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Abstract Two new phenylpropanoid glycosides, hemiphrosides A and B, were isolated from the

whole pladt of Hemiphragma heterophyiium togther with two known phenylpropanoid glycoside,

plantamajoside and plantsinoside D and three known iridoid glycosides, globularicidin,

globularin and iso—scrophularioside. The structures of hemiphrosides A and B were established

by spectral and chemical analyses as 2Z-(3—-hydroxy—4—methoxyphenyi) qth_vl O—-f-D—glu—
copyranosyl(1-=3}-4-0-B—feruloyl- B—D—glucopyranoside and 2-(3,4~dihydroxyphenyl) ethyl

O-[6-0 -acetyl-f—D-glucopyranosyl(1—= 3)]-4-0-E—caffecyl- - D—glucopyrano—-side. res—

pectively. ‘
Key words Flemiphragma hetero phylium, Scrophulariaceae, Phenylpropanoid glycosides, Iridoid )
glycosides, Hemiphrosides A and B

Hemiphragma heterophyifum Wall.(Scrophulariaceae) is a plant of monotype genus distributed from
estern Himalayas to Yunnan province of China. The whole plant of this unique species is used in Chinese
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folk medicine for the treatment of cholecystitis, tTheumatism, abnormal menstruation, toothache, etc 17 .

As a continuation of our study on phenylpropanoid and iridoid glycosides from medicinal plants of

t—mn , we have investigated the methano! extracts of the whole plant of H.

Scrophulariaceae
heterophytium, which led to the isolation and structure elucidation of two new phenylpropanoid glycosides,
named hemiphrosides A (1) and B(2), together with two known phenylpropanoid glycosides (3 and 4) and
three known iridoid glycosides {5—7). On comparison with reported data (UV, 'H and B¢ NMR spectra),
compounds 3— 7 were identified as plantamajoside © % | plantainoside D ** | globularicisin ¢ %1 .

11,12] NER]

globularin and iso—scrophularioside . respectively.

Table1 “C NMR speciral data of compounds 1—4 and 9 in CD,OD,0OD (ppm)

1 9 2 3 4
Aglycone moiety
C-1 132.89 132.97 131.42 131.52 131.35
2 117.09 117.14 116.58"* 116.65° 116.55°
3 147.39" 147.53 144.60 144.70 144 61
4 rq7.27" 147.53 146.05 146.15 146.09
5 112.98 112.96 117.13 117.20 117.10
6 121.16 121.07 121.28 121.34 121.28
[ 4 T2.16 72 B3 72.16 72.24 72.37
p# 36.53 36 51 36.49 36.57 36.64
OMe 56.42° 56.54
Sugar moiety
inner Glc—1 104.02 103 94 103.87 104.02 10402
2 75.08 74.40 75.08 75.09 7441
3 8421 88.21 84.27 8431 B7.58
4 70.89 70.08 70,53 70.96 7033
5 75.92 77.61% 75.85 75.90" 75.03
& 62.52° 62.65" 62.24 62.48° 64.59
terminal Glc—1 105.74 10531 105.58 105.8¢ 105.23
2 75.92 75.52 75.20 76.04° 75.50
3 7771 77.85" 77.51 12 78.13
4 T1.32 71.58 71.18 7127 71.54
5 78.00 78.20 75.71 77.91 1177
6 62.33° 62.65° 64.42 62.35° 62.60
OAc 172.79
2066
Ester moicty
i 127.72 127.64 127.76 127 66
2 H1.79 115.41 11535 1509
3 150.72 149.43 149.74 149.60
4 149.42 146.77 146.86 146.74
5 116.52 116.32* 116.38% 116.37"
& 124,27 12298 123.15 123.17
-C=0 168.51 168.28 168.56 169.08
[ 4 115.62 11513 115.26 114.82
Ji] 147.58 147.25 147.46 1477.23
OMe 56.49"

®F Signals in each vertical column can be intarchangeable.
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Table 2 'H NMR spectral data of compounads 1—4 and 9 in CD,0D (ppm)*

