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The ultraviolet and the infrared spectra (region
between 1750-1600 em'l} of proaporphine/homoproapor-
phine and promorphinane/homopromorphinane alkaloids
with a keto group on the ring D, conjugated either
with two (cyclohexadienone compounds) or with one
{cyclohexencne compounds) double bond, are discussed,
Furthermore, the effect of the encl ether in the
oL =y oy ol’= or fB-position to the keto group and that
of the electiron donating substituents of the ring A

on the uv and the ir specira have been studied,

The proaporphine (Type Ia) and the promorphinane” (Type
IITa) alkaloids with a cyclohexadienone ring arise on phenolic

oxidation of benzyltetrahydrolsoquinoline compounds and form

+) In this review, the term promorphinane compounds has been
used for those bases which have no ether bridge betweon
the rings A and D of the morphinane skeleton,
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{la} Proaporphine Group (b} Homoproaporphine Group
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(!la) 8,9-Dihydroproaporphine Group

(Vo) 8,14-Dihydropromorphinane Group {Ivb) 5.6-I?'ihydrohomopromorhlnnne Group

Rl R% R? = H, OH or OCHz; R’ + R? or R? + R* = O-CHzO;
R* = H or CHsx;, R* R® = H or OCH3; in the promorphinane
group (llla), the oxygen substituents of the ring A are in the
positions 2,3 or 3,4 and, in the homopromorphinane group {Mib,
IVb), in the positions 2,3,4.
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intermediary steps in the biosynthesis of aporphine and mor-
phinane alkaloidsl’z. They occur in plants of the families

Euphorbiaceae, Lauraceae, Menispermaceae, Monimiaceae, Nym-

phaceae, and Papaveraceae, The compounds of the homopro-
aporphine type (Ib) and the homopromorphinane type (ITIb)
form intermediary steps in the biosynthesis of homoaporphine
and homomorphinane alkaloids, They are found in the plants

)3!14. I

of the subfamily Wurmbaeoideae (family Liliaceae n

nature there occur or are synthetically prepared the compounds
with a cyclohexadienone ring and their derivatives with one
or two CHBO groups {enol ether) in the £ - or «,« - or in
the MB-position vs., the kete group. In proaporphines/homopro-
aporphiﬁes with a cyclohexadienone ring {Types Ia, Ib), the
CHSO group of the ring D can be located in the cis- or the
trans-position to the hydrogen at C~6a, Furthermore, some
compounds have been found whose one double bond (Types Ila,
IIb, IVa, IVb) (or both bonds) is hydrogenated or whose keto
group is reduced teo the secondary hydroxyl group. In the
types IIa and IIb, the double bond is also in gls~ or
trans-position to the hydrogen at C-6a, In the promor-
rhinanes/homopromorphinanes with a cyclohexenone ring, the
double bond is located between the carbon atoms C=5 and
C-6 (Type IVa) or between C-8§ and C-14 (Tvpe IVb), and the
CH30 group {enol ether) at C-6 or C-8,

The alkaloids codeinone (Va), pseudocodeinone (Vb},

thebainone (VIa), metathebainone (VIb), sinomenine (VII),
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and the alkaloids of the hasubanane type (Menispermaceae)

are clossaly related t¢ the promorphinane alkaloids, There-
fore the spectra of the above-mentioned alkaloids, includ-
ing those of cepharamine5’6 (VIII) and hasubanonine (ix),
have al#o been discussed in this paper.

For the physicoechemical properties of the so-far iso=
lated proaporphine and promorphinane alkaloida of all the
above-mentioned types see the summarizing papersu’7'lo.
However, in none of them the differences between the ultra-
violet and the infra;ed spectra have been discussed. These
differences would allow to differentiate not only the cyclo-
hexadienone from the oyélohexenone ring but also these two
different rings in the compounds of the proaporphine (Ia)
and promorphinane (IIIa) types or in their homoderivatives

{Ib, IITb), end in compounds where the CH, 0 group is located

3
in the £ - or «, £« or A-position vs. the keto group, In

this paper, the effect of the electron donating substituents
of the ring A on the uv and the ir spectra (region between
1750-1600 cm-l) has also been studied. :

Use was made of the values obtained from measuremeﬁts of
different alkaloids ;tudied at our placezg of work and of the

4,7-10

data taeken from the literature . The uv specira were

measured in methancl or ethancl on a Unicam SP 700 (Cambridge,

England) as described in the literaturell, and the ir spectra

in CHC1 nmijol and in KBr tablets on an Infrascan H 900

3’
{Hilger & Watts, London, England) or on a UR-20 instrument
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(Zeiss, Jena, GDR}, T?e scale of wave number in cm-l was

calibrated by recording the spectra of polystyrene.

() Ultraviolet Spectra:

The uv spectra of cyclohexadienone, cyclohexenone, and
cyclohexanone ccompounds have already been known earlier from
the studies of steroid eompoundsla"ls. According to Stuart
and Cavas, the uv spectra of tetrahydroisogquinoline cyclo-
hexadienone compounds bear resemblance to the sum of tho
curves of homoveratrylamine and 4-methyl-li~allyl-cyclohex-
~2,5=dien~l-one or of the curves of pyrocatechine ethers and
eyclohexadienone7’l6 (Fig. l). The bands at c. 215 (second
primary band) and at o, 285 om (secondary band) correspond
to the absorption of the aromatic nucleus, The band at 230 nm
of alkaleids with a cyclohexadiencne and an aromatic ring
consists of two bands, i.e. a band which is attributable to
the "erosa conjugated dienone system® and the first primary
band+) off the aromatig nucleus with its electron donating

substituents (OH, OCH OCH20). Murther on, the term "ecyclo-

31
hexadienone“/"cyclohexenone" band is used for that at 230 nm,
and the term "aromatic" band for the secondary band at

c. 285 nm, The « ,j-unsaturated ketones exhibit, in addition
to the already mentioned bands, a band of a shifted local
extinction of the C=0 group at ¢, 300 - 330 nm (log ¢ 1 - 2).

