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Diarylheptanoids from the stem bark of
Alnus hirsuta var. sibirica
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Sae-Won Kim and Min-Won Lee*
College of Pharmacy, Chung-Ang Univ., Seoul 156-756, Korea

Abstract — Chemical investigation of the stem bark of Alwus hirsuta Turcz var. sibirica (Bet-
ulaceae), one of the indigenous Alnus species growing in Korea has led to the isolation of five dia-
rylheptanoids. Structures of these compounds were identified as hirsutenone (1), hirsutanonol (2),
oregonin (3), (55)-1,7-bis-(3,4-dihydroxyphenyl)-heptan-3-one-5-O-3-D-glucopyranoside (4) and
(5R)-1,7-bis-(3,4-dihydroxyphenyl)-heptane-5-O-8-D-glucopyranoside (5) by the analysis of spec-
troscopic evidences and comparison with the data of authentic samples.
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A % 7|7] -TLCE percoated Silica gel 60
Fpsy Merck)E AME-819132, WHE 9 &2l UV-lamp
S} FeCl, 2 10% H,S0, (&7 ¥ 719) S48 A}
L3515t 49 az=olE 7 sE Amberlite XAD-2
(20-50 mesh, Fluka), Sephadex LH 20 (75230 um
mesh, Pharmacia), MCI-gel CHP-20P (75-150 um,
Mistubishi), YMC-gel ODS-A (230/70, 400/230, 500/
400 mesh, YMCco)E AM-3}$137, IR spectrometer
+ Shimazu IR-435 (Japan), NMR spectrometer:
Varian GEMINI 2000(USA), 300 MHz ¥ Brucker
AMX-500 (Germany), 500MHz (‘H-NMR) & A&
81913, El-Mass spectrometery= GC-MS/MS-DS,
TSQ 700 (USA) 12]31 Negative FAB-Mass spec-
trometer= VG70-VSEQ (England)ys AF&31992, Po-
larimeter= Jasco DIP-370 (Japan)2 AME-stsith.

& ¥ 22| - 1% A 56kgs FATF
80% 4 Me,COR A2ol|A 53] F&3led ofs}
Atk I FEAE A% 5T F H000 dEste]
o3st & Amberlite XAD-2 A ZolE 7))
(H,0—MeOH) & dAJsl FHe] £88 At &
g 20ftisle] Sephadex LH-20 ZH=A=ZvlE 2w
(H,0—-MeOH)S AA3le] £32.1, 2.2, 238 43
t}h, £82-1904= MCl-gel CHP-20P A=A 2nlE
e (&9 H,0-MeOH) & 2 A3l compound
4 660mg)E Ao BE2204= MCl-gel CHP-
20P APAZrETHY (H,0-MeOH)E 25l 7}
Z} compound 3 (3g)t compound 1 (68 mg)E &
oL, £82-3014E YMC ODS-gel ZHAZNET
@5 (40%MeOH)# Sephadex LH-20 ¥ A=u}lE
ZE (80% EtOH) & WHLAAsle] compound 5
(200 mgye AUk FE EF3M= YMC ODS-gel
APa=niE 1y (H,0->MeOH) £ A3l com-
pound 2 (60 mg) & AUt

Compound 1-Brown amorphous powder, [o]g°
;252" (c=10, Me,CO ), IR vEBrem™ : 3365
(OH), 1650 (-CH=CH-CO-), 1606, 1519 (Aromatic
C=C), EIMS : m/z 328IM]", '"H-NMR (Me,CO-d,,
300MHz) : & 693 (1H, &, /=160, 8.0Hz, H-5),
6.73-6.77 (4H in total, m, H-2,2"5'5"), 6.51-6.56
(2H in total, m, H-6,6", 6.13 (1H, d, /=16.0 Hz,
H-4), 247-2.82 (8H in total, m, H-126,7), “C-
NMR (Me,CO-d,, 75 MHz) : <Table I>

