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Studies on Constituents of Medicinal Plants. XVIIL.Y Constituents
of the Leaves of Clethra barbinervis Sis. et Zucc. (1)
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A new triterpene acid, named barbinervic acid (I) has been isolated from the leaves
of Clethva barbinervis SIEB. et Zucc. and barbinervic acid was elucidated as 3e,19x-24-
trihydroxyurs-12-en-28-oic acid by chemical and spectral evidences. Besides, rotundic
acid was also isolated.
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It was reported® that taraxerol and ceryl cerotinate were isolated from the barks of
Clethra barbinervis SiEB. et Zucc. and ursolic acid from the fruits. TFurther investigation
on the constituents of the leaves of this plant has led to the isolation of a new triterpene acid,
named barbinervic acid and a triterpene acid (A). This paper deals with the structural
elucidation of barbinervic acid. The methanolic extract of the leaves was extracted with
petr-ether, benzene and ethyl acetate, successively. The ethyl acetate soluble fraction
afforded barbinervic acid, CggHz;505. HyO (I) of mp 298°, [«]3t =-+418° (¢=1.00, EtOH),
Liebermann-Burchard test: red to violet, and triterpene acid (A), C50H,505. 1/2 HyO of mp
271°, [«]}? =+437.5° (¢=0.48, MeOH). The acid (A) afforded methyl ester of mp 253—255°
by the methylation with diazomethane, which afforded diacetyl methylate of mp 208—210°
by acetylation with acetic anhydride and pyridine. The former methylate was proved to
be identical with methyl rotundate® by the mixed fusion and the comparison of their infrared
(IR) spectra. Barbinervic acid (I) shows only an end absorption on its ultraviolet (UV)
spectrum and IR bands at 3600—3200 (OH), 1710 (C=0), 1650—1620, 845 (trisubstituted
double bond), 1065 (secondary OH), 1010 (primary OH) and 925 cm=! (tertiary OH). The
acid (I) afforded methyl ester CyH;,O4 (II) of mp 274—275° by methylation with diazo-
methane and II afforded diacetyl methyl barbinervate CgH,,O, (III) of mp 211—212° by
acetylation with acetic anhydride and pyridine, but triacetyl methyl barbinervate was not
obtained, suggesting that I has two OH groups which are easily acetylated and a sterically
hindered OH group. Methylate (II) shows IR bands at 3530 (OH), 1720 (ester), 1650—1620,
850 (trisubstituted double bond), 1065 (secondary OH), 1005 (primary OH) and 930 cm~—1
(tertiary OH) and III at 3600—3200 (OH), 1735 (acetate), 1720 (ester), 16560—1620 (trisub-
stituted double bond) and 930 cm~! (tertiary OH). The mass (MS) spectrum of IIT (Mt=
586) shows peaks at m/e 308 (A) and at m/e 278 (B). These species would result from the
M+ ion by the retro Diels-Alder fragmentation, characteristic for 4,,-amyrine type triter-
penoid. The diacetyl methylate (III) shows also peaks at m/e 248 and at /e 188, which
would result from the species (A) by the loss of a CH;COOH and two CH;COOH groups,

) Part XVIIL: K. Takahashi and M. Takani, Chem. Pharm. Bull. (Tokyo), 24, 2000 (1976).

) Location: Takavamachi, Kanazawa, 920, Japan.

) Y. Tanabe, T. Oda, and K. Takahashi, Yakugaku Zasshi, 86, 441 (1966).

) a) T. Oyama, H. Aoyama, K. Yamada, T. Mitsuhashi, and O. Sugiyama, Tetrahedron Letters, 1968,
4639; b) T. Hase, H. Hagii, M. Ishizu, M. Oshi, N. Ichikawa, and T. Kubota, Nippon Kagaku Kaishi,
1973, 778.

