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Salvia deserta SCHANG. (Lamiaceae) is a plant grown in Xinjiang province in China, and its dried roots are
called Xinjiang-Danshen. This plant has not been used as a medicine or a food, but recently it was reported that
Xinjiang-Danshen is mixed in Danshen (roots of S. miltiorhiza BUNGE), a well-known Chinese crude drug, at Xinjiang
province when latter was in short supply. We examined the constituents of the roots of S. deserta (Xinjiang-Danshen)
and identified a new caffeic acid trimer [salvianolic acid K (1)], along with two known caffeic acid dimers [salviaflaside
(2), rosmarinic acid (3)], a known caffeic acid tetramer [lithospermic acid B (4)], seven known abietane-type
diterpenes [6,7-dehydroroyleanone (5), royleanone (6), taxodione (7), ferruginol (8), 7-O-methylhorminone (9),
7-O-acetylhorminone (10), horminone (11)], and a known steroid [daucosterol (12)].

Five of the diterpenes (5, 6, 9—11) were “royleanones” and the main caffeic acid derivative was the trimer 1.
These differed from the constituents of roots of S. miltiorhiza, which contains “tanshinones” as diterpenes and
magnesium lithospermate B as the main caffeic acid derivative. Thus, the mixing of Xinjiang-Danshen with Danshen
is not appropriate and two should be considered different drugs.
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Salvia deserta SCHANG. (Lamiaceae) is a plant grown in
Xinjiang province in China," and its dried roots are call-
ed Xinjiang-Danshen (#[§&7]2£). This plant has not been
used as a medicine or a food, but recently it was reported
that Xinjiang-Danshen is mixed in Danshen (£, roots
of S. miltiorhiza BUNGE), a well-known Chinese crude
drug,? at Xinjiang province when the latter was in short
supply.® Many papers have been made on the constituents
and/or biological activities of roots of S. miltiorhiza
(Danshen),*> and we also reported its aldose reductase
inhibitory constituents® and hepatoprotective action of
its constituent, magnesium lithospermate B.” On con-
stituents of S. deserta, however, there are only three
reports: one stating that there are eight triterpenes in
leaves,® one reporting detection of “royleanones”® in
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roots by TLC,'® and one reporting detection of 7-O-
acetylhorminone and horminone in roots.'" In our con-
tinuous study on Salvia plants, we also examined the
constituents of the roots of S. deserta and identified a
new compound called salvianolic acid K (1), along with
eleven known ones (2—12). In this paper, we report their
isolation and structure elucidation.

Results and Discussion

Constituents of AcOEt-Soluble Fraction The AcOFt-
soluble fraction of the MeOH extract of roots of S. deserta
was separated with a combination of silica gel column
and normal-phase preparative TLC to yield eight non-
polar compounds (5—12). Their structures were de-
termined by analyses of the 'H—'H shift correlation
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* To whom correspondence should be addressed.

