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Abstract — The investigation have been made to the reaction of a
large excess of diazomethane on the quaternary benzyltetrahydroisc-
quinoline related alkaloids, aporphines, benzyltetrahydroisoquino-
lines, pavines and protopine. From the structural elucidation of
the reaction products, it has been found that the first and second

Hofmann elimination proceeded.

The reaction of diazomethane with acid, acid halides, acid anhydrides, phenols, enols,
olefines, active methylenes, or carbonyl compounds has been investigated, extensively}
In these cases, the reaction products are the inserting of methyl group or addition
products of diazomethane. In 1975, Soine and coworker52 firstly reported that when
(+)-tubocurarine, (+)-isotubocurarine and (+)-condocurarine belonging to bisbenzyl-
tetrahydroisoquinoline alkaloids were treated at room temperature with an excess of
diazomethane, the Hofmann elimination type methine bases of their O-methylation
products afforded. Then they3 applied the same reaction to tetrahydroisoquinoline
alkaloids, (I)-laudanosine methiodide and (+)-carnegine methiodide and presumed the
reaction mechanism as the #-H on C-4 of benzyltetrahydroisoquineline base lead to a
styrene product and those on C-a leading to a stilbene product that were proceeded

by an E2 mechanism.

In order to prove the reaction mechanism, the additional experiments were carried out
for the benzyltetrahydroisoquinoline related alkaloids, aporphines, benzyltetrahydro-
isoquinolines, pavines and protopine (Table 1). For this purpose, firstly, as the
representative aporphine alkaleid, (+)-glaucine was brought into experimental mate-
rial. {+)-Glaucine (i) methiodide which was prepared from (+)-glaucine and methyl

iodide was treated with a large excess of ethereal solution of diazomethane
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Table 1. The alkaloids used for reaction with diazomethane.

Aporphines:

R1 R2 1 2 9 10 11
(+)-Glaucine (1) Me H OMe H CMe OMe H
(+)-N-Methyllaurctetanine (2) Me H OMe H 0OH OMe H
{(+)-Boldine (3 Me H OMe  OH OH OMe H
(+)-Xanthoplanine Q&) (Me)2 K OMe OMe QH OMe H
(+)-Dicentrine (3 Me H 0CH,,0 OMe OMe H
(+)-N-Methylactinodaphnine (8) Me H OCH,0 OH OMe H
(+)-0-Methylisccorydine (7) Me H CMe OMe H OMe  OMe
(+)-Isocorydine (8) Me H OMe OMe H OMe OH
(+)-Magnoflorine (9) (Me)2 H OH OMe H OMe  OH
(+)-0-Methylbulbocapnine (10) Me H OCH,0 H OMe  OMe
{(+)-N-Methylnandigerine (11 Me H 0OCH,0 H OH OMe
{-)-N-Methylzylopine (12) Me H 0CH,0 OMe H H
(-)-Roemerine a3 Me H OCH,0 H H H
(-)-Ushinsunine 1 Me OH 0CH,0 H H H

Anhydroushinsunine (15)
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Table 1 (continued)

Benzyltetrahydroisogquinolines:

HETEROCYCLES, Yol. 27, No 3, 1988

5 4
3
7 N-Me
8172
I
@
’
42
3 6 7 3! 4t
(+)-Laudanosine (16) OMe OMe OMe OMe
(+}-Reticuline (177 OMe OH OH OMe
{(+)Y-0-Methylarmepavine (18} OMe OMe H OMe
{(+)-Armepavine (19} OMe OMe H OH
Pavines:
4 5 6 7
O
2 29
1 12 1 10
2 8 9
(-)-Eschscholtzine ((-)-Crychine) (20) OCH,0 0CH,0
(+)-Eschscholtzidine OCH,0 OMe OMe

{(+)-0-Methylcaryachine] (21)

Protopines:

Protopine (22)

,/""\1

0
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containing a small amount of methanol for five days at room temperature. The ether

solution was evaporated to dryness under reduced pressure at room temperature. The
residue which has a pungent fishy, ammoniacal odor of trimethylamine was extracted
with ether, divided into ether soluble part and insoluble part. From the ether
soluble part, glaucine methine, 1-(N,N-dimethylaminolethyl-3,4,6,7-tetramethoxyphe-
nanthrene (Rf 0.18} (la), glaucine isomethine, l-vinyl-3,4,6,7-tetramethoxy-10-N,N-
dimethylamino-%,10-dihydrophenanthrene (Rf 0.31) (1b), and glaucine bismethine (the
des~N-compound}, l-vinyl-3,4,6,7-tetramethoxyphernanthrene (Rf 0.70-0.76) (19), were
obtained by separating with the preparative tlc method. The uv spectrum of la exhi-
bits the characteristic absorption curve of phenanthrene. In the aromatic proton
region of the Lane spectrum of la, there are two doublets at §7.46 and 7.76 (each
1H, d, J=8.52 Hz)} which are assigned 9-H and 10-H in phenanthrene nucleus in addition
to one N,N-dimethylamino group at $2.39 (6H, s) and four methoxyl groups at 3.90 (3H,
s), 4.03 (6H, s), and 4.06 (3H, s). In the uv spectrum of lb, with Q{]%O -62° (MeOH),
1