O DO =t

'S

NII-Electronic Library Service



Vol. 25 (1977)

982

19730 yoeo yjim paddeproso a1e sjeusis oyy, (2 pue (p

jodpnuu ‘wr {3o3renb ‘b uo_m_b u ¢391qnOp P 39[SWIS ‘S {UONEIARIGQY “POUIIUSPI jou pue feudis [Ayjewr 10uj0 ypm paddereao st [eudis oyy, (¢

*PosIoARY 9q 0} 9ARY 3ySrw sTeusis 9y} Jo syuourudisse oy, (2 pue (»

@"m<m )
HE's HE's HE's s s Amm,m.@;v s M=/ w HI‘s HI‘W opIu0300E
@—‘16°0 SZ'1 22’1 19°0 96°0 SO'T HE'S'68"'T/ lS'E b-gv o'y’ 95°¢ 0€°S ojepunjor Ao
: 6LV'S :
@H"ma\@ w”\.
9=/ ‘HEg Hg's Heg's HE'S HE's HE'S HES‘80°'2 HE's ‘g1 = npa HI'S HI ‘w ajepunjol
‘P'96°0 S2'1 22'T  0L'0 66°0 S8°0 "HE'®‘€0°¢  99°¢ HeP-gv &, 198 1€°S 1Ayzew 1430001(1
‘8¢
@ﬁ"m<%
Heg's HE's HE's s s s 11=/ w  HgI‘s HI‘W ojepurjor
@ €21 8I'T 890 ¥6°0 880 29" ¢ ‘D-gvV  p69°€ -29'Z2  88°'S Aol
(0'95°¢
s L= o1 9=/
9=/‘HE HE's HE'S HE'S HE'S HE'S Amm‘whwm.ﬁv HE'S Ji=/""prq HI'S HI'W
P60 12T 61'T 090 OI'I 601 HE'SPE'T/ €5’ ‘Heb-dv  To.. 28T S AL
: ‘29°¢
HE's HE's HE's _ HES‘80°2 HE'S L= Hra HLS HI ‘W
@—‘16°0 1¢2°1 12°T 890 ®S6°0 ®56 "0 HESP0'Z  09°€ HgD-av oo 19 989 I
R ‘80" ¥
61 =8vp e=/
9=/‘H¢ HE's HE'S HE'S HE' HE 'S HE'S T=l g3 HIS HI'W
PY60  SB'T 12°T  99°0 80°'T 68°0 18°¢ HeD-av  Go.o  89°C  I€°S I
- ‘65°¢ ,
9=/‘HE HE's HE's HE'S HE's HE'S HE'S HE '$‘50°¢ . HIP HI'S HI‘W proe orgdeosno
‘PB6 0 0£'T 6I°T €20 €01 86°0. 180 HE's‘66°1 €6y €5°Z  1g€'§ 14390811
9=/‘H¢ HEe's HE¢s HE's HE'S HE's HE'S HE's HI‘P HIs HI‘W ojeydeosno
PY¥60  ST'T 6I'T 99°0  ¥6°0 S8°0 00°T 9G6°¢ 68°¢ 862 €S AU
087y 637y 1280y 987y g2y ¥y g8y IOVA®E
- o op/ W00 ~0-*HD- HED  HO  HEO=
HO 9Y0
(ZHW 001 “zH ‘[ FIEV],

ur [ ‘enfea @) eye YN 9YL

NII-Electronic Library Service



No. 5 983

respectively and peaks at m/e 260 and at m/e 218, which would result from the species (B)
by the loss of a H,O and a HCOOCH, groups, respectively. These spectral evidences
suggest that I is trihydroxy-4,,-triterpene acid of the amyrine type, which has two OH
groups on the ring A or/and the ring B, which are easily acetylated, and a OH group on the
ring D or the ring E, which resists to the acetylation, and a COOH group on the ring D or
the ring E. Methylate (II) afforded unstable acetonide C3Hy05 (IV) of mp 238—240° by
treatment with p-toluenesulfonic acid and 2,2-dimethoxypropane, suggesting that the two
OH groups on the ring A or/and the ring B are in 1,2- or 1,3-diol relationship. The nuclear
magnetic resonance (NMR) spectra of IT, IIT and IV could be interpreted as follows: (Table I).