© 1998 Pharmaceutical Society of Japan

NII-Electronic Library Service



108 Vol. 46, No. 1
Table 1. 'H-NMR Data (d, J in Hz) for Diterpenes 5—11 in CDCl,4
59 6% 9% 109 1® 79 8
1 143 td 1.12 td 1.19 td 1.22 td 1.18 td 2.94m 137 td
(13.5, 4) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5)
2.89 dt 2.75 dud 2.68 brdt 2.73 dtd 2.70 dtd 1.75 m 2.15 dtd
(13.5, 4) (13.5, 3.5, 1.5) (13.5, 3.5) (13.5, 3.5, 1.9) (13.5, 3.5, 1.5) (13.5, 3.5, 1.5)
2 1.61 dq? 1.53 dq? 1.54 dg® 1.57 dg® 1.47 dtd 1.59 dg® 1.58 dq®
(13.5, 4) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5, 1.5) (13.5, 3.5) (13.5, 3.5)
1.70 qt 1.72 qt 1.73 qt 1.75 qt 1.73 qt 1.71 qt 1.72 qt
(13.5, 4) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5) (13.5, 3.5)
3 1.24 m 1.20 m 1.24 td 1.23 td 1.25 dt 1.20 m 1.23 td
(13.5, 3.5) (13.5, 3.5) (13.5,3.5) (13.5, 3.5)
1.49 dt 1.46 dtd 1.47 dtd 1.49 dtd 1.56 dt 1.41 dtd 1.46 dtd
(13.5, 4) (13.5, 3.5, 1.5) (13.5, 3.5, 1.5) (13.5, 3.5, 1.5) (13.5,3.5) (13.5, 3.5, 1.5) (13.5, 3.5, 1.5)
5 2.14 t (3) 1.10 dd (12.5, 1.5)  1.57dd (13, 1.5) 1.48 dd (13, 1.5) 1.54 brd (13.5) 2.60 s 1.31dd (12.5, 2)
6 6.47 dd 1.38 dddd 1.35 ddd 1.61 ddd 1.61 td 1.66 dddd
(10, 3) (13.5,12.5,11.5, (14, 13,3.5) (14.5, 13, 4) (13.5, 4.5) (13.5, 12,5, 11, 7)
6)
1.87 ddt 2.04 dt 1.95 dt 1.97 brd 1.85 ddt
(13.5, 7.5, 1.5) (14, 1.5) (14.5, 1.5) (13.5) (13.5,75,2)
7 6.81 dd 2.34 ddd 4.32 dd 5.94 dd 4.73 brd 6.21 s 2.76 ddd
(10, 3) (21,115, 7.5) (3.5, 1.5) @, 1.5) @.5) (16.5, 11, 7.5)
2.71 ddd 2.85 ddd
@1, 6, 1.5 (16.5,7, 2)
11 6.61s
14 6.88 s 6.81s
15 3.17 heptet (7) 3.15 heptet (7) 3.18 heptet (7) 3.16 heptet (7) 3.16 heptet (7) 3.07 heptet (7) 3.11 heptet (7)
16 1.22d (7) 1.20d (7) 1.20d (7) 1.19d (7) 1.21d (7) 1.18 d (7) 1.22d (7)
17 1.23d (7) 1.21d (7) 1.23d () 123d (7 1.22d (7) 116 d (7) 124d (7)
18 098 s 093 s 095s 0.89 s 0.98 s 1.12s 0.93s
19 1.02s 0.90 s 091s 0.88 s 0.90 s 127 s 091s
20 1.04 s 1.25s 1.22s 1.24 s 1.21s 1.27 s 1.16 s
Others  7.36 s (12-OH) 7.23 s (12-OH) 3.45 s (OCH.,) 2035 (COCH,)  3.07brs(7-OH)  7.57s (11-OH) 4.60 brs (12-OH)

7.12 s (12-OH)

7.18 brs (12-OH)

7.33 brs (12-OH)

a) Assigned by the 'H-'H, 'H-'3C, and long-range '"H-!3C COSY spectra. b) Assigned by the 'H-'H and 'H-'C COSY spectra. ¢) Assigned by the 'H-'H
COSY, HMQC, and HMBC spectra. d) Quintet.

spectroscopy (COSY) spectrum, 'H-'*C COSY or Table 2. '3C-NMR Data () for Diterpenes 5—11 in CDCI,
'H-detected heteronuclear multiple-quantum correlation

1 13 59 6 9b 10® 119 79 8%
(HMQC) spectrum, and long-range 'H-"°C COSY or
ey L e )

H-detected .heteronuclear multiple-bond multlple quan ; 159 362 358 358 358 371 389
tum correlation (HMBC) spectrum, and comparison with ) 187 189 189 188 189 186 194
the literature data showed them to be 6,7-dehydro- 3 405 413 410 410 411 426 418
royleanone' 2! (5), royleanone!*'# (6), taxodione'* (7), 4 333 334 3319 330 3309 329 335
ferruginol'® (8), 7-0O-methylhorminone'” (9), 7-O-acetyl- 3 521 517 455 461 457 63l 304
h ; 12) (10) h H 12,13,17) (11) dd 6 139.69 174 222 24.6 258 201.0 19.3

ormitone » horminone A1), and dauco- 7 12119 267 708 645 632 1340 298
sterol'® (12). Analyses of the two-dimensional (2D) 8 1385 1460 1415 1394 1432 1400 1273
NMR spectra also gave the unambiguous assignments of 9 1405 1465 1479 1500 147.8 1257 1487
their *H- and '3C-signals and led to the revision of some 10 393 384 3929 390 3919 429 - 3735
previous 13C—assignments (Tables 1, 2)_ 11 183.5 183.4 184.2 1837 1839 14509 111.0