1 9 2 3 4
Aglvcone moety
H-2 €.73(d.2.09 6.15(d, 1.6} | 6.70Hd,1 .6) 6.70(br 5) 6.58(d,2.0)
5 6.810d, 8.2 6.81(d. 8.2} 6.68(d,8.1) 6.68(d,B.0) 6.64(d,8.0)
6 638(dd,8220) 6.68(55.8.21.6) 6.57Mdd.8.1.1.6) 65Mdd,5.0,1.6) 6.54(dd,8.0,2.0)
& 3 7Mm) 3. m) 3. %) 3. %m) 3. Hm)
o 4.0(m} 4.0(m) 4.0{m} 4.0{m} 4.0(m)
f 282(m) 2.51(m) 2.80(m} 2.804m) 2.1¥m)
OMe  3.80s) 3.80(s)
Sugar moiety E
inner Glc—1 4.41(4,7.9) 4.38(d,7.8) 4.41(4,7.9) 4.41(d. 8.0} 4.39(d,8.0)
terminal Gle—1 4.53d.7.T) 4.60(d.7.7} 4.55(d,7 8} 4,54d,8.0) 4.58(d,7.8)
OAc 1.888s)
Ester moiely .
2 7.22(d.1.7) 7.060d,1.8) 7.08(d,1.6) 7.04(d,2.0)
5 681{d8.2) 6.7Hd 5.3} 6.79(d,8.2) 6.77{d.2.2)
6 7.10Mdd,B2.1 T 6.95(dd.8.3,1.8) 696(dd.8.2,1.6) 6.9¥dd.B.2,2.0)
a  6.42(d,16.0} £.27d,16.0) 6.32(d.16.0) 6.28(d,16.0}
£ T.64d, 16.0} 7.56(d,16.0} 1.58(d,16.0) 7.55(d.16.0}
OMe  3.94(3)

«The conpling patterns and coupling constants in Hz are expressed in parentheses.

Hemiphroside A(1) was cbtained as an amorphous powder, whose molecular formula was determined
to be C,H,0,; by the negative FAB mass spectrum in which a guasi—meolecular ion peak exhibited at
m / z 667 in combination with the >C NMR{DEPT) spectrum. 1ts IR spectrum showed abscrption bands
due to hydroxy groups(3390 cm™', br), an «,#- unsaturated ester(vc. 51698 and v,_ 1624 em™} and aro-
matic rings(1595 and 1505 cm ). The presence of these functional Eroups were also supported by its UV
spectrum which displayed strong absorbtion bands at 222, 245, 288 and 330 nm. The 'H and *C NMR
spectra of 1 {vide Table 1 and 2) exhibited typical signals arising from ferulic acid aod '
2—(3—hydroxy—4-methoxyphenyl) ethyl alchohol moieties ©'*’ and almost same signals due sugar moicty
as those of plantamajoside {3) and plantainoside D{4). On acid hydrolysis, 1 only yielded glucose as sugar
residue. When hydrolysed with 0.5 mol /L NaOH, ferulic acid was tested out by TLC. The sequence and
interglycosidic linkage positions were established as follows. Alkaline hydrolysis of 1 with [ mol /L
NaOH-MeOH{! : [) afforded compounds 8 and 9, Compound 8 was readily identified as methyl ferulate
by comparison of its 'H and “C NMR signals with reported data (25.4) n the 'H and ’C NMR specira
of 9, only the signals due to a 3-hydroxy—4—methoxyphenylethyl alchohol moiety “*'*’ were observed with .
two sets of signals correspending to f—glucopyranosyl units|#4.38(d, J=7.8Hz), 4.60(d, J="7.7 Hz}or
anomeric proton signals and 103.94, 105.31 for anomieric carbon ones], suggesting that compound 9 was
the desferuloyl product of 1. In addition, the presence of the typical signals at §88.21 due to sugar moiety
in the *C NMR spectrum of 9 indicated that the terminal glucose was attached to the hydroxy group of
C-3 of the inner glucose. Therefore, the siructure of 9 was estabhished to be
2—(3-hydroxy—4-methoxyphenyl} ethyl O f—D-glucopyransyl{l—3)- f—D—glucopyranoside. Compared
to 9,1 showed remarkable upfield shifts for the signals of C-3{/5—1.69ppm)of the inner glucose in the *C
NMR spectrum {vige Table 1}, indicating that the ferulic acid moiety should be linked to the hydroxy
group of C—4 of ihe inner glucose. Based on the above evidencé. the structure of 1 was shown to be