there is a maximum absorption at 258 sh(3.63) and 307(3.44) nm(log €). The ~Hnmr
spectrum of 1b exhibits a vinyl group at $5.60 and 5.30 (each 1H, dd), and § 7.13 (1H,
dd), besides one N,N-dimethylamino group at §2.09 (6H, s) and four methoxyl groups at
$3.63 (3H, s), 3.90 (6H, s) and 3.93 (3H, s). Both la and 1b were identified with the
authentic samples which were prepared by the Hofmann elimination with the ethanolic
KOH on glaucine (1) methiodide, respectively. The uv spectrum of l¢ exhibits a phenan-
threne absorptien curve. In the 1Hnmr spectrum of lc, four methoxyl groups, one vinyl
group, and five aromatic protons were observed. The identification of lc was estab-
lished by the comparison with the authentic sample of l-vinyl-3,4,6,7-tetramethoxy-
phenanthrene which prepared by the Hofmann elimination with the ethanolic KOH on
glaucine methine (la) methiodide. On the other hand, from the ether insoluble part,
the unreacted 1 methiodide was recovered. That is to say that the reaction of a large
excess of diazomethane on (+)-glaucine (1) methiodide takes place firstly the first
and then the second Hofmann elimination. The reaction also arises at the dark place.
When diazomethane was reacted with (+)-glaucinium hydroxide, the same products, Lg,
1b and 1¢ were obtained. Both la and lb produced by the first Hofmann elimination
risen from {(+}-glaucine cation and diazomethane immediately react with methyl cation
generated at same time, and from quaternary cations of la and 1b, which proceed to
the second Hofmann elimination with the excess diazomethane. On the results, a des-N

compound lc affords. The assumed reaction mechanism was shown in the Scheme 1.
el
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In generally, if the phenolic aporphinium saits are used as starting materials, the
first and the second Hofmann eliminations proceed after O-methylation of the phenclic
hydroxyl groups. For example, in the case of xanthoplanine (4) chloride, N-methyl-
laurotetanine (2) methiodide and boldine (3) methiodide, each reaction products are
same with those of glaucine (1) methiodide. Magnoflorine (%) iodide and isocorydine
(8) methiodide give the same reaction products with O-methylisocorydine (7) meth-
iodide. N-Methylnandigerine (11) methiodide get the same reaction products with
O-methylbulbocapnine (10) methiodide, and N-methylactinodaphnine (§) methiodide
produces the same reaction products with dicentrine (5) methiodide. In the case of
(+)-reticuline (17) methiodide, it affords the same products with (+)-laudanosine
(16) methiodide, armepavine (19) methiodide give the same products with O-methyl-
armepavine (18) methicdide. Therefore, we showed only the non-phenclic alkaloids.

The further experiments were carried out for the other several aporphine alkaloids.
In the case of (-)-ushinsunine (l4) which has a hydroxyl group at c, pesition in the
aporphine nucleus only one product whose data are agreeable with l-vinyl-3,4-methyl-
enedioxy-10-N,N-dimethylaminophenanthrene (25) appeared in the literature4 from the
ether soluble part afforded. From this result, we presumed two possible pathways:

(a) The C7-OH group hindered CH2N2 from abstracting C7-H atom, Therefore the Hofmann
elimination only proceeds by abstracting CA_H atom, and then the phenanthrene nucleus
is formed by the dehydration between the OH group and the neighbouring proton.

(b} After anhydroushinsunine (l3) methiodide was formed by the dehydration of C7—0H
group and C6a-H atom of {-)-ushinsunine (1&) methiodide, the Hofmann elimination only
proceeds by abstracting Ca-H atom., When the same reaction was made for anhydroushin-
sunine (13) methiodide, the same product, l-vinyl-3,4-methylenedioxy-10-N,N-dimethyl-
aminophenanthrene, with the case of ushinsunine (14) methiodide was yielded.

The same experiments were carried out for (-)-roemerine (13) methiodide and (-)-N-
methylxzylopine (isolaureline) (12) methiodide. On the results, the methines and the
desg~N-compounds only were obtained, but it could net te get any iscomethine. The
reaction products were characterized as shown in Experimental part.

The other related isoquinoline alkaloids, {(+)-laudanosine (16) and (+)-O-methylarme-
pavine (18) belonging to benzyltetrahydroisoquinolines, (-)-eschscheltzine ((-)-cry-
chine} (20) and (+)-O-methyleschscholtzidine [(+)-O-methylcaryachine] (21) belonging
to pavines and protopine (22) have been also investigated by the same method as apor-

phines. The methiodides of these alkaloids prepared by ordinary method were treated
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with CHZNZ’ re§pectively. The ether soluble part of reaction products consisting of
several compounds was separated by preparative tlc method, respectively. The results
were shown in the Scheme 2. Scine and coworkers have already reported that the
Hofmann elimination with CH,N, on (*)-laudanosine (1§) methiodide afforded laudano-
sine methine (l§§)3. This time, we obtained the main product which has a cyclopro-
pane ring in the molecule formed by the addition of methylene group on the double
bond of cis-laudanosine methine ({ga), o »B-methylene laudanosine methine {(26) and a
small amount of the des-N-compound of g@,a(,6—methy1ene-2-viny1-4,5,3‘,4'-tetrameth-
oxystilbene (27). In the case of the methine base ({gal of O-methylarmepavine meth-
iodide (18), it is also presumed that the same path takes place as 18a — 28 ~ 30,
but the route from 29 to 30 is still not clear. These compounds, gé, 27, Z§, and 29,
which have a cyclopropane ring in the molecule were all agreeable with their chemi-
cal structures, because of the following facts ((a)~(d)), respectively. (a) In the
uv spectra, each absorption curve does nct coincide with that of the methine and
isomethine bases, [zﬁigﬁ nm(log €): 26: 330(4.19), 296(4.13) and 212(4.42); 27: 320
(3.78), 2B8(3.85), 230sh(4.14) and 212(4.30); 28: 330(3.97), 300(3.97) and 224(4.00);
30: 328sh(3.53), 310(3.86), 270(3.91) and 220¢(4.01}). (b) In the Lnme spectra,
there are not any signals corresponding to ethylenic protons of the methine base,
but there are signals corresponding to the methylene and methine groups. [%@: 2.27
(2H, d, J=7 Hz, Ha), 3.57 (2H, d, J=7 Hz, Hb); 27: 2.78 (2H, d, J=7 Hz, Ha), 3.60
(2H, d, J=7 Hz, Hb); 28: 2.28 (2H, d, J=7 Hz, Ha}, 3.65 (ZH, d, J=7 Hz, Hb); 30: 2.80
(2H, d, J=7 Hz, Ha), 3.55 (2H, d, J=7 Hz, Hb)]. (c} They are all optical active.