Constituents of AcOEt-Insoluble Fraction and Structure 1215121505 15061508 ASLI o A8L7 0.7

onstituents ot , ! 13 1226 1237 1248 1247 1242 14549 1314

of Salvianolic Acid K (1) The AcOEt-insoluble fraction 14 186.0 187.5 1864 1854 189.1 1362 1266
of the MeOH extract was separated by a combination of 15 2419 241 243 241 240 272 268
Sephadex LH-20 column chromatography and reversed- 16 1933 19.99 19.7% 197: 193: ;132 g%ge;
phase preparative TLC to give a new caffeic acid trimer, i; §3'2 gg'g ;2'? ;gg g'? 3;‘2 133
salvianolic acid K (1), two known dimers, salviaflaside'® 19 2280 218 219 216 217 219 217
(2) and rosmarinic acid®? (3), and a known tetramer, 20 152 200 186 185 184  21.99 248
lithospermic acid B”-*%) (4). COCH, 21.1

Salvianolic acid K (1) was obtained as a colorless %jcc;a o3 169.4
amorphous solid, having [«]3° +31.2° (H,0), and its 3 '
molecular formula was determined by high-resolution ;) Aigned by the 'H-'H, 'H-°C, and longrange 'H-'°C COSY

spectra. b) Assigned by the *H-'H and 'H-'>C COSY spectra. ¢) Assigned by
the 'H-'H COSY, HMQC, and HMBC spectra. d) Previous assignments have
been revised. ¢) Assignments may be interchanged in each column.

negative ion FAB-MS to be C,,H,,0,; (m/z 556), cor-
responding to caffeic acid trimer. The 'H- and '’C-
NMR spectra of 1 were partially similar to those of 2
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and 3 and showed the signals due to three sets of 1,3,4-
trisubstituted aromatic ring, a trams-olefin, a (O)-
CH-CH—(O) grouping, and a CH,—-CH—(O) grouping
(Table 3).

The planar structure of 1 was elucidated by analyses of
the 'H-'H and *H-'3C COSY and HMBC spectra. In
the HMBC spectrum (Chart 2), long-range correlations
were observed between the benzylic protons/carbons and
the aromatic carbons/protons at the corresponding ortho-
positions; 7-H/C-2,C-6, 7-H,/C-2',C-6', 7"-H/C-2",C-6",
2-H/C-7, 2-H/C-7’, and 2"-H,6"-H/C-7". The spectrum

Table 3. 'H-and **C-NMR Data for Compounds 1—3 in DMSO-d;

ln) 2a) 35

IH 13C IH 13C IH 13C

Rosmarinic acid moiety Rosmarinic acid moiety Rosmarinic acid moiety

1 131.0 125.5 125.5
2 695d(2) 116.0 7.42 brs 116.0 7.04 brs 1149
3 152.2 145.6 145.7
4 150.6 149.5 148.5
5 5.76 d(8) 122.5 6.84 d (8) 116.2 6.76 d (8) 115.9
6 6.68 dd (8, 2) 119.0 7.19 br d (8) 124.0 6.94 br d (8) 121.3
7 7.31d (16) 143.7 7.41 d (16) 1439 7.39.d (16) 145.0
8 6.28 d (16) 117.6 6.33 d (16) 1154 6.19 d (16) 114.1
9 166.3 166.0 166.1
I 130.0 129.4 128.7
2 6.67d(2) 116.7 6.66 brs 116.5 6.68 brs 116.7
3 144.9 144.8 1449
4 143.7 143.5 143.8
5 6.59d (8) 1154 6.59d (8) 115.4 6.62d (8) 115.4
6  6.48dd (8,2 119.8 6.50 brd (8) 119.7 6.51 brd (8) 119.9
7 272dd (14, 10)  37.5 2.76 dd (14, 10)  37.0 2.82 dd (14, 10) 36.7
3.01 brd (14) 3.03 brd (14) 3.06 br d (14)
8 4.82dd (10, 3) 76.5 4.87dd (10, 1.5) 75.4 4.97 brd (10) 74.4
9’ 172.7 1721 172.4
Caffeic acid moiety Glucose moiety

1 133.9 478 d (7.5) 102.0

2" 6.87 brs 1154 331 m 73.2

3" 1447 331 m 75.9

4" 144.8 3.18 m 69.9

5" 6.72d 8) 115.1 342 m 71.0

6" 6.70dd (8, 2) 118.9 3.50dd (11, 5.5) 60.7

3.75 brd (11)

7" 459d 8.5) 73.9
8" 3.62d(8.5) 88.0
9 175.9

a) Assigned by the 'H-'H and 'H-'3C COSY and HMBC spec-
tra. b) Assigned by the 'H-'H and 'H-'3C COSY spectra and comparison with
the data for 1 and 2.
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also showed the correlations between the ester carbonyl
carbon and the protons, C-9/7-H,8-H,8'-H. These and
other long-range correlations depicted in Chart 2 by
arrows indicated the presence of rosmarinic acid and
2,3-dihydroxy-3-(3,4-dihydroxyphenyl)propionic acid
moieties. In addition, based on the long-range correlation
between 8”-H and C-4, the latter moiety was determined
to locate at the C-4 position of the former. From these
and other long-range correlations, the planer structure of
1 was determined, except for the stereochemistry.

