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Cerebrosides and Phenolic Constituents of Prunus padus L.

Dae Su Na, Min Cheol Yang, Kyu Ha Lee, and Kang Ro Lee*
Natural Pruducts Laboratory College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea

Abstract — The chromatographic separation of n-BuOH extract of the aerial parts of Prunus padus (Rosaceae) led to the iso-
lation of two cerebrosides, and six phenolic compounds. Their structure were identified to be pinelloside (1), soyacebroside |
(2), quercetin-3-0-p-D-galactopyranoside (3), nudiposide (4), (+)-isolarisiresinol 9'-O-p-D-xylopyranoside (5), khaephuoside A
(6) and icariside F2 (7) by physicochemical and spectroscopic methods. The compounds 1, 5~7 are first isolated from the genus

Prunus.
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8 S 7 ASl T, TS A atista ot}
FEA| gas]o] 9l
7171 & A2k~ 'H- 2 BC.NMRE Varian VXR-5002

2 243}t FAB-MS spectrume VG70-VSEG (VG
ANALITICAL, UK)& A3} 37, nitrobenzy! alcohol &
matrix 2 AF-3}$t}h Open column chromatography &
Silica gel 60 (Merck, 70~230, 230~400 mesh ASTM Art.
7734 and 9385, Merck)9} LiChroprep RP-18 (Merck, 40~
63 um)= AF8-3% T, molecular sieve column chromato-
graphy-8& packing &3 2 Sephadex LH-20 (Pharmacia)<
AREsIATE. Prep. HPLCE Gilson 306 pump®t Econosil RP
C-18 10u (length: 250 mm, 1.D.: 22 mm) column2 Shodex
refractive index detecterol] 4s}e] AME-8FTt. TLC plate
+ Kiesel gel 60 F,., precoated plate (Art. 552, Merck)E
ARE-SF AL, TLC A A1oF2- anis-aldehyde 10% H,SO,
& AHESII e, & o column chromatography-& &)
T AR, 7IE AR 16 BEE 55 77 AMSet

k.

F£ 9 22| - ASUHF AT (40KgyE d2olA
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water (10:3:0.5)2] F5-8vlZ silica gel column chromato-
graphyS A1t 47)12] B3 (B1~B4)2.Z Yritt. Bl
28 (19.0 )2 Sephadex LH-20 (80% MeOH)L. 2 47§ <]
#3 (BII-Bl4)2=E Lhe &, o] & Bll #8(3.5 2) silica
gel column chromatography (chloroform : methanol =7: 1)}
Sephadex LH-20 (100% MeOH)YS 4A15kd B1131 (20 mg)
< 9221, Econosil RP C-18 HPLC (99% MeOH)E %
Aste] 3FE 1(7 mgypd 2 (10 me)2 2 4t B13 &
3 (110 mgyS Amine Sep-pak (100% MeOH)Z 7 A4 5}
SFE 3(Tme)S BATH B2 £3 (100 )< silica gel
column chromatography (chloroform : methanol : water=7:
2:0.1)% o]&std THo] FFOo =2 1w T, o]F B22 ¥
(4.5 g)= Sephadex LH-20 (100% MeOH) 2 Econosil RP
C-18 HPLC (35% MeOH)E AA|stod 313E 4 (13 mg)S
AU B23 ¥4 (140 mg)S Econosil RP C-18 HPLC
(30% MeOH, 15% acetonitrile)2 AAI5l] 3RHE 5 (8 mg)
& 4ok B24 3 (550 mg)& RP C-18 Lobar-A column
(20% MeOH) % Econosil RP C-18 HPLC (20% MeOH)
2 A5l 3% 6 (27 mg)H FTE 7(30mg)yS 7zt
AL