C,o-Proton '

Methylate (II) exhibits the NMR signal (m, 1H) at 5.31 and III at 5.36, whose 6 values
are close to those of the signals of the Cy-proton of methyl euscaphate® at 5.32 and
of diacetyl tormentic acid® at 5.27, but they are different from that of methyl astilbate” at

5.61, suggesting that I has a double bond at the C,-carbon and a COOH group at the Cyp-
carbon. ‘ : .

C,s-Proton

Methylate (II) exhibits the NMR signal at 2.58 (s, 1H), III at 2.61 and IV at 2.52, whose
¢ values are close to those of the signals of the C,g-protons of methyl euscaphate at 2.58 and
of diacetyl tormentic acid at 2.51, but they are different from those of methyl oleanolate at
2.75 (q, 1H)® and of methyl ursolate at 2.2 (d, 1H),® suggesting that I, as euscaphic- and
tormentic-acids, is e-amyrine type triterpenoid with a methyl group and a OH group at the
Cyg-carbon and that C,g-proton is of g configuration. : :

C;-Proton

Methylate (II) exhibits the NMR signal at 3.83 (broad, triplet-like, 1H, /=3 Hz), and
III at 4.94 (the acetylation shift: 1.1 ppm), whose 6 value is similar to that (4.96) of the signal
of the Cy-proton (B, eq.) of diacetyl lycoclavanin monoacetonide.”® But it is different from
that (4.80) of the signal of the Cy-proton (8, eq.) of the diacetate of lup-20(29)-ene-3«,
23-diol'® and that (4.74) of the signal of the Cy-proton (a, ax.) of diacetyl methyl rotundate.

Methylene Protons of the CH,0H Group at the C,-Carbon

Methylate (II) exhibits the NMR signal at 8.59 and III at 4.08, which could be assigned
to methylene protons of a CH,0OH group and of a CH,0OAc group with no proton on
the adjacent carbon, respectively, The signal of III at 4.08 is similar to the signal of the
methylene protons of the CH,OAc group (8, ax.) of the diacetate of lycoclavanin monoace-
tonide® at 4.08 (AB-q, /=12 Hz, 6,3=18 Hz), but it is different from those («, eq.) of the
diacetate of lup-20(29)-ene-8«, 23-diol'® at 3.90 and of diacetyl methyl rotundate at 3.87.

These spectral evidences indicate that the primary alcohol group of I is located at the
Cy-carbon as g (ax) and the secondary OH group («, ax) at the Cz-carbon with one adjacent
methylene group. The acetonide (IV) exhibits the NMR signal of the Cyproton at rather
low magnetic field (6 4.22), the & value of which is close to that (6 4.40, J=8.5 Hz) of
lycoclavanol acetonide,!® the ring A of which is of boat form character, but it bears norerem-
blance to that (¢ 3.59, J=2 Hz) of lup-20(29)-ene-3 «, 23-diol acetonide, 1 the ring A of which
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8) H.T. CHeung and T.C. Yan, Aust. J. Chem., 25, 2003 (1972). o
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10) W.H. Hui and W.K. Lee, J. Chem. Soc., (C), 1971, 1004. :

11) Y. Tsuda, T. Sano, K. Isobe, and M. Miyauchi, Chem. Pharm. Bull. (Tokyo), 22, 2396 (1974).
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is chair form character. The acetonide (IV) exhibits also the NMR signal of the methylene
protons of -CH,-O-group at 3.62 (AB-q, 2H, J=11 Hz, 8,5=17 Hz), whose values are close
to those (6 3.72, AB-q, 2H, /=10 Hz, 6,5=18 Hz) of lycoclavanol acetonide,'?) respectively,
but the signal is different from that (6 3.43, AB-q, 2H, J=12 Hz, 6,5=28 Hz) of lup-20(29)-
ene-3«, 23-diol acetonidel® and that (6 3.47) of the acetonide of methyl rotundate. These
spectral evidences suggest that barbinervic acid (I) has diaxially arranged 3« (ax.) OH and
4p (ax.) CH,OH groups, which in the acetonide (IV) must have changed to diequatorial
arrangement by converting the ring A into energetically unfavoured boat conformation. As
expected, IV was hydrolyzed into I on merely heating the compound in methanol.

