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Abstract: Three potent antiulcsrogenic compounds, cassioside : (4S)-2,4-dimethyl-3- (4’ -hydroxy-3’-

hydroxywethyl-1'-butenyl) -4- ( 8 -D-glucopyranosyl)methyl-2-cycloh 1-one, ci ide : (3R)-4-
(2'R, 4'S)-2'-hydroxy-4'- (8 -D-apiofuranosyl- (1 — 6)- 8 -D-glucopyracosyl)-2',6°,6°-trimethylcyclo-
hexylidene ] -3-buten-2-one , and 3.4.5-trimethoxyphenol- 8 -D-apiofuranosyl-{1 —6)- B -D-
glucopyranoside were isolated from a hot water extract of Cinnasomi Cortex ( the dried stes bark of

Cinnamowun cassia Blume ) and their structures were deterwined.

Chinese cicnamon has been used in traditional Chinese medicine as a diaphoretic, an antipyretic,
and an analgesic, and also widely used as an aromatic stomachic or a spice. In the course of
pharsacological analysis of the traditional Chinese prescription “Goreisan" , an aqueous extract
from Cianamomi Cortex (the dried stem bark of Cimnamomum cassia Bluwe; “Kanman Keibi® in Japanese),
one of the constituents of “Goreisan®, was found to have potent antiulcerogenic activities in rats.'*

This paper describes the structure determination of three antiulcerogeaic compounds, I, T and
H, isolated from a hot water extract of Cinnamomi Cortex by the activity-directed fractionation
process. Awong them, 1 and N are new cowpounds.

The bot water extract of Cinsamomi Cortex (50 kg) was coacentrated and the resulting precipitates
were removed by decantation. The supernatant was chromatographed on Amberiite XAD-2, then eluted with
water and 40 X aqueous methano! stepwise. The methanol-soluble portion of 40X aqueous methanol eluate
was repoatedly rechromatographed by high-performance liquid chromatograpby (HPLC) on OBS or silica gel.
Three kinds of glycosides, I (5.2 mg), T (19.3 ng) and M (40.0 mg), were isolated as
antiulcerogenic compounds.

Compound I, named cassioside, mas obtained as a colorless resinous syrup, CzeHsz0s, SINS (w/2) :
417 [mE ) | [a] » -25.2 * (c=0.5, wothanol). The IR spectrue showed the presence of a hydroxyl
group (3350 ca “') and a conjugated carbonyl group (1650, 1600 cw ~') and the latter was further
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supported by the absorption maximum at 265 mm (¢ 3600) in the UY spectrum. The 'H-NMR spectrus (Table
1) exhibited a tertiary methyl signal at 81.15 (s), an olefinic sethyl signal at &1.78 (d, J=1.0
Hz), a pair of trans olefinic proton signals at &5.66 (44, J=8.5, 16.3 Kz) and 6.29 (dt, J=1.0, 16.
3 Ha), and an anomeric protom sigeal at 84.38 (4, J=7.8 Nz) suggesting the presence of 8-
glucopyranosyl linkage. On the other hand, the '*C-NMR spectrum (Table 2) revealed the presence of
two methyl (815.7, 23.3), two methylens (533.8, 36.0), a wethine (850.3), three hydroxymethyl (864
7x2, 78.9), four olefinic (5131.5, 134.3, 139.2, 164.6), a quaternary (842.4), and a carbony! (
8207.3) carbons, and six additional carbons belonging to a glecopyrancsyl residue (863.5, T2.4, 75.7,
78.4, T8.6, 105.5). The number of unsaturated degress calculated for the wolecular formula (CseNss0s)
indicated that the compound [ comtains a riag structure other than the glucopyrsnoside ring.