The theoretical calculations of the position of the longest

+) For the terminoclogy of the bands seell.
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wavelength band (ec. 23C nm) of cyclohexadiencnea and eyclo-
hexenones of steroids were dealth with particularly by

Fieserlzdlu

who determined the increments of different types
of substituents., According to him, the hydroxyl or the encl
methyl ether group in the £~ or the /S-position to the keto
group shifts the above-mentioned band by 35 nm or by 30 nm
bathochromically, Our observations (vide infra) show, however,
that in the oyclohexadliencne compounds of the proaporphine
and the promorphinane type, the position of the band at

¢, 280 nm does not change, only the extinction increases., In
the cyclohexenone compounds, the introduction of a CHBO group.
causes a hyperchromie and a hypsochromic shift of this band.

On the contrary, .substitution by a CH,O0 group decreases the

3
extinction of the band at ¢, 235 nm but its wavelength does
not change., It might seem that the eyclohexadienone/cyclo-
hexenone and the aryl chromophore affect each other only

s1ightly’?S. This, however, is not trus since the nature of

the cyelohexadienone/cyclohexeqone ring alsoc affects the

secondary band at c. 285 nm (vide infral),.

The knowledge of the nature of the uv bands of the
described compounds is important both for the determination
of the constitution or the identiflcation of the isolated
compound and for the explanation of the individual Cotton
bands in the ORD or the CD curves, Thus, the c¢correct con-
clusion concerning the chirality]'?'a1 of the studied com=

pounds can be drawn,
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(A) Cyclohexadienone Compounds

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

Compounds

These two groups of compounds without a CH30 group on the
.cyclohexadienoﬁe ring have the same type of uv curves, The
proaporphine compoqnds exhibit an "aromatic" baﬁﬁ at o, 285 nm
(Log £ 3.50) and a "eyeclohexadienone" band at e. 235 nm
(iog £ 4,40)., In homoproaporphine compounds, the absorption
of these two bands is higher: the "aromatic" band by g 820
and the "cyclohexadienone™ band by g 6,500 whereby the wave-
length is maintained. The methylenedioxy group of the aromatic

nucleus causes a bathochromic and a hyperohromic shift of the

taromatic™" band (fig. 2), which is a commen finding in aroma=-
-tic oompoundsll. The presence of a CH30 group on the cycla-
hexadienone ring in «=position to the keto group produces

a bathochromic shift of the "cyclohexadienone" band (Fig. 7)
by c¢. 4 - 12 nm in both types of compounds (the decorease in
the abaorption of the "cyclohexadienone™ baend of proaporphine
amounts to o, £ 7,300 -~ 11,000 and that of the homoproapor-
phine to c, € 15,100), The "aromatic" band, whose position
remains practiocally the same, inecreases in proaporphine com~
pounds by e, 5"1,860 - 3,150, in homoproaporphine compounds

only by ¢, ¢ 820, The presence of another CH,0 group in the

3

o« =position oauses62 a further increase of the extinction of

the "aromatic" band and its hypsochromic shift by é. 10 nm,
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In homoproaporphine compoundsaa with a CH30 group in the

A=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,O group on the ring D,

3
its extinction is, howgver, much lower (log € 4.19 vs. 4,53).
On the contrary, the "aromatic™ band at c. 285 nm shows a
higher extinction (loé £ 3.87 vs, 3.66), The findings made by
Battersby et al.zl as well as our own measurements show that
the position of the uv bands of homoproaporphine dienones
does not affect the gis- and the trangs-position of the CH,O

3
groups of the ring D vs, the hydrogen at C-6a,

(b) Promorphinane (Type IIIa) and Homopromorphinane
{(Type IIIb) Compounds

These two types of compounds without a CHBO group on the
cyclohexadienone ring have not been available to us, We have
studied only the compounds with one CH30 group on the cyclow-
hexadiencne ring and with two or three oxygen electron
donating substituents on the ring A, The promorphinane coms
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,h.

The uv spectra of these two types of compounds als¢o show
two bands, i,e. the "aromatic" band at ¢, 280 nm and the
"eyclohexadienone" band at c. 240 nm. The substituents in

the positions 2,3 cause a bathochromic shift of the "arcmatlo"
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band by ¢, 6 - 9 nm, which is consistent with the literatures,
and a hyperchromic shift by ¢, &£ 3,290 if compared with the
position of this band in compounds with substituents in the
positions 3,4 (Fig. 3). Thus, the uv specfra of compounds-
with substituents in the.positions 3,“ greatly resemble those
of the proaporphine alkaloids (Fig. 5) or even more closely
those of the homopromorphinane allkaloids where the electron
donating substituents are located in the positions 2,3,h,
The’spectra of the homopromorphinanes differ from those of
the promorphinanes with substituents in the positions 3,4
only by the presence of a slight shoulder at ¢, 315 nm

{log € 3.42) (Fig. 4). The methylenedioxy group of the ring A
in the positions 2,3 (thé compound with this group in the
positions 3,4 was not available) causes a bathochromic and

a hyperchromic shift of the "aromatiec" band even in the
spectra of the promorbhinanes.

If we assume that the absorption of the "aromatic” band
of the promorphinanes and homopromerphinanes without sub-
stituents on the cyclohexadienone ring is similar to that
of the proaporphines and homoproaporphines (10@ £ 3.5),
then, in promorphinanes substituted in the positions 3,4,
the substitution of the cyclohexadienone ring by a CH30
group will increase the intensity of this band by ¢, £ 2,470,
andlin those substituted in the positions 2,3 by e. e 4,790,

We also studied two promorphinane compounds without

methoxyl groups on the arcmatie ring A but one CH30 group
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in the position «, or two CHBO.groups in the positions
oLy L' of the cyclohexadienone ring., The first compound pro-
duces only a band at 246 mm (log € 4,14}, which represents
the coalesced "aromatic" and the "cyclohexadienone"™ band.
This band of the second compound undergoes a bathochromie
shift by 30 nm and a hypochromie shift by £ 2,600.

From the cyclohexadienone group of substances, we can
easlily differentiate the cyclohexadiencle base where the
keto group is reduced to the secondary hydroxyl group., Such

compounds exhibit a strong minimum beitween the Tirst and the

second band (nudaurine: )\zzganol nm {log £ ) 237sh (3.73),
293 (3.82); Apin 258 (2.98), ref.lo).