—— W
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2-(3-hydroxy—4-methexyphenyllethyl O-f-D-glucopyranosyl(l—~ 3)}-4-O-E—feruloyl-#-D-glu
copyranoside.
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Hemiphroside B{2} was also obtained as an amorphous powder, Its UV and [R spectra were very simi-

lar to those of plantamajoside {3). On acid hydrolysis, only glucose was detected as sugar residue. The 'H
and C NMR spectra of 2 (vide Tables | and 2} showed the presence of caffeic acid and
2—{3,4-dihydroxyphenyl)ethyl alcohol moictied “¥~**7 | and aceiyl group and two sets of signals corre-
sponding to two f-glucopyranosyl units. This was in accordance with the molecular Formula
C,;;H;30y,; deduced from the negative FAB mass spectrum ((M-HJ at m .z 681}). The sequence and
interglycosidic linkage positions of 2 were established by comparison of the 'H and '*C NMR spectra with
those of 3. The "H NMR signals of 2 were almost superimposable on those of 3 excepl for an acety] group
. {51.88). In the *C NMR spectrum of 2, besides the additional acetyl signals at $172.79 and 20.68, only two
signals due to sugar moiety were significantly different from those of 3, i.e. 564.42 and 75.7] compared o

562,35 and 77.91. The presence of the signal at §64.42 in 2 confirmed that the acetyl group was attached to

;he hydroxy group of C-6 of a glucose, but the linkage position at C—6 of the inner glucose was excluded

’ by the presence (o the singal at 75.71 and absence of a signal resonated at about 6 78 corresponding to C-5
of the normal terminal glucose. Thus, this acetyl group was linked to the hydroxy group of C—6 of the ter-

minal glucose and the structure of 2 was elucidated to be 2—{3,4—dihydroxyphenyl) ethyl O—(6—O—acetyl-
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#-D-glucopyranosyl{1 = 3)]-4- O—E-caffecyl- §— D—glucopyranoside.
EXPERIMENT

'H and "NMR(DEPT) spectra were recorded in CD,0D at 400 MHz and 100 MHz, respectively.
using TMS as int. standards.

Plant material The whole plant of Hemiphiragma heterophyllurm Wail. was collected in Lugian
county, Yunnan province of China. A voucher specimen is deposited in the Herbarium of Kunming Insti-
tute of Botany, Chinese Academy of Sciences.

Extraction and isolation Dried whole plants{8 kg) were cut into piecies and then extracted with .
EtOH under reflux. After removal of solvents by evapn, the combined extracts (450 g) were dissolved in
H,0, defatted with Et,0 and CHCI, successively and then extracted with n—~BuOH¢{satd with H,0). The
combined n—BuOH layers were coned to dryness to give a yellow residue(430 g), which was subjected to
macroporous adsorbtion resin D—101 eiuting with aq. MeOH to give three frs., fr.1{270 g of the H,0
eluate}, fr. 2(64 g of 30% MeOH eluate) and 1.3(90 g of 60% MeOH eluate). Fr. 2 was chromatographed
on siiica gel with CHCI,~-MeOH-H,O{50 : 10 | to 30 : 10 : i) and then on reversed phase silica gel
{RP-8) with 70% MeOH to give 3 (2.0 g). Fr. 3 was repeatedly chromatographed on silica gel with
CHCl,-MeOH-H,O(7¢ : 13 : 1 to 26 10: 1) and reversed phase silica gel (RP—i8, ODS-Q—3) with
70% or 60% MeOH to yield 4(1.0 g), 1{2.0 g), 2(0.7 g), (0.2 g). 6(7.0 g) and 7(0.06 g).

