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Chemical constituents from Syringa pinnatifolia
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Abstract: Objective To investigate the chemical constituents from the stems of Syringa pinnatifolia. Methods The chemical
constituents were isolated and identified by chromatography on silica gel, ODS, and Sephadex LH-20 columns, as well as RP-HPLC.
Their structures were elucidated on the basis of physicochemical properties and spectral analyses. Results Eleven compounds were
isolated from S. pinnatifolia and their structures were identified as secoisolariciresinol (1), (8R, 8'R, 9R)-4, 4'-dihydroxy-3, 3’,
9-trimethoxy-9, 9'-epoxylignan (2), (8R, 8'R, 95)-4, 4'-dihydroxy-3, 3', 9-trimethoxy-9, 9'-epoxylignan (3), (—)-pinoresinol (4), (8R,
8'R, 9'S)-4, 4'- dihydroxy-3, 3', 9'-trimethoxy-9, 9'-epoxylignan (5), (8R, 8'R, 9'R)-4, 4'-dihydroxy-3, 3’, 9'-trimethoxy-9,
9'-epoxylignan (6), (95)-9- O-methylcubebin (7), dibutylphthalate (8), piperphilippinin VI (9), balanophonin (10), and larixnaphthaone
(11). Conclusion Compounds 2—11 are isolated from the plant for the first time.
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dibutylphthalate; balanophonin
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T& M FA RIS (secoisolariciresinol, 1)+ (8R, 8'R, 9R)-3,
3, 9- WA AE-4, 4T HE-9, 9-FREURIIER [(8R,
8'R, 9R)-4, 4'-dihydroxy-3, 3', 9-trimethoxy-9, 9'-
epoxylignan, 2]. (8R, 8'R, 95)-3, 3', 9-— H 4 Jt-4, 4'-
TRRHE-9, - E MR R [(8R, 8'R, 95)-4, 4-
dihydroxy-3, 3’, 9-trimethoxy-9, 9'-epoxylignan, 3].
I ERA RIS [(—)-pinoresinol, 4]. (S8R, 8'R, 9'S)-3, 3,
9- = WA Ik-4, 4- "R I9, 9-FREARNER [(8R,
8'R, 9'S)-4, 4'-dihydroxy-3, 3', 9'-trimethoxy-9, 9'-
epoxylignan, 5]. (8R, 8'R, 9'R)-3, 3', 9'- = Hi4& Jik-4,
4- "3 H-9, - ARNEE [(BR, 8'R, 9'R)-4, 4-
dihydroxy-3, 3', 9'-trimethoxy-9, 9'-epoxylignan, 6]
(95)-9-O-methylcubebin (7). 4FZE H R T fig
( dibutylphthalate , 8 ) . FF 4 5% # # & VI
(piperphilippinin VI, 9). #¢#{7* (balanophonin,
10). & MHAZ50T (larixnaphthaone, 11). HH1, 14
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J il £ HPLC 73 @S2l f5 24k &4 5 (8 mg). 6 (13
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3 GHHETE

&% 1. AR (FED, mp 114.0~115.8
‘C . ESI-MS m/z: 385 [M+Na]". UV AN (nm): 208,
238,283; IR v (cm™'): 3 426,2 925, 1 604, 1 517,
1 446, 1 262, 1 154, 1 030. 'H-NMR (400 MHz,
CD;0D) 6: 6.67 (2H, d, J = 8.0 Hz, H-5, 5"), 6.59 (2H,
d, J = 1.6 Hz, H-2, 2'), 6.54 (2H, dd, J = 8.0, 1.6 Hz,
H-6, 6'), 3.72 (6H, s, 3, 3-OCHy), 3.58 (4H, d, J = 4.4
Hz, H-9, 9'), 2.60 (4H, dd, J = 14.0, 7.2 Hz, H-7, 7'),
1.88~1.92 (2H, m, H-8, 8'); “C-NMR (100 MHz,
CD;OD) &: 148.8 (C-3, 3), 145.5 (C-4, 4"), 133.9
(C-1, 1'), 122.8 (C-6, 6'), 115.9 (C-5, 5'), 113.5 (C-2,
2", 62.2 (C-9, 9", 56.3 (3, 3'-OCHs), 44.2 (C-8, 8'),
36.1 (C-7, 7. VA_E%ls 5 Scikps— 80, de
G 1 R TFER F HRA EE .