Methyl Groups ,

The compound (II) and (III) exhibit the NMR signals of the methyl groups at é-values
as shown in Table I, each of which is nearyl close to the é-value of the appropriate methyl
group of methyl euscaphate and of diacetyl euscaphic acid,® respectively, except the d-values
of the methyl signals at Cy3 and C,y-carbons. These spectral and chemical evidences indicate
that barbinervic acid (I) could be elucidated as 3«, 19, 24-trihydroxyurs-12-en-28-oic acid
as shown in Chart 1.

v

I H H OH CH, CH,0H
I CH; H OH CH, CH,OH
iif CH, H OAc CH, CH,0Ac
rotundicacid H OH H CH,OH CH,
Chart 1
Experimental

Melting point was taken in a Kofler-type hot plate and uncorrected. The IR spectra were taken in KBr
pellet with Nippon Bunko IR-G spectrometer, the NMR spectra in CDCl, with JNM-PS-100 high resolution
instrument at 100 MHz with (CH,),Si as internal reference and the MS spectra with JMS-01G mass spectro-
meter and the optical rotation at 589 nm with Nippon Bunko automatic polarimeter DIP-SL. The thin-
layer chromatogram (TLC) was obtained on glass plate coated with silica gel G (Merk).

Isolation: Dried leaves (600 g) were extracted with methanol four times and the extract was concent-
rated to afford resinous substance (90 g), which was adsorbed on celite (100 g) and the celite was extracted
with petr-ether, benzene, ethyl acetate and methanol, successively. The ethyl acetate soluble fraction
was concentrated to afford powder (13 g). It was adsorbed on silica gel (65 g) and was chromatographed on
silica gel (1 kg) with CHCL,~MeOH (20: 1) The fraction of Rf 0.26 (TLC, CHCl;: MeOH=10: 1) afforded
colorless prisms (I) of mp 298° from MeOH. Yield: 216 mg. Mass Spectrum (m/e, relative intensity):
M+=488 (5), 470 (6, M+—H,0), 452 (7, M*+—2H,0), 442 (13, M+—HCOOH), 434 (4, M+—3H,0), 264 (31, B),
246 (73, B-H,0), 224 (57, A), 218 (51, B-HCOOH), 206 (100, A-H,0), 201 (44), 200 (21, m/e 218-H,0).
Anal. Calcd. for C4oH,305-H,0: C, 71.11; H, 9.95. Found: C, 71.38; H, 9.84. The fraction of Rf 0.29
(TLC, CHCl;: MeOH=10: 1) afforded rotundic acid of mp 271° as crystalline solid. Yield: 25 mg. Anal.
Calced. for CygH,30;5-1/2H,0: C, 72.43; H, 9.86. Found: C, 72.52; H, 9.87. Mass Spectrum: M+=488.

Methylation of I Barbinervic acid (I) (120 mg) in methanol was methylated with diazomethane to
give an oil, which was chromatographed on silica gel with CHCl,~MeOH (50: 1) to afford colorless needles
(II) of mp 274—275°. (ethyl acetate). Rf: 0.34 (TLC, CHCl;: MeOH=25:1). Aual. Calcd. for CgH,O4:
C, 74.06; H, 10.03. Found: C, 73.82; H, 10.13. Yield: 97 mg.

