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ULTRAVIOLET AND INFRARED SPECTRA OF ALKALODS YITR 

A CYCLOHEXAIJIENONE OR CYCLOHEXENONE RING 

The ultraviolet and the infrared spectra (region 

between 1750-1600 cm-l) of proaporphine/homoproapor- 

phine and promorphinane/homopromorphinane alkaloids 

with a keto group on the ring D, conjugated either 

with two (~~clohexadienone compounds) or with one 

(cyclohexenone compounds) double bond, are discussed. 

Furthermore, the effect of the enol ether in the 

d-, L,L- orp-position to the keto group and that 

of the electron donating substituents of the r* A 

on the uv.and the ir spectra have been studied. 

proaporphine ('Type 1a) and the promorphinane+) (Type 

I11a) alkaloids with a cyclohexadienone ring arise on phenolic 

oxidation of benzyltetrahraFoisoquinoline compounds and form 

+) In this review, the term promorphinane compounds has been 
used for those bases which have no ether bridge between 

the ring6 A and D of the morphinane skeleton. 



(lo) Proaparphine Group 

(110) 8.9-Dihydroprooporphine Group 

(i i la) Promorphinane Group 

(IVo) 8.14-Dihydrapromorphinane Group 

2 g - R b  

o*e -  
(Ib) Hamoprooporphine Group 

& ', @-" 
0 

(Ilb) 9.10-Dihydrohomopro~porphin. Group 

0 
(Il lb) ~amopromorphlnana Group 

;gN.& 
R 

0 
(IVb) 5,6.~ihydrohomopromorhinone Group 

R', R'. R' = H. OH or OCHI; R' f R' or RZ + R' = OCHz-0: 

R' = H or CHI; RS, R6 = H or OCH,; in the pramorphinone 

group (I l lo),  the oxygen substituents of the ring A are in the 

positions 2.3 or 3,4 and, in the homopromorphinone group (illb. 

IVb). in the positions 2.3.4. 
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intermediary steps in the biosynthesis of aporphine and mor- 

phinane They occur in plants of the families 

Euphorbiaceae, Lauraceae, Menisperuaceae, Monimiaceae, N s -  

phaceae, and Papaveraceae, The compounds of the homopro- 

aporphine type (1b) and the homopromorphinane type (IIIb) 

form intermediary steps in the biosynthesis of homoaporphine 

and homomorphinane alkaloids. They are found in the plants 

of the subfamily Wurmbaeoideae (family ~iliaceae) 3 1 4 .  In 

nature there occur or are synthetically prepared the compounds 

with a cyclohexadienone &ing and their derivatives with one 

or two CH 0 groups (enol ether) in the L - or d ,  d- or in 3 
the /3-position vs. the keto group. In proaporphines/homopro- 

aporphines with a cyclohexadienone ring (Types Ia, ~b), the 

CH 0 group of the ring D can be located in the cis- or the 3 
trans-position to the hydrogen at C-6a. Furthermore, some 

compounds have been found whose one double bond ('Types IIa, 

IIb, IVa, IVb) (or both bonds) is hydrogenated or whose lceto 

group is reduced to the secondary hydroxyl group. In the 

types IIa -dIIb, the double bond is also in &- or 

us-position to the hydrogen at C-6a. In the promor- 

phinanes/homopromorphinanes with a cyclohexenone riw, the 

double bond is located between the carbon atoms C-5 and 

C-6 (Type I V ~ )  or between C-8 and C-14 ( ~ ~ p e  Iv~), and the 

C11 0 group (enol ether) at C-6 or C-8, 3 
The alkaloids codeinone (~a), pseudocodeinone (Vb), 

thebainone (ma), metathebainone (VI~), sinomenine (VII), 



H3C0 o@ H3c",$N-cH3 

N - ~ ~ 3  

0 
/ \ 

(Vo) Codeinone (Vb) Pseudocodeinone 

, . ;  . 
(Vlo) Theboinone (Vlb) Metotheboinone 

(VI I )  Sinomenine (VI I I )  Cephoromine 



HETEROCYCLES, Vol. 3, No. 7, 1975 

and the alkaloids of the hasubanane type (~enispsrmaceae) 

are closely related to the promorphinane alkaloids. There- 

fore the spectra of the above-mentioned alkaloids, includ- 

ing those of ~epharamine~'~ (-11) and hasubanonin? (IX), 

have also been discussed in this paper. 

For the physico-chemical properties of the so-far iso- 

lated proaporphine and promorpliinane alkaloids of all the 

above-mentioned types see the summarizing papers 
4,7-10 

However, in none of them the differences between the ultra- 

violet and the infrared spectra have been discussed. These 

differences would allow to differentiate not Only the cyclo- 

hexadienone from the cyclohexenone ring but also these two 

different rings in the compounds of the proaporphine (1a) 

and promorphinane (IIIa) types or in their homoderivatives 

(Ib, III~), and in compounds where the CH 0 group is located 
3 

in the L - or 6, d- or /3 -position vs. the keto group. In 

this paper, the effect of the electron donating substituente 

of the ring A on the uv and the ir spectra (region between 

1750-1600 --I) has also been studied. 

Use was made of the values 'obtained from measurements of 

different alkaloids studied at our placez9 of work and of the 

data taken from the literature 4*7-10.  he uv spectra were 

measured in methanol or ethanol on a Unicam SP 700 (cambridge, 

England) aa described in the literature1', and the ir spectra 

in CHC13, nujol and in KBr tablets on an Infrasoan H 900 

(Eilger & Watts, London, -land) or on a UR-20 instrument 



(~eiss, Jena, GDR). The scale of wave number in cm-l was 

calibrated by recordid6 the spectra of polystyrene. 