The enzymatic hydrolysis of cassioside (I) with S-D-glucosidase afforded an aglycone, named
cassiol (IV), a colorless resinous syrup, C,Mzs04, EI-NS (W2): 254 [M]°, [a] s 48.6° (c=0.25,
wethanol), UV :  Aasx 268 nm (29600), IR: »aax 3400 (OR), 1650, 1600 (conjugated carboayl) ca ',
The 'A-NMR spectrum (Table 1) showed two methyl signals at &1.12 (3) and 1.81 (d, J=1.0 B2), and a
pair of trans olefinic protoa signals at 85.67 (dd, J=8.4, 16.3 Hz) and 6.28 (dd, J=1.0, 16.3 M2).

The B/B COSY spectrus of cassioside (I) especially showed two long range spia-spin couplings
between an olefinic methyl signal at &81.78 (2-CHs) and an olefinic proton signal at §6.29 (1'-W),
and betweea a methy! signal at 81.15 (4-CH;) and a wethylene signal at 82.26 (5-H), respectively.

These data suggested the following pertial structures : -(Ca0)-C(CHs)eC-CB<CH-CH(CH;0-)s, -CHy-
CHz-C-CHy, -C-CNz0-, and a glucopyranosyl residuve. Ia the loag range C/H COSY spectrum, long range
couplings between the olefinic proton signal at &6.29 (1°-H) and both of the carbon signals at 850,
3 (C-3') and 134.3 (C-2) suggested that the conjugated dienome structure should be a traansoid form,

Purthersore. long range couplings were also cbserved between the methyl proton signal at J1.78
(2-CHs) and three carbon signals at&134.3 (C-2), 164.6 (C-3) and 207.3 (C-1), and betwosn the wethyl
proton sigsal at 81,15 (4-CRs) and three carbon signals at &42.4 (C-O), T8.9 (Ci-hydroxymathyl
carbon) and 164.6 (C-3), suggesting that the quatermary carbon (C-4) is coanected to both the
olefinic carbon (C-3) and the C.-hydroxymethyl carbon. From these results, the planar structure of
aglycons moiety was deduced to be IV, as shown in Fig. 1.

Among three hydroxywethyl carbon signals of IV, oce at & 70.4 (Ci-bydroxywethyl carbon) was
shifted downfield by 8.5 ppe owing to glycosylation shift in the '3C-NMR spectrum of 1, but the others
at & 64.5 (C-4’, Ca'-hydroxymsthyl carbon) were shifted dowafield by only 0.2 pew. Therefors, the
glucosylated position was decided to be at the hydroxymethyl carbon linked with the ring.

The absolute configuration of cassiol (IV) was detersined by comparison of the CD spectrus of a
derivative (V) (Fig, 2) with that of wethyl tetrahydrotrisporate-C (VI)® (Fig. 2), whose sbsolute
configuration had been detersined by X-ray crystallographic analysis. Since tbe Cotton effect of IV due

to the snome moiety was very weak, IV was converted into the trimethy! ester (V) by the selective
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Table 1. 'N-NMR spectral data of cassioside (1) and cassiol (V) (8 ,pn , J=K2)
Protoa  Cassioside (I) * Caasiel (V) »
2-0ty 178 (d, 1.0) 1.81 (4, 1.0
4-Clls 1.15 (s) 1.12 (=)
4-Ony0- 372(4.100) $.43 @ 1.9

3.80 . 10.0) 3.7 @, 1.9
5t 1. 'ﬂ (dad, 5.5, 6.2, 13.2 1.75 (44, 5.7, 6.4, 13.5)
51 2.26 (ead, 5.5, 10.2, 13.2 2.17 (ddd, 5.7, 10.0, 13.5
6-Mx 2.55-2.68 2.51-2.69