8lgtE 1 (pinelloside) — White powder; [a], : —4.00
(c 0.02, MeOH); FAB-MS : m/z 712 [M-H]"; 'H-NMR
(500 MHz, CD,0D) & : 5.66 (1H, dd, J=6.5, 15.0 Hz, H-
12), 5.45 (1H, dd, J=6.5, 15.0 Hz, H-11), 5.41 (1H, dd,
J=5.5, 16.0 Hz, H-4), 5.32 (1H, dd, /=6.5, 16.0 Hz, H-5),
421 (IH, d, J=7.5 Hz, H-1"), 4.08 (1H, br q, J=5.5 Hz,
H-3), 401 (1H, dd, J=5.5, 10.5 Hz, H-1a), 3.91 (2H, m,
H-2, 2, 3.77 (1H, dd, J=6.0, 12.0 Hz, H-6a"), 3.67 (1H,
dd, J=4.0, 10.5 Hz, H-1b), 3.59 (1H, dt, J=6.0, 12.0 Hz,
H-6b"), 3.30 (1H, td, J=4.0, 9.0 Hz, H-3"), 3.24 (1H, td,
J=4.0, 9.0 Hz, H-4"), 3.18 (1H, m, H-5"), 3.13 (1H, ddd,
J=4.0, 7.5, 9.0 Hz, H-2"), 2.01 (2H, m, H-10, 13), 1.98
(1H, m, H-6), 1.95 (1H, m, H-3"), 1.30~1.25 (3H, m, H-
7~9), 1.25 (m, H-14~16, 4'~14"), 0.87 (6H, t, J=7.0 Hz,
H-18, 16); "C-NMR (125 MHz, CD,0D) & : 176.06 (C-
1", 133.20 (C-12), 130.22 (C-11), 130.16 (C-4), 128.78
(C-5), 103.57 (C-1"), 76.83 (C-5"), 76.78 (C-3"), 73.84
(C-2"), 71.91 (C-2"), 71.70 (C-3), 70.43 (C-4"), 68.56 (C-
1), 61.53 (C-6"), 53.50 (C-2), 34.70 (C-3'), 32.49 (C-6),
31.90 (C-10, 13, 14'), 29.68~26.71 (15C, C-7~9, 14~16,
5'~13"), 25.04 (C-4"), 22.56 (C-17, 15", 13.27 (C-18),
13.25 (C-16").

8}8tE 2 (soyacerebroside [) — White powder; [a], :
291 (c 0.03, MeOH); FAB-MS : m/z 712 [M-H]; 'H-
NMR (500 MHz, CD,0D) & : 5.73 (1H, dt, J=6.0, 15.0
Hz, H-5), 5.47 (1H, dd, J=7.0, 15.0 Hz, H-4), 5.42 (2H, t,
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J=4.0 Hz), 4.27 (1H, d, J=7.7 Hz, H-1"), 4.12 (1H, t,
J=7.5 Hz, H-3), 4.10 (1H, dd, J=5.5, 10.0 Hz, H-1b),
4.00 (1H, dd, J=3.5, 8.0 Hz, H-2"), 3.98 (1H, ddd, J=3.5,
5.0, 7.5 Hz, H-2), 3.81 (1H, dd, J=1.4, 12.0 Hz, H-6b"),
3.71 (1H, dd, J=3.5, 10.0 Hz, H-1a), 3.67 (1H, dd, J=5.1,
12.0 Hz, H-6a"), 3.36 (1H, t, J=9.0 Hz, H-3"), 3.31~3.28
(2H, m, H-4", 5, 3.19 (1H, dd, J=7.7, 8.8 Hz, H-2"),
2.07 (1H, m, H-7), 2.06 (1H, m, H-6), 1.97 (1H, m, H-
10), 1.70 (1H, dq, J=7.0, 14.0 Hz, H-3b"), 1.58 (1H, ddd,
J=4.0, 8.0, 14.0 Hz, H-3a"), 1.42 (1H, m, H-4"), 1.31~1.28
(m, H-11~17, 5'~15", 0.90 (6H, t, J=6.7 Hz, H-18, 16");
“C-NMR (125 MHz, CD,0D) & : 177.20 (C-1'), 134.22
(C-5), 131.60 (C-8), 130.00 (C-9), 129.81 (C-4), 103.80
(C-1%), 77.12 (C-3", 5"), 74.23 (C-2"), 72.61 (C-2"), 72.40
(C-3), 70.81 (C-4"), 69.01 (C-1), 62.13 (C-6"), 53.90 (C-
2), 35.22 (C-3'), 33.10 (C-7), 32.84 (C-10), 32.49 (C-3,
16, 14"), 30.32~29.78 (C-11~15, 5'~13"), 23.19 (C-17, 4,
15, 14.3 (C-18, 16)).