(I) Ultraviolet Spectra: 

The uv spectra of cyclohexadienone, cyclohexenone, and 

cyolohexanone compounds have already been b o w  earlier from 

the studies of steroid compo~mds 12-15. According to Stuart 

8 and Cava , the uv spectra of tetrahydroisoquinoline cyolo- 
hexadienone compounds bear resemblance to the sum of the 

curves of homoveratrylarnine and 4-nethyl-b-allyl-cyclohex- 

-2,5-dien-1-one or of the curves of pyrocatechine ethers and 

cyclohexadienone 7116 (Fig. 1). The bands at c. 215 (second 

primary band) and at 0. 255 nm (secondary band) correspond 

to the absorption of the aromatic nucleus. The band at 230 nm 

of alkaloids with a cyclohexadienone and an aromatic ring 

consists of two bands, i.e. a band which is attributable to 

the "cross conjusated dienone system" and the first primary 

band+) of the aromatic nucleus with its electron donating 

substituents (OH, OCH 0CH20). Further on, the term "cyclo- 3 ' 
hexadienone"/"cyolohexenone" band is used for that at 230 nm, 

and the term "aromatic" band for the secondary band at 

c. 285 nm. Tlle d,/-unsaturated ketones exhibit, in addition 

to the already mentioned bands, a band of a shifted local 

extinction of the C=O group at c. 300 - 330 m (los E 1 - 2). 
The theoretical calculations of the position of the longest 

11 +) For the terminolosy of the bands see , 
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wavelength band (c. 230 nm) of cyclohexadienones and cyclo- 

hexenones of steroids were deslth with particularly by 

Fieser 12-14 who determined the increments of different types 

of substituents. According to him, the hydroxyl or the en01 

methyl ether group in the L- or the /3-position to the keto 

group shifts the above-mentioned band by 35 nm or by 30 nm 

bathochrcmically. Our observations (vide infra) show, however. 

that in the oyclohexadienone compounds of the proaporphine 

and the promorphinane type, the position of the band at 

c. 280 nm does not chauge, only the extinction increases. In 

the cyclohexenone compounds, the introduction of a CH 0 group 
3 

causes a hyperchromic and a hypsochromic shift of this band. 

On the contrary, .substitution by a CH 0 group decreases the 
3 

extinction of the band at c. 235 nm but its wavelength does 

not change. It might seem that the cyclohexadienone/cyclo- 

hexenone and the aryl chromophore affect each other only 

This, however, is not true since the naturb of 

the cyclohexadienone/cyc lohexe~ ring also affects the 

secondary band at c. 285 nm (vide infra). 

The knowledw of the nature of the uv bands of the 

described compounds is important both for the determination 

of the constitution or the identification of the isolated 

' compound and for the explanation of the individual Cotton 

bands in the ORD or the CD curves. Thus, the correct con- 

clusion concerning the ~ h i r a l i t y l ~ - ~ ~  of the studied com- 

pounds can be drawn. 



(A) Cyclohexadienone Compounds 

(a) Proaporphine (Type Ia) and Homoproaporphine (Type Ib) 

Compounds 

These two groups of compounds without a CH 0 group on the 3 
.cyclohexadienone ring have the same type of uv curves. The 

., . 
proaporphine compounds eshibit an "aromatic" band at c. 285 nm 

(log 6 3.50) and a "cyclohexadienone" band at c. 235 nm 

(log 6 4-40), In homoproaporphine oompounds, the absorption 

of these two bands is higher: the "aromaticn band by & 820 

and the "oyclohexadienonsn band by 6 6,500 whereby the vave- 

length is maintained. The methylenedioxy group of the aromatic 
. . 

nucleus causes a bathochromic and a hyperchromic shift of the 
, .>:,,;:..<Ti.. 

"aromatic" band (Fig. 2) .  which is a common finding in aroma- 
.~.=.? -: 

tic compounds1'. The presence of a CH 0 group on the cyclo- 3 
hexadienone ring in L-position to the keto group produces 

a bathochromic shift of the "cyclohexadienone" band (Fig. 7) 

by c. 4 - 12 nm in both types of oompounds (the decrease in 
the absorption of the "cyclohexadienone" band of proaporphine 

amounts to 0. E 7,300 - 11,000 and that of the homoproapor- 
phine to c. e 15,100). The "aromatic" band, whose position 

remains practically the same, increases in proaporphine oom- 

pounds by c. e '1,860 - 3,150, in homoproaporphine compounds 
only by c. E 820. Ihs presence of another CH 0 group in the 

3 
h'-position a further increase of the extinction of 

the "aromatic"band and its hypsoohromio shift by c. 10 nm. 
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In homoproaporphine compoundsz2 with a CH30 group in the 

&position to the keto group, the position of the 'cyclohexa- 

dienone" band at 235 nm is the same as that of the band exhi- 

bited by the compound without a CH 0 group on the ring D, 
3 

its extinction is, however, much lower (log E 4.19 vs. 4.53). 

On the contrary, the "aromatic" band at 0. 285 nm shows a 

higher extinction (log c 3.87 vs. 3.66). The findings made by 

Battersby et a1.21 as well as our own measurements show that 

the position of the uv bands of homoproaporphine dienones 

does not affect the &- and the --position of the CB 0 3 
groups of the ring D vs. the hydrogen at C-6a. 

(b) Promorphinane (Type 111a) and Homopromorphinane 

('Iype 111b) Compounds 

These two types of compounds without a CE 0 group on the 
3 

cyclohexadienone ring have not been available to us. We have 

studied only the compounds with one CH 0 group on the cyclo- 
3 

hexadienone ring and with two or three oxygen electron 

donating substituents on the ring A. The promorphinane com- 

pounds have the substituents on the ring A in the positions 

2,3 or 3,4, whereas the homopromorphinane compounds in the 

positions 2,3 or 2,3,4. 

The uv spectra of these two types of compound<also show 

two bands, i.e. the "aromatic" band at c. 280 nm and the 

"cyclohexadienone" band at c. 240 nm. The substituents in 

the positions 2,3 cause a bathochromic shift of the "aromation 
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8 
band by c. 6 - 9 nm, which is consistent with the literature , 
and a hyperchromic shift by c. € 3,290 if compared with the 

position of this band in conpounds with substituents in the 

positions 3,4 (Fig. 3). Thus, the uv specira of compo~mds- 

with substituents in the positions 3,b greatly resemble those 

of the proaporphine alkaloids (~ic, 5) or even more closely 

those of the homopromorphinane alkaloids where the electron 

donating substituents are located in the positions 2,3,4. 

