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NH.CI (50 mg.) was added to this solution and liq. NH; was evaporated at room temperature. The re-
sidue was diluted with H.0, extracted with CHCl;, washed with H,0, dried over Na,SO, and evaporated
leaving a crystalline substance (43 mg.), which was chromatographed on AlO; to give manogenin (Va,
25mg.), m.p. 243~245° and VI (4mg.), colorless needles (from AcOEt), m.p. 240~241° («]¥ —62+5°
(c=0.38), Rf value 0.18. Anal. Calcd. for Cy;H4Os: C, 72.28; H, 9.89. Found: C, 72.50; H, 10.01.
The physical data of Wl is consistent with those of agavogenin in the literature.®

Summary

The steroidal constituents of Hosta montana F. MAExAwA var. liliiflora F. MAAEKAWA.
was investigated, and seven sapogenins were isolated. These sapogenins were tigogenin
(Ia), hecogenin (I a), 9-dehydrohecogenin (Ila), gitogenin (Va), neogitogenin (Va),
manogenin (Va) and 9-dehydromanogenin (Vla).

(Received February 21, 1964)
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111. Shire Takahashi and Hideo Kano : Benzimidazole N-Oxides, III*!
The Reactivity of 1-Methylbenzimidazole 3-Oxide.

(Shionogi Research Laboratory, Shionogi & Co., Ltd.*?)

In previous papers, it was reported that benzimidazole N-oxide exists in two tauto-
meric forms; the N-oxide form and N-hydroxy form,” and that the reactivity of N-
alkoxybenzimidazole, a derivative of the latter, is similar to that of ordinary hetero-
aromatic N-oxide or N-alkoxyquarternary salt.*

The present work is concerned with the reactivity of 1-methylbenzimidazole 3-oxide
(I), the N-oxide group of which is fixed in contrast to that of 1-unsubstituted benz-
imidazole N-oxide. The preparation and catalytic deoxygenation of I has been already
reported.?

Treatment of I with phosphorus trichloride, which is a known procedure® for
deoxygenation of amine N-oxide, gave a mixture of l-methylbenzimidazole (II) and
1-methyl-2-chlorobenzimidazole () in a nearly equal yield.

By the reaction with acetic anhydride, I gave a product, the analytical value of
which corresponded to the one expected from the reaction of other heteroaromatic
N-oxides; 1-methyl-2-acetoxybenzimidazole (V). But, as in the case of benzimidazole
N-oxide®, there is a possibility that the product may be 1-methyl-3-acetyl-2-benzimi-
dazolinone (V). The infrared spectrum of this compound supports the structure (V),
showing a very strong, rather broad band at 1720 cm™ (in Nujol mull).

It was reported*! that l1-ethoxybenzimidazole reacted readily with hydrazine hydrate
and sodium hydrogensulfite. I also reacted with these reagents to give l-methyl-2-
hydrazinobenzimidazole () and sodium 1-methyl-2-benzimidazolesulfonate (VI), respec-
tively. But the rates of these reactions were slower than those with l1-ethoxybenzimi-
dazole.

*1 Part II. S. Takahashi, H, Kano : This Bulletin, 12, 282 (1964).
*? Fukushima-ku, Osaka (E#850ES, Hnfk H H k).

1) S. Takahashi, H. Kano : This Bulletin, 11, 1375 (1963).

2) M. Hamana : Yakugaku Zasshi, 71, 263 (1951).

3) D.J. Kew, P.F. Nelson: Austral J. Chem., 15, 792 (1962).
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The reaction of I with sulfuryl chloride or phosphoryl chloride gave 1-methyl-2-
chlorobenzimidazole () in good yields. II was also obtained from I and tosyl chloride,
but the yield was poor.

The reaction of I with phosphorus trichloride mentioned above, would involve the
initial formation of phosphoryl chloride, resulting from the reaction of I and the tri-
chloride followed by rapid chlorination of the remaining 1.