The stereochemistry at C-8', C-7", and C-8”, including
the absolute one, was elucidated through the NMR and
chemical studies (Chart 3). Salvianolic acid K (1) was
methylated with (CH,3),S0,—K,CO; to give a hepta-
methylsalvianolic acid K (1a); 6y 3.70, 3.75, 3.85, 3.86,
3.87 (6H), 3.89; m/z 655.2396 [M+H]* (C;,H;50,3,),
which was then reduced with diisobutylaluminum hydride
(DIBAH) to give an 8-0-4' neolignan 13 (Chart 3). Hattori
et al.*? reported that the threo and erythro diastereomers
of 8-0-4' lignans give the large (8.0—8.6 Hz) and small
(2.7—4.4Hz) J values for 7-H and 8-H, while Braga et
al.*® and Matsuda and Kikuchi?# reported that those of
8-0-4 neolignans correspond to the possible staggered
conformers with intramolecular hydrogen bonding of the
benzylic hydroxyl and aryloxyl groups. The 7”-H and 8"-H
of 13 showed the small J values (4.5Hz), indicating 13
(i.e., 1) to be erythro.

The absolute configuration of 1 was deduced by the
Mosher method on the (R)-(+ )-a-methoxy-a-trifluoro-
methylphenylacetyl (MTPA) ester (1b) and (S)-(—)-
MTPA ester (l¢) and chemical degradation. In the
"H-NMR spectrum of 1b, 2”-H, 5”-H, and 6"-H appeared
upfield whereas 8”-H, 2-H, 5-H, 6-H, 7-H and 8-H were
downfield in comparison to those of 1¢, indicating that in
the R-MTPA ester 2"-H, 5”-H, and 6”-H were affected by
the phenyl ring of the MTPA part.2 The absolute
configuration at C-7" was thus determined to be R?:29
(i.e., C-8" was R). By methanolysis with NaOMe-MeOH,
on the other hand, the heptamethylate 1a gave methyl
3-(3,4-dimethoxyphenyl)-(2R)-propionate (14) and methyl
4-0-[(18,2R)-2-hydroxy-1-methoxycarbonyl-2-(3,4-di-
methoxyphenyl)ethyl]ferulate (15) along with two prod-
ucts via retro-aldole reaction, 3,4-dimethoxybenzalde-
hyde (16) and methyl 4-O-(methoxycarbonylmethyl)fer-
ulate (17) (Chart 3). Based on the [«], value of 14 (—4.8°,
MeOH; lit.2” —5.0°, MeOH), the absolute configuration

Chart 2. Significant Long-Range Correlations Observed in the Long-Range 'H-1*C COSY and/or HMBC Spectra of 1
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at C-8 of 1a (i.e.,, 1) was determined to be R. Thus,
salvianolic acid K was determined to be (8'R,7”R,8" R)-4-
O-[ 1-carboxy-2-hydroxy-2-(3,4-dihydroxyphenyl)ethyl]-
rosmarinic acid (1).

Conclusion

Examination of the constituents of the roots of Salvia
deserta SCHANG. (Xinjiang-Danshen, $i#& /%) resulted
in the isolation of one new [salvianolic acid K (1)] and
three known [salviaflaside (2), rosmarinic acid (3),
lithospermic acid B (4)] caffeic acid derivatives, seven
known abietane-type diterpenes [6,7-dehydroroyleanone
(5), royleanone (6), taxodione (7), ferruginol (8),
7-O-methylhorminone (9), 7-O-acetylhorminone (10),
horminone (11)], and a known steroid [daucosterol (12)].
Five of the diterpenes (5, 6, 9—11) were “royleanones”
and the main caffeic acid derivative was the trimer 1. These
differed from the constituents of roots of S. miltiorhiza
BuNGE (Danshen, F}-2%), which contains “tanshinones”®
(e.g., tanshinone I, tanshinone ITA, dihydrotanshinone 1,
and cryptotanshinone) as diterpenes and magnesium litho-
spermate B as the main caffeic acid derivative.®*~7-'%!"
Thus, the mixing of Xinjiang-Danshen to Danshen is not
appropriate and the two should be considered different
drugs.