The spectra of the ho~nopromorphinanes differ from those of 

the promorphinanes with substituents in the positions 3 , k  

only by the presence of a slight shoulder at c. 315 nm 

(log 6 3.112) (Fig. 4). The rnethylenedioxy group of the ring A 

in the positions 2,3 (the compound with this group in the 

positions 3 , b  was not available) causes a bathochromic and 

a hyperchromic shift of the "aromatic" band even in the 

spectra of the promorphinanes. 

If we assume that the absorption of the "aromatic" band 

of the promorphinmes and homopromorphinanes without sub- 

stituents on the cyclohexadienone ring is similar to that 

of the proaporphines and homoproaporphines (log E 3.5), 

then, in promorphinanes substituted in the positions 3 , b ,  

the substitution of the cyclohexadienone ring by a CH 0 
3 

eroup will increase the intensity of this band by c. E 2,470, 

and in those substituted in the positions 2,3 by c. E 4,790. 

We also studied two promorphinane compounds without 

methoxyl groups on the aromatic ring A but one CII 0 group 
3 
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in the position L ,  or two CH 0.groups in the positions 
3 

L , L' of the cyclohexadienone ring. The first compound pro- 

duces only a band at 246 nm (log c 4.14), which represents 

the coalesced "aromatic" and the "cyclohexadienone" band. 

This band of the second compound undergoes a bathochromic 

shift by 30 n m  and a hypochromic shift by E 2,600. 

From the cyclohexadienone group of substances, we can 

easily differentiate the cyclohexadienole base where the 

keto group is reduced to the secondary hydroxyl group. Suoh 

compounds exhibit a strong minirmun between the first and the 

 ethanol second band (nudaurine: 
max nm (log 6 ) 237911 (3.73), 

10 
293 (3.82); Xmin 258 (2.98), ref. ). 

(B) Cyclohexenone Compounds 

(a) Proaporphine (Type 11a) and IIomoproaporphine (TYPE 11b) 

Compounds 

The proaporphine compounds (Type 11a) without a CH 0 group 
3 

on the cyclohexenone ring (~igs 6,7) show a "cyclohexenone" 

band at 0. 225 nm (log t 4.3) and a "aromaticn band at 

c. 288 nm (log E 3.3) which is attributable to the aromatio 

ring substituted with two electron donating substituents. In 

these compounds, the methylenedioxy coup of the ring A 

also causes a bathochromic and a hyperchromic shift of the 

"aromatic" band, The proaporphine compounds with a CH 0 
3 

group in the L-position on the double bond of the cyclo- 

hexenone ring were not available to us. 

The homoproaporphine oompounds (Type 11b) (Figs 6,7) 
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behave in a similar manner except that the band of the cyclo- 

hexenone chrornophore is shifted,bathochromically by 0. 8 Dm, 

if compared with the bands of the proaporphine compounds, 

and the absorption is by about E 7,400 lower. The band of the 

aromatic chromophore also appears at 285 ryll and its absorption 

is by about E 820 higher, The CH 0 Eroup on the double bond 
3 

of the cyclohexenone rim3 causes a considerable increase in 

the absorption of the "aromatic" band which is shifted 

hypsochromically by c. 20 nm, and a decrease in the absorption 

of the "cyclohexenone" band. These chanEes are greater than 

in the cyclohexadienone compounds. This is to be seen in 

luteidineZ3 where the intensity of the "aromaticw band is 

even higher than that of the "cyclohexenone" band (~ig, 7). 

(b) Promorphinane ('Pype m a )  and Homopromorphinane (Type IVb) 

Compounds 

There were available to us only three of these compounds 

with a cyclohexenone ring. (double bond between C-5 and C-6). 

The promorphinane base carries a CH 0 croup in the L-position 3 
(c-6) to the keto group on the double bond, the two homopromor- 

phinane compounds have a CH 0 group at the same carbon atom 
3 

and a double bond on the opposite side of the ring. The "aro- 

matic" band of the promorphinane bases ('Type I V ~ )  is shifted 

hypsochromically and hyperchromically due to a CH 0 group 3 
on the double bond on the ring D, whereas the band of 

the cyclohexenone ring hypochromically contrary to the 

bands Of the proaporphinee ('Type 11a) and the homopro- 
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aporphines-('Type 11b) with a cyclohexenone ring without 

a CH30 group. 

The promorphinane compounds with a cyclohexenone ring D 

and a double bond between the carbon atoms C-7 and C-8 or C-6 

and C-7 (codeinone, thebainone and pseudocodeinone) exhibit 

similar uv curves as for exauple the oyclohexenone compounds 

of the proaporphine type IIa, except that the absorption of 

the "cyclohexenone" band is c. c 10,000. The compounds with 

the CH 0 group in the L-position (c-7) to the keto group 
3 

have the "aromatic" band shifted hypsochromically and hyper- 

chromically. The "cyclohexenone" band does not change its 

wavelength but its absorption is lower (Fig. 8). This pheno- 

menon is also observed in proaporphine compounds with a cyclo- 

hexenone ring (~ig. 7). The uv curve of sinomenine (VI1) 

(shoulder at 295 mn) does not differ greatly from the curve 

of cepharamine (VIII). The curve of isosinomenine is similar 

to that of sinomenine as far as the position and the inten- 

sity of these two bands are concerned. In isosinomenine, 

the shoulder at 295 nln is, however, missing. The "aromatic" 

band of hasubanonine (Ix) (with both hydrogens of the double 

bond in the ring D substituted with CFI 0 groups) undergoes 3 
a hyperchromic and a bathochromic shift (10 nm). .): 

An exception is the spectrum of metathebainone (VI) where- 

the double bond of the rin@: D is conjwated both with the 

keto group and the aromatic system of the ring A. Thus, the 

uv spectrum of this compound resembles that of the derivatives 



of cinuamic acid where the aromatic nucleus is substituted 

by electron donating groups in the positions 2,3. 