Hemiphroside A(1). [xEf-47 ° (MeOH; ¢ 0.34); UVAE"nm(ige): 222(4.27), 245(3.95), 288(4.06),
33004.22), IRveorem ' 3390(OH), 1698(C=0). 1623(C=C), 1595 and 1505 {aromatic ring}; FAB-MS
{neg)m /s z: 667[M*-HT, 505M-H-Glc], 491[M-Fer], 353[505—(3-hydroxy—4-methoxy-
phenyiethyl)-H1", 33%[4%1 -(3-hydroxy—4-methoxypheny-lethyl)—HT .

Hemiphroside B{2). [«}F-60° (McOH: ¢ 0.30); UVAECHnmilge): 219(4.41), 225(4.33), 288(4.22),
329(4.40); TRvENem™': 3389(OH), 1700(C=0), 1623(C=C), 1595 and 1505 (aromatic ring}; FAB-MS
{neg.)m / z: 681[M*~H]", 519[M—Caf] . 477[Glc—Aac] , 335{477—{3.4—dihydroxyphenyethy)-H] .

Piantainoside (3)" %' . An amorphous powder, UViE 2 nm(lge): 220(4.17), 230(4.09), 285(3.95),
329(4.16); IRvEMem ' 3350{0H), 1698(C = 0}, 1620{C= C), 1595 and 1515 (aromatic ring).

Plantamajoside (4) “*? . An amorphous powder, UVAE" nm(lge): 220(4.88), 230(4.28), 247(4.17),
251(4.29); 334(4.46); IRvE2em™: 3390(0H), 1698(C = 0}, 1624(C= C). 1595 and 1520 (aromaltic ring).

Globularicisin (5" "*'"'7 | An amorphous powder, UVAES"nmilge): 216(4.16). 220(4.10), 279(4.17),
322(3.38); IRvE2em™': 3400{OH), 17065(C=0), 1647 and 1625(C = C), 1580 and 1495 {aromatic ring); 'H
NMR §: aglycone 5.03(1H, d. J=9.7 Hz, H-1), 6.35(1H. dd, J=6.0, 1.7 Hz. H-3), 5.06(1H, m. H-4},
2.23(1H, m, H-5), 3.91{1H, m, H-6), 3.32(1H. br 5, H-7), 2.52(1H, dd, J=9.7, 7.6 Hz. H-9), 4.22 and
495(2H. ABq. J=12.7 Hz. H-10). Glc 4.74(1H, d, J=7.8 Hz, H-1), cis—Cinn. 7.60(2H. m, H-2'6"), .
7.37(3H, m. H-¥4'.5), 6.01(1H, d, J=12.6 Hz, H-«), 7.03(1H. d. J=12.6 Hz, H-g); *C NMR é: ‘
aglycone (C—1-= C-10) 95.61, 141.83, 103.73, 3898, 79.45, 62.73, 63.34, 43.62, 64.37, Glc{C~1— C-6)

10031, 74.85, 77.66, 71.56. 78.54. 63.06, cis—Cinn. 136.26{C-17), 130.09(C-2"6"), 129.1HC-3".5"),
129.40(C—4'). 167.55(C = 0), 120.08(C-z), 144.86(C— ).

Gilobularicisin (6} '""?" _ An amorphous powder, UViES nmilge): 217(4.11), 222(4.03), 280(4.31);
IRvEem ™" 3400(0H), 1695(C=0), 1645 and 1635(C=C), 1570 and 1495 (aromatic ring): 'H NMR &:
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aglycone S.08U1H, d. J 9.7 Hz. H-1), 6.36(1H. dd, J=6.0 Hz, H-3), 5.09¢1H, m, H- 4). 2.30{}H, m. H-5).
3.92(tH, m. H- 6), 3.35(1H, br s, H-7), 2.6 IH. dd, J-9.7. 9.8 Hz, H-9). 4.27 and 5.04(2H, ABg. J=12.6
Hz. H-10). Glc 4.75(1H. d. J-7.9 Hz, H-1). Trans—Cinn. 7.6 1{(2H, m. H-2°.6"). 7.403H. m. H- 3. 4", 5).
6.65(1H, d, J=16.0 Hz. H-g). 7.7H{1H, d, J= 16.0 Hz. H- ). ’C NMR §: aglycone {C- 1-+C—10) 95.59.
141.79, 103.71. 38 99, 79.43, 62.78, 63.53, 43.59, 64.45. GlAC~ 1 ~C-6) [00.27, 74.78, 77.80, 71.43, 78 41,
62.99. rrans—Cinn. 135 70(C-1"), 129.98(C-27.6"). 129.33(C-3"57, 131.54(C-4"). 168.36{C=0).
HB.60{C—a), 146.66(C-§).