(B) Cyclohexenone Compounds
(a) Proaporphine (Type IIa) and Iomoproaporphine (Type IIb)
Compounds

The proaporphine compounds {Type IIa) without a CH30 group
on the ¢yclohexenone ring (Figs 6,7} show a "cyclohexenone!
band at ¢. 225 nm (log ¢ 4,3) and a "aromatic™ band at
e, 288 nm (log € 3.3) which is attributable to the aromatic
ring substituted with two electron donating substituents, In
these compounds, the methylenedioxy group of the ring A
also causes a bathochromic and a hyperchromic shift of the

"arcmatic” band, The proaporphine compounds with a CH,0

3
group in the «-position on the double bond of the oyeclo-~
hexenone ring were not available to us,

The homoproaporphine compounds {Type IIb) (Figs 6,7)
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behave in a similar manner except that the band of the cyclo-
hexenone chromophore is shifted bathochromically by ¢. 8 nm,
if compared with the bands of the proaporphine compounds,

and the absorption is by about ¢ 7,400 lower. The band of the
aromatic chromophore also appears at 285 nm and its absorption

is by about ¢ 820 higher. The CH,0O group on the double bond

3
of the cyeclohexenone ring 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 "ecyclohexencone®™ band, These changes are greater than

in the cyclohexadienone compounds, This is to be seen in

luteidine?? where the intemsity of the "aromatic" band is

even higher than that of ‘the "cyclohexenone'" band (Fig. 7).

(b} Promorphinane {Type IVa) 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 CH30 group in the £ -position

(C-6) to the keto group on the double bond, the twe homopromors
phinane compounds have a CH30 group at the same carbon atom

and a double bond on the opposite side of the ring, The "aro-
matic" band of the promorphinane bases (Type IVa) is shifted
hypsochromically and hyperchromically due to g CH30 group

on the double bond on the ring D, whereas the band of

the cyclohexencite ring hypochromically conirary to the

bands of the proaporphines (Type ITa) and the homopro-
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aporphines- (Type IIb) with a cyclohexenone ring without
a CHBO 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 ;nd pseudocodeinone) exhibit
similar uv curves as for example the cyclohexenone compounds
of the proaporphine type IIa, except that the absorption of
the "cyclohexencne" band is ¢, £ 10,000, The compounds with
the CHBO group in the JL~position (C-?) to the keto group
have the "aromatic" band shifted hypsochromically and hyper-
chromically, The "cyclohexencne" band deoes 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 (Fig. 7). The uv curve of sinomenine (VII)
(shoulder at 295 nm) does not differ greatly from the curve
of cepharamine (VIIX), The curve of isosinomenine is similar
to that of sinomenine as far as the position and the inten-
gity of these two bands are concerned., In isosinomenine,
the shoulder at 295 nm is, however, missing, The "aromatic®”
band‘of hasubanonine {IX) (with both hydrogens of the double
bond in the ring D substituted with CH30 groups) undergoes
a hyperchromic and a bathochromic shift (10 nm), : o

An exception is the spectrum of metathebainone (VI)} where-
the double bond of the ring D is conjugated both with the
keto group and the aromatic system of the ring A, Thus, the

uv specirum of this compound resembles that of the derivatives
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of cinnamic acid where the aromatic nucleus is substituted

by electron donating groups in the positions 2,3.

{C} Cyclohexanone Compounds

The unsubstituted cyclohexanone exhibitsah a band at
285 nm with an ¢ value of only li. 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 tetrahydroiscquinoline chromophore7'8

with two electron deonating substituents.

(xI) Infrared Spectra:

The ir spectroscopy was used15’25 for the first time to
study the cyclohexadienone structure of derivatives with
a sterane A-ring. These compounds exhibit three bands:
1672-1650 en™+ (v C=0), 1647-1630 cm™t (v -0¢=¢-), and
1618-1605 o™ (v =C{). After the elucidat:i.:ninHof the cyclo-
hexadienone structure of alkaloids of the proaperpliine and
the promorphinane type, the experiences made with the ir
spectroscopy of this "ecross conjugated dienone" system were
also applied to this group of natural substanceas.

The cyclohexenone structure of the steroid substances was
originally also studied by Jones et a1.26. It is known5'27
that the CHBO group on the double bond of the cyclohexenone
ring, conjugated with the keto group, shifts the band of this
double bond (designated as the "enolic double bond") from

1 1

1620 em — to 1630-1640 cm™ and leads to a simultaneous

increase of its intensity,

— 592 —




HETEROCYCLES, Veol. 3, No 7, 1975

{A} Cyclohexadienone Compounds {Types Ia, Ib, IIIa, IIIb)
The proaporphine and homoproaporphine compounds show a
weak band at ¢, 1610-1600 cm-l vhich is attributable to the
M -electron gystem of the aromatic nucleus (Fig. 9a). There
also appears a band at 1620 em™ of medium intensity, which

corresponds to the double bonds of the cyclohexadienone
ring, and a high intensity band of the carbonyl group at

e¢. 1660 cm-l. When 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 (CHCI,, KBr, nujol) at 1640 cm'l. This band

3!
corresponds to the planar skeletal vibrations of the C=CZ
bonds of the aromatic nucleus whose 7 -electron system is

infiuenced by the attached methylenedioxy group+) (Figs 9,10).

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

& methylenedioxy group show a low intensity band which, for
example in the spectra of stylopine, can be identified

only with difficulty, The spectra of simple compounds, whose
five-membered isocyclic or heterocyclic ring is attached

to the benzene nucleus (indane, phthalide, methylenedioxy-
benzene, 2,2~dimethyl-Y4,5-benzo-1,j3-dioxolan}, also

exhibit a median band (1620-1650 em ). The methylenedioxy-~
benzene shows even two weak bands at 1776 and 1626 cm-l.
Therefore we assume that the vibrations of the band at

0. 1640 om™t (CHClS, KBr, nujol) are produced by the tension
of the aromatic nucleus, which is caused by the attached
five-membered ring.
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The band of the carbonyl group is shifted by ¢, 5-10 cm"1
to higher values. The proaporphine systen (Ia) with a CHBO
group on one of the double bonds in the «L-position to the
keto group produces bands at e.:1665, 1630 and 1605 P
(CHClB). The ir spectrum of the ocyclohexadienone compound

of the homeproaporphine type with a CH,0 group in the

3
ﬁ—positionzz shows only two bands at 1650 and 1605 cmnl
CHC1,).
(crea.,)

The promorphinane alkaloids (IIIa) avallable to us were

only the bases with a CH,_ O group on the ecyclohexadienone

3
ring. The compounds with methoxyl groups in the positions

2,3 on the ring A showed bands at 1670, 1640 and 1620 P
(CHClB). The compound with a methylenedioxy group in the
positions 2,3 exhibited a band of the carbonyl group at
1678 cm™t (CHClB). The promorphinanes with methoxyl groups
in the positions 3,4 show practically the same values at
e. 1670, 1640, 1620 and 1600 cm™  in all the systems
(Fig. 9b). The band of the double bond at 1640 cm T is
overlapping the corresponding band of the methylenedioxy
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,
Vhen each of the measurements is carried out in at least

two systens {cHC1 KBr or CHClj, majol) then the intensity

3!
and the position of the individual bands can orientatively
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indicate what type of compound 1s dealt with in the analyzed

case.