° (c=0.1, MeOH); 30:

() 2% 26 -12° (c=0.1, MeOH); 2] -30° (c=0.1, MeOH); 28: -15
-33% (¢=0.1, MeOH). (d) In the mass spectra of 26, 27, 28, and 30, though their mole-
cular ion peaks are all very small, but their base peaks all appear at m/z M -14 posi-
tions because of the elimination of methylene group from the cyclopropane rings, res-
pectively. {m/z(%): 26: C,qH,,0,N, 385(Y.3)(M"), 371(100)5 27: CyiH,,0,, 340¢4.1) (M%),
326(100); 28: C,,H,g0,N,  355(0.6)(M"), 341(100)5 30: CpgHy,05, 310(L.5) (M%), 296(100)) .
From (-)-eschscholtzine ((-)-crychine]) (29) methiodide, eschscholtzine methine (31)

and the des-N-compound, eschscholtzine bismethine (32) afforded. Both eschscholtzine
methine (31) and eschscholtzine bismethine (32) were identified with authentic

samples which were prepared by the first and the second Hofmann elimination with KOH

on (-)-eschscholtzine (20) methiodide, respectively. On the other hand, from

{+)-eschscholtzidine {(+)-O-methylcaryachine ) (21 methiodide, two kinds of the
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Table 2: The reaction products of some of the aporphine with diazomethane.

Hx Hx b

I Rime SHb )

e N(Me), Pa Ha
S + Y JNMe), +
1;5:2:1_01 b C
12and13 - ~
1-a, 19, and < OMe OMe H OMe OMe
22, -b, and - 0CH20 H OMe OMe
1—5, fé’ and -c OMe OMe OMe OMe H
{9-2, 19, and -c OCHZO OMe OMe H
};‘_2-5, —B, and -¢ OCHZD H H OMe
Lg-a, :E, and -c OCHZO H H H
Table 3: The yields of the reaction products of the quaternary nonphenolic

alkaloids MeI (200 mg) with diazomethane.

Yields

methines isomethines bismethines

mg % mg % mg %
Glaucine (1) Mel 20 13.55 5 3.39 10 7.72
Dicentrine (5) Mel 20 13.49 5 3.37 14  10.82
0-Methylisocorydine (7) Mel & 4.07 20 13.55 6 4.63
0-Methylbulbocapnine (10) Mel 5 3.38 20 13.49 6 4.64
N-Methylxylopine (12} Mel 29 20.42 —_ — 8 6.54
Roemerine (13) Mel 15  10.67 —_ — 6 5.04
Ushinsunine (14) Mel — 108 80.13 _ —
Anhydroushinsunine (13) Mel _— — 58  41.24 _ -
Laudanosine (16) Mel 30 19.84 _ — 6 4.41
0-Methylarmepavine (18) Mel 16 10.48 3 2,05 5 3.73
Eschscholtzine (20) Mel 26 17.94 —_—— 7 5.58
Eschscholtzidine (21) Mel 35 22.79 {C6—N-Me2 isomer) 19 14.75

22 14,32 (Clz—N—Me2 isomer}
Protopine (22) Mel 28 19.21 —_— — -— —
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methine bases (Rf 0.2 and 0.33) which are positional isomers where the N,N-dimethyl-
amino group locates at C6— or CIZ_ position yielded. In the 1Hnmr of both methines
(Rf 0.2 and 0.33), the chemical shifts of C?— and Clo-aromatic protons neighbouring
to methoxyl groups may appear at lower field than that of Cl- and Ca-aromatic protons
neighbouring to the methylenedioxy groups in 33 and 34, respectively. Moreover, the
chemical shifts of both C,-H in 33 and C;-H in 34 which close by N,N-dimethylamino
group may appear at lower field than that of ClO-H in 33 and Ch-H in 34 which do not
have deshielding effect of N,N-dimethylamino group, respectively. Therefore, the
chemical structures of the two methine bases with Rf 0.2 and 0.33 obtained from
(+)-eschscholtzidine (2]1) methiodide will be able to exhibit as 33 and 34, respec-
tively. And the des-N-compound, eschscholtzidine bismethine (35) which was identified
with the second Hofmann elimination product of eschscholtzidine (21) methiodide with
KOH was obtained. The reaction with a large excess of CH,N, on protopine (22) meth-
iodide yielded only one methine base with mp 125-127°C and EK]SS *0%, The chemical
shifts of its 1Hnmr are agreeable with protopine methine (§§). Besides of there are
still several products which are assumed the addition products of CHZNZ on the
carbonyl group and/or vinyl group of 22 and 36.

As the above results, the four oxygenated (1,2,9,10- or 1,2,10,11-) aporphines take
place the first and the second Hofmann elimination and forms the methines, iso-
methines and bismethines. In the yields of the reaction products are shown in Table
3. In 1,2,9,10-0xygenated aporphinium alkaloids, the ratio of the yields of the
methine and the isomethine is about 4 : 1. On the other hand, in the 1,2,10,11-
oxygenated aporphinium alkaloids, the yields of the isomethine are about fourfold

to that of the methine.
EXPERIMENTAL

All mps are uncorrected and taken on a Yanaco micro-melting point apparatus. Optical
rotations were measured on a Jasco model Dip-181 Digital Polarimeter. Uv absorption
spectra were scanned on a Beckmann model 34 Spectrophotometer. Ir spectra were taken
on a Hitachi model 260-30 Infrared Spectrophotometer. The lHnmr spectra were taken
on a Varian EM 360 L 60 MHZ Spectrometer with TMS as internal standard and chemical
shifts were recorded irn 3 {ppm) units. Mass spectra were measured with a Jeol JMS-D-

100 Mass Spectrometer at 75 ev, Silica gel (60-120 mesh) and neutral alumina (Merck)

!
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were used for column chromatography and silica gel GF-254 for tlec.