The Reissert reaction was applied to heteroaromatic N-oxide to introduce a nitrile
group.? I gave l-methyl-2-benzimidazolecarbonitrile (V) by this reaction in good yield.
1-Methyl-2-benzimidazolecarboxamide, which is a common by-product of this reaction,
was not obtained under the conditions described in the Experimental.
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When I was heated with methyl cyanoacetate, methyl c-cyano-1-methyl-2-benzimi-
dazoleacetate (X) was obtained. The infrared spectrum of X was different from the
expected one; the spectrum contains bands at 3290, 2250, and 1644 cm™, assignable to
NH, CN, and CO, respectively. The position of the carbonyl group deviates conside-
rably from the region of ordinary esters and the presence of a secondary amino group

4) M. Henze : Ber., 69, 1565 (1936).
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can not be anticipated from the structure (X). From these spectral properties, it seems
that the structure of this compound is better represented by a tautomeric formula of
X (X). The compound gave 1,2-dimethylbenzimidazole by acid or alkali hydrolysis, and
following spontaneous decarboxylation. The compound (X) was also readily obtained
in better yield by the reaction of I and methyl cyanoacetate in the presence of acetic
anhydride at low temperature, as already shown by Hamana and Yamazaki® in quino-
line- and pyridine-N-oxide derivatives.

I reacted with methyl iodide to give 1-methyl-3-methoxybenzimidazolium iodide (X),
which was also obtained from 1-methoxybenzimidazole (XI) and methyl iodide. From
this fact, it is clear that the =-electrons on the imidazole ring of X are delocalized
similarly to those of 1,2,3,5(or 6)-tetramethylbenzimidazolium iodide®.
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I is stable in crystalline state, but in solution it is liable to rearrange to 1-methyl-
2-benzimidazolinone (XII); refluxing of the chloroform or acetone solution for several
hours or allowing the solution to stand for a few weeks at room temperature was suf-
ficient to complete the rearrangement.

Landquist” and Ciamician, ef al.® reported that quinoxaline N-oxides were con-
verted into guinoxalinol derivatives by the action of ultraviolet rays.

In our case, the effect of ultraviolet rays to the migration was negligible; the rate
of migration of I, measured by relative intensity of the carbonyl stretching band of XII
in the infrared spectrum, in chloroform solution placed in a dark room was nearly
equal to that of the one exposed to daylight. In the spectrum, the band at 1319 cm™
diminishes as the reaction proceeds, so this band was assigned as the N—QO group
of I.

) M. Hamana, M. Yamazaki: This Bulletin, 11, 415 (1963).

) K. Hofmann : ‘‘Imidazole and its Derivatives,”” 256 (1953). Interscience Publishers Inc., New York.
7) J.K. Landquist : J. Chem. Soc., 1953, 2830.

8) G. Ciamician, P, Silber : Ber., 34, 2040 (1901).
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Fig. 1
Exposed to daylight —— 1-Methylbenzimidazole 3-oxide (in CHCly)
————— Kept in a dark room ~=———— After standing the above solution for 12

days at room temperature
— — — 1-Methyl-2-benzimidazolinone (in CHCls)

The conversion of T into XII would involve one the following alternative routes : i)
by addition of water I is converted into 1-methyl-2,3-dihydro-2,3-benzimidazolediol (XIV),
whose dehydration gives XII. ii) cyclo-addition of two molecules of I takes places, then
N-O bond is cleaved to give XII.

By heating benzimidazole N-oxide with water in a sealed tube, von Niementowski?
obtained a derivative of the N-oxide, which was assigned as 2,2-bibenzimidazole 3,3~
dioxide by Kuhn and Blau.!® When I was heated without solvent at 130°, a mixture
of 1,1'-dimethyl-2,2-bibenzimidazole 3-oxide (XV), and a small amount of 1,1’-dimethyl-
2,2'-bibenzimidazole (XVI) was obtained.

So far as the present experimental results are concerned, it may be concluded that
the chemical behaviour of I is closely similar to that of ordinary six-membered hete-
roaromatic N-oxide, except for a few specific reactions to benzimidazole N-oxide.

Experimental®?