On reduction of the keto group, when only the two double
bonds of the ring D remain, the ir spectrum exhibilts weak
intensity bands at 1680, 1625 and 1605 cm-l, or the first two

bands coalesce inte one broad band,

{B) Cyclohexenone Compounds {Types ILla, IIb, IVa, IVb)

A comparison of the ir spectra of the above-mentioned
cyclohexadienone compounds with those of the cyclohexenone
compounds (Fip, 10a) shows that the first group has well

formed bands at ¢, 1670-1660, (1640}, 1610 and 1600 om™T,

whereas the second group at c¢. 1690-1670, 1620 and 1600 cm_l.
The band in the region between 1690-1670 cm"l of ten decom-
poses into two bands at c. 1690 and 1670 cm™l. The band of
the carbonyl group of these compounds has never heen found
to be located at a lower value than 1670 cm-l. Roemeronine,
whose nucleus A carries a methylenedioxy group, has again
a band at 1644 om™! which 1s 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 cm™ (CHCl,, KBr).

3’
When one of the double bonds of the cyclohexenone ring

carries a CH,0 group in the .L-position to the keto group,

3
the original band of the double bond at c. 1620 cm™> becomes
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i

still more pronounced (increase in intensity) and is shifted
to c. 1640-1625 om™t, further measurements have shown, how-
ever, that the position of this band may differ considerably
{see luteidine) in dependence on the concentration and the
medjium,

A different location of the cyclohexenone ring is observed
in codeinone and ¢ -codeinone where, moreover, this fing is
connected by an oxyren bridge with the ring A, The ir specira

of all these compounds exhibit an intense band at ¢, 1667 cm'l

and two low intensity bands at e. 1632 and at 1606 cm~L

(KBr) (Fig. 10b), The first band (1667 em™l) is attributable
{vide supra) to the keto group conjusated with a double bond
which does not carry any other substituenis than hydrogens.
The somewhat lower value of this band can be accounted for
by the deformation of tﬂe ring D due to the oxygen bridge
between the rings A and D, Metathebainone (VI) exhibits

a marked band {(doublet) at 1653 en™! which does not corres—
pond to ilhat of cyelohexadienone. A similar band is pro-
duced by 2-hydroxy-irangecimnamic acid (1665, 1618, 1603 em™t
- ¥Br) or its aldehyde which has the hydroxyl group in the
ortho-position. In the ir spectra of hydroxycodeinone, the
bands in the region between 1700-1600 om™t are by c. 9 om™t
higher than those of codeinone,

In the ir spectra of sinomenine (VII) whose Gl 0 group

3

is located on the double bond in the L =position to the keto

group, the band of this oxo-group appears at 1682 e+ (xBr),
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that is by about 20 om T

higher than that of codeinone and
¥ —codeinone. In cepharamine (VIII), the band of the cxo-

-group is also located at c. 1680 cm'l due to the presence
of the CH30 group: of the ring D. Moreover there also appear
two intense bands at 1625 and 1615 om™t (cHC1,). The spec-

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

CH30 groups, shows only a strong band at 1665 em™l ana
a median band at 1600 cn~l in CHClB, KBr, and in nujol;
a band of ~C=C- is not found present.

HH
(C}) Cyclohexanone Compounds
The compounds derived from benzyl-~ or phenethyltetra-
hydroisoquinoline, carrying only a keto group on tpe satu-
rated ring D, exhibit a band of this group at e, 1720 o
and a frequency of the % -electron system of the ring A

1

at c. 1610 cm™— (KBr).

{III) Conclusion:

There have been studied the uv and the ir spectra of
cyclohexadienone and cyclohexenone compounds of the proapor-—
rhine/homoproaporphine and the promorphinane/homopromorphf—
nane types, codeincne, sinomenine, and of compounds of the
hasubanane type.

The alkaloids of the proaporphine/homoproaporphine and
the promorphinane/homopromorphinane types with a c¢yclohexa-
dienone ring (Types Ia, Ib, IiIa, IIIb) and with oxygen

electron donating substituents on the ring A exhibit three "
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bands at o. 285 om (secondary band of the aromatic nucleus -

= "aromatic" band), at;c. 235 nm (a band of the oyclohexadie-
none ring which is overlapping with the first primary band

of the aromatic chromoﬁhore - "cyclohexadlenone" band) and

a band at c. 215 nm (sécond primary band of the aromatioc
chromophore). The cyclohexenone bases (Types IIa, IIb, IVa,
IVb) behave in a similar manner.

The absorption and the position of the "aromatic" band at
c, 285 nm is affected by the electron donating substituents
and, furthermore, by the cyclohexadienone or the cyclohexe-
none ring and its electron donating substituents, Substi-
tution of the hydrogen of the cyclohexadienone ring with a
CHSO group in the o=, «,«'= oOr /=position vs. the keto group
increases the absorption of the “aromatic" band by about
€ 2,330-3,970 and decreases the absorption of the band at
¢, 230 nm of the cyclohexadienone and the cyclohexenone come
pounds, Moreover, the "aromatic" band of all the cyclohexe-
none compounds with a CH30 group in the « -pogition is shift-~
ed hyperchromically and hypsochromically (0.260 nm).