Compound 2-brown oil, [a]2® : -124° (c
=1.0, Me,CO ), IR vKBrem™ : 3336 (OH), 1699
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(C=0), 1605, 1519 (Aromatic C=C), EI MS : m/z
346[M[*, 'H-NMR (Me,CO-d,, 300MHz) : 6.71-
6.75 (4H in total, m, H-2'2"5'5"), 6.51-654 (2H
in total, m, H-66", 4.06 (1H, m, H-5), 2.52-2.76
(8H in total, m, H-1,2,4,7), 1.68-1.70 2H i total,
m, H-6), “CNMR (Me,CO-d,, 75MHz) : <Table 1>

Compound 3 —Brown amorphous powder, []3°
: 175 (c=1.0, Me,CO), IR vEBrem™ : 3367 (OH),
1701 (C=0), 1605, 1522 (Aromatic C=C), Nega-
tive FAB MS : m/z 477[M-HJ], 'H-NMR (300
MHz, Me,CO-d;+D,0) : 6.71-6.76 (4H in total,
H-22"55", 654 2H in total, m, H66"), 4.33
(1H, d, /=7.8Hz, xyl-1), 416 (1H, m, H-H),
3.87 (1H, m, xyl-5e), 3.54 (1H, m, xyl-4), 3.39
(H, t, J=9.0Hz, xyl-3), 321 (1H, m, xyl-5a),
3.13 (1H, m, xyl-2), 2.52-2.86 (8H in total, H-
1247, 177-1.82 @H in total, m, H-6), “C-
NMR (75 MHz, Me,CO-d;+D,0) : <Table 1>

Compound 4 —Brown amorphous powder, [a]2°
: -25.1° (c=10, Me,CO), IR vEBrcm™ : 3366
(OH), 1699 (C=0), 1605, 1523 (Aromatic C=C),
Negative FAB MS : m/z 507 [M-HJ, 'H-NMR
(300MHz, Me,CO-d,+D,0) : 672683 (4H in
total, H-2'2"5'5", 656 (2H in total, dd, J=8.1,
21Hz, H-66"), 440 (1H, d, /=7.8Hz, glc-1),
421 (1H, m, H-5), 3.90 (1H, dd, /=12.9, 1.8 Hz,
gle-5), 3.62 (1H, dd, /=12.9, 4.5Hz, glc-6), 3.22
(1H, m, glc-2), 2.54-2.85 (8H in total, H-12,4,7),
1.81-1.84 (2H in total, m, H-6), “C-NMR (75
MHz, Me,CO-d;+D,0) : <Table I>