Experimental

All melting points were determined with a Kofler-type apparatus
and are uncorrected. Optical rotations were measured on a JASCO DIP-4
automatic polarimeter. IR spectra were taken on a Hitachi 260-10 IR
spectrophotometer and UV spectra on a Shimadzu UV 2200 UV-visible
spectrophotometer. NMR spectra were taken on a JEOL JNM-GX400
or a JNM-LA400 spectrometer with tetramethylsilane (TMS) as an
internal standard. Electron impact mass spectra (EI-MS) were taken on
a JEOL JMS-D300 mass spectrometer using a direct inlet system
(ionization voltage, 70 eV; accelerating voltage, 3.0kV), while FAB-MS
and desorption chemical ionization mass spectra (DCI-MS) were
measured with a JEOL JMS-700T mass spectrometer using glycerol as
a matrix for FAB-MS and isobutane as a reaction gas for DCI-MS.

Extraction and Fractionation Roots of S. deserta SCHANG. were

collected at Urumgi in Xinjiang province in China in October of 1994.
The raw material was identified by an expert and the voucher sample is
preserved in the Museum for Materia and Medica, Analytical Research
Center of Ethnopharmacology in our institute (TMPW No. 15403).

Chopped roots (2kg) of S. deserta were extracted successively with
water (51, 80°C, 3h,x3) and MeOH (51, reflux, 3h, x 3), and were
concentrated to give a water extract (398 g) and a MeOH extract (92.6 g),
respectively. A part of the MeOH extract (83.0 g) was suspended in water
and partitioned between AcOEt and water to give an AcOEt-soluble
(7.7 g) and an AcOEt-insoluble (70.5 g) fraction.

Separation of the AcOEt-Soluble Fraction The AcOEt-soluble
fraction (5.0 g) was subjected to silica gel column chromatography with
a hexane-CHCI; solvent system to give five fractions (fr. A, 10—20%
CHCl,;-hexane eluate, 0.12g; fr. B, 30—40% CHCl;-hexane eluate,
0.05g; fr. C, 50—70% CHCl;—hexane eluate, 0.16g; fr. D, 80—90%
CHCl,-hexane cluate, [.1g; fr. E, CHCI; eluate, 1.5g).

Fractions A (40mg), B (50mg), C (160mg), and D (1.1g) were
respectively separated by normal-phase preparative TLC with AcOEt-
hexane (1:99 for frs. A and D; 5:95 for frs. B and C). Fraction A
gave 6,7-dehydroroyleanone>!* (5, 10 mg), red needles, mp 148—153°C
(from MeOH), [«]3° — 586° (CHCl,, ¢=0.09); fr. B gave royleanone!>'¥
(6, 5mg), yellow needles, mp 178—180 °C (from MeOH), [o]3° +129.6°
(CHCl,, ¢=0.1), and taxodione'® (7, 3mg), dark yellow amorphous
solid, [a]2® +38.9° (CHCl,, ¢=0.1); fr. C gave ferruginol'® (8, 2mg),
yellow fine needles, mp 162—165°C (from MeOH), [«]3® +53.1°
(CHCls, ¢=0.09), 7-O-methylhorminone'” (9, 5.5mg), orange needles,
mp 126—128°C (from MeOH), [«]3® —44.0° (CHCl;, ¢=0.05), and
7-O-acetylhorminone!? (10, 16mg), yellow needles, mp 166—169°C
(from MeOH), [«]2° —12.8° (CHCl,, ¢=0.1); and fr. D gave 10 (320 mg)
and horminone!?!3!7 (11, 410 mg), yellow crystals, mp 175—178°C
(from MeOH), [«]2® —128.2° (CHCl;, ¢=0.1). Fraction E (1.5g) gave
daucosterol'® (12, 30 mg) by silica gel column chromatography with a
MeOH-CHCI; solvent system.

Separation of the AcOEt-Insoluble Fraction The AcOEt-insoluble
fraction (70.5g) was separated by a MCI-gel CHP-20P column chro-
matography with a MeOH-H,O solvent system into ten fractions
(fr. 1, H,0 eluate, 29.3 g; fr. 2, 10—20% MeOH-H,O0 eluate, 5.0g; fr.
3, 30% MeOH-H,O eluate, 2.0 g; fr. 4, 40% MeOH-H,0 eluate, 1.7g;
fr. 5, 50% MeOH-H,0 eluate, 0.8¢g; fr. 6, 60% MeOH-H,O eluate,
0.7 g; fr.7, 70% MeOH-H,O eluate, 1.9 g; fr. 8, 80% MeOH-H,0 eluate,
0.6 g; fr.9,90% MeOH-H,0 eluate, 0.6 g; fr. 10, MeOH cluate, .12 g).

