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A (-)- @ -narcotine from Papaver sommiferum was refluxed with ethyl chloroformate to give the
diastereomeric chloro-carbamate mixture and the Z/E-enol lactones as Z:E=1:1.1 ratio in HPLC
analysis. After photoisomerization with UV (254 nm), the Z/E ratio was drastically changed to Z:E=7:1,
which may indicate that the E-isomer was easily converted to the Z-isomer due to photoisomerization.
The photoisomerization of the Z/E-enol lactones and the different stereochemistry of the degradation
product of B-narcotine, deuterated B-narcotine and p-hydrastine with ethyl chloroformate will also be

discussed.
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Narcotine, a phthalideisoquinoline alkaloid, is one of the
major bases in Papaver somniferum L. (Papaveraceae) which
is the source plant for opium. This molecule possesses two
chiral centers at C-1 of the tetrahydroisoquinoline nucleus
and at C-9 of the v-lactone ring. Therefore, narcotine should
exist in four stereoisomers containing enantiomeric and
diastereomeric pairs. Among them, natural (-)- ¢ -narcotine
(1) has an antitussive effect and is a weaker analgesic than
morphine or codeine which are constituents of opium.

The bond cleavage between C-1 and N in the narcotine
molecule has been accomplished by various methods, e.g.
Hofmann degradation[3], or using benzyl bromide[7], m-
chloroperoxybenzoic acid[5], cyanogen bromide[6] or chlo-
roformate esters[8,10] to furnish the corresponding Z/E-
enol lactones (stilbenes), keto acids or carbinols. Some of
these ring-cleaved products are known to be present in
nature as secophthalideisoquinolines{4].

However, the stereochemistry of the degradation products
of ¢-narcotine and the related phthalideisoquinolines has
not fully investigated and is still interesting field in the
alkaloid chemistry. In the present report, we discuss the
stereochemistry of the Z/E-enol lactones obtained from «
-narcotine and its anlogs, B-narcotine, deuterated B-narco-
tine and B-hydrastine refluxed with ethyl chloroformate.
We also described the stereoselective formation and unusual

photoisomerization of the Z/E-isomers.
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Materials and Methods

General

@ -Narcotine, B-hydrastine and ethyl chloroformate were
purchased from Sigma Chemical Co. (St. Louis, MO. USA).
B-Narcotine and deuterated B-narcotine were prepared by
our previous method[l]. HPLC analysis was carried out
with a Spectra-Physics 8700 (Irvine, CA, USA) equipped
with a Spherisorb Si column (250 X4 mm, 5 pm) (flow rate:
2.0 ml/min, pressure : 1260 psi, UV : 254 nm).

Degradation of « -narcotine (1) with ethyl chloro-
formate

(-)- @ -Narcotine (1, 0.2 g, 0.5 mmol) in dichloromethane
(2 ml) was refluxed with fresh ethyl chloroformate (ECF,
0.2 ml, 2 mmol) for 4h. After complete removal of the
solvent and excess ECF, the mixture was analyzed with
HPLC using 25% tetrahydrofuran in n-hexane as an eluent.
Retention time (min): 2, 9.22; 3, 8.21; 4, 10.70; 5, 5.48. Each
compound was identified by the comparison with authentic
compounds[10] to be the corresponding enol lactones (2,
3), chloro-carbamates (4, 5) and a very small amount of
N-desmethyl-N-carbethoxynarcotine[11] (Rt=6.99 min).

Separation of enol-lactone isomer mixture

Above crude reaction mixture was subjected to column
chromatography using silica gel with chloroform-ether 4:1
as an eluent to yield the Z/E-isomer mixture. The isomer
ratio of the mixture was determined by HPLC under the
above conditions. This isomer mixture was further separated
by column chromatography (chloroform-ether 6:4) to furnish
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Z- (pale yellow crystal) and E-enol lactone (pale yellow oil)
individually.

Photoisomerization of Z/E-enol lactone mixture

The solution of Z- and E-enol lactones in chloroform
was irradiated in pyrex bottle with UV (254 nm) for 30
min. and 330 min., then respectively determined by HPLC
under the above conditions.

Degradation of f-narcotine (6), B-hydrastine (7) and
deuterated B-narcotine (8) with ethyl chloroformate

p-Narcotine (6) and deuterated pB-narcotine (8) were
prepared by our authentic method[1]. Treatment of 6, 7
and 8 with ECF were performed as described above to
give the corresponding Z/E-enol lactones and/or the chloro-
carbamates, which were respectively analyzed by HPLC

under the above conditions.

Results and Discussion

In our previous reports{10,11], the stereochemistry of the
Z- and E-enol lactones as well as the diastereomeric chloro-
carbamates and carbinols derived from ¢ -narcotine (1) with
ethyl chloroformate (ECF) has been discussed. Recently we
also investigated the degradation of B-narcotine (2) with
ECF at room temperature, yielding the corresponding car-
binols and the unexpected ethoxy derivative[9].

a -Narcotine was treated with ECF under reflux to afford
Z- and E-enol lactones (2 and 3) and the diastereomeric
chloro-carbamates (4 and 5) (Scheme 1). The Z/E-isomers
were produced with a high stereoselectivity, the yields of
both isomers were about 70% and 10%[11], respectively,
after the chromatographic separation. Such a different ster-
eoselectivity in the similar cis/trans- or Z/E-isomers has
also been found in pertinent stilbenes{1,2] and secophtha-
lideisoquinolines[1,2]. Shamma et al.[12], however, could
not obtain any Z/E-enol lactone by mild Hofmann degra-
dation (basic conditions) of @ -natcotine.