A 2: LR (HEE, ESI-MS m/z: 397
[M+Na]"s UV AN (nm): 204, 226, 279; IR v
(em™"): 3 426,2 936, 1608, 1 516, 1 456, 1 370, 1 272,
1 098, 1 036, 'H-NMR (400 MHz, CD;0D) &: 6.69
(1H, d, J = 8.0 Hz, H-5), 6.67 (1H, d, J = 8.0 Hz,
H-5"), 6.55 (1H, d, J = 1.6 Hz, H-2), 6.52 (1H, d, J =
1.2 Hz, H-2"), 6.49 (1H, dd, J = 8.0, 1.6 Hz, H-6),
6.47 (1H, dd, J = 8.0, 1.6 Hz, H-6'), 4.67 (1H, d, J =
2.0 Hz, H-9), 3.94 (1H, dd, J = 8.4, 8.0 Hz, H-9'a),
3.74 (6H, s, 3, 3’-OCHj3), 3.58 (1H, dd, J = 8.4, 8.0
Hz, H-9'b), 3.24 (3H, s, 9-OCHs), 2.57 (1H, dd, J =
14.0, 8.0 Hz, H-7a), 2.47~2.51 (2H, overlapped,
H-7'a, 7'b), 2.32 (1H, dd, J = 14.0, 7.6 Hz, H-7b),
2.10~2.17 (2H, m, H-8, 8'); “C-NMR (100 MHz,
CD;0D) J: 148.9 (C-3), 148.8 (C-3"), 145.8 (C-4),
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145.7 (C-4"), 133.5 (C-1), 132.9 (C-1"), 122.5 (C-6),
122.2 (C-6"), 116.1 (C-5), 116.0 (C-5"), 113.4 (C-2),
1133 (C-2), 111.6 (C-9), 73.2 (C-9), 563 (3,
3'-OCH;), 55.2 (9-OCH3), 53.6 (C-8), 47.2 (C-8),
40.0 (C-7"), 39.6 (C-T)o AL %t 55 ek — 5™,
HSE G2 M (S8R, 8'R, 9R)-3, 37, 9-— HI 5 Fk-4,
4R R0, OV ARIE .

WA 3: TLEMRY CHEED, ESI-MS m/z: 397
[M+Na]". UVAY" (nm): 204, 226, 279; IRveo
(cm™"): 3426,2932,1 605, 1516, 1 456, 1 374, 1 268,
1155, 1 031. 'H-NMR (400 MHz, CD;0D) §: 6.71
(1H, d, J = 8.0 Hz, H-5), 6.70 (1H, d, J = 8.0 Hz,
H-5"), 6.66 (1H, d, J = 1.6 Hz, H-2), 6.61 (1H, d, J =
1.2 Hz, H-2), 6.59 (1H, dd, J = 8.0, 1.6 Hz, H-6), 6.57
(1H, dd, J = 8.0, 1.6 Hz, H-6'), 4.61 (1H, d, J = 4.4
Hz, H-9), 3.92 (1H, dd, J = 8.4, 8.0 Hz, H-9a), 3.79
(6H, s, 3, 3'-OCH3), 3.56 (1H, dd, J = 8.0, 7.2 Hz,
H-9b), 3.28 (3H, s, 9-OCH3), 2.60~2.68 (2H, m,
H-7a, 7'a), 2.41~2.47 (2H, m, H-7b, 7'b), 2.27~2.37
(1H, m, H-8'), 1.94~2.01 (1H, m, H-8); "“C-NMR
(100 MHz, CD;0D) &: 149.0 (C-4), 148.8 (C-3), 145.9
(C-3"), 145.7 (C-4'), 134.0 (C-1), 133.2 (C-1'), 122.4
(C-6), 122.3 (C-6'), 116.3 (C-2), 116.2 (C-2'), 113.7
(C-5), 113.6 (C-5"), 107.6 (C-9), 73.3 (C-9"), 56.5 (3,
3'-OCH;), 55.0 (9-OCH3), 53.4 (C-8), 44.7 (C-8"),
40.1 (C-7'), 34.5 (C-T)o Lh_b-%icdf 55 ok — 50,
B G 3 0 (S8R, 8'R, 95)-3, 37, 9-— HI 5 34,
4R R0, O ARNE R