Compound 5—Brown amorphous powder, [a]g°
: +5.3° (=10, Me,CO), IR vEBrem™ 3366 (OH),
1605, 1523 (Aromatic C=C), Negative FAB MS :
m/z 493 [M-H], 'H-NMR (300 MHz, Acetone-d,
+D,0) : 691 (1H, d, /=2.1Hz, H-2"), 6.73 (1H, d,
J=78Hz, H-5"), 6.70 (1H, d, J=7.8Hz H-5),
6.68 (1H, d, /=2.1Hz, H-2), 651 (1H, dd, J=
7.8, 21 Hz, H-6"), 649 (1H, dd, J=7.8, 2.1 Hg,
H-6), 441 (1H, d, J=78Hz, glc-1), 421 (1H, m,
H-5), 3.98-3.74 (overlapped in D,0, glc-5 and glc-
6), 3.32-342 (2H in total, m, glc-3 and glc-4),
325 (1H, m, glc-2), 260 2H in total, t, J=7.5
Hz, H-7), 244 (2H in total, t, /=75Hz, H-1),
1.69-1.76 2H in total, m, H-6), 1.47-1.59 (4H in
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Table 1. "C-NMR data of compounds 1-5a
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Carbon number 1* 2* 3* 4* 5% 5a**
heptane moiety
C-1 29.52 28.7 294 29.1 35.8 36.4
C-2 42.63 45.1 46.4 459 32.8 33.2
C-3 201.49 210.7 210.2 211.1 25.2 26.6
C-4 131.71 50.0 484 48.1 34.6 38.7
C-5 148.54 67.0 76.4 75.5 77.5 71.5
C-6 35.41 39.3 38.6 37.9 37.7 41.0
C-7 34.64 31.0 316 31.0 31.2 32.6
Diphenyl moiety
C-1 133.9 133.0 1344 133.7 135.4 135.7
c-1 134.2 134.0 1354 134.7 1354 135.7
Cc-2 116.5 115.3 116.4 116.0 116.1 116.4
c-2" 116.5 1154 116.5 116.1 116.1 116.5
Cc-3 146.2 145.0 146.1 145.6 145.6 146.2
C-3" 146.2 145.1 146.1 145.8 145.9 146.2
C4 144.4 143.1 144.3 143.8 144.0 144.3
C-4" 144.4 143.3 144.5 144.1 144.0 144.3
C-5' 116.7 115.7 116.7 116.3 116.5 116.8
C-5" 116.7 1155 116.8 116.7 117.2 116.8
C-6 120.7 119.5 120.9 120.3 120.6 120.8
C-6" 120.7 119.6 120.8 120.5 120.7 120.8
Sugar moiety
Xyl-1 104.4
Xyl-2 7.51
Xyl-3 78.0
Xyl-4 713
Xyl-5 66.8
Gle-1 102.8 102.8
Glc-2 74.7 75.3
Glc-3 77.4 78.2
Glc-4 71.1 71.9
Glc-5 77.3 77.8
Glc-6 62.4 63.3
*Measured at 75 MHz
**Measured at 125 MHz

total, m, H-2,4), 1.35-1.38 (2H in total, m, H-3),
“C-NMR (75 MHz, Me,CO-d,+D,0) : <Table I>
59 A7IES. 5 0mg)E 60% dioxane-2N
B,S0, (4m)) 2 oil bathdlH 7SS 7lnkale
AAE F WHE2 EtOAcE 3235199t} EtOAc
layerg Xol} EE £ AARS AlEde= v
$k%- Sephadex LH-20 ZPazriE1eln]E AA)5}
o] 5a [1,7-bis-(3,4-dihydroxyphenyl)-heptane-5-0l, 5
mgle ATk 5L Mixed bed resin TMD-82
ol2uEE 3 & FEYo g D-glucose (co-

tic)e] EAE Rt

5a. Brown oil, 'H-NMR (500 MHz, Me,CO-d)),
0 1.45-149 (4H in total, m, H-3,2), 1.52-1.55
(2H in total, m, H-4), 1.63-1.66 (2H in total, m,
H-6), 2.43-262 (4H in total, m, H-1,7), 3.53-3.54
(1H in total, m, H-5), 6.48-6.52 (2H in total, m,
H-6.6"), 6.67-6.72 (4H in total, m, H-2'2"5.5"
“C-NMR (125 MHz, Me,CO-d,) : <Table I>
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Compound 12 ZAEZFZ TLCAA FeCl, 5
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St Ztdsid s Ao wAE). IR spec-
trum°ﬂ*1“ 3365 (OH), 1650 (-CH=CH-CO-), 1606,
1518 cm™ (Aromatic C=C)SolA 42 Jeh) 1
FEAFEES] RS & T ATk

'H-NMR spectrumelX 470} methyleneo] 2%
Alzgo] § 2.47-2.82014 VRS § 613014 C-
39] ketoned] 21HE alkene®] H-47} doublet (/=
16.0 Hz) 22 YePston, § 6,930 H-59] Al
o] H-4% H-65} couplingdle] doublet 2 triplet
(=160, 8.0 Hz)oZ Yepgrl. Wasgdors 6
N FAE FAAHE 289 catechol-typee] Aldo] §
6.51-6.56 (2H, in total, m, H-6'6") 2 & 6.73-6.77
(4H in total, m, H-2'2"5'5")°ﬂ/\1 YeEbdth & com-
pound 12 1,340] X3 2709] BRekEsgk) 9
ketone, 1152] alkene™ 478¢] methylene group
22 o]Foj7 diarylheptanoiddS &5 AT

