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a colorless oil, which was almost saturated to C(NO,); and Br,. _

Chromatography of Atractylol; Separation of Atractylol into Two Components—Atractylol,
m.p. 61~63° (5.0 g.), was dissolved in light petroleum (b.p. 40~70°) and adsorbed on a column of
active alumina (120g.). Elution of the column with light petroleum liberated no material. Light
petroleum-benzene yielded (a) stout needle crystals (1.1g.), which, after repeated crystallisation from
hydr. MeOH, formed white needles, m.p. 59~60°, (a)p —40.2(c=10.0). Anal. Calcd. for C;sH;O : C,
81.02; H, 11.79. Found: C, 80.84, 80.77; H, 11.53, 11.65.

Elution with benzene gave (b) white mass of crystals (2.3 g.), which was a mixture of (a) and (c).
Elution with EtOH gave (c) as colorless vitreous substance (1.6 g), which slowly crystallised into a
solid mass, m.p. 60~72°. Several crystallisations of (¢) from hydr. MeOH gave white needles, m.p.
79~80°, unchanged by further crystallisation, (a)p +58.5°(c=10.0). Anal. Caled. for C;sHyO: C,
81.02; H, 11.79. Found: C, 80.80; H, 11.83.

This was identified with eudesmol by m.p., mixed m.p., specific rotation, and infrared absorption.

Hinesol-Eudesmol Mixture; Regeneration of Atractylol—A mixture of hinesol (104 mg., 0.38 mole)
and eudesmol (186 mg., 0.62 mole), melted together, showed (a)p +20.2°(c=12.9), and recrystallised
once from hydr. MeOH to white needles, m.p. 60~62°, (a)p +22.0°(c=10.0). The mixed crystal
obtained by this method was identical in mixed m.p. test and comparison of infrared spectra with
atractylol derived from the original oil.

Summary

The sesquiterpenoid alcohol, the so-called atractylol, a major constituent of the
essential oil from the rhizomes of Atractylodes lancea DE CanpoLLE (Compositae), was
separated into the known eudesmol and a new sesquiterpenoid alcohol, hinesol, which
were characterised. Association of the two alcohols was established unambiguously by
the regeneration of the so-called atractylol from them.
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62. Sadao Iguchi, Kazuhito Hisatsune, Michiko Himeno, and Shigeteru
Muraoka : Studies on Pyrone Derivatives. IIL*¥' On the
Reaction of Dehydroacetic Acid to Amino Acids. (1).

(Pharmaceutical Institute, Medical Faculty, University of Kyushu**?)

As was briefly reported in a previous communication,? it is thought interesting, in
considering the powerful antibacterial and antifungal properties, that both dehydroacetic
acid (DHA) and 3-acetyl-4-hydroxycoumarin (AHC), analogical in their structure, react
with ammonia, amines, various amino acids, and with some aromatic amino compounds
forming reaction products under a mild condition. In this paper, details of such a
reaction between DHA or AHC and amino compound are described and the structure
of reaction products is also discussed.

It was already reported by Oppenheim, ef al.~® that DHA reacted with conc. am-
monia, producing 3-(1-iminoethyl)-4-hydroxy-6-methyl-2-pyrone(DHA-imide) (1L ), but not
with dil. ammonia. However, it was found that this reaction also proceeded under a
milder condition, i.e. in dil. aqueous ammonia (below 59%) at room temperature and the

*1L Part IL : Yakugaku Zasshi, 77, 98(1957).

*2 Katakasu, Fukuoka (}nEH, AEML, HEET, HEEH).
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reactive carbonyl group in a-position of 3-acyl side chain of DHA readily reacted with
ammonia to yield the 3-(I-iminoalkyl) compound (1I1).®> The same was true with AHC
and 3-(1-iminoethyl}-4-hydroxycoumarin (C-1I) was obtained easily.®