(ddd, 5.5. 6.2, 10.2, 18.00 (4dd, 5.7, 6.4, 10.0, 1.7
1- 6.28 (dt, 1.0, 16.9 6.28 (dat, 1.0, 16.3)
2'-1 5.66 (4d, 8.3, 16.9 5.67 (4d, 8.3, 16.2
s 2.85 (ud, 6.9, 1.0, 8.3 2.67 (i4, 6.0, 6.9, 8.3
8'-C¥:0- 3.73 (a4, 5.9, 1l. 3.75 (a4, 6.0, 11.1)
4'-I 3.65 (44, 7.0, 11.0) 3.66 (ad, 6.9, 11.1)
glucose
1-0 4.38 @, 1.8
2-K 3.4 (ad, 7.8, 9.1
s-1 3.45 (4, 9.0, 9.1)
41 3.35 (ad, 9.0, 9.7
51 3.8 (i, 2.0, 6.0, 8.7
6-¥ 3.70 (44, 6.0, 12.2)
6-X 3.90 (ad, 2.0, 12.2

a) Measured in D:0 at 400 MHz.,

b) Measured im D;0 at 250 Miz.

Table 2. !'*C-IMR spectral data of cassioside (I) and cassio]l (IV) (Jppa)

Carbon Cassioside (I) * Cassiol V) ™
1 207.3 207.1
2 184.3 134.2
3 164.6 164.7
4 2.4 4.1
5 3.8 3.2
6 %.0 35.8
1 131.5 131.8
2 139.2 139.0
3 5.3 50.1
'y 64.7 64.5
Cs- Cs 15.7 15.5
C- U Aa.3 2.9
Co- ORp0- 78.9 70.4
Cs' -8 0- 647 64.5
glecose
1 105.5
2 5.7
3 8.4
4 T2.4
5 78.6
6 63.5

(1) Cassioside: R=£-D-Glu
(IV) Cassiol : R-}

a) Measured ia Ds0 at 100.6 Mis.
b) Messured im CDCl,-methanol-ds (1

O
1) K./Pt0,

2) Jowes oxidatioa
3) CE:N,

MOOzC

COzMe

Fig. 1.

: 1) ot 50.3 Mz,

COzMe

COaMe H OAc

o

Fig. 2.



4706

Y. SHIRAGA et al.

hydroganation, oxidation and methylation (overall yield : 26%). The CD spectrum of thef, 71 -
wnsaturated ester (V) showed a negative Cotton effect, [68] sie +15750, [8] 2as -31308, (6]
20¢ +640 and well coincided with that ef VI, possessing S-configuration at C-4. Consequeatly, the
structure of [V was determined to bs (4S)-2,4-dimethyl-3- (4-hydroxy-3-hydroxymethyl-1-butenyl)-4-
hydroxysethyl -2-cyclohexen-1-one. The complete structures of cassioside | [(dS)-2.4-dimethyl-3- (4-
hydroxy-3-hydroxysethyl -1-butenyl) -4- ( 8 -D-glucopyranosyl)wethyl-2-cyclobexes-1-one) ] was finally
assigned a3 shown in Fig. 1.

Compound I was identified as 3,4,5-trimethoxyphenol- 8 -D-apiofuranosy!-(l —6)- 8-D-
glucopyranoside, which had been isolated from the aqueous extract of Cinnamowi Cortex (the dried stew
bark of Cinmamomum cassia ; "Toko Keihi” ) by Miyamura et al.*, by comparison of the '*C-NWR
spectral data with the reported data. The structure was shown in Fig. 3. Wowever, its biological

activity has not been reported up to date.

622 ()
Jon w173 4
4.13

Jow =158

(I} 3,4.5 Trimethoxypheeol -
B -D-apiofurancsyl- (16 -
8 -D-glucopyranoside
( Spom, JeHz)