PC-NMR spectrumeliX= 2712 catechold} 17}
9] ketone (§ 210.49), 17/0€] alkene groupel] &%t
g4 (5 1317, 14159 4709 methylene®ha (8
29.52, 42,63, 3541, 34.64)7F YE} 1,7-bis-(3,4-
dihydroxyphenyl) -4-heptene-3-one®] FZ= 3e}o)
ok gk ELMS 2HEH) A mz 328904 MY
g ZAsH e, ¥H9| datad} BIILE 3
hirsutenone© 2 £33t}
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ol A& Ao Wylom 10% H,S0,& H-73kaL
7HgEt e Ao R Bt IR spectrum
A= 3336 (OH), 1699 (C=0), 1605, 1520 cm?

(Aromatic C=C)sollM &2 Jveh) WeEsits
A A G T UM
'H-NMR spectrumell4] § 16914 6212 meth-

yleneS, § 252276914 1, 2, 4, 719 4719

methylene?] ZAE UeRI o™ § 4.0614= OH

7} A3 methineAl 10| YERRITE B8 WakEF

2999 e 2709 catechol-typed] Aldol)3t

=7t § 651654 (2H i total, m, H-6,6"%} & 6.71

6.75 (4H in total, m, H-2,2"5,5") 4 wﬁwv}
BCNMR spectrumelXE 209 catechol$he: 714

WL 1EH 1709 ketone, 1719 OH71—E— 71

methine, 5709 methylenefH47}F el 2= 1,7-bis-

(3,4-dihydroxyphenyl)-5-hydroxyheptane-3-one 3 € ]

diarylheptanoidd & & 4 UATH
I3 Negative FAB MS 2HEHAME m/z 345

M-H] 25 Jepfiglon, o] 22 hirsutanonol

2 uotE)gly, B B8 UL sttty
Compound 3= ZraiEato|m TLCOIA FeClE-5F-

o <Jeix HMoE, 10% H,S0E ¥Faka 719

Aoz LEPRdo™ IR spectrumelA 3367 (OH),

1701 (C=0), 1606, 1522cm™ (Aromatic C=C)5<]

E7F Rt WEEsiER] AS o 4 I
'H-NMR spectrumelld] 6312] methyleneol] 2|3+

Alzrdo] § 1.77-1.82004 Yehti, § 2.52-2.86°014

£ 1, 2, 4, ?HE29] methyleneo] WEREOH, A

2Z 712 methiner|z2go] § 4.16904 YeRsiT) W

TP GolM= 209 catechol-typedl] &3+ Algo]

8 654 2H in total, m, H-6,6", 6.71-6.76 (4H in

total, H-2'2"5' 5l et 28] § 4.33004]

anomeric 40 23F doubletr]Z1d (J=7.8 Hz)°|

et 3& 29 mMigAsER AT
BC-NMR spectrumellM % 29+ Ae] AR A2
daelo = 2709 catechol¥to] EA18hE vleRA)

2, heptanoid moiety?l]lA 171] ketoned] &EA)<}t

A7) 9188 C-52] methine glycosylation shift
o o3t 29} WwHLS w] § 76.4°14 +9.4ppm

Azpashiftste] et 19 C4 (2.4 ppm) 7t

C-6 (-0.7 ppm) Rt} A shifts]o} VER) SEIX Y-S

selalget? el mﬂoﬂHL xylose (3 1044 75.1

773 706 66.4)7} LR} 3& hirsutanonol (21 xy-

lose7} AT (58)-1,7-bis-(3,4-dihydroxyphenyl)-hep-
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tane-3-on-5-0-B-D-xylopyranoside®S ¢ 4= AUATE.
E3h Negative FAB MS Z#HE-M miz 477
[M-H] 922 Vehliglon, 32 oregoningle &3
< 58 9xge Tgsig.
Compound 4= Z-AREZolH, TLCAA 10%
H,S0& +58&w Aoz, FeCl, 5700 oJaixe=