The structure of DHA was verified by Feist,” Oppenheim,? and others, after many
discussions and experiments, utilizing its transformation®*™% to 2,6-dimethyl-4-hy-
droxypyridine (VI), and the validity of this structure was also recognized later by Rass-
weiler and Adams.'” In such cases, (VI) was obtained from DHA after a long heating
(100°) or treatment in a bomb (130°, under pressure) with conc. ammonia, and the reaction
process was later explained as passing through (II), (1), (IV), and (V) as intermediates.?
From these facts, the reaction of DHA with other substances,'? e.g. aniline, toluidine,
phenylhydrazine, etc., was thought to be similar to that with ammonia. Then the trans-
formation reaction was examined using DHA-imide (II) as a starting material, and 2,6-
dimethyl-4-hydroxypyridine(Vl) was also obtained in a good yield. This supports the valid-
ity of the structure of (II), especially the position of nitrogen in DHA-imide molecule.
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As a result of present experiments with various other amino compounds, it was
also observed that both DHA and AHC had remarkable affinity to amino compounds in
general. For example, DHA reacted readily with methylamine, arginine, or gly-
cine ethyl ester, even when kept in aqueous alkaline solution at room temperature,
reaction products began to precipitate immediately after mixing, and were obtained in
a good yield after 24 hours. In the case of glycine, DHA gave similar reaction product
after addition of one equivalent of NaOH or KOH into the test solution and keeping in
incubator (37°) for 24 hours. It was proved later, however, that sodium salt of DHA
(DHA-Na) always reacted similarly as DHA itself and therefore DHA-Na was chiefly
used thereafter.

These reaction products were also identified by paper chromatography using the
Dragendorff and ninhydrin as spraying reagents. The former was for the detection of
tertiary amino group present in the substances and the latter for amino acids recovered
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by hydrolysis of condensatxon pr‘oduots “As a developing solvent, butanol-acetic acid-
water (4:1:5) system was chiefly used and ascending niéthod was’ adopted Application
of paper chromatography made it easy to investigate the effect of pH variation, and
also the possibility of a réa tlbn beétween DHA and many other amino acids. By this
method it was clearly ob#er that gly'cine, the most frequently used representative
amino acid, reacted with DHA-Na already at:pH 5.3 (buffer solution) and more markedly
with increasing pH after jsetting the solution in incubator for 24 hours. It was found
from this experiment that following amino acids reacted with DHA-Na in a buffer
solution (pH 6.8~8.2) : Afrginine, lysine, glycine, glutamic acid, valine, leucine, methio-
nine, histidine, asparagine, and aspartic acid. With cysteine, tryptophan, and o-amino-
butyric acid no reaction ¢ould be'observed. Besides these amino acids, some aromatic
amino compounds and suliamlamxde derivatives, i.e. p-aminobenzoic acid (PABA)and its
ester (PABA-Et), p-aminobenzenesulfonamide (sulfanilamide), N-acetyl-p-aminobenzene-
sulfonamide (sulfacetamide), and p-aminomethylbenzenesulfonamide (homosulfanilamide)
also reacted with DHA and yielded condensation products. The Rf values of these
reaction products on papé&ehromatogram are listed in Table I.

~ In the range of the present investigation, similar phenomenon was also observed
with AHC.

Taste I.. Rf Values of Reaction Products from DHA-Na and Amino Compounds

. Spray. Develop. H of test
Amino compd, RED reall)gégtb) solvent% ls)olution"‘)
(DHA-Na) _ (0. 95) (FeCl,) (B) (7.2) (K)
dl-Alanine ‘ 0.82 (0.22) N.D B 8.2 (K)
Arginine (monohydrochlorxde) 0.44 (0.08) N.D. S B 6.8 (K)
Asparagine s - 0,52 (0.13) N.D B 8.2 (K)
Aspartic acid. 0.57 (0.14) N.D B 8.2 (K)
Glutamic acid 0.58 (0.19) N.D B 8.2 (K)
Glycine 0.68 (0.14) N.D B 7.2 (K)
Glycine ethyl ester (hydrochloride) 0. 66 N.D B 6.8 (K)
Histidine (hydrochloride) 0.42 (0.10) N.D B 7.2 (K)
Leucine 0.61 (0.43) N.D A 7.2 (K)
Lysine (monohydrochloride) 0.56 (0.09) N.D B 7.2 (K)-
dl-Methionine 0.85 (0. 46) N.D B 7.2 (K)
dl-Valine . 0.51 (0. 31) N.D A 7.2 (K)
Methylamine hydrochlorxde 0.66 N.D B 7.2 (K)
Ethylamine hydrochloride 0.66 (0.35) N.D B 7.2 (K)

PABA 0.87 D B (EtOH)

PABA-Et 0.91 D, B (EtOH)
Homosulfanilamide : 0.76 (0.55) N.E A 7.4 (G)

a) Rf values of original amino compds. themselves are given in parentheses.
b) N: Ninhydrin D: Dragendorff E : Ehrlich S : Sakaguchi

) A iso-AmOH-pyridine-H,0(1:1:1) B: BuOH-AcOH-H;0 (4:1:5)
d) K: Kolthoff’s buffer soin. (KHgPO.—borax)
G : Gifford’s buffer soln. (Nay;COs-borax-KCl).