(c) Cyclohexanone Compounds 

The -substituted cyclohexanone exhibitsz4 a band at 

285 nm with an & value of only 116. The uv spectra of pro- 

aporphine or promorphinane compounds, whose two double bonds 

of the cyclohexadienone nucleus are hydrogenated, are over- 

lapping the band of the tetrahydroisoquinoline ch~omophore~'~ 

with two electron donating substituents. 

(11) Infrared Spectra: 

The ir spectroscopy was u~ed'~"~ for the first time to 

study the cyclohexadienone structure of derivatives with 

a sterane A-ring. These compounds exhibit three bands: 

1672-1650 om-' ( \, c=o), 1647-1630 om-' ( v -+I+), and 
H H 

1618-1605 an-' ( v :c=c:). After the elucidation of the cyclo- 

hexadienone structure of alkaloids of the proaporphine and 

the promorphinane type, the experiences made with the ir 

spectroscopy of this "cross conjugated dienone" system were 

8 also applied to this group of natural substances . 
The cyclohexenone structure of the steroid substances was 

originally also studied by Jones et al.26. It is 

that the CH 0 group on the double bond of the cyclohexenone 3 
r i w ,  conjugated with the keto group, shifts the band of this 

double bond (designated as the "enolic double bondn) from 

1620 om-' to 1630-1640 om-' and leads to a simultaneous 

increase of its intensity. 
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(A) Cyclohexadienon? Com~ounds ('Opes Ia, Ib, IIIa, IIIb) 

n ~ e  proaporphine and homoproaporphine compounds show a 

weak band at c. 1610-1600 cm-l which is attributable to the 

F -electron system of the aromatic nucleus (~ig, 9a). ?here 

also appears a band at 1620 cm-I of medium intensity, which 

oorresponds to the double bonds of the cyclohexadienone 

i and a high intensity band of the carbonyl group at 

0. 1660 cn-l, Iihen the whole system is carrying a methylene- 

dioxy group on the ring A instead of two methoxyl groups, 

then the spectra exhibit a well separated median band in all 

the media (CHC~ ICBr, nujol) at 1640 cm-l, This band 
3' 

corresponds to the planar skeletal. vibrations of the ;kc( 

bonds of the aromatic nucleus whose Z-electron systen is 

influenced by the attached methylenedioxy croup+) (pigs 9,10), 

+) In the region of c. 1640 cm-l, the compounds with 

a methylenedioxy group show a low intensity band which, for 

example in the spectra of stylopine, can be identified 

only with dflficulty. The spectra of simple compounds, whose 

five-membered isooyclic or heterocyclic ring is attached 

to the benzene nucleus (indane, phthalide, methylenedioxy- 

benzene, 2,2-dimethyl-4,5-benzo-l,3-dioxolan), also 

exhibit a median band (1620-1650 cm-% The methylenedioxy- 

benzene shows even two weak bands at 1776 and 1626 cn-l. 

Therefore we assume that the vibrations of the band at 

0. 1640 cm-I ( c H c ~ ~ ,  ILBr, nujol) are produced by the tension 

of the aronatio nucleus, which is caused by the attached 

five-membered ring. 
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'l%e band of the carbonyl group is shifted by c, 5-10 

to higher values. The proaporphine systen (1a) with a CH 0 3 
group on one of the double bonds in the L-position to the 

keto group produces bands at 0.' 1665, 1630 and 1605 cn-I 

(CHC~ . The ir spectrum of the cyclohexadienone compound 3 
of the hoinoproaporphine type with a CH 0 group in the 3 

shows only two bands at 1650 and 1605 cm-I 

(~1 3 ~ 1 ~ ) .  

The promorphinane allcaloids (111a) available to us were 

only the bases with a CII 0 croup on the oyclohexadienone 
3 

ring. The compounds with methoxyl groups in the positions 

2,3 on the rine A showed bands at 1670, 1640 and 1620 ox-' 

(cHC~ ). The co:zpound with a methylenedioxy group in the 
3 

positions 2,3 exhibited a band of the carbonyl group at 

1678 cm-I (CHC~ ), The pronorphinanes with methoxyl grkps 
3 

in the positions 3 , 4  show practically the same values at 

c. 1170, 1640, 1620 and 1600 cm-I in all the systems 

(~ig, 9b). The band of the double bond at 1640 cm-I is 

overlappiw the corresponding band of the ~athylenedioxy 

group in those compounds where this electron donating 

group is present. 

The above mentioned bands are often split into several 

bands or there appear at least indications of shoulders. 

When each of the measurements is carried out in at least 

two systems (CHC1 I(Br or CHC13, nujol) then the intensity 
3 ' 

and the position of the individual bands can orientatively 



indicate what type of compound is dealt with in the analyzed 

case. 

On reduction of the lceto group, when only the two double 

bonds of the ring D remain, the ir spectrum exhibits weak 

intensity bands at 1650, 1625 and 1605 om-', or the first two 

bands coalesce into one broad band. 

(B) Cyclohexenone Compounds (~ypes IIa, IIb, I V a ,  1Vb) 

A comparison of the ir spectra of the above-mentioned 

cyclohexadienone compounds with those of the cyclohexenone 

compounds (~ig. 10a) shows that the first group has well 

formed bands at c ,  1670-1660, (1640), 1610 and 1600 om-', 

whereas the second group at c, 1690-1670, 1620 and 1600 om-'. 

-1 The band in the region between 1690-1670 cm often decom- 

poses into two bands at c. 1690 and 1670 om-'. The band of 

the oarbonyl group of these compounds has never been found 

to be located at a lower value than 1670 om-'. Roemeronine, 

whose nucleus A carries a methylenedioxy group, has w a i n  

a band at 1644 om-' which is similar to that of the mecam- 

brine or the amurine type. 

There were available to us only two substances of the 

homopromorphinane compounds with double bonds between the 

carbon atoms C-8 and C-15. The ir spectra of these compounds 

also show bands only at c. 1680 and 1620 om-I ( c H c ~ ~ ,  K B ~ ) .  

