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CXV. On the Structure of Biscoclaurine Alkaloids. (17). Cleavage
of Trilobine by Metallic Sodium in Liquid Ammonia.*

(Pharmaceutical Institute, Medical Faculty, University of Kyoto**)

Several years ago, M. Tomita and Fujita® carried out a series of cleavage reac-
tions upon several bases of the oxyacanthine-berbamine and the cyc]eahine series by
metallic sodium in liquid ammonia, and, as a result of examining the co‘claufine type
bisected  bases thereby obtained, determined the chemical constitution of the original
bases. Also, M. Tomita and Inubushi® demonstrated that in this reaction, when any
' phenolic hydroxyl group was present in the position Jortho to that of ethereal oxygen
linkage forming diphenyl ether, the ethereal oxygen linkage could not be bisected
owing to the hindrance of its phenolic hydroxyl group. For example, when diphenyl-
ene dioxide (II) conqt1tutmg the fundamental skeleton of theé frilobine-isotrilobine type
of ‘bases (I) was subjected to the same mode of degradatlon, 2-hydroxydipheny! ether
(IlI) was formed and the reaction did not proceed any further. The same investiga-
tion further clarified that the biscoclaurine type of bases possessing phenolic hydroxyl
group, such as berbamine®, etc., could be bisected successfuﬂy by the two stages of
this cleavage reaction.

CHso ‘ . S |

/ﬂ/o\/w , /\/O\/\ R :
| U N-CH, ; SR | 5
{/ \/\O/ N _— NN
\/\ CH, _ |
b § i h | -
K/” o 11 I
o) g "~0H U o
OCH;4

At that time, the author applied, as fundamental experiments, the same . reactions
to some of the diphenylene dioxide derivatives, including 1-methoxydiphenylene dioxide
(IV) and 1,5-dimethoxy-3,7-dimethyldiphenylene dioxide (V), and subsequently, to

trilobine, but without favorable results.
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1-Methoxydiphenylene dioxide (IV), when allowed to react with metallic sodium in
liquid ammonia by the same procedure as described in the experimental section, yield-
ed a phenolic product which crystallized in the form of colorless pillars, m.p. 132°.
The analytical values correspond to C;3H;,0;, the composition of monomethoxymono-
hydroxydiphenyl ether. This substance gave a negative test for diphenylene dioxide
group with sulfuric-nitric acid reagent. Methylation of this substance with diazome-
thane gave a methyl ether which crystallized in the form of pillars, m.p. 112°.

Every conceivable hydroxydiphenyl ether derivatives which can be formed by the
‘cleavage of 1-methoxyd1pheny1ene dioxide (IV), after methylation with diazomethane,
is expected to accord with any one of the four kinds of the dimethoxydiphenyl ether
derivatives (VI to IX), shown in Table I but the above methyl ether, m.p. 112°,
obtained by this reaction was not identical with any of them.
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Of these compounds, (VIII) and (IX), which have not hitherto been ‘repo‘rted in
literature, were prepared by the following route. '
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Subsequently, 1,5-dimethoxy-3,7-dimethyldiphenylene dioxide (V) was submitted
to the same mode of reaction and furnished a phenolic product which crystallized in
the form of colorless needles, m.p. 188°. This substance gave a negative reaction for
diphenylene dioxide group with sulfuric-nitric acid reagent. The analytical values
correspond to C;H;30, the composition of monohydroxyd1methoxyd1methyld1phenyI

ether. This, on methylation with dlazomethane followed by oxidation with potassium .

permanganate, afforded a crystalline acid, m. p. 315~320° (decomp.). Its methyl ester
forms clusters of rhombs, m.p. 209~211°.
Every possible hydroxydiphenyl ether derivatives Wh1ch may reasonably be pro-

duced by the cleavage of 1,5-dimethoxy-3,7-dimethyldiphenylene dioxide (V), is to be .

expected, by methylation followed by oxidation, to conform to any of two kinds of
diphenyl  ether derivatives (X and XI) given in Table II, but the above acid, m.p.
315~320°, and its methyl ester. m.p. 209~211°, were not identical with any of them.
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~In the case of trilobine (I), when allowed to react with metallic sodium in liquid

"ammonia, it was bisected mostly into a phenolic base. After ethylation with diazo-
ethane, this was subjected to the second stage of the cleavage reaction, but the cleavage
hardly proceeded, only yielding a small amount of needle crystals, m.p. 173~175°.