Fractions 2 (4.8¢g) and 4 (1.2 g) were subjected to Sephadex LH-20
column chromatography with a MeOH-H,O solvent system to give
salvianolic acid K (1, 2.64 g) and rosmarinic acid? (3, 540 mg), colorless
amorphous solid, [«]3® +48.5° (H,0, ¢=0.1), respectively.

Fraction 3 (1.50 g) was chromatographed over Sephadex LH-20 with
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a MeOH-H,O0 solvent system to give five fractions (fr. 3-1, 20—30%
MeOH-H,O0 eluate, 50 mg; fr. 3-2, 40—50% MeOH-H,O ecluate, 500
mg; fr. 3-3, 60—70% MeOH-H,O eluate, 230 mg; fr. 3-4, 80—90%
MeOH-H,O eluate, 260 mg; fr. 3-5, MeOH eluate, 30 mg). Fraction 3-2
(40 mg) was separated by reversed-phase preparative TLC (RP-18 plate,
CH;CN:H,0=23:77) to give 3 (7.3mg), while fr. 3-3 (230 mg) was
subjected to re-chromatography with a Sephadex LH-20 column,
followed by reversed-phase preparative TLC (RP-18 plate, CH,CN:
H,0=25:75), to yield lithospermic acid B”2V (4, 12mg), colorless
amorphous solid, [«]2° +123.7° (50% H,0-MeOH, ¢=0.1), and 3
(15.6 mg). Similarly, fr. 3-4 (260mg) and fr. 3-5 (30mg) gave
salviaflaside® (2, 9 mg), colorless amorphous solid, []3® —10.4° (H,0,
¢=0.05), and 1 (37 mg) by reversed-phase preparative TLC (RP-18 plate,
CH;CN:H,0=22:78 for the former and 27:73 for the latter).

Salvianolic Acid K (1) Colorless amorphous solid, [«]3¢ +31.2°
(H,0, ¢=0.05). Negative ion FAB-MS m/z: 555.1145 [M—H]~
(C,;H,30,5 requires 555.1139). UV 4., (MeOH)nm (loge): 210 (3.2),
220 (3.4), 230 (sh), 286 (2.9), 323 (2.4). IR v,,, (KBr) ecm™': 3400,
1700, 1600, 1515, 1410. 'H- and '3C-NMR: Table 3.

Methylation of Salvianolic Acid K (1) A mixture of 1 (200 mg) and
K,CO; (1 g) in dry acetone (14 ml) was stirred for 5 min and (CH;),SO,
(Iml) was added. After stirring overnight at room temperature, the
reaction mixture was filtered through silica gel column. The eluate was
evaporated and separated by preparative TLC using MeOH-CHCl,
(10:90) to give a heptamethylsalvianolic acid K (1a, 68 mg). 'H-NMR?®
(CDCly) 6: 3.13 (1H, dd, J=14.5, 8Hz, 7-H), 3.19 (1H, dd, J=14.5,
5Hz, 7-H), 3.70 (3H, s, 9"-OCH3,), 3.75 (3H, s, 9-OCHj,), 3.85 (3H, s,
3-OCH,), 3.86 (3H, s, 4-OCH,), 3.87 (6H, s, 3-OCH,, 4"-OCH3), 3.89
(3H, s, 3"-OCHy), 4.79 (1H, d, J=5.5Hz, 8'-H), 5.16 (1H, br d,
J=55Hz,7"-H), 5.35(1H,dd, /=8, 5Hz §-H), 6.33 (1H, d, /J=15.5Hz,
8-H), 6.76—6.81 (3H, m, 2’-H, 5'-H, ¢'-H), 6.80 (1H, d, /=8 Hz, 5-H),
6.84 (1H, d, J=8Hz, 5"-H), 6.98 (1H, dd, J=8, 2Hz, 6"-H), 7.00 (1H,
dd, /=8, 2Hz, 6-H), 7.02 (1H, d, J=2Hz, 2-H), 7.05 (1H, d, J=2Hz,
2"-H), 7.60 (1H, d, J=15.5 Hz, 7-H). Positive ion DCI-MS m/z: 655.2396
[M+H]* (C34H;40,5 requires 655.2391), 637.2282 [M+H-H,0]*
(637.2285).