When one of the double bonds of the cyclohexenone ring 

carries a CH 0 group in the d-position to the keto group, 
3 

the original band of the double bond at c. 1620 om-' becomes 
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sti l l  more pronounced ( inc rease  i n  i n t e n s i t y )  and is s h V t e d  

t o  c. 1640-1625 cm-I. ' h r t h e r  measurements have shorn, how- 

ever ,  t h a t  the  pos i t ion  of t h i s  band may d i f f e r  considerably 

(see  l u t e i d i n e )  i n  dependence on the  concentra t ion and the  

medium. 

A d i f f e r e n t  loca t ion  of the  cyclohexenone r i n g  i s  observed 

i n  codeinone and V-codeinone where, moreover, t h i s  ~ i n g  i s  

connected by an oxyeen br idge with the  r i n g  A. The ir s p e c t r a  

of a l l  these  compounds exh ib i t  an in tense  band at  c. 1667 cm-I 

and two low i n t e n s i t y  bands a t  c. 1632 and at 1606 

(~( l l r )  ( F ~ c .  lob) .  The f i r s t  band (1667 cm-l) is  a t t r i b u t a b l e  

(vide supra)  t o  the  keto  group conjugated with a double bond 

which does not c a r r y  any o ther  s u b s t i t u e n t s  than hydrogens. 

Tile sornewhat lower value of t h i s  band can be accounted f o r  

by the  deformation of the  r i n g  D due t o  the  Oxyeen br idee  

between the  r i n ~ s  A and D. Eietathebainone (VI) e x h i b i t s  

a aarlred band (doublet )  a t  1653 CIX-' which does not  corres-  

pond to t h a t  of cyc1ohexadienone. A similar band i s  pro- 

duced by 2 - h y d r o x y - m s - c i n n m i c  acid  (1665, 1610, 1603 om-' 

- B )  o r  i t s  aldehyde which bas the  hydroxyl group i n  the  

o=o-position. I n  the  ir s p o c t r a  of hydroxycodeinone, the  

-1 
bands i n  the  region between 1700-1600 cm a r e  by c. 9 cin -1 

higher than those of codsinone. 

I n  the  i r  s p e c t r a  of sinomenine (VII) whose CII 0 group 
3 

i s  located on the double bond i n  the  L - p o s i t i o n  t o  the  lcetc 

croup, the  band of t h i s  0x0-group appears a t  1682 c12-l (mr), 



HETEROCYCLES, Vol 3, No 7, 1975 

that is by about 20 cm-' higher than that of codeinone and 

W-codeinone. In cepharamine (VIII), the band of the oxo- 

-group is also located at c. 1680 cm-I due to the presence 

of the CH 0 groupof the riiy D. Noreover there also appear 
3 

two intense bands at 1625 and 1615 cm-I (cHcl3). The spec- 

trum of hasubancnine (IX), whose double bond carries two 

CK 0 groups, shows only a strong band at 1665 cm-I and 
3 

a median band at 1600 cm-I in CACl KBr, and in nujol; 
3 ' 

a band of -+F- is not found present. 
A H 

(c) Cyclohexancne Compounds 

The compounds derived from benzyl- or phenethyltetra- 

hydroieoquinoline, carrying only a keto group on the satu- 

rated ring D, exhibit a band of this group at c. 1720 cm-I 

and a frequency of the %-electron system of the ring A 

at c. 1610 cm-l (KB~), 

(111) Conclusion: 

There have been studied the uv and the ir spectra of 

cyclohexadienone and cyclohexenone compounda of the proapor- 

phine/homoproaporphine and the promorphinane/homopromorph~- 

nane types, codeinone, sinomenine, and of compounds of the . 

hasubanane type. 

The alkaloide of the proaporphine/homoproaporphine and . 

the promorphinane/homopromorphinane types with a oyclohexa- 

dienone ring ('Types Ia, Ib, IIIa, 111b) and with oxygen 

electron donati& substituents on the ring A exhibit three '. 



bands at o. 285 nm (secondary band of the aromatic nucleus - 
- "aromaticm band), at' c. 235 nm (a band of the cyclohexadie- 

none ring which is overlapping with the first primary band 

of the aromatic chromophore - "cyclohexadienone" band) and 
a band at 0. 215 nm (second primary band of the aromatio 

chromophore). The oyclohexenone bases ( ~ ~ p e s  IIa, IIb, IVa, 

1Vb) behave in a similar manner. 

The absorption and the position of the "aromatic" band at 

0. 285 nm is affected by the electron donating substituents 

and, furthermore, by the oyclohexadienone or the oyclohexe- 

none ring and its electron donating substituents. Substi- 

tution of the hydrogen of the oyclohexadienone ring with a 

CH 0 group in the i-, C,L'- or /I)-position vs. the keto group 
3 

increases the absorption of the "aromatic" band by about 

E 2,330-3,970 and decreases the absorption of the band at 

c. 230 nm of the cyclohexadienone and the cyclohexenone com- 

pounds, Moreover, the "aromatic" band of all the cyclohexe- 

none compounds with a CH 0 group in the &-position is shift- 
3 

ed hyperchromically and hypsochromicdly (c. 260 nm) . 
In the promorphinane/homopromorphin~e compounds, the 

absorption of the "aromatic" band is also affected by that 

whether the electron donating substituents of the aromatic 

nucleus are in the positions 2,3 or 3,4. The uv bands of the 

proaporphine alkaloids with oxygen electron donating sub- 

stituents in the positions 1,2,11 are similar to those of 

promorphinane compounds with substituents in the positions 
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3,4,6 (Fig. 7 ) .  There is practically no difference between 

the uv bond of the 3.4-dimethoxy-promorphinane and that of 

the 2,3,4-trimethoxy-homoprcmcrphinane alkaloid (~ig. 4). 