It seems hardly likely that as a result of the cleavage reactions of methoxydiphen-

ylene dioxide derivatives, constituting the fundamental skeleton of trilobine (I), the
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original substance was bisected into two benzene derivatives by its two ether linka'ges
both undergoing scission, considering from the physical constants, such as melting
point, boiling point, etc., of the products obtained. It seems incorrect to consider that
they are,such products, whose benzene nuclei underwent hydrogenation instead of scis-
" sion, since their analytical values correspond perfectly to the compositions of the hydr-
oxydiphenyl ether derivatives at first expected. This reaction must have followed
some abnormal, complicated process or other. Concerning this cleavage reaction of
the trilobine-isotrilobine type of bases and diphenylene dioxide derivatives, a further
research is needed. C

The author gratefully acknowledges Prof. Dr. M. Tomlta for hlS continued guidance during the

"course of this study. The author is also grateful to the Ministry of Education for a Grant from
the Smentmc Research Fund.

Exberi mentall®

, (1) Cleavage Reaction of 1-Methoxydiphenylene Dioxide (IV) by Metallic Sodium in
Liquid Ammonia—To a wéll-stirred 200 cc. of liquid ammonia, chilled to between —60° to —65°,
~were added dropwise a solution of 0.5 g. of the substance (IV) in 50cc, of ether, and simultaneous-:
ly ‘metallic sodium in small portions, until the blue color of the reaction. mixture persisted for -20
minutes. The quantity of metaliic sodium: required was 0.3.g. After the completion of the reaction,
the content was allowed to stand overnight to volatilize ammonia. The residue was treated with
50 cc. of water and extracted with ether. The water layer was acidified with sulfuric acid and the
depositing white precipitate was takeh up. in ether. The ether extract was dried over anhydrous
sodium sulfate and the solvent removed, léaving 0.4g. of phenolic brownish oil. Distillation of this
oil gave 0.3 g. of the fraction with b.py.5 128°. On addition of petroleum ether to-the above fraction
and on  standing, it crystallized; m.p. 132°. It gave.a dark brownish color with ferric chloride,
and the test for diphenylene ledee nucleus with sulfuric-nitric acid was negative. Amnal. Calcd.
for Cy3H,05¢ C, 72.22; H, 5.55. Found: C, 72.32; H, 5.80. Subsequently, the crystals, m.p. 132°,
were methylated with diazomethane in the usual manner and gave an oil which distilled at b.p.g
160~170° (bath temp.). On addition of - petroleum ether to -this and on standing, it solidided and
gave a crystalline methyl ether, m.p. 112°.
(2) 2,6-Dimethoxydiphenyl Ether (VIII)—This compound was prepared by the Ullmann method.
" A mixture of 1.4g. of methyl 4-hydroxy-3;5-dimethoxybenzoate, 1.03 g. of bromobenzene, 0.1.g. of
copper powder, and 0.1g. of anhydrous copper acetate was heated at 210~220° (bath temp.) for
6 hrs. . After. cooling, the reaction product was extracted with ether. The ether extract was washed
with 59 aqueous sodium hydroxide and subsequently with water. and dried over anhydrous sodium
sulfate.. Removal of the ether and distillation yielded the fraction with b.p, 140~155°. On addi-
tion of petroleum ether to this fraction, and on standing, it solidified, and after recrystallization
from a mixture of ether and a small portion of petroleum ether, crystallized in the form of needles,
m.p. 123~124°. The yield of methyl 2,6-dimethoxydiphenyl ether-4- carboxylate was 0.56 g. This
compound was then saponified by N potassium hydroxide solution, and gave 0.4g. of 2,6-dimethoxy-
diphenyl ether-4-carboxylic acid crystallizing in needles, m.p. 205~207°. This was decarboxylated
by copper powder in quinoline, and the product so obtained was recrystallized from methanol, yield-
ing 0.1g. of rectangular pillars, m.p. 106~107° (2,6-dimethoxydiphenyl ether (VIIU)). Anal. Calcd.
for C1 H,03: C, 73.04; H, 6.08. Found: C, 72.85; H, 6.14. Admixture with the product, m.p. 112°,
obtained by cleavage of the substance (IV), followed by methylation, showed a depression in the
m.p. of 36°. .
8) 2,3-Dimethoxydiphenyl Ether (IX)—The Ullmann reaction was effected with 0.3 g. of metal-
lic potassium, 0.71 g. of phenol, 2.07 g. of methyl 5-bromoveratrate, 0.1 g. of copper powder, and 0.1
g. of anhydrous copper acetate, in the same manner as described in (2).. Distillation of the reac-
tion product yielded 0.6 g. of the fraction (a), b.pg 132° and 0.5g. of the fraction (b), b.pp.; 162°.
Saponification of the fraction .(b) furnished 2,3-dimethoxydiphenyl ether-5-carboxylic acid as needles,
m.p. 158~160°1, Yield, 0.4 g. Decarboxylation of this with quinoline and copper powder led to the .
desired (IX) as a colorless oil, which distilled at b.pg.s 160~180° (bath temp.).
‘ (4) Cleavage Reaction of 1,5-Dimethoxy-3,7-dimethyldiphenylene Dioxide (V) by Me-
tallic Sodium in Liquid Ammonia—Following' the same procedure as described in (1), 0.54 g.
of the Substance (V) was allowed to react with 1.0g. of metallic. sodium in liquid ammonia.