We recently repeated the reaction of @ -narcotine (1) with
ECF in refluxing dichloromethane by our previous method
[11]. The crude reaction mixture was directly detected by
HPLC to give five peaks for the Z- (2) and E-enol lactones
(3), the chloro-carbamates (4 and 5), and the very small
peak (Rt=6.99 min) identified as N-desmethyl-N- carbetho-
xynarcotine (Fig. 1). Among the enol lactones, the thermo-
dynamically less stable E-isomer (3) was unexpectedly pro-
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Scheme 1.

duced a little more than Z-isomer (2) with ratio of 1.12:1.
However, as mentioned above, when the reaction mixture
was separated by column chromatography, the yield of Z-
isomer was ca. 7-fold higher than that of E-isomer. The
isolated oily E-isomer from the column crystallized even
upon grinding with glass rod without any contact with
solvent, being converted into crystalline Z-isomer. E-isomer
was also easily photoisomerized to Z-isomer by sunlight.
These observations may explain why Z-isomer was much
more formed than E-isomer after chromatographic separa-
tion of the isomer mixture.

In contrast to the case of ¢-narcotine, B-narcotine (2)
afforded two chloro-carbamates (4a and 5a) and practically
no Z/E-enol lactones in the HPLC chromatogram (Fig. 1).
This striking difference between - and B-isomers may be
originated from the different stereochemistry at C-9 (95 for
@~ and 9R for P-narcotine).

We additionally investigated the formation of the Z/E-
enol lactones from the similar compounds, deuterated B-
narcotine (8), and B-hydrastine (7), with ECF in order to
find the effect of the substituent in the molecule (Table 1).
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Fig. 1. HPLC chromatograms of the reaction mixtures of «
-narcotine (a) and [-narcotine (b) with ethyl chlorofor-
mate under reflux. Two peaks in b correspond to the
chloro-carbamates. Retention time (min): 2 (9.22), 3
(8.21), 4 (10.70), 5 (5.48), N-desmethyl-N-carbethoxyna-
rcotine (6.99).

The HPLC chromatogram (Fig. 2a) of the Z/E-enol isomer
mixture resulted from 8 shows very different pattern from
the degradation of ¢-narcotine: both isomers were main
products showing the isomer ratio of 1:1.44, and the corre-
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Fig. 2. HPLC chromatograms of the reaction mixtures of
deuterated B-narcotine (a) and B-hydrastine with ethyl
chloroformate under reflux. Retention time (min): Z-
(7.03 or 7.61) and E-enol lactone (6.22 or 6.42). The
peak at 5.35 min in b correspond to the chloro-carba-
mate.

sponding chloro-carbamates were practically not produced.
Such a drastic effect of deuterium instead of hydrogen on
the different formation of the sterecisomers could not be
explained up to now. This needs further studies. In case of

Table 1. Comparison of reaction products from narcotine and its analogs with ethyl chloroformate under reflux

compound config. major product minor product Z/E ratio
a-narcotine (1) 1R, 95 carbamates (4, 5) Z <E 1:112
f-narcotine (6) 1R, 9R carbamates (4a, 5a) -

f-hydrastine (7) 1R, 95 Z>E carbamates (4, 5) ca. 5:1

D-p-narcotine (8) IR, 9R Z<E - 1:14
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B-hydrastine (7) which lacks a methoxy group at C-8 in «
-narcotine (1) and contains a same (IR, 9R)-configuration
with 1, the yield of Z-isomer was about 5 times more than
that of the E-isomer (Fig. 2b), which probably points toward
the steric hinderence. Shamma and his coworkers[3] could
separate the Z/E-enol lactones from the Hofmann degra-
dation of B-hydrastine to give 77% and 6%, respectively.
Considering our findings with HPLC analysis, their results
may suggest that more E-isomer in the reaction mixture
was converted into the Z-isomer during the separation
procedure.

The cis-trans equilibrium of olefins has been accompli-
shed by various isomerization catalysts[12], however, these
methods were applicated for olefins having no steric
hinderence. Moreover, the thermodynamic equilibrium of
the sterically hindered molecules such as 2 and 3 by
irradiation has little been studied in the field of alkaloid
chemistry.

We tried to transform the more stable Z-isomer to the
less stable E-isomer by irradiation with UV (254nm). After
the reaction without irradiation, the isomer mixture
obtained by column chromatography was analyzed using
an efficient HPLC method to exhibit the isomer ratio of
781 (Z):21.9 (E) (Fig. 3a). After irradiation for 30min. and
330min., the Z-isomer decreased to 65% (Fig. 3b) and 56%
(Fig. 3c), respectively. This experiment apparantly shows
that the stable Z-isomer can be isomerized into the less
stable E-isomer by irradiation in spite of the steric hin-

derence in the E-isomer.
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