When one of the methoxyl groups on the ring A is replaced 

by a hydroxyl group, this does not manifest itself in the 

shape and the intensity of the bands, In all these compounds, 

the presence of a nethylenedioxy group on the ring A (instead 

of two methoxyl groups) produces a hyperchromic and a batho- 

chromic shift of the "aromatic" band. 

The cyclohexencne bases exhibit the lowest absorption 

of the "aromatic" band (c. E 2,000), somewhat higher is that 

of the cyclohexadienone base (c. t 3,162), the ll-methoxy- 

-cyclohexadienone (i.e, that of proapcrphine, 3,k-dimethoxy- 

-promorphiname or 2,3,4-trimethcxy-homopr~mor~hinane) 

(c, c 5,012), and that of 11-methoxy-cyclohexadiencne (i.e. 

that of 2,3-dimetho~~-~romorphinane) (c. E 7,943). The 

highest absorption is exhibited by the homoproaporphine 

bases with a CII 0 group on the cyclohexencne ring (luteidine) 
3 

(c. E 12,600). The bases with an unsubstituted cyclohexenone 

ring also show an absorption (first primary band) already 

at 225 nm, whereas the other compounds at c. 235 mn ( ~ i ~ s  7,8). 

The behaviour of the bases of codeinone, sinomenine and 

cephmmine is similar to that of the other prcmcrphinane 

bases; thus the position of the cyclohexenone r i n ~  dces not 

significantly influence the position ~uld the absorption of 

the uv bands. Tlle "aromatic" band of hasubanonine undergoes 

a hyperchronic and a bathochronic shift. 



On the basis of the described positions of the bands and 

particularly of the position and the intensity of the 

"aromatic" band, the described groups of all:doids can be 

differentiated ('Types I and 111; 11, IV, V, VII, and IX; 

with or without a CII 0 group on the ring D - Tables and 
3 

Figs 3,7,8). 

In spite of the fact that the cyclohexadienone proapor- 

pl~ine/homoproaporphine and promorphinane/homopromorphinane 

alkaloids have many common characteristic properties in the 

r w e  between 1700-1600 cm-l, there can be pointed out some 

differences: the proaporphine alkaloids, whose ring A 

carries a ~ethylenedioxy group instead of a couple of metho- 

xyl groups, have a characteristic band at 0. 1640 em-' 

which in CHC13, KBr and nujol is lower than the two vicinal 

bands (at c. 1665 and 1622 cm-I). This phenomenon is also 

observed in the promorphinane alkaloids with a methylene- 

dioxy e;roup in the positions 2,3. In the ir spectra of this 

type of compounds, the strongest bands usually appear at 

c. 1660 em-' ("cross conjueated dienone" system), at 

0. 1620 cm-I (double bohds of this system), and at c. 1605 cm-I 

(aromatic system). 

The cyclohexenone alkaloids behave in a similar manner: 

their double bonds show, however, low bands only at 1620 

and 1603 em-' and a significant band of the keto group in 

the region between 16904675 cm-I. The cyclohexadienone as 

well as the oyclohexenone compounds with a CH 0 group on the 
3 
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double bond in the d-position to the keto group, shift and 

intensify the original band 'at 1620 crn-I to c.  1635 ern-'; 

the position of this band is dependent on the medium and the 

concentration of the analyzed substances. 

TAELES. Ultraviolet and infrared da'ta of the studied compounds 

(A) Cyclohexadienone Compounds 

1 Proaporphine Derivatives ( ~ ~ ~ e  1a) 

Glaziovine 10916'28 (1-OH, 2-OCH 6-CH ): uv 234 zh 
3' 3 

(loge4.42), 288 (3.58); ir (CFIC13) 1659, 1619 cm-I; 

ir (nujol) 1658, 1618 om-'. 

~ r o t o n o s i n e ~ ~ ' ~ ~ ~  30 (1-0cH3, 2-OH, 641) : uv 235 nm 

(loe€4.39), 283 (3.51)sh, 289 (3.52); ir (nujol) 1661, 

1621, 1600 cm-l. 

~ - ~ e t h y l c r o t o n o s i n e ~ ~ ' ~ ~  (1-OCH 2-OH, 6-CH ). uv 228 nrn 
3' 3 ' 

(logc4.29), 282 (3'.18), 288(3.19); ir (nujol) 1664, 

1625 crn-I* 

~ronucif erine30'32 (I,~-(OCH~)~, 6-CH3) : uv 227 m 

(logc4.40). 230 (4.41), 280 (3.55), 285 (3.55); 

ir (cHC13) 1656, 1618 ern-'; ir (ICB~) 1656, 1634, 

1613 ern-'; .ir (nujol) 1658, 1618, 1605 crn-I. 

~tepharine'~'~~ (1,2-(0cH~)~, 6-H) : uv 231 m (log E 4.42), 

284 (3.49); ir (CHC~ ) 1660, 1620, 1603 crn-l; 
3 

ir (nujol) 1660, 1620, 1600 em-'. 



~ e c a m b r i n e ~ ~ ~ ~ ~ ~ ~ ~  (1.2-0CH20-, 6-CH~): uv 217 nm (log 64.44)sh, 

231 (4.42), 296 (3.58); ir ( 0 ~ ~ 1 ~ )  1665, 1644, 1625,. 

1602 cm-l; iq,(KBr) 1665, 1642, 1622, 1598 cm-l; ir (nujol) 

1664, 1640, 1620, lgb7 cm". 

~ r i e n t a l i n o n e ~ ~ ' ~ ~  ( 1 - 0  2,11-(0CH~)~, 6-CH ) r uv 231 nm 3 

(log64.30), 242 (4.14)eh, 284 (3.77); ir ( c H c ~ ~ )  1665, 

1630, 1605 om-'; ir (KB~) 1667, 1640, 1610 cm-I. 

Homoproaporphine Derivatives ( m e  Ib) 

l-~ydroxy-2-methoxyhomoproaporphine~~ (1-OH, 2-0CH3, 6 - c ~ ~ )  : 

uv 235 NU (loge4.53), 290 (3.66); ir (KBr)'l657. 1619, 

1600 cm-l. 