Fig. 3

Compound I, nawed cinmamoside, was obtained as a colorless resinous syrup, CzaH34012., SINS
(w/z) : 519 (M0 ] *, [a)» -88.6° (c=0.5, methanol). The UV spectrum showed an absorption
saximom at 231 pw (¢ 11700). The IR spectrum indicated the presence of a hydroxyl group (3350 ca '),
an allenic molety (1940 ca ~') and a conjugated carbonyl group (1665, 1610 cm "'). The 'H-NMR
spectrus {(Table 3) exhibited three tertiary methyl signals at &1.16, 1.33, 1.4]1 (each s}, an acetyl
methyl signal at §2.26 (3), a methine signal on a hydroxy-bearing carbon atom at 84.34 (dt, J=4.0,
11.6 Hz), two anomeric proton signals at §4.60 (d, J=8.0 Hz) and &5.09 (d, J-3.2 Hz), and an
olefinic proton signal at 85.95 (s) assignable to an allenic proton. The 13C.NR spectrun (Table 4)
suggested that the sugar residue of cinnamoside ([l) was identical with that of I, 8-9-

apiofuranosyl- B -D-glucopyranosyl group.

1
2 0]
A
‘o ""QH
(I) Cinnamoside : R = £-D-Glu- B-D-Api
"

R (VD Grasshopper ketone : R = A
OH Fig. 4
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Although cinnamoside () was resistant to acid hydrolysis., the enzymatic hydrolysis of B with
the combined use of S -D-glucosidase and B8 -D-xylosidase afforded an agiycone (V1), Ci3Hae03, MS
W) : 28], [a]»-43° (c=0.23, methanol), The aglycone was considered to be grasshopper
ketone, previously isolated from snt-repellant secretions of a large flightless grasshopper, Romalea
microptera , by comparison of the 'H-NMR spectral data (Table 3) with the reported data.® Based on
the coupling constants (J=4.0, 11.5 Hz) of the methine proton at34.34 (dt), the coafiguration of the
secondary hydroxyl group was determined to be equatorial. The configurations of the tertiary hydroxy!
group and the allenic proton were considered to be the same with those of grasshopper ketone by
comparison of chemical shifts in the 'H-NMR spectral data with the reported data,™™® The absolute
configuration of aglycone ( VI) which showed a negative Cotton effect was determined to be identical
with that of grasshopper ketone, whose absolute configuration had been determined by X-ray
crystallographic analysis,® ™ The aglycone (VI) was identified with the authentic grasshopper ketone,
which was synthesized from isophorone according to the method of Weedoo et al.* Signals of the
carbon bearing a secondary hydroxyl group and the anomeric carbon of glucose were shifted downfield
by 11.9 and 5.2 ppw, respectively, owing to glycosylation shift in the '3C-NMR spectrus (Table 4) of
[, whereas that of the carbon bearing a tertiary hydroxyl group was shifted downfield by only 2.0 ppm
Therefore, the anoweric carbon of the £ -glucopyranosy! moiely is linked to the secondary hydroxyl
group of the aglycone. The complete structure of cinnamoside () was determined to be (3R)-4- [(2'R,
4'S)-2' -hydroxy-4* - B -D-apiofuranosyl- (1 —6)- B8 -D-glucopyranosyl-2',6',6"-trimethylcyclohexylidene
] -3-buten-2-one, as shown in Fig.d.

Table 3. 'H-NMR spectral data of cimmasoside (M), aglycone(VID and grasshopper ketone (& ,pa , JeHz)

Proton  Cinnamoside (H) ¥ Aglycone (VD ¥ Grasshopper ketone ©
1-Hs 2.26 (s) 2.18 (s) 2.15 (s)
3-8 5.95 (a) 5.85 (s) 5.80 (s)
Fa-k 2.33 (ddd, 2.0, 4.0, 13.2 2.30 (ddd, 2.0, 4.0, 13.00 -
8- 1.57 (4d, 11.5, 13.2 1.43 (a4, 11.5, 13.00 -
48 4.34 (tt, 4.0, 11.9 4.3 (tt, 4.0, 11.5 4.28 (n, w, 2~322)
Sa-H  2.08 (ddd, 2.0, 4.0, 12.1) 2N(ddd.20.40.130) -
58-8 1.52 (dd, 11.5, 12.1) l$( 13.0)