& 4: TEEMRY CHEE, ESI-MS m/z: 381
[M+Na]"s UVAY" (nm): 207, 237, 281; IRv.
(cm™"): 3 435, 2958, 1 691, 1 515, 1 272. 'H-NMR
(400 MHz, CD;0D) d: 6.95 (2H, d, J = 2.0 Hz, H-2',
2), 6.81 (2H, dd, J = 8.4, 2.0 Hz, H-6', 6), 6.77 (2H, d,
J = 8.0 Hz, H-5', 5), 475 (2H, d, J = 4.4 Hz, H-7, 7'),
4.65 (2H, d, J = 4.0 Hz, H-9a, 9a), 4.19~4.25 (2H,
m, H-9b, 9'b), 3.85 (6H, s, 3, 3-OCH3), 3.10~3.17
(2H, m, H-8, 8); *C-NMR (400 MHz, CD;0OD) §:
149.3 (C-3, 3'), 147.5 (C-4, 4"), 134.0 (C-1, 1"), 120.2
(C-6, 6), 116.2 (C-2, 2'), 111.2 (C-5, 5'), 87.6 (C-7,
7), 72.8 (C-9, 9"), 55.5 (C-8, 8'), 56.6 (3, 3'-OCHjs). L
S kR E Y, LAY 4 A
P TR .

WHEY S: LMY CEA7), ESI-MS m/z: 397

[M+Na]". UVANOT (nm): 208, 238, 282; IR

(cm™"): 3427,2 933, 1605, 1516, 1456, 1 373, 1 270,
1 033.'H-NMR (400 MHz, CDCl3) &: 6.78 (1H, d, J =
8.0 Hz, H-5), 6.74 (1H, d, J = 8.0 Hz, H-5'), 6.41~
6.58 (4H, overlapped, H-2, 2’, 6, 6'), 4.70 (1H, m,
H-9'), 4.00 (1H, dd, J = 8.4, 7.2 Hz, H-9a), 3.77 (3H,
s, 3-OCHs), 3.76 (3H, s, 3-OCHj3), 3.63 (1H, t, J = 8.4
Hz, H-9b), 3.30 (3H, s, 9-OCHj3), 2.63~2.71 (1H, m,
H-7'b), 2.51~2.53 (2H, overlapped, H-7b, 7'a), 2.38
(1H, dd, J = 14.4, 8.0 Hz, H-7a), 2.07~2.16 (2H,
overlapped, H-8, 8'); *C-NMR (100 MHz, CD;0D) 6:
147.2 (C-4"), 147.1 (C-4), 144.7 (C-3), 144.5 (C-3"),
134.8 (C-1'), 133.2 (C-1), 122.3 (C-6), 121.7 (C-6"),
114.8 (C-2'), 114.7 (C-5), 111.8 (C-2), 111.7 (C-5"),
110.8 (C-9), 729 (C-9), 56.6 (3-OCH;), 56.6
(3-OCH3), 55.5 (9'-OCHj3), 53.5 (C-8'), 46.6 (C-8),
40.0 (C-7), 39.5 (C-7"). VA3 5 ek i — 5,
W ENEY 5 M (8R, 8'R, 9'S)-3, 3, 9'- = 4= Jk-
4, 4'- K9, 9 IRE AR 2