Deoxygenation of I with Phosphorus Trichloride——To a solution of I (I’, 0.45g.) in CHCI; (3.0ml.),
a solution of PCly (0.30ml.) in CHCl; (3.0ml.) was added dropwise with stirring and cooling. The
resulting solution was heated under reflux for 5 min. After cooling, the solution was made alkaline
with 10% aq. NH; and the H,0 layer was separated and extracted with CHCl;, which was added to the
CHCI; layer. The extracts was chromatographed on alumina from CHCI; to give 1-methyl-2-chlorobenz
imidazole (1) (0.18 g.) then 1-methylbenzimidazole (I)(0.16 g.).

#3 A1l melting points were taken on a Kofler hot-stage and are uncorrected. Solvents were removed
under reduced pressure. I1-Methylbenzimidazole 3-oxide dihydrate (I') was dehydrated to 1-methyi-
benzimidazole 3-oxide (I) azeotropically with CHCl;, unless otherwise stated. I obtained by this
method melted at 128~130°. Each identification was made by comparison of the IR spectrum with
that of a sample prepared by an unequivocal route and if the sample had melting point, it is also
made by mixed fusion. IR spectra were recorded with a Koken Infrared Spectrophotometer, Model
IR-S.

9) St. von Niementowski: Ber., 43, 3012 (1910).

10) R. Kuhn, W. Blau: Ann., 615, 99 (1958).

NII-Electronic Library Service



No. 7 787

Il was recrystallized from petr. benzin to give colorless scales, m.p. 117~118°  Anal. Calcd. for
CsH;N,Cl: C, 57.66; H, 4.24; N, 16.81. Found: C, 57.79; H, 4.33; N, 16.44.

This compound was identified with an authentic specimen.V

T, m.p. 63~65° was identified with an authentic specimen.'®

1-Methyl-3-acetyl-2-bhenzimidazolinone (V)——A mixture of I (I’, 0.30g.) and Ac,O (3.0ml) was
heated on a water bath for 10 min. After removal of excess Ac;O, H,O was added to the residue to
give colorless crystals. The product was recrystallized from EtOH-H,O to give colorless prisms, m.p.
121~122°.  Anal. Caled. for CiHiOsN,: C, 63.15; H, 5.30; N, 14.73. Found: C, 63.36; H, 5.34; N,
15.04.

Hydrolysis of 1-Methyl-3-acetyl-2-benzimidazolinone (V)——A solution of V (0.10g.) in 4N HCI(3.0
ml.) was refluxed for 0.5 hr. then evaporated. The residue was dissolved in HyO and neutralized with
aq. NaHCO; solution to give colorless crystals. The product was recrystallized from EtOH to give
colorless prisms, m.p. 196~197°. Anal. Calcd. for CsHsON, : C, 64.85; H, 5.44; N, 18.91. Found: C,
~ 64.88; H, 5.48; N, 19.11,

This compound was identified with authentic 1-methyl-2-benzimidazolinone'® (XII).

1-Methyl-2-hydrazinobenzimidazole (VI)——A mixture of I’(0.45g., without dehydration) and NH»-
NH,-H,0 (2.5 ml., 90%) was heated on a water bath for 3 hr. After removal of the excess hydrate, 2N
HCl was added to the residue and the solution was cooled to give l-methyl-2-hydrazinobenzimidazole-
HCI1(0.30 g.), which was recrystallized from H,O-EtOH, m.p. >>290°. This compound was identified with
an authentic specimen,'D

1-Methyl-2-benzimidazolesulfonic Acid——1I’(0.30 g., without dehydration) was added to a solution
of NaHSO0;(0.30g.) in HyO(2.0ml). The resulting solution was heated on a water bath for 0.5 hr.,
then acidified with 6/ VHCI to give a white precipitate, quantitatively. Recrystallization from EtOH-H,O
gave colorless prisms, m.p. >300°. Amal. Calcd. for CsHsO;N,S-14H,0 : C, 43.44; H, 4.10; N, 12.66.
Found : C, 43.73; H, 4.25; N, 12.40.