2’-Cis  1.41 (s) 1.43 1.40 (s)
6'8-Chs 1.16 (s) 1.16 () 1.16 (s)
6’ a-CHs 1.33 (s) 1.38 (3) 1.36 (s)
glucose

-H 4.60 (4,

2-M 3.24 (dd, 8.1, 9.2

3N 3.49 (t, 9.2

4N 3.40 (t, 9.0

5-4 3.60 (ddd, 2.0, 6.3, 9.6)

6-0 3.72 (ad, 6.3, 11.

6-M 4.03 (dd, 1.9, 11.0

apiose

1-§ 5.09 (d, 3.2

2-R 3.98 (d, 3.2)

4- 3.89 (d, 10.2

g- 4.05 (4, 10.2
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Table 4. “3C-MR spactral dats of cinnmoside (W) and its agiycona (VD { S,0m )
Carbon Cimnamoside (31) *  Aglycone (VD ¥

1 33.4 31.8
2 214.2 208.7
3 102.8 UewlTD) 100.8
4 207.3 198.3
1’ 120.7 118.8
2 4.3 72.3
3 41.2 48.8
4 75.8 63.9
5 8.5 £9.0
8 8.3 %.2
Cy' -CHy 2.0 0.9
Ce'-Chy 2.8 2%.4
€' -8 X.8 2.1
glucose