General Procedure for the Hofmann Elimination with Diazomethane — The tertiary

alkaloids shown in Table 1 were all treated with CH3I in order to derive to the
quaternary salts, respectively, The ether solution of diazomethane which was pre-
pared from nitrosomethylurea (10-20 g), ether (200-400 ml), and 50% KOH (50-100 ml)
was added to the MeOH solution of the quaternmary salt (200 mg). The mixture evolving
N, gas was left along for five days at room temperature. The ether solution was eva-
porated to leave a fishy yellowish viscous residue under reduced pressure at room
temperature. The residue was extracted with ether to divide into ether soluble part
and 1insoluble part. The ether soluble part which shown three spots (Rf 0.18, 0.35
and 0.75) in tle (silica gel, MeOH) was separated by preparative tlc (silica gel,
MeOH) method. From each of Rf 0.18, 0.35 and 0.75, methines, isomethines and bisme-,
thines (des-N compounds) were obtained, respectively. From the ether insoluble part,
the original quaternary salt was recovered. If the phenclic alkaloid was used, the

original and its O-methylated quaternary salts are recovered from this part.

Hofmann Elimination with Diazomethane on {+)-Glaucine (1) Methiodide —— When 200 mg
of (+)-glaucine (1) methiodide was treated by the general procedure described above,
glaucine methine (la), glaucine isomethine (1b) and glaucine bismethine (lc) were
obtained from the ether soluble part. Each of these products was identified by the
comparison of uv, ir, hame spectra and («¢) with authentic samples which were pre-
pared by the first and second Hofmann degradation with KOH on {+}-glaucine (1) meth-
iodide and glaucine methine (la) methiodide, respectively. From the ether insoluble
part, glaucine (1) methiodide was recovered.

Hofmann Elimination with Diazomethane on Glaucinium (1) Hydroxide ~— The ethereal

solution of diazomethane prepared by the above method was added on the methanol
solution of glaucinium (1) hydroxide which was prepared by shaking glaucine (1) me-
thiodide (300 mg) with the excess of silver oxide (about 500 mg) that was freshly
precipitated from methanol solutions of silver nitrate and potassium hydroxide. The
mixture was left alone for five days at room temperature, and then, it was treated
by the general procedure desecribed above. Glaucine methine (la), glaucine isomethine
(1b), and glaucine bismethine (lc} afforded. These products were identified with
authentic samples, respectively.

Hofmann Flimination with Diazomethane on N-Methyllaurotetanine (2) Methiodide —

The ethereal solution of diazomethane prepared by the ordinary method was added in

—761—




the methanol solution of N-methyllaurotetanine (2) methiodide and left alone for
five days at room temperature. The mixture was treated as described in the general
procedure. Glaucine methine (la), glaucine isomethine (1b) and glaucine bismethine
(l¢) were obtained from the ether soluble part and N-methyllaurotetanine (2) meth-
iodide and glaucine (l) methiodide were recovered from the ether insoluble part.

Glaucine Methine (19) — Colorless needles with mp 91-95°¢C (MeZCO), (lit.5

70-71°C).
23 +40 4. _ ‘1 MeOH
E*]D T0Y (c=0.1, MeOH). RE 0.18 (MeOH, silica gel). Uv: Amax nm(log €): 368(2.55),

348(2.55), 323(3.68), 286s8h{(3.91) and 268(4.40). lHnmr (CDCl3) $: 2.39 [6H, s,

N(CH3)2], 3.90 (34, s, OCH,), 4.03 (6H, s, OCH, x 2), 4.06 (3H, s, OCH3), 7.15 (1H,

3 3

5, CZ-Ar. H), 7.16 (1H, s, CS—Ar. H), 7.46 (1H, 4, J=8.532 Hz, C,o-Ar. H), 7.76 (1H,

9
d, J=8.52 Hz, ClO—Ar. H), 9.23 (1H, s, CS—AI. H). Methiodide: Colorless prisms with
5

mp 274-276°C (MeOH), (1it.” 275-276°C). («)2 #0° (e=0.1, MeOH). Ir (KBr), tlc and

mixed mp coincide with glaucine methine (la) methicdide.
Glaucine Isomethine (1b) — Colorless needles with mp }17- 120 (Me, CO) [4]

”eOH nm(log €): 307(3.44), 258sh(3.63), 228(4.26).

(¢=0.1, MeOH)., Rf 0,31. Uv: An

Linmr (cDCl4) $: 2.09 (6, s, N(CH ),). 3.63 (34, s, OCHy), 3.90 (6H, s, OCHy x 2),

3
3.93 (3H, s, OCHa), 5.30 and 5.60 (each 14, dd, Jax=16 Hz, Jbx=10 Hz, Jab=1.5 HZ,

Hb and Ha of styrene), 6.70 (1H, s, C,-Ar. H), 6.96 (1H, s, Cy~Ar. H), 7.13 (1H,

2

dd, Hx of styrene), 8.10 (1H, s, C5-Ar. H).

Glaucine Bismethine (lc) —— Colorless needles with mp 125-129% (Me,CO), (lit.

8

6

161-143°0). (@)% *0° (c=0.1, MeOH). RE 0.73, Uv: ALCoH nm(log €): 368(2.81), 322
1

(3.59), 288sh(3.83), 267(4.21) and 227(3.98). "Homr (CDCl3) %: 3.90 (3H, s, OCH3),

4,03 (3H, s, OCH3), 4,07 (6H, s, OCH3 x 2), 5.47 and 5.73 {(each 1H, dd, Jax=18 Hz,
Jbx=11 Hz, Jab=2 Hz, Hb and Ha of styrene}, 7.17 (lH, s, Cz—Ar. H), 7.30 (1H, 44,

Hx of styrene), 7.37 (1H, s, C,-Ar. H), 7.50 (14, d, J=8.4 Hz, Cy-Ar. H), 7.83 (1H,

8
d, J=8.4 Hz, CIO'Ar' H), 9.23 (1H, s, C

9

S—Ar. H).