In the promorphinane/homopromorphinane compounds, the
absorption of the "aromatic" band is also affected by that
wvhether 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 oxyvgen 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 band of the 3,4-dimethoxy-promorphinane and that of
the 2,3,4-trimethoxy-homopromorphinane alkaleid (Fig. %),
Vhen one of the methoxyl groups on the ring A is replaced
by a hydroxyl group, this does not nmanifest itself in the
shape and the intensity of the bands, In all these compounds,
the presenice of a methylenedioxy 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 (ec. € 2,000), somewhat higher is that
of the eyclohexadienone base (c. ¢ 3,162), the ll-methoxy-
-cyclohexadienone (i.,e. that of proaporphine, 3,4%~dimethoxy-
=promorphinane or 2,3,4-trimethoxy-homopromorphinane)
{(c. ¢ 5,012}, and that of ll-methoxy-cyclohexadienone (i.e.
that of 2,3-dimethoxy-promorphinane) (c. £ 7,943). The
highest absorption is exhibited by the homoproaporphine
bases with a CHBO group on the cyclohexenone ring (luteidine)
{(c. ¢ 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 nm {Figs 7,8).
The hehaviour of the boses of codeinone, sinomenine and
cepharamine is similar to that of the other promorphinane
bases; thus the poesition of the cyclohexenone ring does not
gignificantly influence the position and the absorption of
the uv bands, The "aromatic" band of hasubanonine undergoes

a hyperchromic and a bathochromic shift,
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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 alkaloids can be
differentiated (Types I and III; II, IV, V, VIY, and IX;
with or without a CH30 group on the ring I - Tables and
Figs 3,7,8).

In spite of the fact that the cyclohexadienone proapor-
phine/homoproaporphine and promorphinane/homopromorphinane
alkaloids have many common characteristic properties in the
range between 1700-1600C cm-l, there can be pointed out some
differences: the proaporphine alkaloids, whose ring A
carries a wmethylenedioxy group instead of a couple of metho~
xyl groups, have a characteristic band at o. 1640 mn"l
which in CHClB, EBr and nujol is lower than the two vieinal
bands {(at o. 1665 and 1622 cm—l)._This phenomenon is also
observed in the promorphinane alkaloids with a methylene-
dioxy group in the positions 2,3, In the ir spectra of this
type of compounds, the strongest bands usually appear at
¢. 1660 om™* ("cross conjugated dienone" system), at
c. 1620 cm™T {double bohds of this system), and at c, 1605Icm_l
{aromatic system).

The cyclohexenons alkaloids behave in a similar manner:
their double beonds show, however, low bands only at 1620
and 1603 on ! and a significant band of the keto group in
the region between 1690-1675 cm“l. The cyclohexadienone as

well as the cyclohexenone compounds with a CH30 group on the
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double bond in the £ -position to the keto group; shif't and

1 1

intensify the original band at 1620 cm-~ to ¢, 1635 cm

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

concentration of the analyzed substances,

TABLES., Ultraviolet and infrared data of the studied compounds

(4) Cyclohexadienene Compounds

Progporphine Derivatives (Type Ia)

10,16,28

Glaziovine (1-0H, 2-0CH,, 6~CH,): uv 234 nm

4v 6-Ci5y)
(Lo € 4.42), 288 (3.58); ir (CHCl,) 1659, 1619 em“Ls

ir (nujol) 1658, 1618 cm™ T,

10,29, 30

Crotonosine (1-0CH.,, 2-0H, 6-H): uv 235 om

3!
(Log e 4.39), 283 (3.51)sh, 289 (3.52); ir (nujol)} 1661,

1621, 1600 cm™t,

N-MethylcrotonosineBo’al {(1-0CH,,, 2-0H, 6-CH3): uv 228 nm

39
(lLog ¢ 4.29), 282 (3,18), 288 (3.19); ir (nujol) 1664,

1625 cm"l.

Pronuciferine-C? 32 (1,2-{ocH 6—CH3): uv 227 nm

Do
(Log e 4.%0), 230 (4,41}, 280 (3.55), 285 (3.55);
ir (CHC1,) 1656, 1618 em™l; ir (KBr) 1656, 163k,
1613 om™1; ‘ir (nujol) 1658, 1618, 1605 om™L,

Stepharinet®133 (1,2-(OCH3)2, 6-H): uv 231 nm (log e 4,.42),
284 (3.49); ir (CHC1j) 1660, 1620, 1603 em™1;

ir (nujol) 1660, 1620, 1600 om™l,



Mecambrinel0r 291 3* (1,2-0CH,0-, 6-CHj): uv 217 nm (log &4.44)sh,

231 (h.b42), 296 (3.58); ir (cHC1,) 1665, 164k, 1625,.

1602 om™'; ir (KBr) 1665, 1642, 1622, 1598 cm™'; ir (mujol)
1

1664, 1640, 1620, 1597 cm™l,
Orientalinone>* 3% (1-oH, 2,11-(0CH,) ,, 6-CHj): uv 231 mm

(log ¢ 4.30), 242 (4,.14)sh, 284 (3,77); ir (03013) 1665,
1630, 1605 em™L; ir (KBr) 1667, 1640, 1610 em™L,

S

Homoproaporphine Derivatives (Type Ib)

1-Hydroxy-2-methoxyhomoproaporphinea7 {1-0H, 2-OCH3, 6,CH3)=

uv 235 nm (log e 4.53), 290 (3.66); ir (KBr) 1657, 1619,

1600 em™t.

Kreysiginone21129138,39 (3 om, 2,12-(0CH,) ,, 6-CH,):
(10g ¢ 4.50), 242 (4.08)sh, 287 (3.73); ir (CHCI.3) 1660,

1

1635, 1608 cm'lg ir (XKBr)} 1655, 1648sh, 1629, 1600 cm j
1

ir {(nujol) 166k4sh, 1655, 1630, 1600 cm .

uv 212 nm

l-Hydroxy-z,9-dimethoxyhomoproaporphin922 (1-0H, 2,9-(0033)2,

6-033'): uv 235 nm {log ¢ 4.19), 285 (3.87); ir (03013)

1650, 1605 om™t,

1-Hydroxy-2,10,12-tri@éthoxyhomOppoaporphineal’62 {1-oH,
A
2,10,12..(0033)3, 6-0113): uv 217 nm (log ¢ 4,61), 232 (4,06},
1

275 (4.14); ir (0{1013) 1660, 1650, 1620 om .