The structure of thee\e substances was assumed to be a type of compounds of Schiff
base derived from a combination between reactive >C=0 group of 3-acyl side chain in
DHA or AH€ and NH, group in amino compounds. The results of elementary analyses
of the isolated substancm wepd well with this assumption and it seemed to be further
supportéd by thE fHIOW ng efperimental results: (1) Infrared spectral analysis showed
that there existed the specific absorption band of C=N bond in the region of 6.00~6.10 p,
commonly in these pyrone derivatives. Some typical examples are shown in Fig. 1.
(2) Not only from free type of glycine or p~aminobenzoic acid but also from their ester
types, condensation products of similar type were obtained by reaction with DHA or
AHC. Therefore, there seems to be little doubt that NHy-group of these compounds

take part in this reaction. (3) The condensation product of DHA and glycine ethyl
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Fig. 1. Infrared Spectra of DHA and its Derivatives (Nujol mull)
(Koken DF-201 infrared spectrophotometer, NaCl prism)
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ester could be saponified to DHA-glycine condensate, which dissolved itself in aqueous
NaHCO, solution with foaming and was hydrolyzed to original DHA by HCI solution.
(4) No products could be obtained from reaction between these amino compounds and
4-hydroxycoumarin or 3-alkyl-4-hydroxycoumarin having no acyl in their 3-position.

From these findings, it was concluded that these reaction products are not salts but
compounds of Schiff base-type, structure of which was assumed to be quite analogous
to the afore-mentioned case of ammonia. '

(\-COCHa '(\—C-CH3
CHa"\OJ=0 CHa—\OJ= O
1]
(\l/\J~COCH3 ” -&-cH,
\J\o =0 NeYa
R -CH; -CH, -CH,COOH -CH,COOC,H, -C,H,COOH
DHA (X) (X1) (Xm) (xim) (X1v)
AHC (C-X) (C-X1) (C-XI) (C-XII) (C-XIV)
R -CH,COOC,H; -CeH,SO,NH, -CoH,SO,NHAc -CH,CoH,SO,NH,
DHA (XV) (XV1) (XVI) (XV)

The authors wish to acknowledge the encouragement of Prof. H. Matsumura of this University
and also for the kind guidance of Prof. T. Ukita, University of Tokyo. Thanks are due to Dr. T.
Shimanouchi and Dr. N. Ikekawa, University of Tokyo, and also to Dr. Y. Ueda of this University
for their kind advices on the infrared spectral analysis. The authors are indebted to the members
of Elementary Microanalysis Room of this Faculty, and also to Taito-Pfizer Co. for their kind supply
of DHA.

Experimental

Conversion of 3-(1-Iminoethyl)-4-hydroxy-6-methyl-2-pyrone (II) into 2,6-Dimethyl-4-hydroxy-
pyridine (VI}—A mixture of 1.0g. of (II) and 40 cc. of conc. NH,OH was heated at 130~140° in a
sealed tube for 10 hr. The reaction mixture was evaporated to leave a yellowish residue which
was recrystallized from water to white needles, m.p. 229~230°, This substance was identical with
2,6-dimethyl-4-hydroxypyridine synthesized directly from DHA and NH,OH after the method of
Oppenheim, et al.®

3-(1-Methyliminoethyl)-4-hydroxy-6-methyl-2-pyrone (X)—0.3 g. of DHA was added to a mixed
soln. of CHyNH,-HCl(2g.) and NaOH soln.(1g. in 10cc. of H;O)and clear soln. obtained was kept
in incubator (37°). With passage of time crystals gradually began to precipitate. After 48 hrs.,
precipitated crude crystals were collected and recrystallized from AcOEt to colorless prisms. Yield,
0.256g. Hydrate., m.p. 108~110°. Anal. Calcd. for CyH;;O;N.2H,O0: C, 49.8; H, 6.9; N, 6.4.
Found : C, 50.33; H, 7.05; N, 7.04.
Anhydrate (obtained by drying in a vacuum desiccator), m.p. 242~244°,

3-(1-Methyliminoethyl)-4-hydroxycoumarin (C-X)—To a mixture of CHNH,-HCI (6g.) and
‘NaOH soln. (3g. in 20 cc. of H;0), EtOH soln. of AHC (0.5g. in 15cc.) was added and the mixture
was kept in an incubator for 10days. On cooling the soln. in ice water, crystals separated out and
were recrystallized from AcOEt to colorless prisms, m.p. 181~183°; yield, 0.42g. Anal. Calecd. for
C:H;;O3N : C, 66.35; H, 5.10; N, 6.45. Found: C, 66.25; H, 5.21; N, 6.59.