The same reaction was made for the other benzyltetrahydroisoquinoline related alka-
loids shown in the Table 1. The data (mp, (<), uv and YHomr) of the reaction pro-
ducts yield from these alkaloids were shown as in the following, respectively
(Table 2 and Scheme 2).

7

Dicentrine Methine (Sa) — Colorless needles with mp 155-159°¢C (MeZCO), (lit.’ 158-

159%0). (322 *0° (c=0.1, MeOH). Rf 0.14. Uv: AMCOM nm(log €): 372(2.85), 354(2.85),

325(3.32), 288sh(3.50) and 268(4.10). 1Hnmr (CDCl3) $: 2.40 [6H, s, N(CHB)Z]’ 4,00
(3H, s, OCH3), 4,03 (3H, s, OCH3), 6.17 (24, s, OCHZO), 7.07 (1H, s, C2-Ar. H},
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7.17 (11, s, CS—Ar. H}, 7.45 (1H, &, J=8.3 Hz, Cg—Ar. H)Y, 7.75 (14, d, J=8.3 Hz,

Cig Ar. W), 8.53 (1H, s, C.-Ar, H).

5
Dicentrine Isomethine (5b) — Colorless needles with mp 135-140°¢. Eﬂ]%3 -84° (e=0.1,

MeOH), Rf 0.30. UV=:xz§2H nm{log €): 307(3.44), 258sh(3.63) and 228(4.26). ‘Homr

(CDCla) $: 2.10 (6H, s, N(CH3)2], 3.94 (34, s, OCHB), 4,07 (3H, s, OCH3), 5.27 and
5.36 (each 1H, dd, Jax=17 Hz, Jbx=10 Hz, Jab=1.5 Hz, Hb and Ha of styrene), 6.20

(2H, s, OCHZO), 6.50 (1H, s, C,-Ar. H), 6.77 (1H, s, Co-Ar. H), 7.13 (1H, dd, Hx of

2 8

styrene}, 7.63 (1lH, s, CS-AI. H).

Dicentrine Bismethine (3¢} — Colorless needles with mp 183-18500, {y]§3 +o° (c=0.1,
MeoH). RE 0.70. vv: A0 nn1og g): 372¢2.49), 336(3.19) and 272¢3.57). 'Homr

(CDC13) $: 3.98 (34, s, OCH,), 4.03 (3H, s, OCH.,), 5.37 and 5.67 (each 1lH, dd, Jax=

3 3
17 Hz, Jbx=11 Hz, Jab=1.5 Hz, Hb and Ha of styrene), 6.17 (2H, s, OCHZO), 7.10 (1H,

s, C,-Ar. H), 7.28 (IH, s, Cg-Ar. W), 7.40 (IH, d, J=8.3 Hz, C

d, J=8.3 Hz,

gﬂAr. HY, 7.77 (1H,

-Ar. H), 8.45 (1H, s, C.-Ar. H}.

10 5
MeOH

O-Methylisocorydine Methine (7a) — Eﬂ]%B 59 (¢=0.1, MeOH). Rf 0.18. Uv: X —-" nm
1

(log €): 368(2.57), 344(2.87), 320(3.57), 286sh(3.74) and 264(4.22).
$: 2.38 [6H, s, N(CHB)ZI, 3.63 (3H, s, OCH

Hamy (CDC13)
3), 3.67 (3H, s, OCHa), 4&.00 (6H, s,

OCH, x 2}, 7.13 (1H, s, C,-Ar. W), 7.20 (14, d, J=B.3 Hz, CT-Ar. H), 7.33 (1lH, d,

3 2
J=8.3 He, CB—AI. HY, 7.43 (1H, d, J=8.3 Hz, Cg-Ar. H), 7.53 (1H, 4, J=8.3 Hz, Clo—

Ar. H). 0N, m/z (B): 369 (M*, 100), 353 (5.6), 324 (25), 311 (33.3)

C22M2
0-Methylisocorydine Isomethine (7b) — Ei]%3 -184% (c=0.1, MeOH). Rf 0.36. Uv:
1

AMeOH 1 (1og £): 310¢3.52), 257(4.26) and 232(4.32).

N(CH;),), 3.63 (3H, s, OCH,), 3.67 (3H, s, OCHy), 3.87 (3H, s, OCHy), 3.90 (3H, s,

Hnmr (CDC13) $: 2.07 [6H, s,

OCH3), 5,25 and 5.60 (each 1H, dd, Jax=17 Hz, Jbx=11 Hz, Jab=1.5 Hz, Hb and Ha of
styrene), 6.83 (1H, s, C2~Ar. H), 6.86 (1H, d, J=8.4 Hz, C7-Ar. "), 7.03 (1H, d,

J=8.4 Hz, C,-Ar. H), 7.16 (1H, dd, Hx of styreme). m/z (%): 369 (M', 100), 354

8
(56.3), 325 (90), 324 (30), 310 (25). Anal. caled. for CZZH2704N: ¢, 71.52; H,

7.37; N, 3.79., Found: C, 71.54; H, 7.42; N, 3.84,

Me(QH
max.

Hamr (CDCl3) 5: 3.64

0-Methylisocorydine Bismethine (7¢) — Ed)%3 709 (c=0.1, MeQH)}. REf 0.73. Uv: A
1

nm{log E): 370(2.79), 338(3.33), 266(3.79) and 228(3.83).
(34, s, OCH3), 3.69 (34, s, OCHB), 3.99 (3H, s, OCH3), 4,00 (34, s, OCH3), 5.35
and 5,60 (each 1H, dd, Jax=17 Hz, Jbx=11 Hz, Jab=1.5 Hz, Hb and Ha of styrene),

7.12 (1H, s, Cz-Ar. Hy, 7.23-7.57 (34, m, C7—*‘C -Ar. H and Hx of styrene).