~ r e ~ s i ~ i n o n e ~ ~ ' ~ ~ ' ~ ~ * ~ ~  (1-08, 2,12-(0~B~)~, 6-CH3): uv 212 nm 

(log c 4.50), 242 (4.08)sh, 287 (3.73); ir ( c H c ~ ~ )  1660, 

1635, 1608 cm-'; ir (KBr) 1655, 1648sh, 1629, 1600 cm"; 

ir (nujol) 1664sh, 1655, 1630, 1600 cm-l. 

l-Hydroxy-2,9-dimetho~yhomoproaporphine~~ (1-OH, 2 ,9-(OCH 3 ) 2' 

6-CH;): uv 235 nm (logc 4.19), 285 (3.87); ir (CHC1 ) 
3 

1650, 1605 om-'. 

1-~ydroxy-:!,~~, 1 2 - t r ~ ~ t ~ o x y ~ o m o p S o a p o r p ~ i n e  21*62 (1-OH, 

2,10,12-(0~~~)~, 6-CH3) : uv 217 nm (log r 4.61). 232 (4.06), 
-1 275 (4.14); ir (CHC1 ) 1660, 1650, 1620 cm . - 3 

Promorphinane Derivatives ('IypeII1a) 

~lavinantine~~ ( ~,~-(ocH~)~, 3-OH, 17-CH ): uv 239 nm 
3 

-1 
(log: r 4.17), 286 (3.85); ir (CHC13) 1667, 1639, 1626 cm . , 

0-Methylflavinantine 41L44 (2,3,6-(0~8~)~, 17-CH ) r  uv 239 nm 
3 

(log c4.25), 285 ,(3.92); ir (CHC~ ) 1670, 1640, 1620 om-'. 
3 
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-1 285 (3.91); ir (CHc13) 1667, 1639, 1629 cm . 
Isosalutaridine (~allidine) 44p45 (2-OH, 3,6-(0CH3j2, 17-CH ) :  3 

uv 235 nm (log E 4-08), 283 (3.81); ir (cHc~~) 1666, 

1643, 1624 cm-l. 

~ m u r i n e ~ ~ ' ~ ~ ' ~ ~  (2,3-0~~~0-, 6-0,CH3, 17-CH ). uv 243 nm 
3 ' 

0 1 )  290 (4.05); ir (cHc~~) 1678, 1652, 1630 cm-l; 

ir (KB~) 1669, 1646, 1615 cm-I; ir (nujol) 1685, 1660, 

1624 cm-l. 

~inoacutine~~'~~'~~ (3,6- (ocH~)~, 4-OH, 17-CH ) : uv 242 m 
3 

(log€ 4-31), 278 (3.75); ir (cHc~~) 1669, 1640, 

1620 cm-l; ir (nujol) 1670, 1640, 1610 cn-I. 

Nomsinoacutine 10,40 (~,~-(ocH~)~, LOH, 17-H): uv 242 nm 

(logc4.30), 275 (3.94)sh; ir (nujol) 1672, 1643, 

1623 om-', 

Salutaridine 10t29148 (3,6-(0cH~)~, &-OH, 17-CH ) : uv 242 nm 
3 

(log r 4.25), 279 (3.75); ir (CHCI j 1670, 1642, 
3 

1623 cm-l; ir (KBr) 1668, 1642, 1616 cm-I; ir (nujol) 

1670, 1641, 1612 c,pl. 

ir (nujol) 1668, 1640, 1622, 1594 cm-l. 



6-l4ethoxypr0morp~inandienone~~ (6-0CH3, 17-CH ): uv 208 m 3 
(log E 4-30), 246.. (4.14); ir (CHC~ ) 1665, 1640, 3 
1620 cm-l. 

6,8-~imethoxypromorphinandicnone~'~ (6, ~-(ocH~)~, 17-CH ) 3 : 
uv 208 nm (log & 4.27), 263 (4.05). 

. Homopronorphinane Derivatives ,(~ype IIIb) 

1~-~e~:iethoxy-~-methy1androcymbine50 (4-H, 2,3, ~-(ocH~) 3, 18-CH3) : 

uv 240 nm l o  c 6 280 (3.76); ir ( c H c ~ ~ )  ,1667, 

1640, 1615 cql. 
~ndrocyrnbine'~ (3>0Ii, 2,4,~5-(0CH~)~, 18-CH ) :  uv 211 run 3 

(106~4.63)~ 241 (4.27),,?80 (3.751, 303 (3.48)sh; 

ir (CUC~ ) 1670, 1645, 1615 cm-l; ir (nujol) 1665, 
, 3  

1640, 1610 cm-l. 

2-Iiydroxy-3, 6-dimethoxyhomopromorphinandienone51 (2-011, 3,6- 

-(oc~ ) 18-CH ) : uv 241 nm (log E 4-22), 282 (3.85) ; 3 2' 3. 
ir (CHC13) 1664, "1642, 1620 cm-l. 

2,3,6-~rimethoxy-4~hydr~xyhomopronorphinandien0e~~ .(2,3,6- 
. . 

-(ocH~)~, &-OH, 18-CH ) :  ir (cHc~~) 1663, 1638, 
3 

1613 cm-?. 

~-~ethylandrocyrnbine~~ (2,3,4,6-(0~~~)~, 18-CH ): uv 211 nm 
3 

(log ~4.62), 233 (4.22)sh, 277 (3.66)sh, 305 (3.42)sh; 

ir (cHCI.~) 1665, 1638sh, 1633, 1615 am-'. 

2,3-Methylenedioxy~~,6-dimethoxyhomopromorphinandienone 

(Alkaloid ~ C - 2 0 ) ~ ~ ' ~ ~  (2, 3-0CH20-, ~,~-(ocH~)~, 18-CH ) : 3 
uv 211 mu (log c 4.60), 241 (4.24). 280 (3.70)~ 305 

(3.42)sh; ir (cHc~~) $674, 1644, 1615 cm-l. 
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2-Hydroxy-3,4,6-trimetho~hornopromorphinandienone (Alkaloid 

~ C - 1 0 ) ~ ~ ~ ~ ~  (2-OH, 3,4,6-(0~~~)~, 18-CH ) :  uv 240 nm 
3 

(log E 4.26), 280,(3.65), 305 (3.42)sh; ir (CRC~ ) 
3 

1665, 1635~11, 1630, 1615 cm-l. 