Reaction of I with Sulfuryl Chloride——To a solution of I(I’, 0.50g.) in CHCI;(5.0 ml.) was added
a solution of SO,Cl; (1.0 ml.) in CHCI; (5.0 ml.) dropwise with stirring and cooling in an ice-water bath.
The solution turned deep violet then orange. The resulting solution was heated under reflux for 10
min., then evaporated. The residue was made alkaline with aq. NaHCO; solution then extracted with
CHCl;. The CHCl; extract was chromatographed on alumina from CHCI; to give 1-methyl-2-chloro-
benzimidazole. Recrystallization from petr. benzin gave colorless needles (0.40g.), m.p. 117.0~117.5°,
This compound was identified with an authentic specimen.'V

Reaction of I with Phosphoryl Chloride——This experiment was carried out by the same procedure
as above mentioned. Yield, 90%. 1II obtained here was identified with above obtained one.

Reaction of I with Tosyl Chloride——A solution of TsCl(0.50g.) in CHCI; (3.0 ml.) was added drop-
wise to a solution of I(I’, 0.50g.) in CHCI; (5.0 ml.) with stirring and cooling. The resulting dark red
solution was heated under reflux for 5 min. then evaporated. The residue was chromatographed on
alumina from CHCI; to give I as colorless crystals (0.25 g.).

Reissert Reaction of I——To a solution of KCN(0.20g.) in H,O (1.5 ml.) was dissolved I’(0.40g.,
without dehydration), then added BzCl(0.32 ml.) with shaking and cooling in an ice-water bath. Imme-
diately, a crystalline product precipitated. After standing for 10 min. at room temperature, the product
was collected by filtration and recrystallized from CCly to give colorless prisms (or scales), m.p. 178~
179°(0.30 g.). Anal. Caled. for CoH N, (1-methyl-2-benzimidazolecarbonitrile) (Vl) : C, 68.77; H, 4.49; N,
26.74. Found : C, 68.76; H, 4.43; N, 26.68.

Hydrolysis of VIII—To a solution of KOH (0.20 g.) in MeOH (5.0 ml.) was added W (0.20 g.) and the
resulting solution was refluxed for 2 hr.  After cooling, the precipitated product (0.25g.) was collected
by filtration and dissolved in a small amount of Hy;O then acidified with conc. HCI to give colorless
crystals (0.15g.). Recrystallization from H;O (under 70°) gave colorless prisms, m.p. 103° (decomp.). This
compound was identified with authentic 1-methyl-2-benzimidazolecarboxylic acid.!®

Methyl a-Cyano-1-methy!-2-benzimidazoleacetate (IX) 1) A mixture of I (I/, 3.0g.) and methyl
cyanoacetate (2.5 g.) was heated on a water bath. In the course of 5 hr., a crystalline product separated.
After heating for 7 hr., MeOH was added to the mixture and the product was collected by filtration
(1.0g.). Recrystallization from MeOH gave colorless silky needles, m.p. 2562~253°  A#nal. Caled. for
CipH110:N; ¢ C, 62.87; H, 4.84; N, 18,33, Found: C, 62.71; H, 4.72; N, 18.12.

2) To a mixture of I(I’, 0.30g.) and methyl cyanoacetate (0.30 g.), AcyO (0.30 ml.) was added drop-
wise with stirring and cooling in an ice bath. Immediately, a crystalline product precipitated. The
mixture was allowed to stand at room temperature for 0.5 hr., then MeOH was added to the mixture

11) N.P. Bednyagina, I. Ya. Postovskii : J. Gen. Chem. (U.S.S.R.), 30, 1456 (1960).
12) G.R. Beaven, ef al.: J. Pharm. and Pharmacol., 1, 957 (1949).

13) A. Hunger, J. Kebrle, A. Rossi, K. Hoffmann : Helv. Chim. Acta, 44, 1273 (1961).
14) P.W. Alley, D. A. Shirley : J. Org. Chem., 23, 1791 (1958).
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and the product was collected by filtration and washed with MeOH (0.30 g., colorless prisms). Recrystal-
lization from MeOH gave colorless silky needles, m.p. 252~253°. This compound was identified with
above-obtained one. :