3 HeOH
max.

10
O-Methylbulbocapnine Methine (10a) — EdJEB tg° (c=0.1, MeQOH). Rf 0.21. Uv:
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nm(log €): 390{2.55), 370(2.55), 325(3.33), 304(3.25), 262(4.20), 248sh(3.95) and
1

220(3,75). “Hnmr (CDCl3) $: 2.37 (6H, s, N(CHS)Z]’ 3.73 (3H, s, OCH3), 3.97 (34, s,

OCHS), 6.10 (2H, s, OCHZO), 7.10 (14, s, C,-Ar. H), 7.20 (1H, 4, J=10 Hz, C,-Ar. H),

2
-Ar, H), 7.30 (1H, d, J=10 Hz, C

7

7.30 (1H, d, J=10 Hz, C -Ar. H), 7.63 (1H, d, J=10

8
21 23 4

9

Rz, Cyg-Ar. H). C N, m/z (%): 353 (M7, 100), 309 (21.1), 308 (84.2), 295

(10.5).

O-Methylbulbocapnine Isomethine (10b) — [d]ga
MeOH

Moo nm(log €): 318(3.36), 266(4.23) and 234(4.28). ‘Hnmr (CDCl,) $: 2.10 (6H, s,

N(CH )2] 3.70 (3H, s, OCH3), 3.83 (3H, s, OCH3), 5.23 and 5.57 (each 1H, dd, Jax=

-364% (c=0.1, MeOH). Rf 0.41, Uv:

17 Hz, Jbx=11 Hz, Jab=1.5 Hz, Hb and Ha of styrene), 5.87 and 6.07 (each 1H, d, J=

1.5 Hz, OCH,0), 6.82 (1H, s, CZ—Ar. H), 6.85 (1H, s, J=8.4 Hz, C,-Ar. H), 7.00 {1H,

7
-AT. H), 7.16 (1H, dd, Hx of styreme). C, H,,0,N, m/z (%): 353 (M7,

2

d, J=8.4 Hz, Cg

1007, 308 (82.3), 294 ( 12.4).

0-Methylbulbocapnine Bismethine (10c) — Ei]§3 t0° (c=0.1, MeOH). Rf 0.73. Uv:

;gggﬁ nm(log €): 370(2.79), 338(3.33), 266(3.79) and 228(3.83). 1

3.70 (3H, s, OCH3), 3.97 (3H, s, OCH3}, 5.37 and 5.63 (each 1H, dd, Jax=16 Hz, Jbx=

Hnmr (CDCI3) %

10 Hz, Jab=1.5 Hz, Hb and Ha of styrene), 6.07 (2H, s, OCHZO), 7.13 (14, s, CZ—Ar.
H), 7.20 (1H, dd, Hx of styrene), 7.23 (1H, d, J=10 Hz, C7—Ar. H), 7.33 (11, d, J=
10 Hz, CB—Ar. H)}, 7.47 (14, d, J=10 H=z, Cg—Ar. H), 7.67 (14, d, J=10 Hz, Clo—Ar. H).
N-Methylxylopine Methine (12a) — Colorless needles with mp 90-92% (MeZCO), (lit.8

MeOR |\ (1og £): 370(3.27), 350(3.58),

max.

99%). Q‘]%3 $0° (c=0.1, MeOH). Rf 0.3. Uv: A
325(4.03), 292(4.33), 272(4.73), 256(4.73), 238(4.57) and 216(4.50). ‘Hnmr (cncly)
$: 2.37 (éH, s, N(CH3)2], 3.93 (3H, s, OCHy), 6.17 {24, s, OCH,0), 7.07 (1H, s, C,-

Ar. H), 7.17 (14, d, J=2 Hz, Cg-Ar. H}, 7.20 (1H, dd, J=8 Hz and J=2 Hz, C6—Ar. H},

)

7.47 (1H, d, J=9 Hz, C,-Ar. H), 7.83 (1H, d, J=9 Hz, C,.-Ar. H), 8.97 (1H, d, J=8

9 10

Hz, C-Ar. H). m/z (%Y: 323 (M7, 100), 279 (11.5), 278 (10.4), 265 (52.1). Anal,
caled. for C20H2103N C, 74.28; U, 6.55; N, 4.33. Found: C, 73.66; H, 6.41; N, 4.44,
N-Methylxylopine Bismethine (12¢) — Colorless sand crystals with mp 130-134%

Ag:gﬁ nm{log €): 336(3.59), 272

(Me,C0) . Qx]§3 +0° (c=0.1, MeOH). Rf 0.75. Uv:
(4.23) and 226(4.16)., 1Hnmr (CDCl3) %: 3.97 (3H, s, OCHB), 5.40 and 5.80 (each 1H,
dd, Jax=17 Hz, Jbx=1C Hz, Jab=1.5 Hz, Hb and Ha of styrene), 6.20 (2H, s, OCHZO),

7.13 (14€, s, C,-Ar. H), 7.14 (14, dd, Hx of styrene), 7,17 (1H, d, J=2 Hz, CS-Ar.

2
H), 7.20 (1H, dd, J=8 Hz and J=2 Hz, Ce—Ar. H), 7.50 (1H, d, J=9 H=z, Cg-Ar. H),

7.93 (14, d, J=9 Hz, C,.,-Ar. H), 9.00 (1M, d, J=8 Hz, C.-Ar. H).

10 5
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9

Roemerine Methine (13a) — Colorless prisms with mp 83-85°¢C (MeZCO), (1ic.” 81%).