1 103.7% (Jewe 15D

2 5.7

3 8.4

4 2.4

5 T1.3

6 7.3

spiose

1 111.6 (JewelTD

2 8.4

3 8.0

4 76.3

§ 66.3

&) Measured in D:0 at 100.6 Wz,

b} Measured in CDCly at 50.3 Wis,

¢} B-D-Glucose (C-1): 98, 5ppm

EXPERIMENTAL
Infrared spectra (IR} were obtalaed with » Shimadzu Model IR-420 isfrared spectromster,
Ultraviolet specira (UV) were msssured with » JASOO UVIDEC-505 digital spectrophotomster. Specific
rofations were measured with a JASCO DIP-181 digitsl polarimeter. Circular dichroiss spectra (CD)
were rocorded on JASCO J-20 spectrophotometar sad JASCO J-500C apectropolarimeter. The EI-NS were
recorded on a Shimadzy GC-MS QP-1000 spectrometer, and SINS spectra were obtaised with a Hitachi
Bodel MS0B spectrometer. Nuclear magnetic resonance spectra (KMR) were cbtsioed with Bruker mode] AC-
200, AN-250 or AN-400 spectrometer, and JEOL Nodal GX-270 spectrometer. Chewical shifts are reported
in & uaits with tetrswethylsilane as an interosl standard and coupling constants (I} are gives in
Hertz (fz}. Preparative and analytical high-performence liquid chrosstographles (HPLC) wers carvied
out with Naters Systew-500 and a chromatograph equipped with Haters Nodel MS000A pump, Waters Model
UK sample injector and JASCO UVIDEC-100- IV variable UV spectrophotometer. Coluems used in the RPLC
systess were YHC (Yamauura Chemical Laboratories Co., Ltd.)-ODS-A312.(150 we x 6 am), YNC-ODS-S33
(250 ww x 20 mm), Waters Prep-Pak C,s (300 am x 50 mm) and WNaters Vydac C,s (300 mm x 50 s} for
reverse phase separation, YMC-Silica-A012 (150mm x 6 mw), YMC-Silica-S8043 (250 we x 20 wm), and
Naters Prep-Pak Silics (300 mm x 50w} for norsal phase ssparation. Analytichem International’s Boad
Blut Cix (3 ul) was used for the reverse phase ssepls preparation, Thia layer chromatography (ILL) was
perforwed on Merck precoated TLC plates of silica gel 60 Fuse. Solvents were purified by standard
procedures,
Extraction snd Inolation Procedure :
Commercial Ciamamowi Cortex (the dried stes hurk of Cinnamosum cassia Blume ; * Kanaan Kelbi®, 50
kg) was extracted twice with hot water (100 I each) at 100 T for 1 hour. The combined extract (EDs.
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53 ng/kg. ip, in serotonin-induced stomschic ulcer in rats) frozea at -22 C was thawed slowly at room
temperature, then centrifuged at 7000 rpm for 20 minutes to resove insoluble residues. The
supernatant was adwixed with 140 1 of Awberlite XAD-2 ; the adsorbent was coliected by filtration,
washed with 300 | of water, and eluted with 300 I of 30X aquecus mothanol ss the elwest., The eluates
concestrated to ca 100 | was subjected to Asberlite XAD-2 (ca 100 1} coluse chromstography, which was
eluted with {0X aqueoss methanol. The ejuates were concentrated, and lyophilized to furaisk 148 g of
brown powder (EDse 6.8 wg/kg, ip). This partially purified powder was dissolved in 200 ml of 10%
aqueous acetonitrile, ceatrifuged at 10,000 rps for 10 minutes to remove insoluble residues, and the
supernatant was separated into three {ractions by preparative HPLC on a Prep-Pak Cie colume using 10X
aqueous acetomnitrile as the elusnt., The fraction which exhiblted an antlulcerogenic activity was
collected, and concentrated under reduced pressure to give a brown resinous syrup (10 ©. The syrup
was suspended in 100 ml of wethanol, then centrifuged at 10,000 rpm for 10 winutes. The methanol
solution obtaired by filtration was avaporated to give 8.5 g of pale brown resinous syrup (BDse <0.5
ng/kg, 1p ), which mas further purified by preparative HPLC on a Prep-Pak Silica column using
chlorofors-methanol-mater (45 : 10 : 1) as the solvent systes, The eluted fractions exhibiting
antiuicerogenic activities were concenirated, snd successively chromstographed on a Vydac C,y colusn
using 6% aqueous acetonitrilie as the eluent to give three active fractions (79.7 mg, 108.6 mg, and
356.7 mg), with EDse values of less than 0.1 wg/kg, ip. These fractions were separately
chrosatographed on BPLC with a YMC-0D5-5343 column using 8% aqueous acetonitrile as the elueat and a
YIC-Silica-SRO43 columa using chloroform-wethanol-water (70 : 10 : 1) as the sluent, successively, to
give compound I (5.2 =g, 0.00001X), compound U (19.3 g, 0.00004X%), and compoundl (40.0 =g, 0.
00008%) , respectively,
Compound [ :
Colorless resinous ayrup ; [a] 3" * -25.2° (c+0.5, methanol) ; Anes” nm (2) : 265 (3600) ;