5tgHE 3 (quercetin-3-O-B-D-galactopyranoside) —
Yellow powder; FAB-MS : m/z 463 [M-H]; "H-NMR
(500 MHz, DMSO-d,) & : 12.61 (1H, OH-5), 7.66 (1H,
dd, J=2.0, 8.0 Hz, H-6), 7.53 (1H, d, /=2.0 Hz, H-2),
6.81 (1H, d, J=8.0 Hz, H-5), 6.37 (1H, d, /=2.0 Hz, H-
8), 6.17 (1H, d, J=2.5 Hz, H-6), 536 (1H, d, J=8.0 Hz,
H-1"), 3.65 (1H, d, J=3.0 Hz, H-4"), 3.56 (1H, d, J=7.5
Hz, H-2"), 3.47 (1H, d, J=5.5 Hz, H-6b"), 3.36 (1H, d,
J=3.0 Hz, H-3"), 3.33 (1H, m, H-5"), 3.33 (1H, m, H-
6a"); “C-NMR (125 MHz, DMSO-d,)  : 178.07 (C-4),
165.50 (C-7), 161.91 (C-5), 157.07 (C-2), 156.82 (C-9),
149.27 (C-4"), 145.57 (C-3™), 134.16 (C-3), 122.68 (C-6),
121.75 (C-1), 116.60 (C-5"), 115.88 (C-2'), 104.35 (C-10),
102.62 (C-1"), 99.55 (C-6), 94.29 (C-8), 76.54 (C-5"),
73.93 (C-3"), 71.92 (C-2"), 68.62 (C-4"), 60.83 (C-6").

8lgtE 4 (nudiposide) — Colorless needle; [a], : —21.28
(¢ 0.06, MeOH); ESI-MS : m/z 551 [M-H]; 'H-NMR
(500 MHz, DMSO-d;) & : 6.53 (1H, s, H-2), 6.33 (2H, s,
H-2', 6, 4.27 (1H, d, J=6.4 Hz, H-7"), 4.12 (1H, d, J=7.5
Hz, H-1"), 3.76 (3H, s, OCH,), 3.69 (1H, m, H-5a"), 3.68
(IH. m, H-9b"), 3.64 (6H, s, OCH;x2), 3.52~3.32 (4H,
broad, H-9, 9a', 4"), 3.25 (3H, s, OCH,), 3.12 (1H, m, H-
3"), 3.04 (1H, m, H-5a"), 3.01 (1H, m, H-2"), 2.63 (1H,
m, H-7), 1.92 (1H, m, H-8"), 1.52 (1H, m, H-8); “*C-
NMR (125 MHz, DMSO-d,) & : 148.24 (2C, C-3', 5'),
147.64 (C-5), 147.26 (C-3), 138.30 (C-1'), 137.99 (C-4),
134.07 (C-4'), 129.08 (C-1), 125.61 (C-6), 107.43 (C-2),
106.73 (2C, C-2', 6"), 104.73 (C-1"), 77.52 (C-3"), 74.01
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(C-2"), 70.31 (C-4"), 69.75 (C-9"), 66.46 (C-5"), 64.47 (C-
9}, 59.37 (OCH,), 56.80 (OCH;x2), 56.39 (OCH,), 49.30
(C-8), 45.28 (C-7), 41.63 (C-8), 33.76 (C-7).