ﬁzgﬁ nm(log g): 370(3.32), 352(3.38), 324
(3.89), 286(4.09), 252(4.52) and 242(4.46). ‘Hnmr (€DC1) 5+ 2.37 (6H, s, N(CH,),),

-Ar. H), 7.33-7.90 (5H, m, C

(«) 5% 10° (c=0.1, MeOH). Rf 0.3, Uv: A

6.23 (2H, s, OCHZO), 7.13 (1H, s, C -~ C,,-Ar. H),

2 6 10
9.10 (1H, m, CS-Ar. H). C19H1902N, m/z (%): 293 (M+, 100), 248 (80.9), 235 (54.4).
Roemerine Bismethine (13¢) — L&]%3 +0° (c=0.1, MeOH). Rf 0.8. Uv:)uzigH nm(log € ):

370(2.79), 320(3.39), 285sh{3.67), 260(3.97), 250(3.97), 238(3.96) and 220(4.04).
Yhnmr (CDC14) 8: 5.40 and 5.67 (each 1H, dd, Jax=17 Hz, Jbx=10 Hz, Jab-1.5 Hz, Hb
and Ha of styrene), 6.27 (2H, s, OCHZO), 7.23 (1H, s, Cz—Ar. H), 7.40-7.97 (6H, m,
Cg- ~'C10-Ar. H and Hx of styrene), 9.06 {(lH, m, C

(m*, 100), 235 (85.7).

S—Ar. H). C17H1202. m/z (%): 248

Ushinsunine Iscmethine (25) — Ceclorless needles with mp 93-95% (Me,C0), (1ic.*

108-109°C) . ()33 £0° (c=0.1, MeOH). RE 0.62. Uv: AMEOH nn(1og €): 336(3.95), 264
(4.57), 238(4.45) and 218(4.29). 'nmr (CDCL,) §: 2.57 (6H, s, N(CHy),), 5.00 and
5.43 (each 1H, dd, Jax=17 Hz, Jbx=11 Hz, Jab=1.5 Hz, Hb and Ha of styrene), 6.03

(24, s, OCH,0), 7.00 (1H, s, Gy~Ar. H), 7.13 (1H, s, Cy-Ar. H), 7.30-7.57 (4H, m,
Cg- =~ Cg-Ar. H and Hx of styrene), 8,93 (1H, m, Cg-Ar. H).

«,B-Methylene Laudanosine Methine (26} — Colorless needles with mp 79-81°%

(Me,,CO) . @x]§3 -12° (c=0.1, MeOH). Rf 0.27. Uv: AN nnclog £): 33004.19), 296
(4.13) and 212(4.42), ‘Hnmr (CDCL,) §: 2.27 (2H, d, J=7 Hz, Ha), 2.37 [(6H, s,
N(CHy),), 3.57 (2H, d, J=7 Hz, Hb), 3.90 (6H, s, OCHy x 2), 3.96 (6H, s, OCH, x 2),

6.53 (1H, =, Cﬁ—Ar. H}, 6.73 (2H, s, C3-, CZ.—AI. H), 6.97 ( 1H, d, J=10 H=z, Ce.-

Ar. H), 7.23 (1H, d, J=10 Hz, Cg,-Ar. H). m/z (%): 385 (M*, 1,3), 371 (100), 220

(22, 151 (12,7}). Anal. caled. for 023H3104N: C, 71.66; H, 8.10; N, 3.63, Found:

c, 70.96; H, 7.89; N, 3.76,

o fi-Methylene Laudanosine Bismethine (27) — 5“123 -30° (c=0,1, MeOH). Rf 0.8. Uv:
~ D

xﬁjﬁ“ nm(log €): 320(3.78), 288(3.85), 230sh(4.14) and 212(4.30). lHnmr (CDCL,) §:

2,78 (24, d, J=7 Hz, Ha), 3.60 (2H, d, J=7 Hz, Hb), 3.80 (3H, s, OCHB), 3.90 (6H,
s, OCHB), 5.13 and 5,53 (each 1H, dd, Jax=17 Hz, Jbx=10Q Hz, Jab=1.5 Hz, Hb and Ha
of styrene), 6.53 (1H, s, C6-Ar. H), 6.68 (2H, s, 03—, Cz.-Ar. H), 6.93 (1H, d, J=

8 Hz, Ce.-Ar. H}, 7.00 (1H, dd, Hx of styrene), 7.13 (1H, d, J=8 Hz, C.,-Ar. H).

5 1
+
Cp1Hy,045 m/z (%): 340 (M7, 4.1), 326 (100), 151 (89.6},

o;f-Methylene O-Methylarmepavine Methine (28) — ﬁx]g3 -15% (c=0.1, MeOH). Rf 0.25.

Uv: AN nm(1og £): 330(3.97), 300(3.97) and 224(4.00).  inme (CDC1,) §: 2.28 (2H,
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d, J=7 Hz, Ha), 2.33 (6H, s, N(CHB)ZJ, 3.65 (24, 4, J=7 Hz, Hb), 3.80 (3H, s, OCH,),

3.83 (3H, s, OCHy), 3.90 (3H, s, OCHy), 6.53 (IH, 5, Cg-Ar. H), 6.70 (1H, s, C,-Ar.
+

H), 6.97-7.57 (4H, m, Cgi-y Cou-y Cqimy Cyi-Ar. H). ChoHog04N, m/z (%): 355 (M7,

0.6), 341 (100), 220 (16.1), 121 (13.,6).