3-(1-Ethyliminoethyl)-4-hydroxycoumarin (C-XI)—Obtained by the same procedure as (C-X).
Colorless prisms, m.p. 149~150°. Anal. Calcd. for C;3H3O3N : C, 67.52; H, 5.67; N, 6.06. Found:
C, 67.78; H, 5.92; N, 6.06.

3-(1-Carboxymethyliminoethyl)-4-hydroxy-6-methyl-2-pyrone (XII)—i) To the soln. of glycine
(1g. in 10cc. of H,0), 1.0g. of DHA-Na was added and the mixture was kept in an incubator
for 48 hrs.  After unchanged DHA was extracted with Et,O, the soln. was acidified with 5% HCI,
the deposited crude product was washed with Et,0, and recrystallized from dioxane, m.p. 247~248°
(decomp.). Yield, 0.95g. Anal. Caled. for C,0H,;;OsN : C, 53.33; H, 4.92; N, 6.22. Found: C, 52.91;
H, 5.06; N, 6.51.
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i) DHA (1.0g)) was added to ‘the soln. ‘of glycine (1.0 g.)and KOH (0.8 g “in 10 cc. of H;0), and
the reaction mixture was warked up ae in (i), Yjeld, 0.68g.:

3-(l—Carboxymethyhminoethyl)-bily xycoymarin (C-XII,)—~T0 a mixture of 1.0g. of glycine
and KOi-I soirﬁ' 0. Sg in 10 cc. of H,O ’83 of AI-IC was added and treated similarly as for (XI).
m.p. '233~<234°decommp.).  Yield, 0:99'8.

1 uqu-EthymrbonylmetlwlithhylM#hydrbxy—e—niethyl-%wrone(XIII)—To the - soln. of
NH.CH4COOC,H;-HCl (1.0 g.) and KOH (0.4 g. in 20 cc, of H;0), 1.0g. of DHA was added and the reac-
tion mixture was allowed to stand at room temperature. for 24 hr. W1th passage of time crystals
gradually deposited. The crystals were collected and recrystaihzed from dehyd. EtOH to colorless
prisms, m.p. 150~152°, Yield, 1.17g. Anal. Caled. for C;;H;;OsN: C, 56.91; H, 5.97; N, 5. 53.
Found : C, 56.80; H, 5.93; N, 5.69.

3-(1-Ethoxycarbonylmethyliminoethyl)-4-hydroxycoumarin (C-XIII)—0.5 g. of AHC was added to
a solution of NH,CH,COOC,H;-HCI(1.0g.) and KOH (0.4g. in 10cc. of H;0), and the reaction
mixture was treated similarly as for (XI). m.p. 157~158° Yield, 0.68 g. Anal. Calcd. for C;;H;sO5N :
C, 62.28; H, 5.23; N, 4.82. Found: C, 62.63; H, 5.72; N, 5.18.

3-(l-p-Carboxyphenylunmoethyl)-4-hydroxy-6-meth,yl—2—pyrone' (XIV)—A solution of 1.0g. of
DHA and 0.8g. of p- aminobenzoic acid dissolved in 10 cc. of dehyd EtOH was refluxed on a steam
bath for 8 hr. Crystals graduaily deposxted as the solution cooled. The crude crystals obtained
were recrystallized from dehyd. EtOH to colorless needles, m.p. 256~258°(decomp.). Yield, 0.56 g.
Anal. Calcd. for C;H;;OsN : C, 62.71; H, 4.56; N, 4.88. Found: C, 63.21; H, 4.81; N, 4.90.

3-(l-p-Ethoxyearbonylphenylwnoethyl)-4-hyqlroxyq6-metl\yl-2—pyrom (XV)—Analogous to (XIV),
EtOH soln. of DHA(1.0g. ) and ethyl p-aminobenzoate (1.0 g. ) was refluxed for 8 hr. Recrystal-
lization from dehyd. EtOH gave colorless needles, m.p. 149. 5~151 5. Yield, 0.61g. Anal. Calcd.
for C;H,;OsN : C, 64. 75; H, 5.43; N, 4.43. Found: C, 64.67; H, 5.75; N, 4.61.