8}et2 5 ((+)-isolarisiresinol 9'-O-B-D-xylopyranoside)
— White powder; [a], : +38.42 (¢ 0.03, MeOH); ESI-MS
:m/z 491 [M-HT; 'H-NMR (500 MHz, DMSO-d,) a :
6.79 (1H, d, J=2.0 Hz, H-2), 6.69 (1H, d, J=7.8 Hz, H-
39, 6.60 (1H, s, H-5), 6.48 (1H, dd, J=2.0, 7.8 Hz, H-6'),
6.08 (1H, s, H-2), 3.92 (1H, d, J/=7.3 Hz, H-1"), 3.84
(1H, dd, /=24, 9.8 Hz, H-7"), 3.72 (3H, s, OCH,), 3.71
(3H, s, OCH,), 3.69 (2H, m, H-9), 3.65 (1H, dd, J=5.4,
11.7 Hz, H-5b"), 3.56 (2H, m, H-9"), 3.47 (1H, m, H-4"),
3.10 (1H, m, H-3"), 3.07 (1H, m, H-2"), 3.00 (IH, m, H-
5a"), 2.99 (1H, m, H-9a"), 2.72 (2H, m, H-7), 1.88 (1H, m,
H-8), 1.70 (1H, m, H-8"); "C-NMR (125 MHz, DMSO-d,)
& 147.87 (C-3"), 146.22 (C-3), 145.21 (C-4), 144.78 (C-
4", 137.57 (C-1"), 133.36 (C-6), 127.75 (C-1), 121.81 (C-
6'), 116.98 (C-3), 116.18 (C-5"), 114.63 (C-2"), 112.59 (C-
2), 105.23 (C-1"), 77.29 (C-3"), 74.06 (C-2"), 70.29 (C-
4"), 68.03 (C-9"), 66.38 (C-5"), 63.39 (C-9), 56.33
(OCH,), 56.25 (OCH,), 46.35 (C-8"), 44.79 (C-7"), 38.34
(C-8), 31.38 (C-7).

3}2HE 6 (khaepuoside A) — White powder; ESI-MS :
m/z 477 [M-H]"; '"H-NMR (500 MHz, DMSO-d,) & : 6.35
(2H, s, H-2, 6), 5.27 (1H, d, J=1.6 Hz, H-1"), 4.80 (1H,

H,CO

Hy,CO— —OGIu-(2»1")-Api

H,CO
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d, J=7.8 Hz, H-1'), 3.92 (1H, d, J=10.3 Hz, H-4"), 3.86
(1H, d, J=9.3 Hz, H-2"), 3.74 (6H, s, OCH,x2), 3.71 (2H,
m, H-6', 4"), 3.60 (3H, s, OCH,), 3.40 (1H, dd, J~7.3,
10.7 Hz, H-6"), 3.28 (2H, m, H-5"); “"C-NMR (125 MHz,
DMSO-d,) & : 154.63 (C-4), 153.82 (2C, C-3, 5), 133.26
(C-1), 109.80 (C-1"), 101.59 (C-1'), 95.06 (2C, C-2, 6),
79.38 (C-3"), 77.18 (2C, C-2', 5", 76.51 (C-3"), 76.22 (C-
2", 73.91 (C-4"), 70.78 (C-4'), 68.44 (C-5"), 63.65 (C-6"),
60.81 (OCH,), 56.51 (OCH,).

S}EIE 7 (icariside F2) — White powder; ESI-MS : m/z
401 [M-H]"; 'H-NMR (500 MHz, DMSO-d,) & : 7.40
(2H, d, J=7.0 Hz, H-2, 6), 7.34 (2H, t, J=7.0 Hz, H-3,
5), 7.28 (1H, t, J=7.0 Hz, H-4), 5.10 (1H, d, J=5.0 Hz,
H-1"), 5.07 (1H, d, J=6.5 Hz), 499 (2H, dd, J=5.0, 10.0
Hz), 491 (1H, d, J=3.5 Hz), 4.77 (1H, t, J=12.5 Hz, H-
7a), 4.60 (1H, s), 4.58 (1H, d, J=12.5 Hz, H-7b), 4.48
(1H, s), 422 (1H, d, J=7.5 Hz, H-1'), 3.89 (1H, s), 3.87
(1H, t, J=2.0 Hz), 3.79 (1H, brs.), 3.60 (1H, d, J=9.5
Hz), 3.46 (1H, dd, J=4.0, 7.0 Hz), 3.27 (1H, td, J=2.0,
7.5 Hz), 3.14 (1H, m), 3.03 (2H, m); "C-NMR (125 MHz,
DMSO-d,) & : 138.61 (C-1), 128.83 (2C, C-2, 6), 128.50
(2C, C-3, 5), 128.09 (C-4), 110.03 (C-1"), 102.02 (C-1",
79.51 (C-3"), 77.36 (C-5'), 76.64 (C-2"), 76.37 (C-3"),
74.12 (C-7), 73.97 (C-2"), 71.03 (C-4"), 70.24 (C-4"),
68.40 (C-6'), 63.92 (C-5').