(B) Cyclohexenone Compounds 

Proaporphine Derivatives (Type 11a) 

~ i n e a r i s i n e ~ ~ ~ ~ ~ ~ ~ ~  (X-OCH~, 2-OH, 6-CH ) :  uv 227 nm 
3 

(logc4.40), 282 (3.45), 287 (3.44); ir (KB~) 1671, 

1610 CUT-'; ir (nujol) 1670, 1612, 1604 cm-l. 

A~auronine'~'~~ (~,~-(ocH~)~, 6-CH ) : uv 225 nm (log L 4.41), 
3 

-1 
285 (3.30)sh; ir (CHC13) 1685, 1673, 1615 cm . 

~oemeronine~~ (1, 2-0CH20-, 6-CH ) uv 220 nm (log c 4.24), 
3 : 

294 (3.32); ir (C1iC13) 1675sh, 1666, 1644, 1625 cm-l, 

~ihydroorientalinone~~ (1-OH, 2,11-(OCH3)2, 6-CH3) : ir (CHC~ ) 
3 

1680, 1625 cm-l. 

Honoproaporphine Derivatives (Type 11b) 

29 Ilulbocodine (1-OH, 2-0CI13, 6-CH~) : uv 232 nm (log E 4.12), 

285 (3.42); ir ( c H c ~ ~ )  1688sh, 1674, 1620 cm-I; ir (1(Br) 

1645, 1603 cm-l, 

Dihydrolcreysiginone (~uteidine)~~'~~'~~' 57758 (1-OH, 2,12- 

-(ocI~~)~, 6-CH3): uv 208 nm (logc4,56), 234 (3.88)sh, 

272 (4.07); ir (CHC~ ) l685sh, 1678, 1627, 1608 cm-l; 
3 

ir (KB~) 1677, 1667, 1620, 1604 cm-l, 

Pronorphinane Derivatives (Type IVa) 

8,14-~ihydronorsslut;rridbe~~ (3,6-(OCH ) 4-OH, 17-H): 
3 2' 



uv 206 nm (logc4.55), 235 (3.93), 261 (3.95); ir (nujol) 
-1 1670, 1625, 1600 om . 

8,14-~ihydrosalutaridine~~ (3, ~-(ocH~) 4-OH, 17-CA 3 1 : 
uv 206 nm (log c 4.51), 238 (3.84), 265 (3.88); ir (uujol) 

-1 1675, 1613, 1575 cm . 
1sosinomenine60 (3, ~-(ocII~)~, 4-OH, 17-CH ) : uv 208 nm 3 

(loe~ 4.50)~ 238 (3.89), 265 (3.92); ir (CIIC~ ) 1690, 3 
1625 cm-l. 

Homoprornorphinme Derivatives (~ype IVb) 

2-Hydroxy-3,4,G-trinethoxyhoiilopromorphinanenone (Alkaloid 

O X O - C C - ~ ~ ) ~ ~ ' ~ ~  (2-011, 3 ,6-(0~1~)~, 18-CH ) : uv 237 nm 
3 

(loge 4.19), 280 3 3); ir (CHC~ ) 168O, 1600 c;ix-l; 3 
ir (KB~) 1690, 1625, 1609 cm-'. 

2, 3-~iethylenedioxy-~l,6-dimethoxyhoiilopromorphinanenone 

(Alkaloid 0x0-~c-2)~~ (2, 3-0CI120-, ~,'~-(ocH~)~, 18-C11 ) : 
3 

uv 238 run (log E 4,06), 281 (3.37); ir (CHC~ ) 1690, 
3 

1620 CZ-~. 

- - - - - - -  
CodeinoneZ9 ( ~ a )  : uv 210 i n  (log E 4.48), 229 (4.09), 281 

(3.15); ir (cHC~~) 1676, 1635, 1606 cm-l; ir (KB~) 1667, 

1632, 1605 cna-l; ir (nujol) 1670, 1634, 1611 cm-l. 

~seudocodeinone~~ (Vb): uv 207 mn (loge 4.62), 231 (3.92)sh, 
-1 282 (3.19); ir (ICU~) 1669, 1631, 1601 cm , 

'Ihebainone6' (vI~): uv 236 mn ( J O ~ E  4.00)sh, 285 (3.29). 

~etathebainone~' (vI~): uv 206 ma (log k.29), 229 (4.09)sh, 
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298 (4.11), 338 (3.55)sh; i r  ( C H C ~  ) 1655, 1650, 1626, 3 
1606 cm-l; i r  ( K B ~ )  1655, 1643, 1622, 1600 cnt-'; 

ir ( n u j o l )  '1655sh, 1642, 1600 cln-'. 

~ i n o m e n i n e ~ ~  (VII) : uv 231 nm ( l o g  c 3.86)sh9 261 (3.73) ; 

ir ( C I I C ~ ~ )  1685, 1640sh, 1630, 1586 om-'; ir ( K B ~ )  1684, 

1625, 1605sh cm-l; ir ( n u j o l )  1689, 1630, 1604 c m - I .  

~ e ~ h & a ; : r i n e ~ ~  (VIII) : uv 229 nm ( lo=  c 3,94)sh,  259 (3.82) ; 

ir (KBr) 1685, 1625, 1615 cn-'. 

~ a s u b a n o n i n e ~ ~  ( 8 - m e t h ~ x y c e ~ l ~ a r m i i n e )  (IX) : uv 228 Nn 

(loge 3.94)sh, 268 (3.98);  i r  ( C B C ~  ) 1665, 1658~11, 3 
1604 cn-l; ir (KBr) 1662, 1656sh, 1596 cm-l; ir ( n u j o l )  

1667, 1601 cn-l. 
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