Promorphinane Derivatives (TypeILIa)
Flavinantinel’o (2,6400}13)2, 3=-0H, 17-0}13): uv 239 nm
(1og € 4.17), 286 (3.85); ir (CHC1,) 1667, 1639, 1626 om™t,
o-Methylrlavinantinel‘l"l’l‘ (2,3,6-(oc33)3, 17-033): uv 239 om
(1og £ 4.25), 285.(3.92); ir (CHC1,) 1670, 1640, 1620 om™L,
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Flavinine“o (2,6-(0033)2, 3-0H, 17-H): uv 238 nm (log e k,12),

285 (3.91); ir (CHCl,) 1667, 1639, 1629 em™L,

Iscsalutaridine (pallidine)““’“5 (2-0mH, 3,6_(0053f2, 17~CH3):
uv 235 nm {log c 4.08), 283 (3.81); ir (CHClj) 1666,
1643, 1624 om™t.

Amurinet0129 46 (2,3-0CH,0-, 6-0CH,, 17-CH,): uv 243 nm
(log e 4.11), 290 (4,05); ir (cuc13) 1678, 1652, 1630 cm-l;

ir (KBr) 1669, 1646, 1615 cm™>; ir (nujol) 1685, 1660,

1624 cm-l.

Sinoacutinelo’&7'a8 (3,6-(0053)2, h-oH, 17—CH3): uv 242 nm

(log e 4.31), 278 (3.75); ir (CH013) 1669, 16ko0,

1620 cm“l; ir {nujol) 1670, 1640, 1610 en™t,

10,40

Norsinoacutine (3,6-(OCH3)2, L-OH, 17-H}: uv 242 nm

(log ¢ 4.30), 275 (3.94)sh; ir (nujol) 1672, 1643,

1623 em™t,

10,29,48

: uv 242 nm

Salutaridine (3,6-(0053)2, 4-0H, 17-CH

)]
i 3
{1og € 4.25), 279 (3.75); ir (CH013) 1670, 1642,

1623 cm"l; ir (KBr) 1668, 1642, 1616 cm_l; ir {najol)

1670, 1641, 1612 em™1,

0-Methylsalutaridine>’ (3,%4,6-(0CH 17-CH4): uv 239

3)3’
(log e %.29), 279 (3.73); ir (0H013) 1670, 1643, 1618,

1600 cm-l; ir (KBr) 1668, 1640, 1622, 1597 cm—l;

ir (nujol) 1668, 1640, 1622, 1594 om™t.
2, 3,4, 6-Tetramethoxypromorphinandienone™9 (2,3,4,6-(OCH3)4,
17—CH3): uv 234 nm, 276; ir (CH013) 1665, 1641,

1617 em™ L,
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6-Methoxypromorphinaqdienoneqz (6~0CH 17-0H3): uv 208 nm

3!
{log e 4.30), 246- (4,14} ir (CH013) 1665, 1640,

1620 em™1,-

!
6,S-Dimethoxypromorphinandienone‘2 (6,8~(OCH3)2, 17—CH3):

uv 208 nm {log e 4.27), 263 (4.05).

"Homépromorphinane Dérivatives Type IIIb)

4_Demethoxy-o-methylandrocymbine5° (4~H, 2,3,6-(0CH,)., 18-CH3):

. 3)3
uv 240 nm (log ¢ 4.18), 280 {3.76); irt(CH013)‘1667,
1640, 1615 om™',

Androcymbine?? (3-0H, 2,4,6-(0CH,) 5, 18~CH,): uv 211 mn
(1og ¢ 4.63), 241 (4.27), 280 (3.75), 303 (3,48)sh;
ir (cuci,) 1670, 164s, 1615 om~l; ir (ougol) 1665,
1640, 1610 em™T, )

2-Hy§roxy-3,6-d;methoxyhomoﬁromorphinandienonesl (2-0H, 3,6-
-(ocﬁ3)2, 18-CH3{: uv 241 nm (loge 4,22), 282 (3.85};
ir (CHC15) 166%, 1642, 1620 om™ L,

2, 3, 6=Trimethoxy-l-hydroxyhomopromorphinandienone-~ (2, 3,6-
_(ocnj)j, 4_0H, 18-CH3): ir (CH013) 1663, 16138,
1613 cm-}r '

o-Methylandrocymyineag (2,3,#,6-(OCH3)h, 18~CH3): uv 211 nm
(log e 4.62), 233 (4.22)sh, 277 (3.66)sh, 305 (3.42)sh;
ir (CHc13) 1665, 1638sh, 1633, 1615 om™L,

2, 3=Methylenedioxy=4,6-dimethoxyhomopromorphinandienone
(Alkaloid €C-20)%7133 (2,3-0CH,0-, 4,6-(0CH,),, 18-CH

):
3
uvr 211 nm (log e 4.60), 241 (4.24), 280 (3,70}, 305

(3.42)en; ir (CHOL,) 1674, 164k, 1615 om™,
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2-Hydroxy-3,4,6-trimethoxyhomopromorphinandiencne (Alkaloid

¢c-10)29133 (a-om, 3,4,6-(0CH,) ,, 18-CH,): uv 240 nm

3!
(locg c 4.26), 280:(3.65), 305 (3.42)sh; ir (0H013)

1665, 1635sh, 1630, 1615 em™t,

B Cyclohexenone Compounds
Y

Proaporphine Derivatives {Type IIa)

10,29,30

Linearisine (1-OCH3, 2-0H, 6-CH3): uv 227 nm

(log e 4.40), 282 (3.45), 287 (3.44); ir (KBr) 1671,

1610 em™t; ir (nujol) 1670, 1612, 1604 em™L,

10,54

Amuronine (1,2-(OCH3)2, 6-CH3): uv 225 nm {log € 4.41),

285 (3.30)sh; ir (CHC1,) 1685, 1673, 1615 om™L,

Roemeronine > (1,2—OCH20-, 6-CH3): uv 220 nm (log e 4, 24),
294 (3.32); ir (CHC1,) 1675sh, 1666, 164k, 1625 em L,
Dihydroorientalinone56 (1-0mH, 2,11-(OCH3)2, 6-CH3): ir (CHC1

1680, 1625 cm L.