H4CO
RS-
HO ~, JOXyl

C OGIu-(61")-Api
1 7

Fig. 1. The structure of compounds 1-7.
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ot 9 I
S}9HE 12 A Faate] EMEH anis-aldehyde 10%
H,SO0A 2 0 & A Q) T}, FAB-MS 23] Ej] o] A

molecular ion peak [M-H] 7} m/z 712914 #Z %000,
'H- 2 "C-NMR 2#E8A22 £35)4] molecular formula
& CyH NOE F438I, ol A2 Y ExIre 48
&g = Utk 'H-NMR 2#E= 9} olefinic proton %]
o)A § 5.66 (1H, dd, J=6.5, 15.0 Hz), 5 5.45 (IH, dd,
J=6.5, 15.0 Hz), 6 5.41 (1H, dd, J=5.5, 16.0 Hz), 8 5.32
(1H, dd, J=6.5, 16.0 Hz) ¥ oxygenated proton Z[of|A] §
3.30 (1H, td, /=4.0, 9.0 Hz), & 3.24 (1H, td, J=4.0, 9.0
Hz), & 3.18 (1H, m), 6 3.13 (1H, ddd, /=4.0, 7.5, 9.0 Hz)
& WS = %o, aliphatic proton A|9JellA 2742] 7
7] terminal methyl”]E 8 0.87 (6H, t, /~7.0 Hz)°lX #
A 4 A} 3 9] anomeric protonO F o AHE =
peak= 8 421 (1H, d, /=7.5 Hz)oll Al &= 5= At
BC-NMR 28 E & o)A carbonyl carbon & 176.062 %3l
&htel acyl group olefinic carbon Aol A YERtE §
133.20, 5 130.22, 3 130.16, 5 128.78%] peaksZ 5] 27}
o] o]F AT o] EATES & 4 ULt 9] 7718 Axt
2 E3}o] cerebroside® 453+ 3 71& £V v walo]
SHEHE 19] 725 pinelloside® 543131 Th

SEHE 2= S Babde) EZ &M anis-aldehyde 10%
H,S0,014 ZA o2 WA QiTh FAB-MS 23] E 7] of A
molecular ion peak [M-H] 7} m/z 71214 #2530,
'H- 2 PC-NMR Z#HEHARS E3510] molecular formula
5 C H,NOE 833, o] 02 e Bisley 42
A&+ AArk S9hE 12k vlwate) "C-NMR 29 E
HollA olefinic carbon®] chemical shiftile] Ha= oz 7+
& 239 e F o|FAYS AV AR o BAR
7 12 731" vlwsle] Sl 25 soyacerebroside

o] EZ-ZM anis-aldehyde 10%
HRAE) Tk FAB-MS 28] E 7] of 2]
molecular ion peak [M-H] 7} m/z 4630 4] 25 ¢l om,
'H- 2 PC-NMR 2 EZAES} £3}610] molecular formula
& G Hy 0,2 s, o7l oY EXsiEs 128
=3 ¢ ek 'H- % PC-NMR 2 ERR R 25 3}
g2 38 flavonol FEAlZ FAA0H, "C-NMR 22
EAAT (6 102,62, § 76.54, 6 73.93, & 71.92, § 68.62. &
60.83)Z5-E D-galactopyranose®] A5 ol st $1¢]
17184 Azel 712 £33} v)wsto] slgHE 39 %
£ quercetin-3-0-B-D-galactopyranoside® 574 311
shote 4= 7 A4S 22 =M anis-aldehyde 10%
H,SO,0l 4 Ztal o 2 abal x| Qi) ESI-MS 223 B ofl A