Vaax om *': 3350, 1650, 1600 : SIMS (n/2) : 417 (MeH ] ° (CooMasOs) : 'H-NMR (400 MEz, D:0) :
Table 1 : *%C-WMR (100.6 Wiz, D:0) : Table 2.
Enzymatic hydrolysis of compound I : Compound 1 (13.8 mg) was incubated with 5 -D-glucosidase (344 =g
1720 units) in 12 sl of 50 mM citrate buffer (P 4.6) at 37°C for 91 hours. The reaction mixture wes
applied to a Bond Elut €15 (3 ml ), and eluted with methanol. The wethanol eluate was evaporated in
vacwo, and the residue was dissolved in 50X aquecus methanol (I wl), filtered, and subjected to EPLC
on & YNC-0DS-$343 column using 8% aqueous acetonitrlile as the aluent. The main paak fraction mas
collected, and concentrated in vacuo to give 5.5 wg of the aglycone ([V) as a colorless resinous
syrup.
Aglycone of compound I : Colorless resinous syrup ; [a) B " 48.6 ° (cs0.25, wothasol) ; AN23"
om (e) : 268 (9600) ; »aui” cu ~': 3400, 1650, 1600, 1340, 1040, 980 ; NS (waz) : 254 [ ° ],
236, 224, 206. 191, 179 (CiaB2s04) : 'H-N'R (250 MHz, Ds0) : Tadle 1 ; '*C.-NMR (50.3 Mz, COCls-
methanol-d,=1 : 1) : Table 2,
Rydrogeastion of compound IV :  (4S)-2,4-dimethy!-3- (d-bydroxy-3-hydroxymethyl-butyl) -4-bydroxymethyl
2-cyclohexen-1-one (VID : The suspension of compound IV (4 wg, 15.7#mole) and 3 mg of platinum
dioxide fa 2 ml of ethano]l under hydrogen atmosphere was stirred at room temperature for 40 minutes.
After the catalyst was filtered off, the solveat was evaporated ix wacuo snd the residue was subjected
to HPLC on a YAC-00S-A312 column using 15X aqueous acetonitrile as the slueat. The main peak fraction
was collected and the solvent was removed ir vacuo to yield 2.8 ag (72 X0 of colorless resinous syrup
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i Veax s ' : 3350, 1640, 1600, 1035 ; 'H-MMR (200 Miz, wethanol-dJ) O,pe : 1.15CE, 8), 1.51-1
T9(4R, w, 1.7930, s). 2.13(iH, ddd, J-5.6, 7.6, 13.3 Ha), 2,33(1H, dd, J=4.3, 7.4 Ma). 2.38(lH, dd,
J:4.3, 7.4 R2), 2.40(1H, ddd, J=5.6, 7.6, 20.4 Ba), 2.54(1H, ddd, J-5.6, 9.1, 20.4-Hz), 3.46(1H, 4,
J+11,2 H2), 3.61(4H, dt, J-1.2, 5.6 Hz), 3.66(iK, d, J=11.2 Hz) ; *3C-NMR (50.3 MHz, methanoi-d,) &
oon 1 11.9(q, Cs- CHs)y 22.26q, Co- CHs), 28.0(t, C.'), 29.6(¢, Cs'), 33.2(t, Cy), 34.9(t, C4), 42.9(s,
Ca). 45.4(d, Cy'), 63.6(t, C.’), 63.6(t, C5"-CRs0-), 68.9(t, C4'-CH;0-), 134.0(s, Cs), 165.7(s, Co),
201.7 (s, C.).
Jones oxidation and wethylation of (VD: (4S)-2,4-dimethyl-38-(3,3-bis-wethoxycarbonylpropyl) -4-
sethoxycarboayl-2-cyclobexea-1-00e (V) : To a stirred solution of 2.9 mg (11.3z4mole) of VE ia 2ml
of acetone at 0°'C was added dropwise 630 srwole of Jones reagent (Cr0,-H:S0.), and the mixture was
stirred at 0°C for 30 minutes, Water (0.5 ml) was added, and the solution was extracted five times
with chloroform. The combined chlorofors layer was dried, filtered, and evaporaled in vacuo, then the
residue was dissolved in | wl of tetrahydrofuran. To the solution stirred at 0 ‘C was added an excess
amount of ethereal diazowsthane solution. After an additional 30 winute-stirring at 0°C. the reaction
mnixture was concentrated in vacuo. The residue was dissolved in 1 ml of 50% aqueous wmethanol, then
filtered to remove insoluble residues. The filtrate was subjected to HPLC on a YMC-0DS-A312 colama
using 40X aqueous acetonritrile as the eluent., The main peak fraction was collected and the solvent
was removed in vacuo to give 1.0 g (260) of colorless resinous syrup (V) : [a] 3 -30" (c<0.02,
methanol) ; Asee"  nw (e) 243 (6160) ; »aax”cw "' : 3000, 1730, 1665, 1615, 1250, 1200, 830 ;
NS (w/z) : 340 [} °, 329, 281 (CivHeaOr) : 'H-NMR (200 MWHz, CDCls) & ppm : 1.47(3H, s}, 1.84(3H, 3).
3.72(34, 3), 3.76(6H, 3) : CD (c-0.004, ethanol) : [8] 240 0, [8] 320 430, (8] 295 0, (8] 2e¢
+640, (8] 200 0, [8]) 334 -21300, [8] 222 0, (8] 510 +15750.
Compound 1[I :