3)

Homoproaporphine Derivatives (Type IIb)

Bulbocodine®” (1-0H, 2-0CH 6-CH3): uv 232 nm (leog e 4,12},

3]
285 (3.42); ir (CHC1,) 16B8sh, 1674, 1620 em™t; ir (xBr)

1645, 1603 cn™t,

Dihydrokreysiginone (Luteidine)zj’zg’38’57’58 (1-0H, 2,12~

-(ocnS)z, 6-033): uv 208 nm (leg € 4,56), 234 (3.88)sh,

272 (4.07); ir (CHC1,) 1885sh, 1678, 1627, 1608 em™ L

ir (KBr) 1677, 1667, 1620, 1604 om™ T,

Promorphinane Derivatives (Type IVa)

8,14-Dihydronorsalutaridine59 (3,6-(OCH3)2, 4-OH, 17-H):
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uv 206 nm {leg ¢ 4.55), 235 (3.93), 261 (3.95); ir (nujol)

1670, 1625, 1600 em™t,

8,1h-Dihydrosa1utaridiﬁe59 (3,6-(OCH3)2,‘4-OH, 17-CH3):
uv 206 nm {log ¢ 4.51), 238 (3.84), 265 (3.88); ir (nujol)
1675, 1613, 1575 cu™'. _
Isosinomenine60 (3,6-(OCH3)2, 4-01, 17-CH3): uv 208 nm
(Log e 4.50), 238 (3.89), 265 (3.92); ir (CH013) 1690,

1625 em™L,

Homopromorphinane Derivatives {Type IVb)
2-Hydroxy-3, %, 6-trimethoxyhomopromorphinanenone (Alkaloid

ox0-CC-3b}*7133 (a.0m, 3,4,6-(0CH 18-CH,): uv 237 nm

3)3'
(loge 4.19), 280 (3.34); ir (CHCL,) 1680, 1600 ou™Y;
ir (KBr) 1690, 162%, 1609 cm™T.

2,3-Methylenedioxy={,6~dimethoxyhomopromorphinanenone
(Alkaloid ox0-CC-2)77 (2,3-0CH,0-, 4,6-(0CH,),, 18-Cit,) :
uv 238 nm (loge 4.06), 281 (3.37); ir (CH013) 1690,

1620 cu™ L,

Codeinone~? (va): uv 210 nin (2og ¢ 4. 48), 229 (4.09), 281

(3.15); ir (CH013) 1676, 1635, 1606 cm‘l; ir (IBr) 1667,

1632, 1605 cu™t; ir (nujol) 1670, 1634, 1611 cm™ T,

Pseudocodeinone>> (Vb): uv 207 nm {loge 4,62), 231 (3.92)sh,

282 (3.19); ir (KBr) 1669, 1631, 160L em™t,

Thebainoneﬁl (VIa): uv 236 nm (Log e 4.00)sh, 285 (3.29).

Metathebainon929 (VIb): uv 206 nm (1oge %.29), 229 (4,09)sh,
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298 (4.11), 338 (3.55)sh; ir (CHC1,) 1655, 1650, 1626,
1606 cm-l; ir (KBr)} 1655, 1643, 1622, 1600 cm"l;
ir (nujol) 1655sh, 1642, 1600 cm™L.
Sinomenine~> (VII): uv 231 nm (log ¢ 3.86)sh, 261 (3.73);
ir (CHClj) 1685, 1640sh, 1630, 1586 cm'l; ir (KBr) 168k,
1625, 1605sh cm'l; ir (nujol) 1689, 1630, 1604 em™,
Cephafmninezg (VIII): uv 229 nm (log ¢ 3.94)sh, 259 (3.82);
ir (KBr) 1685, 1625, 1615 cm .
Hosubanonine~> (8-methoxycepharamine} (IX): uv 228 nm
(Log £ 3.94)sh, 268 (3.98); ir (CHClB) 1665, 1658sh,
1604 onn~}; ir (XBr) 1662, 1656sh, 1596 cm™~; ir (nujol)

1667, 1601 o™t

RETERENCES

1 D.H.R, Barton and T, Cochen, Festschr, Arthur Stoll,
Birkhauser, Dasel, 1957, p. 117.

2 I, Erdtman and C, A, Wachtmeister, Fesischr. Arthur Stoll,
Birkhauser, Basel, 1957, p. 14k,

3 F. Santavy, Pianta med, {Stuttg.), Supplement, 1968, 46.

L M, Shamma, The Isoquinoline Alkaloids, Chemistry and
Pharaacology, Acadeuic Press, MNew York, 1972, pp. 458, 469,

5 M, Tomita and M, Kozuka, Tetrahedron Lett., 1966, 6229,

6 T. Kametani, T, Kobari, K, Shishido, and K, Fukumoto,
Tetraledron, 1974, 30, 1059,

7 K. Bernauer and W, Hofhein=z, Fortschr, Chen. org.

Naturstoffe, 1968, 26, 245.

— 609 —

7, 1975




8 K.,L, Stuart and M,P, 'Cava, Chem. Rev.,, 1968, 68, 321; 1971,
71, 47.

9 T. Kemetani, The Chemnistry of the Isogquinoline Alkaloids,
Vol, I, Hirokawa Publish, Conmp,, Ine,, Tokyo, 1968; Vol, II,
Kinkodo Publish, Comp,, Sendai, 1974,

10 J, Holubek, Spectral Data and Physical Constants of Alkaloids,
Vol, I-VIII, Academia, Prague, 1973, Sheets 17, 19, 172, 476,
713, 756, 794, 836, 985.

11 F, Bantavy (Ed.), S. Hegerova, L., Hruban, A. Kldsek,

Aﬁ Némedkovi, V, Ziminek, and D. Walterové, Ultraviolet, Infra-
red and Proton Magnetic Resonance Spectra of Simple Aromatic
Compounds Subsgtituted by Hydroxyl, Methoxyl, and Methylene-

dioxy Groups, Acta Univ, Oloume,, Fae, Med,, Suppl, XIII, 1973.

12 A, I, Scott, Interpretation of the Ultravioclet Spectra of
Naturael Products, Pergamon Press, London, 1964, pp. 56, 73, 246,

13 R.M., Silverstein, G.C., Bassler, and T,C, Morril, Spectro-
metric Identification of Organic Compounds, J, Wiley & Sons,
Inc,, New York, 1974, p, 231,

ik L,F, Fieser and M, Fieser, Stercids, Reinhold Publish, Corp.,
New York, 1959, p. 15.