o

%

i

%)
o 7
<

ot

1=

2

N
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molecular ion peak [M-H] 7} m/z 55114 & o,
'H- 2 PC-NMR 2282159} 2381554 molecular formula
£ (00,2 F3I97, ooz e Exslu= 102
2 4 4= AUk 'H-NMR 28 E & olefinic proton
A QoA § 6.53 (1H, s), § 6.33 (2H, syge] #AHJT, §
4.12 (1H, d, J=7.5 HzplA 22 anomeric proton®.Z oA}
%= peak7t HEE U ™, oxygenated proton A HolA §
3.76 (3H, s), & 3.69 (1H, m), & 3.68 (1H, m), & 3.64
(6H, s), & 3.52~8 3.32 (4H, broad), 6 3.25 (3H, s), § 3.12
(1H, m), & 3.04 (1H, m), & 3.01 (1H, m)E°] FF= Y}
Aliphatic proton Ao A1 § 2.63 (1H, m), & 1.92 (1H,
m), § 1.52 (1H, myE°] #2523t PC-NMR 28 E8q
2y 12711¢] olefinic carbons ¥ HAE F3t], § 104.7300 4]
ZFe] anomeric carbon peak, oxygenated carbon Z|%jollA] §
77.52, & 74.01, 8 70.31, 8 69.75, & 66.46, & 6447 &2 &
e ATk S 7R A9 Bk B se
lignan Mg 2 F438IA 5L, T2 D-xylopyranose®. ol 45}
Act. 313HE 4¢] T 7)1 249 v)aeate] nudiposide
& s/dsiiich

kot 5= S Bubde] EdEM anis-aldehyde 10%
H,S0,014 ZA o &2 Al ] 9l e}, ESI-MS 223 E g of A

molecular ion peak [M-H] 7} m/z 491 A4 #2505,
'H- 2 “C-NMR 22 E371291 Z3Hs10] molecular formula
2 CH0,,28 F4319a, ozl e e Bxsles 10
o7 A 4 AU S3E 5= 3FHE 49 NMR #&
7F i ARG 2709) methoxyl?]7} Sl A #lst
T, 7% el v)wsle] S19HE 59 RS (+H-isolari-
siresinol 9'-O-B-D-xylopyranoside® 57 &} T},

sttt 62 B Eade] E42 M anis-aldehyde 10%
H,S0,0A] 2oz w9l v}, ESI-MS 22 E 3 of A
molecular ion peak [M-H] 7} m/z 4779 A] #2500,
- 2 PC-NMR 2E#x)Ee} E3810d molecular formula
E CyHy 022 AU, o] 02K E EXSEr 6
o= oike 4= 9tk 'HANMR 2HE# ] olefinic proton
Ao Al § 6.35 (2H, s)°F T2l anomeric proton® = ol 4t
%= &8 5.27 (1H, d, J=1.6 Hz), 5 4.80 (1H, d, J=7.8 Hz)
9} peaks®} oxygenated proton Aol A § 3.92 (1H, d,
J=10.3 Hz), 6 3.86 (1H, d, J=9.3 Hz), & 3.74 (6H, s), &
371 (2H, m), § 3.60 GH, s), 6 3.40 (1H, dd, /=73, 10.7
Hz), § 3.28 (2H, m)?] peaks= #ek = 9k, "C-NMR
ZHE- A olefinic carbon A2 § 154.63, § 153.82,
5 133.26, 5 95.06 % 9] anomeric carbons® A AE = §
109.80, & 101.592] peaks®} oxygenated carbon A el|A §
79.38, 0 77.18, & 76.51, & 76.22, 5 73.91, & 70.78, &6 68.44,
8 63.659] peaksE HEet o= St 2182 § 60.81, & 56.51
(x2)2] peaksE F3l Al 702l methoxyl groupd] EAE o



Vol. 37, No. 3, 2006

st o] 2HEY S Fstol G D aplofuranose
o} D-glucopyranosei o e l Rom, Ao 2pge}
7NE £ Va nwstel giE aephu051de AR 5

7(3 3].0:1

§’r3“j 78 Al Rubarol B4 2 M anis-aldehyde 10%
H,S0, oA zZtah o m WA E it} ESI-MS 2 E R o) A
molecular ion peak [M-H] 7} m/z 40194 &2 =],
'H- 2 C-NMR 28 E”R1859} 23)510] molecular formula
E C 0,2 F FAIAL, olZl o2 e BX3twE 6
o= o3 £ YTh 'H-NMR 2#HE=e] olefinic proton
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