10) All meltmg points are uncorrected. The author’s thanks are due to Messrs Hozum1 and Ima-
eda for carrying out the microanaiyses. :
11) F. Faltis, H. Dieterich:. Ber., 67,.237(1934).
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After the completing of the reaction, the phenolic portion furnished 0.3 g. of needle-shaped crystals,
m.p. ,188°, ‘which could be recrystallized from ether. This substance gave.a negative' test for di-
phenylene dioxide nucleus with sulfuric-nitric acxd Anal. Calcd for CyeH 5042 C, 70.77; H, 6.56.
Found: C, 70.69; H, 6.05.

Subsequently, this substance was methylated with diazomethane by the usual method and afforded
0.15 g. of slightly yellowish oil, which was suspended in 60cc. of water and oxidized with 1.4g. of
potassium permanganate. The reaction mixture was filtered from manganese dioxide, made acid
with hydrochloric acid, and extracted with ether.” The eéther extract was dried ovér anhydrous
sodium sulfate and the solvent removed. The residue was induced to crystaliize by adding methan-.
ol. Recrystallization from aqueous methanol gave 0.01g.  of an acid, m.p. 315~320° (decomp.).
Methylation of the acid, m.p. 315~320°, with diazomethane yielded methyl ether, m.p. 209~211°,
which crystallized in the form of rhombs.

(3) Cleavage Reaction of Trilobine (I)' by Metallic ‘Sodium in Liquid Ammonia—
To 300cc. of liquid ammonia was added dropwise with stirring a solution of 1.2 g: of trilobine in
50 cc. of toluene, followed by 0.5 g. of metallic sodium in small portions. Then, a cleavage recation
took place, and after the reaction, ammonia was allowed to volatilize by standing. Subsequently,
water was added to the remainder and toluene layer separated from water layer. The former
layer was shaken several times with aqueous sodium hydroxide, and the aqueous alkaline solution \
so obatined was combined with the above water layer. The combined aqueous solution was then aci- i
dified by sulfuric acid, washed with ether, and the ether layer discarded. The aqueous layer was
made alkaline by ammonia and extracted with chloroform. The chloroform extract was dried over
anhydrous sodium sulfate and the solvent distilled off, leaving 1.2 g. of amorphous powder, This
was ethylated with diazoethene prepared from nitrosoethylurethane and gave 1.1g. of amorphous
non-phenolic product. This ethylated product was submitted to the second stage of the same mode
of cleavage reaction, but it required very little amount of metallic sodium. After the completion
of the reaction, the phenolic ‘portion was extracted with chloroform, and dried over anhydrous potas-
sium carbonate. Removal of the »solvenlt yielded minute amount of needles, m.p. 173~175°,

Summary "«

A series of cleavage reactions was carried out on l-methoxydiphenylene dioxide
(IV), 1,5-dimethoxy-3,7-dimethyldiphenylene dioxide (V), and trilobine (I) by metallic
sodium in liquid'ammonia, as the result of which no such bisected product as consider-
ed from the result obtained by the same mode of reaction being applied to diphenylene
dioxide itself, was obtained. It is suggested, therefore, that the reactions in the former
case must have’ follovvea some complicated process or other, differing from that in the
latter case. : ‘
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