DIBAH Reduction of Heptamethylsalvianolic Acid K (1a) To a stirred
solution of 1a (40.0 mg) in dry THF (3 ml), DIBAH (I M hexane solution,
1 ml) was added at —70 °C under Ar and the stirring was continued for
2h. To the reaction mixture MeOH (10 ml) was added and the whole
was stirred for an additional 30 min. After filtration through a Celite
pad the filtrate was concentrated and subjected to preparative TLC with
10% MeOH-CHCI, to give a triol 13 (15.0mg); colorless amorphous
solid; 'H-NMR (CDCly) é: 3.69 (1H, dd, J=12, 3.5Hz, 9"-H), 3.870,
3.875, 3.880 (each 3H, s, 3-OCH;, 3"-OCH;, 4"-OCH,;), 3.91 (1H, dd,
J=12, 5.5Hz, 9"-H), 4.17 (1H, td, /=35.5, 3.5Hz, 8"-H), 4.31 (2H, brd,
J=5.5Hz, 9-H,), 498 (1H, d, J=4.5Hz, 7’-H), 6.27 (1H, dt, /=16,
5.5Hz, 8-H), 6.54 (1H, brd, J=16Hz, 7-H), 6.84, 6.87 (each 1H, d,
J=8Hz, 5-H, 5"-H), 6.90, 6.91 (each 1H, dd, J=8, 1.5Hz, 6-H, 6"-H),
6.94, 6.97 (each 1H, d, /J=1.5Hz, 2-H, 2"-H).

MTPA Esters of Heptamethylsalvianolic Acid K (la) To a stirred
solution of 1a (18.5mg) in CCl, (1.5ml) and pyridine (1.5ml),
R-(+)-MTPA chloride or S-(—)-MTPA chloride (20 pl) was added. The
mixture was stirred overnight at room temperature and subjected to
preparative TLC with MeOH-CHCl; (5:95) to afford the R-MTPA
ester (1b, 17.0mg) or S-MTPA ester (1c, 17.0mg).

R-MTPA Ester (1b): Colorless amorphous solid. Positive ion DCI-MS
mfz: 871.2790 [M + H]* (C,,H,60, sF; requires 871.2789). 'H-NMR2®
(CDCl;, 25°C) é: 3.13 (1H, dd, J=14.5, 8 Hz, 7-H), 3.19 (1H, dd,
J=14.5, 5Hz, 7-H), 3.51 (3H, brs, OCH; in MTPA), 3.67 (3H, s,
9”-OCH,), 3.741 (3H, s, 9-OCH,;), 3.743 (3H, s, 3"-OCH,), 3.76 (3H,
s, 3-OCH3;), 3.850 (3H, s, 3'OCH,), 3.853 (3H, s, 4-OCH,), 3.88 (3H,
s, 4-OCH3), 5.01 (I1H, d, J=5.5Hz, 8"-H), 5.36 (1H, dd, /=8, 5Hz,
8-H), 6.32 (1H, d, J=16Hz, 8-H), 6.38 (1H, d, /J=5.5Hz, 7"-H), 6.68
(1H, d, J=8Hz, 5-H), 6.76—6.82 (3H, m, 2'-H, 5'-H, 6'-H), 6.80 (1H,
d, J=8Hz, 5"-H), 6.89—6.93 (2H, m, 2"-H, 6"-H), 6.96 (1H, dd, J=38,
2Hz, 6-H), 6.99 (1H, d, J=2Hz, 2-H), 7.27 (2H, tt, J=7.5, 1.5Hz, Ph),
731 (1H, tt, J=17.5, 1.5Hz, Ph), 7.41 (2H, br d, J=7.5Hz, Ph), 7.60
(1H, d, J=16Hz, 7-H).

S-MTPA Ester (1¢): Colorless amorphous solid. Positive ion DCI-MS
m|z: 871.2776 [M+H] " (C,,H,60, sF; requires 871.2789). '"H-NMR?®
(CDCly, 25°C) 6: 3.12 (1H, dd, /=14, 8 Hz, 7-H), 3.19 (1H, dd, /=14,
5Hz, 7'-H), 3.44 (3H, brs, OCH; in MTPA), 3.61 (3H, s, 9"-OCH,),
3.73 (3H, s, 3-OCH;), 3.74 (3H, s, 9-OCH,;), 3.84 (6H, s, 3-OCHj;,
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4-0OCH,), 3.85 (3H, s, 3"-OCHj,), 3.89 (3H, s, 4"-OCHj), 4.99 (1H, d,
J=6Hz, 8"-H), 5.35 (1H, dd, /=8, 5Hz, §-H), 6.30 (1H, d, /=16Hz,
8-H), 6.37 (1H, d, J=6Hz, 7"-H), 6.62 (1H, d, J=8 Hz, 5-H), 6.76—6.81
(3H, m, 2'-H, 5-H, 6-H), 6.84 (1H, d, J=8Hz, 5"-H), 6.92 (1H, dd,
J=8, 2Hz, 6-H), 6.94 (1H, d, J=2Hz, 2-H), 7.03 (1H, dd, /=8, 2Hz,
6"-H), 7.10 (1H, d, J=2Hz, 2"-H), 7.28 (2H, tt, J=7.5, 1.5Hz, Ph),
7.34 (1H, tt, J=1.5, 1.5Hz, Ph), 7.38 (2H, brd, J=7.5Hz, Ph), 7.58
(1H, d, J=16Hz, 7-H).