Hydrolysis of IX——1) With alkali: X (0.33g.) was added to a solution of KOH(0.15g.) in MeOH
(4.0 ml.) and the mixture was heated on a water bath in a sealed tube for 10 hr. After cooling, the
resulting precipitate was filtered off and the filtrate was neutralized with 6/NVHCI] then evaporated. The
residue was extracted with abs. EtOH. After evaporating, the residue (0.11g.) was recrystallized from
petr. benzin to give colorless prisms, m.p. 113~114°, This compound was identified with authentic
1,2-dimethylbenzimidazole.1®
2) With acid : A mixture of X (0.30 g.) and 4N HCI (15 ml.) was heated under reflux for 5 hr, In the course
of 1 hr., the starting material dissolved in the solution. After evaporation, the residue was neutralized
with ag. NaHCO; solution. The resulting solution was evaporated again and the residue was treated
by the same procedure as above-mentioned to give 1,2-dimethylbenzimidazole (0.15g.), m.p. 113~114°,

3-Methoxy-1-methylbenzimidazolium Iodide (XI)——1) From I : A mixture of I (I’, 0.30g.) and Mel
(2.0 ml.) was heated under reflux for 10 min. The starting material dissolved in the solution then
a crystalline product precipitated. After cooling, the product (0.46 g.) was collected by filtration and
recrystallized from EtOH-AcOEt to give colorless prisms, m.p. 140° (decomp.). Amnal. Calcd. for CoHyi-
ON.I: C, 37.26; H, 3.82; N, 9.66. Found: C, 37.54; H, 4.04; N, 10.11.

2) From XI: XI(0.20g.) was added to Mel(1.0 ml.) and the solution was heated under reflux for 0.5hr.
Within 5 min., the product separated. By treating as described above, X was obtained in quantitative
yield.

Rearrangement of I to 1-Methyl-2-benzimidazolinone (XIII)——A solution of I in Me,CO was heated
under reflux for 8 hr. or allowed to stand at room temperature for a few weeks. Evaporation of the
solution gave XII in quantitative yield. Recrystallization from Me,CO gave colorless prisms, m.p. 196~
197°,

This compound was identified with an authentic specimen.®

Pyrolysis of I——I(I’, 0.15g.) was heated on an oil bath at 130° for 5 hr. and the resulting brown
tar was chromatographed on alumina from CHCl, to give 1,1’-dimethyl-2,2'-bibenzimidazole (XVI)(0.02 g.)
then 1,1’-dimethyl-2,2’-bibenzimidazole 3-oxide (XV)(0.07 g.).

XVI was recrystallized from EtOH to give colorless plates, m.p. 211~212°, ‘This compound was
identified with a specimen prepared from 2,2/-bibenzimidazole'® by methylation with dimethyl sulfate in
the presence of alkali.

XV was recrystallized from AcOEt to give colorless mneedles, m.p. ca. 120° (monohydrate) and 215°
(decomp.) (anhydrous crystals). This compound was identified with a specimen.!”

The authors express their gratitude to Prof. Emeritus E. Ochiai of the University of Tokyo and
Dr. K. Takeda, Director of this Laboratory, for their helpful guidance and encouragement. Thanks
are also due to Dr. Y. Matsui for discussion on the analysis of infrared spectra, to the members of
the Analysis Room of this Laboratory for elemental analysis, and to Mr. S. Hashimoto for his technical
assistance.

Summary

The reactivity of 1-methylbenzimidazole 3-oxide (I), which is a five-membered
heteroaromatic N-oxide, was investigated. Deoxygenation with phosphorus trichloride,
reactions with acetic anhydride and some anionide reagents, and the Reissert reaction
were examined. Normal products were obtained in all cases, a result which can be
expected from the reactions of the six-membered N-oxide. I reacted with methyl cyano-
acetate to give methyl a-cyano-1-methyl-2-benzimidazoleacetate. I and 1-methoxyben-
zimidazole reacted with methyl iodide to give 1-methyl-3-methoxybenzimidazolium iodide
in both cases. In solution, I is liable to rearrange to 1-methyl-2-benzimidazolinone and
pyrolysis of I gave 1,1'-dimethyl-2,2’~-bibenzimidazole 3-oxide and 1,1'-dimethyl-2,2'-
bibenzimidazole.

(Received March 3, 1964)
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