15 R. Barner, J., Borgubya, G, Proctor, and H, Schmid, Chimia,
1961, 15, 4oz,

16 B. Gilbert, M,E,A, Gilbert, M.M, De Oliveira, 0., Ribeirvo,

E. Wenkert, B, Wickberg, U, Hollstein, and H. Rapoport,

J, Am, Chem, Soc,, 1964, 86, 6oL,

17 G. Snatzke and G. Wollenberg, J. Chem. Soo. €, 1966, 1681,

— 610 —




HETEROCYCLES, Vol 3, No

18 F. Santavy, P. Sedmera, G. Snatzke, and T. Reichstein,

Helv. Chim, Acta, 1971, 54, 1084,

19 R.J. Swan, W, Klyne, and H. Maclean, Can, J. Chem., 1967,
E;, 319.

20 L. Hruban, G, Snatzke, and F, Ssntav{ - in manusoript,

21 A.R, Battersby, R,B. Bradbury, R.B., Herbert, M.H.G. Munro,

and R, Ramage, J. Chem. Soc, Perkin I, 1974, 1394,

22 T, Kemetani and F, Satoh, Chem, Pharm, Bull,, 1969, 17, 814,

23 MK, Jusupov, N.L. Muchamedarova, A.S5. Sadykov, L, Dolejs,

P, Sedmera, and F, Santavy ~ in manuscript,

24 S$,¥., Benson and G,B, Kistiakowsky, J, Am, Chem, Soc,, 1942,
6k, 80.

25 R,N, Jones, P, Humphries, and K. Dobriner, J. Am, Chem, Soc,,

1950, 72, 956.

26 R.N., Jones, V,Z, Williams, M,J, Whalen, and K, Dobriner,

J. Am, Chem, Soc., 1948, 70, 2024,

27 M, Avram and Gh,D, Matescu, Infrared Spectroscopy, Wiley-
~Interscience, New York, 1972, p. 353.

28 T. Kametani and H, Yagi, J. Chem. Soc. €, 1967, 2182,

29 Results from our experiments,

30 L,J. Haynes and K,L. Stuart, J, Chem, Soc., 1963, 1784,
1789.

31 L,J. Haynes, K,L, Stuart, D,H,R. Barton, and G.W. Kirby,
J. Chem, Soc., C, 1966, 1676,

32 K. Bernawer, Helv, Chim, Acta, 1963, gg, 17813,

33 A.W, Sangster and K,L. Stuart, Chem, Rev., 1965, E;! 69. ;

—611—

7, 1975




34 J, Slavik and L. Slavikovd, Collection Czech, Chem, Commun,,

1963, 28, 1720C.
35 K. Heydenreich and S, Pfeifer, Pharmazie, 1966, 21, 121.

36 A,R, Battersby and T.H, Brown, Proc, Chem. Soc., 1964, 85,

37 T. Kametani, II, Yagi, F. Satoh, and K. Fukumoteo, J, Chem.
Soc, C, 1963, 271.

35 A.R, Battersby, E, licDonald, M,H.G, Munro, and R, Ramage,
Chem, Coumun,, 1967, 934,

3¢ T. Kametani, K. Fukwiote, H, Yagi, and F. Satoch, Chem.
Commun, , 1967, 878,

40 K,L, Stuart, C. Chambers, and D, Byfield, J. Chem, Soec, C,

1969, 1681,
L1 T, Kametani, K. Fukunote, F, Satoh, and H, Yagi, Chemn.

Cowmmun, , 1968, 1398; J, Chem. Socc. C, 1969, 520,

42 B, GregsonwAllcott and J,M, Osbond, Tetrahedron Lett., 1969,

1771,
L3 7T, Kametani, T. Sugahara, H., Yagi, and K. Fukumoto,

J. Chem. Soc. €, 1969, 1063.

44 T, Kametani, K., Fukunoto, A, Kozuka, H, Yazi, and

¥, Keimumi, J, Chem, Soc, C, 1969, 2034,

Ls T, Kametani, M. Ihara, and T. Honda, Chem. Commun., 1969,
130%,
46 L. ¥ihn and S, Pfeifer, Pharmazie, 1965, 20, 659,
4y J.-s, Hsu, S.-Y. Lo, and J.~H. Chu, Seci.Sinica, 1964,
13, 2016. .

48 D,H.R, Barton, G.W, Kirby, W, Steglich, G.M. Thomas,

— 612 —




HETERQCYCLES, Vol. 3, No 7, 1975

AR, Batteruby,vT.A. Dobson, and H, Ramuz, J, Chem, Soc.,
1965, 2423,

49 T, Kametani, M, Koizumi, and K, Fukumoto, Chem, Pharm,
Bull,, 1969, 17, 1809,

50 T, Kametani, K, Fukumoto, ¥, Satoh, and H, Yagi, Chem,

Commun, , 1968, 1001; J, Chem, Soec, C, 1968, 1308k,

51 T. Kametani, K, Fukumoto, M. Koizumi, and A. Kozuka,
Chem, Commun,, 1968, 1605,

52 A.R. Battersby, M.H.G. Munro, R.B. Bradbury, and F. Santavy,
Chem. Commun., 1968, 695,

53 A.R. Battersby, R, Ramage, A.F, Cameron, C. Hannaway,

and F, Santavy, J, Chem. Soc. €, 1971, 3514,

54 H, Flentje, W. DSpke, P.W. Jeffs, Pharmazie, 1966, 21, 379.

55 J. Slavik, L, Slavikovd, and L. Dolej3, Collection Czech.

Chem, Commmn,, 1968, 33, 4066,
56 A,R, Battersby and T,H, Brown, Chem, Commun,, 1966, 170,

57 T. Kametani, F., Satoh, K. Fukumoto, Heterocycles, 1973, 1, h7.
38 T. Kametani, F, Satoh, K, Pukumoto, H, Sugi, and

K., Kigasawa, Chem, Pharm. Bull., 1974, 22, 1835,

59 L,J, Haynes, G,E.M, Husbands, and K,L. Stuart, J, Chem.
Soc. C, 1968, 951,

60 D.H,R, Barton, A,J, Kirby, and G.¥. Kirby, J, Chem, Scc, C,

1968, 929,
61 K.¥W. Bentley, The Chemistry of the Morphine Alkaloids,
Clarendon Press, Oxford, 1954, p. 223.

62 A, PBrossi, J., 0’Brien, S. Teitel, Helv, Chim. Acta, 1969,

52, 678,

Received, 9th April, 1975

—613—