Methanolysis of Heptamethylsalvianolic Acid K (1a) To a solution of
1a (50mg) in dry MeOH (5ml), a solution of NaOMe in MeOH (I N,
Sml) was added. After 2h reaction, the solution was subjected to
preparative TLC with AcOEt-hexane (50:50) to give methyl 3-(3,4-
dimethoxyphenyl)-(R)-propionate®> (14, 5.5 mg), methyl 4-O-[(1S,2R)-
2-hydroxy-1-methoxycarbonyl-2-(3,4-dimethoxyphenyl)ethyl]ferulate
(15, 14.0mg), 3,4-dimethoxybenzaldehyde (16, 1.0mg), and methyl
4-0-(methoxycarbonylmethyl)ferulate (17, 1.5 mg).

Methyl 3-(3,4-Dimethoxyphenyl)-(R)-propionate (14): Colorless amor-
phous solid, [«]3® —4.8° (¢=0.08, MeOH). EI-MS mj/z: 240 (M ™).
'H-NMR?® (CDCl,) §: 2.70 (1H, brd, J=5.5Hz, 8-OH), 2.92 (1H, dd,
J=14, 6.5Hz, 7-H), 3.08 (1H, dd, /=14, 4.5Hz, 7-H), 3.78 (3H, s,
9-OCH,), 3.86, 3.87 (each 3H, s, 3-OCHj;, 4-OCH,;), 4.44 (1H, brddd,
J=6.5, 5.5, 45Hz, §-H), 6.73—6.77 (2H, m, 2’-H, ¢-H), 6.81 (1H, d,
J=8.5Hz, 5-H).

Methyl 4-O-[(1S,2R)-2-Hydroxy-1-methoxycarbonyl-2-(3,4-dimeth-
oxyphenyl)ethyl]ferulate (15): Colorless amorphous solid, [«]3° —6.7°
(c=0.15, CHCl,). Positive ion DCI-MS m/z: 447.1667 [M+H]*
(C,3H,,0, requires 447.1655), 429.1548 [M+H—H,0]" (C,53H,504
requires 429.1549). "H-NMR?® (CDCl,) §: 3.70, 3.80, 3.88, 3.89, 3.90
(each 3H, s, 5x OCH;), 4.80 (1H, d, J=5Hz, 8"-H), 5.17 (1H, brd,
J=5Hz, 7"-H), 6.32 (1H, d, J=16Hz, 8-H), 6.81, 6.85 (each 1H, d,
J=8Hz, 5-H, 5"-H), 6.99, 7.02 (each 1H, dd, J=8, 2Hz, 6-H, 6"-H),
7.04,7.05 (each 1H,d, /J=2Hz, 2-H, 2"-H), 7.60 (1H, d, J= 16 Hz, 7-H).

3,4-Dimethoxybenzaldehyde (16): Colorless amorphous solid. EI-MS
mz: 166 (M ™). 'TH-NMR?® (CDCl,) : 3.96, 3.99 (each 3H, s, 3"-OCH,,
4"-OCH,), 6.99 (1H, d, J=8Hz, 5'-H), 7.42 (1H, d, J=2Hz, 2"-H),
7.47 (1H, dd, J=8, 2Hz, 6"-H), 9.86 (1H, s, CHO).

Methyl 4-O-(Methoxycarbonylmethyl)ferulate (17): Colorless amor-
phous solid. 'H-NMR (CDCl,) §: 3.81 (6H, s, 2 x CO,CH,), 3.93 (3H,
s, 3-OCH,), 4.74 (2H, s, 8"-H,), 6.33 (1H, d, J=16Hz, 8-H), 6.79 (1H,
d, J=9Hz, 5-H), 7.05—7.09 2H, m, 2-H, 6-H), 7.63 (1H, d, J= 16 Hz,
7-H).
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