Colorless resinous syrup ; [l s -99.8° (c=0.5, methanol) ; Amex' mw (¢): 212 (3200), 270
(490) : vail” cu ' : 3400, 1605, 1510, 825, 785 ; SINS W2) : 478 [MB ] © (CreHaeOia) s 'M-
MR (270 Miz, D;0) 6 ,pa : 3.54-3.74(4R, W), 3.67(2H, s), 3.83(3H, o), 3.84(I8, d, J=9.2 Bz), 3.92(1H,
d, J+10.6 Be), 3.94(68, s), 4.02(1H, d, J-3.0 Bz), 4.03(1H, d, J- 10.3 Kz), 4.13(1R, d, J-9.2 B2), §.
15(1H, d, J<3.2 Hx), 5.18(1H, d, 7.7 Hz), 6.60(2R, s) : 'C-NMR (67.9 MRz, methanol-ds) & ppm s
57.2(!]. C,-O_CH:). 57.2(Q. Cs-0 C_!:). 61.7(!]: Ce- O_C!:). 65.9('.. lPl-C|). 69.2(l. (lu-Cg). 72.l(d.
glu-Co), 75.4(d, glu-Cq), T75.4(t, spi-Ci), T7.5{d, glu-Cs), TB.4(d, glu-Cs), 78.4(d, api-Cy), 81.0(s,
2pi-Cs), 96.9(d, Cs), 96.9(d, Co), 103.7(d, glu-Ci), 111.4(d, api-C,), 135.2(s, C¢), 155.3(s, Ca), 158
3(s, Cy), 156.4(s, Ci).
Compound 1 :

Colorless resinous syrup ; [a) s -83.6" (cs0.5. methanol) ; 4522 nm (e): 231 (11700),
207 (9600) ¢ vaax~ ca': 3350, 1940, 1665, 1610, 864, 821 ; SINS (wz) : 519 [MB ] ° (CaeBaaOin)
; 'H-NR (400 MHz, Dg0) : Table 3 : *3C-WMR (100.6 MMz, D:0) : Table {.
Enzywatic hydrolysis of compound 1 : Compound M (10.2 mg) was incubated with S -D-glucosidase (100
units) and B -D-xylosidase (15 units) 1in 6 ml of 50 mf citrate buffer (pR 4.6) at 37C for 44 hours.
The reaction mixture was applied on a Bond-Elut C,s (3 ml ). The methanol eluate was evaporated in v
acuo ; the residue was dissoleved in 50X aqueous methanol (1 ml ), and the filtrate was subjected to
HPLC on a YMC-005-5343 column using 12X aqueous acetonitrile as the elusat. The maio peak fraction
collected was conceatrated in vacuo to give 3.0 mg of the aglycone as colorless crystals.
Aglycone of compound H : Colorless crystals, w 128 C : [«] 3! 43 (c0.23, wethanol) ; l:::-
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me (e) : 2300125000 ;  waex"cm ' : 3300, 1935, 1665, 1215, 1180, 1155 ; CD (c-0.158, dioxane) :

[8) 2000, [8) 23 -10100, [6] 236 0, (87 22s +11900, [6] 2420, [8] 2es -8000 ; ¥S
(/z) : 224 (W] *, 209, 191, 163, 123 (Cialzo05) ; 'H-NMR (200 MHz, CDCls) : Table 3 ; '3C-NMR (50,
$ Mz, COCly) : Table 4.
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