MeOH
max.

nm(log &): 300(3.23), 260(3.79) and 220(4.18). 'Hnmr (CDCly) §: 2.27 [6H, s, N(CHy))

0-Methylarmepavine Isomethine (%9) e Ex]g3 +499 (c=0.1, MeOH). Rf 0.4. Uv:X

3.67 (3H, s, OCHB), 3.83 (3H, s, OCH,}, 4.97 and 5.20 (each 1H, dd, Hb and Ha of

3
styrene), 6.60-6.77 (6H, m, Ar. H), 7.00 (1H, dd, Hx of styrene). 021H2703N. n/z

(Z): 341 (M+, 2.8), 220 (100), 177 (63.9), 121 (13.,9).

of,A-Methylene O-Methylarmepavine Bismethine (30) — EK]%B -33° (e=0.1, MeOH). Rf
0.7. Uv: Azng nm{log £): 328sh(3.53), 310(3.86), 270(3,91) and 220(4.01). 1Hnmr

(CDCl3) $: 2.80 (2H, d, J=7 Hz, Ha}, 3.55 (24, 4, J=7 Hz, Hb), 3.70 (3H, s, OCHS),
3.90 (3H, s, OCH3), 3,93 (34, s, OCHB), 5.10 and 5.53 (each 1H, dd, Jax=16 Hz, Jbx=
1¢ Hz, Jab=1.5 Hz, Hb and Ha of styrene), 6.50 (lH, s, CG—Ar. H), 6.63 (14, s, C3-

Ar. H), 6.73-7.50 (5H, m, C,.,-, CE‘_’ C3.~, Cz.—Ar. H and Hx of styrene). C20H2203,

6 1
m/z (B): 310 (M7, 1.5), 296 (100), 192 (23.5), 121 (96).

MeOH
(c=0.1, MeOH). Rf 0.37. Uv')mmx. nm

Eschscholtzine Methine (31} — [u]gB +41°

(log €): 295(3.53), 225s8h(3.93) and 208(4.11). 1Hnmr (CDCl3) $: 2.23 [6H, s,
N(CH3)2], 5.78 and 5.82 (each 2H, d, J=1.5 Hz, OCH,0), 6.50 (2H, s, C;-, C,-Ar.

H). 6.60 (2H, s, C,,-stilbene H}, 6.64 (1H, s, C7-Ar. H).

€117 G2
Eschscholtzine Bismethine (32) — [¢]§3 *0° (c=0.1, MeOH). Rf 0.76. Uv: X
(log €): 298(3.58) and 214(3.97). 1

MeOH om
max.

Hnmr (CDCl3) §: 5,90 and 5.97 (each 2H, d, J=

1.5 Hz, OCHZO), 6.50 (2H, s, Cl-, CA-AI. H), 6.57 (44, s, CS-, C6—, Cll_' Clz-
stilbene H), 6.67 (2H, s, C7-, ClO-Ar. H).
6-N-Methyleschscholtzidine Methine (33) ——-[‘]33 -14°% (c=0.1, MeOH). Rf 0.2. Uv:

>§2§H nm(log €): 296(4.25) and 230(4.72). Hnmr (CDC1,) §: 2.23 (6H, s, N(CH,),J,

3.83 (3H, s, DCH3), 3.86 (3H, s, OCH3), 5.80 and 5.87 (each 2H, s,J=1.5 Hz, OCH20),
6,50 (24, s, Cy-s CA-Ar. H), 6.62 (IH, s, ClO-Ar. H), 6.68 (1lH, s, C,-Ar. Hi, 6.75

(2H, s, C,,-stilbene H). G, H,,0,N, m/z (1): 353 (v*, 100>, 338 (37.5), 322

€117r €2
(44), 309 (56.3), 308 (37.5), 293 (37.5), 278 (25).

12-N-Methyleschscholtzidine Methine (34) — ﬁu]%3 -35° (c=0.1, MeOH). Rf 0.33., Uv:

AMeOH 1m(log €): 296(4.01) and 230¢4.42). YHnmr (cDCI,) $: 2.20 {64, s, N(CH,),),

3.77 (3H, s, OCHB), 3.80 (3H, s, OCH,Y, 3.73 and 5.77 (each 1H, d, J=1.5 Hz, OCHZO),

3

6.43 (14, s, C,-Ar. H)}, 6.46 (1N, s, Cl-Ar. H), 6.60 (24, s, Cs-s Clo-Ar. H), 6.74

4
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(ZH, s, Cg-, C,-stilbene H). C,yH,;0,N, m/z (%): 353 (4%, 100), 338 (33.3), 322 (25),

309 (54.2), 308 (37.5), 283 (25), 278 (25).

Eschscholtzidine Bismethime (33) ——-[4]33 +0° (c=0.1, MeOH). Rf 0,76, va.kgzgﬁ nm

{(log €): 298(3.56) and 214{3.98}. ]Hnmr (CDCI3) 5: 3.75 (84, s, OCH3 x 2), 5.80 and
5.83 (each 1H, d, J=1.5 Hz, OCH,0), 6.48-6.90 (8H, m, C,-, C,-, C;-, Cjo-AT. H and

c C,,-stilbene H). C..H,.0,, m/z (%): 308 (M", 100), 293 (62.5), 278

Cs-s Cg=s Cyp7s 1087160

(62.1).

12

Protopine Methine (36) — Colorless needles with mp 125-127°% (MeZCOJ. ﬁilﬁa tg°

(c=0.1, MeOH). Uv: AE‘;?{}.I nm(log €): 320sh(3.44), 292(3.56) and 240(3.93). lHomr
(CDCl3) $: 2.14 [6H, s, N(CHB)ZJ’ 4.30 {2H, s, Cls-methylene H), 4,23 (2H, s, CS-

methylene H), 5.20 and 5.50 (each 1H, dd, Jax=16 Hz, Jbx=10 Hz, Jab=1.5 Hz, Hb and
Ha of styrene), 5.90 and 6.00 (each 2H, d, J=2 Hz, OCHZO), 6.60 (1H, s, Cz-Ar. H),

6.62 (1H, s, C.-Ar. H), 6.99 (1H, =, Cll-Ar. K), 7.10 (1H, dd, Hx of styrene), 7.20

5

(1H, s, C,.-Ar. H).

10
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