Acetylation of II A solution of II (60 mg) in a mixture of pyridine (1.5 ml) and acetic anhydride
(1.2 ml) was kept at room temperature for 15 hr and the solution was poured into dil. HCl~ice-water to afford
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colorless powder, which was chromatographed on silica gel with benzene-ethyl acetate (30: 1) to afford
colorless needles (II]) of mp 211—212° (methanol). Rf: 0.25 (TLC, benzene: ethyl acetate=30:1). Aunal.
Caled. for C,H;,0,: C, 71.64; H, 9.28. Found: C, 71.62; H, 9.42. VYield: 30 mg.

Acetonide of IT Methylate (II) (150 mg), p-toluenesulfonic acid (100 mg) and 2,2-dimethoxypropane
(7 ml) in acetone (10 ml) was refluxed for 3.5 hr and the reaction mixture was concentrated ¢» vacuo to afford
an oil, which was chromatographed on silica gel with #-hexane-acetone (5:2). The fraction of Rf 0.83
(TLC, n-hexane: acetone=>5: 2) afforded colorless needles (IV) of mp 238—240° (z-hexane). Yield: 15 mg.
IR max (cm™1): 3600—3200 (OH), 1720 (ester), 1650—1620, 850 (trisubstituted double bond). Anal. Calcd.
for C4,H;,04: C, 75.23; H, 10.03. Found: C, 74.83; H, 9.97.

Methanolysis of IV Acetonide (IV) (2 mg) in methanol (2 ml) was refluxed on a steam bath for 30 min.
The solution showed a spot at 0.15 (TLC, CHCl;: MeOH=25: 1) on a TL.C. The Rf value was similar to that
(Rf 0.15, TLC, CHCl,: MeOH=25: 1) of methyl barbinervate (II). The Rf value of the acetonide (IV) was
0.98 (TLC, CHCl,: MeOH=25: 1).

Methylation of Rotundic Acid Rotundic acid (100 mg) in ether was methylated with diazomethane
to afford triangular crystals of mp 253—255° (petr.—ether and methanol), which was proved to be identical
with an authentic sample of methyl rotundate® by mixed fusion and IR comparison. Yield: 80 mg. Anal.
Calcd. for C4H,O;: C, 74.06; H, 10.03. Found: C, 73.91; H, 10.29. IR pmux (cm~Y): 3400 (OH), 1720 (ester),
1630, 820, 800 (trisubstituted double bond), 1230, 1145, 1040 (secondary OH), 1010 (primary OH), 930
(tertiary OH).

Acetylation of Methyl Rotundate The methylate (28 mg) in a mixture of pyridine (0.5 ml) and acetic
anhydride (0.5 ml) was kept at room temperature for 18 hr and the mixture was treated as usual to afford
colorless needles of diacetyl methyl rotundate of mp 208—210° (petr.—ether and ether). (lit.2®) mp 105°) Yield:
15 mg. Anal. Caled. for C,H,,O,: C, 71.64; H, 9.28. Found: C, 71.35; H, 9.58. IR »yu (cm™1): 3450
(OH), 1735, 1250, 1240 (OAc), 1720 (ester), 1640, 800 (trisubstituted double bond), 930 (tertiary OH).

Acetonide of Methyl Rotundate A mixture of methyl rotundate (100 mg), p-toluenesulfonic acid
(10 mg) and acetone (10 ml) was refluxed for 1.5 hr. The reaction mixture was concentrated » vacuo to
afford an oil, which was chromatographed on silica gel with #-hexane-acetone (10: 1). The fraction of Rf
0.49 (TLC, n-hexane: acetone=10: 1) was crystallized from »-hexane to afford acetonide of mp 219—220°
as colorless prisms. (lit.*® mp 94°). Yield. 40 mg. Amnal. Calcd. for C;,H,,0;: C, 75.23; H, 10.03. Found:
C, 75.23; H, 10.13. IR wpax (cm~%): 3400 (OH), 1725 (ester), 1645—1620, 820, 800 (trisubstituted double
bond), 930 (tertiary OH).
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