3-(1—p—Carboxyphenyliminoethyﬂ)mi’hydroxycoumarin' (C+XIV)—EtOH soln. (10 cc.) of AHC (0.8g.)
and p-aminobenzoic acid (0.53 g.) was heated for 8 hr. as.for (XIV). Recrystallized from dioxane to
colorless prxsms, m.p. 255.5~257.5°(decomp.). Yield, 1. Og Anal Calcd. for CmHl,O,N C, 66. 85
405;'N, 433 Found : 'C, 67.31; H, 4.43; N, 4.66. -

. 8-‘(1—p-8u1’fa1hylphenylmrinoethyl)—bhydroxy-ﬁ-methyl-z-pyrone (XVI)—Sulfanifimide (1g.) and
IJHA' (1g.) wére dissolved in 5cc. of warm dehyd. EtOH - #irid refluted on a-steam bath. Reaction
pfodu‘ct ’began to ‘precipitate gradually after about 2 hr! After 6 hr.’ heating, the crude product
obtiined was' filtered while warin' and recrystallized from EtOH to white leaflets, m.p. 253--255°
(decomp.). Yield, 1.3g. Anal. Calcd. for C;;H;,OsN;S : C, 52.16; H, 4.38; N, 8.69. Found: C, 52.21;
H, 5.00; N, 8.66.

3—(l-p—Acetylsulfamylphenylxminoethyl)-4—hydroxy-6-methyl-2—pyrone (XVII)=—A solution of
su}f, cetamide (3.3g:),and DHA (2 4 g) dissolved in hot dehyd. EtOH (10 cc.) was refluxed for 9 hr.
Ract}oq jproduct was "obtained ag for (¥V1). Recrystallization from EtOH-pyridine (10:1) gave 'white
cubic crystals, m.p. 241~243°(decomp) Yield 2g. Anal Calcd for C;eH40eN:S : C, 52.60; H, 4.42;
N,.7.69. . Found : C, 52.55; H, 4.58; N, 8.11,

| )-(;l-p-Su amylbenzyllminoethyl)w-dz-hydroxy-G-methyl-2-pyrone(XVIl’I)——Homosulfamlamide—HCl
and DHA-Na were dissolved in distilled water or buffer solution (pH 5~8) in equimolar con-
centrations. . After keeping the solutions for several hours at room temperature or in incubator
@ 7°). needle—like crystais began to preclpltate and were obtained almost quantitatively after longer
standiqg Heating accelerated thlS reaction. When relativelg hxgh concentrations of solutes were

€ ,,reactnon product was .obtamed 1mmed1ate1 White needies {(from EtOH), m.p. 229~230°(decomp ).

”q Calced. for CuH;@OsN«gS C 5350,; H 4 8 N 8 33. Found C 53 52, H 4, 96, N 800 ‘

Hydrolysis of (XIII) to (XII)—-O 1g of (X) was added to 10cc. of 1% ethanolic KOH' soln and
white precipitate formed after about 5min. This crude product was dissolved in 10cc. of H,0,
the solution was acidified with dil HC, and the white crystals so formed ‘Wwere recrystallized from
di‘oi:ane”to wiorless prismis, m.p: ‘247~248°(deco‘inp ) ldeﬂt?éﬁl with(®). SEEIAY :

il 'Pti)er leromntograplﬁc Procedirre—Test ' solution't 0.1~19¢ Solutxon ‘of DHA-vNa and amino
dotipotihd 'was Kept ‘it ihtubatot (37°) for ‘suitable houre ’(gederall‘y for 24 hr.). - Distilled water or
Rolthof’s 'bufter ‘solution whs chieﬂiv used as &’ solVent. but in the ~case of PABA and* it’s ester, EtOH
solution was prepared. " BRI

/- Mettiod’ of ‘developing : Toyo Roshf No ‘80 wids ﬁséd and“dévt‘ioped for ‘16 hw t'18~20° by the
dbtbfidling method. ' BuOH-AcOHLH{O (4:1:5) bystém was chiefty used ' as developing solvent and iso-
AmOH—pyndme—Hzo (1:1:1) system was used in some cases. For spraying, ninhydrin and Dragendorff
réugeins were generallw used ahd fowepem&l cddos, Ehrtichhaﬂd? Sdkdgucht ‘réactions: wete aldo used

SR o - (Received October 7, 1958)
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