A0 2 YEPoH IR spectrumelX = 3366 (OH), -

1699 (C=0), 1605, 1523cm” (Aromatic C=C) %
A FTE el WAESIRHES] 28 o 5 Aok

'H-NMR spectrumo|M& § 1.81-1.84914 17]¢]
methylenedl] €]+ Alzrdol, § 2572859 = 47
9] methyleneel] &3t Alzxdo] Uehgon, 4AE
7¥E methine®] A1) § 4.21904 YERstT), aro-
matic FGolA= 2709 catechol-typed] Alzdo] v}
ERstom, 9] § 440004 B2 anomeric 4
o o5t peak’} doublet (=78 H2)S.2 YER} 4=
33 Ao AR 720 wigA sltEds o4+ A
At
- BC.NMR spectrumoliil= 209) catecholdtel] <3t
peak’} <1901, ketone (3 211.1)# glucose (6
102.8, 74.7, 774, 71.1, 77.3, 62.4) 9] &3 ==}
ettt $H, glycosylation shiftel]l 2)5ke] C-5¢]
methine®] § 7559014 A AFshift (+85 ppm)sted
velgdon 79 C4 (-1.9ppm)7t C-6 (-1.4 ppm)
Hoh FA shiftE]o] VbRt HA] SHIXYS & F
AJct? & Negative FAB MS AHE-NA my/z
507 [M-HT =271 Ve, 42 (6S)-1,7-bis-3,4-dihy-
droxyphenyl)-heptane-3-one-5-O-3-D-glucopyrano-
side & HolEon, 9 datadte] B|wE F3
S

Compound 5+ ZAE2o|r TLCAHNA 10%
H,S0,Z #5871 ged) Aol FeCl, £
o e FHAoZ Jehgon, IR spectrumel s
3366 (OH), 1606, 1523 cm™ (Aromatic C=C)5l4]
FE Ve RESRER] AS ¢ 5 AT

'H-NMR spectrumo|ME § 1.35-1.76 AlojollA] 4
7hel methyleneol 213} I)=7)F Ve, § 2.44-
260904 % 2709] methylene®) &A1& VeI,
kg olXE 2719) catechol groupd ZA|& 1}
ehllglor, § 44194 29 anomeric 4] 2%
=7} doublet (=78 H2)E Yelt} 5 HA] diaryl-
heptanoid®] glycosided) & ¢ 4 Uk “C-NMR
spectrumolAj= WG 2719 catecholde)
ZAE e, glucoseol 93t =7} § 102.8,
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753, 782, 719, 77.8, 63322 et} $HA hep-
tane moiety?l A e 49= thEA ketoneo] EASHK]|
usrom, wehd Az shift HAES 5709] meth-
ylene (& 31.2, 32.8, 34.6, 358, 37.7% FVIE &
7F8 172} methyleneo] & 25.2004 Jieldt}, gHA,
50 Wle] AieEale AAlste] 5a9t D-glucose
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catechol $ 2 1719l OHE 7IX& methine?] &3]
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AR} A shift dle] vERto™, C-4 (4.1ppm)7}, C-6
(-33ppm) Bt} o] FA shiftslo] VFERY I stereo-
chemistry:= compound 3 ¥ 4%} 7Z+o1} C-5 FHe9]
SX&91e) Wsle] wlet RE ARHAGS

HEH o2 Negative FAB MS ZHEHNA myz
493 [M-HI ¥=7} &&=, 55 (BR)-1,7-bis-(3,4-
dihydroxyphenyl)-heptane-5-0-B-D-glucopyranoside
2 melsglon, #3519 data ¥ EEIe] HuE T
& skt

AL A

B oo IR 1998dE B |EdNE
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