compounds of proto-
berberine (XIIa) and benzophenanthridine (sanguinarine) (XIIIa) types differ
from those of compounds of pseudoberberine (XIIb) and nitidine (XIIIb) types.
Thus even here evidence is provided for the considerable effect of the position

3 on the electron spectra {Figs 7 and 8),

of electron donating oxygen substituents
The colour of protoberherine {XIIa) and benzophenanthridine {(XIIIa)} alkaloids
shows whether an ortho-dimethoxy or methylenedioxy group is present oh ring B.

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

with a methylencdioxy group are orange and red, respectively,

LEGENDS TO FIGURES

Fig, 1: Ultraviolet spectra of some protopinhe alkaloids (in ethanol after
acidification with 0,1 M sulphuric acid}

Fig. 2: Ultraviolet spectra (in ethancl)} of some ortho-dimethoxy or
methylenedioxy benzaldehydes

Fig, 3: Ultraviolet spectra (in ethanol) of some ortho-dimethoxyindanones

Fig., 4: Ultraviolet spectra (salts in ethanol) of 5,6- (IXa), 6,7- (IXb}
and 7,8- (IXc) dimethoxy-3,%-dihydroiscoquinoline compounds

Fig. %: Ultraviolet spectra {ethanol with 0.1 M NaOH) of 5,6~ (IXaa),
6,7- (IXbb) mnd 7,8- (IXce) dimethoxy-3,4%-dihydroisogquinoline
compounds

Fig, 6: Ultraviolet spectra (in ethanol) of 6,7- (Xa) and 7,8- {Xb)
dimethoxy-3,%-dihydroisoguinolinium salts. Spectra of the same
substances (Xaa and Xbb) in ethanolic alcaline medium

Fig. 7: VUltravioclet spectra (salts in ethanol) of some protoberberine
(XITa} and pseudoberberine (XITb) alkaloids

Fig. 8: TUltraviclet spectra (salts in ethanol) of' some benzophenanthridine

{(chelerythrine (XIIIa) and nitidine (XIIIb)) alkaloids
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