Iso—scrophularioside (N ' | An amorphous powder, UVAEDR, milge): 215(3.93), 276(3.97)

max
IRvEErem ™ 340000H), 1655(C = 0), 1650 and 1625(C=C). 1595 and 1505 taromatic ring); '"H NMR &
aglycone 4 97{1H, d. J=7.4 Hz, H-1), 6.34{1H, dd, 1=359, | 6Hz, H-3), 5.!2(IH. dd. J=5.9, 3.6, H-4),
270(1H, m. H -5), 4 4%1H,. m, H-6), 5.83(tH, brs, H-7, 2.97(1H, dd, J=7.2, 7 | Hz, H-9), 5.002H. br
s, H-10), Gic 4.71{1H. 4, J=7.8 Hz, H-I). trans—Cinn. 7.6002H, m, H-2".6"), 7.4003H., m, H-3'.4'.5"),
6.56{1H, d, J=16.0 Hz, H-a), 7.73(1H, d. ] = 16.0 Hz, H-§); C NMR &: aglycone (C-1~C--10) 98.0!,
141.75, 105.57, 46.31, 82.86, 132.72, 142.58. 48.40, 63.63, Glc ({(C-1—-C—6) [00.22, 74.90, 77.94, 7!.50.
78.23, 62.79, rrans—Cinn. 135.67(C-11, [30.05¢C-2",6. 129.30C-3'5, [31.624C—4"), [68.29(C=0).
118.620C —a), 146.7HC—f).

Acid hydrolysis of 1 and 2 on TLC plate and identification of the resulting monosaccharide were des-
cribed in the previous paper “'°- .

Alkaline hydrolysis of 1 with 0.5 mol / L NaOH. A soln of 1 {ca. 4 mg) 1n 0.5 NaOH(! mL) was keept
at 60T for {0 min. The reaction mizture was examined with TLC using CHCL,-MeOH-H, 07 2 3 1 I,
lower layer) as development and UV lamp as detection. Ferulic acie was identified by compared with an
authentic sample.

Alkaline hydrolysis of 1 with | mol/ L NaOH-MeOHt! : ). A soln of 1 {200 mg)} in 1 mol /L
NaOH-MeQOH(1 : 1; 8 mL) was allowed standing at room temp. for 24 h, The reaction mixture was neu-
tralized with Amberlite MB-3(H*, OH form), Fltered. and then extracted with Et,0 and n—-BuQH. The
Et,0 layer was evaparated to dryness to give 8(30 mg): TH NMR é: 7.15{1H. d, T= 1.4 Hz, H-2), 6.80{! H,
d, J-8.0 Hz, H-5), 7.05(1H. dd. J-8.0, 1.4 Hz, H-6), 6.33(IH, d, J=1t6 Hz, H-a), 7.5%{IH. d, J=16 Hz,
H—§) C NMR & 127.64(C—1). 111BHC-2). 150.54(C~3), 149.43(C—4), 116.46(C-5), 123.99(C-6).
169.65(C=0), I152HC-a), H6.7HC-F), 51.95(0CH,), 5646(COOCHs). The n-BuOH layer was
evaparated to dryness to give a residue, which was purified on silica gel with CHCL,-MeOH-H,0(40 : 10

: 1) to furnish %: "H and "*C NMR spectral data see Tabtes | and 2.
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