WA 6: LR Y) CHEEE), ESI-MS m/z: 397

[M+Na]". UV A" (nm): 210, 236, 282; IR v

max
(em'): 3428,2 931, 1608, 1 515, 1457, 1368, 1 271,
1 030. 'H-NMR (400 MHz, CD;0OD) &: 6.71 (1H, d,
J = 8.0 Hz, H-5), 6.70 (1H, d, J = 8.0 Hz, H-5"), 6.66
(1H, d, J = 1.6 Hz, H-2'), 6.61 (1H, d, J = 1.2 Hz,
H-2), 6.59 (1H, dd, J = 8.0, 1.6 Hz, H-6), 6.57 (1H,
dd, J = 8.0, 1.6 Hz, H-6"), 4.61 (1H, d, J = 4.4 Hz,
H-9"), 3.92 (1H, dd, J = 8.4, 8.0 Hz, H-9a), 3.79 (6H,
s, 3, 3-OCH3), 3.56 (1H, dd, J = 8.0, 7.2 Hz, H-9b),
3.28 (3H, s, 9-OCHj), 2.60~2.68 (2H, m, H-7),
2.41~2.47 (2H, m, H-7"), 2.27~2.37 (1H, m, H-8),
1.94~201 (1H, m, H-8); "“C-NMR (100 MHz,
CD;0D) §: 149.0 (C-3), 148.8 (C-3'), 145.9 (C-4),
145.7 (C-4"), 134.0 (C-1"), 133.2 (C-1), 122.4 (C-6"),
122.3 (C-6), 116.3 (C-2), 116.2 (C-2'), 113.7 (C-5),
113.6 (C-5), 107.6 (C-9), 73.3 (C-9), 56.5 (3,
3'-OCH;), 55.0 (9-OCH3), 53.4 (C-8), 44.7 (C-8),
40.1 (C-7), 34.5 (C-7"). VA3 5 ek —5,
M LAY 6 A (8R, 8'R, 9'R)-3, 3, 9'- = 4 Jk-
4, 4'- "3 K9, 9 IREARNE

WA 7: TTEIMARY) CHATD, ESI-MS m/z: 393
[M+Na]". UVAN (nm): 208, 240, 289; IR v o
(em'): 3 429, 2 913, 1 496, 1 244, 1 034. 'H-NMR
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(400 MHz, CDCl3) &: 6.69 (1H, d, J = 8.0 Hz, H-5),
6.69 (1H, d, J = 8.0 Hz, H-5"), 6.64 (1H, d, J = 2.0
Hz, H-2), 6.62 (1H, d, J = 2.0 Hz, H-2'), 6.58 (1H, dd,
J = 8.0, 2.0 Hz, H-6), 6.56 (1H, dd, J = 8.0, 2.0 Hz,
H-6'), 5.89 (4H, s, 10, 10-OCH,0), 4.63 (1H, d, J =
3.6 Hz, H-9), 3.96 (1H, dd, J = 8.4, 8.0 Hz, H-9'a),
3.55 (1H, dd, J = 8.4, 8.0 Hz, H-9'b), 3.29 (3H, s,
9-OCHs), 2.67~2.73 (2H, m, H-7a, 7'a), 2.44~2.50
(2H, m, H-7b, 7'b), 2.35~2.41 (1H, m, H-8'), 1.92~
1.99 (1H, m, H-8); C-NMR (100 MHz, CDCL) :
147.9 (C-3), 147.7 (C-3'), 146.1 (C-4), 145.9 (C-4"),
135.0 (C-1'), 134.2 (C-1), 121.8 (C-6'), 121.6 (C-6),
109.4 (C-2), 109.1 (C-2'), 108.4 (C-5), 108.3 (C-5"),
105.6 (C-9), 101.0 (10, 10’-OCH,0), 72.4 (C-9"), 54.7
(9-OCHj), 52.4 (C-8), 43.5 (C-8'), 39.6 (C-7), 33.8
(C-7 VAEXd 5 ek iE—5, et &
7 4 (95)-9-O-methylcubebin.

AW 8: LAY (HEE), ESI-MS m/z: 301
[M+Na]". UVAYO" (nm): 204, 224, 281; IRve
(cm™"): 2 960, 1 728, 1 456, 1 282, 1 127, 1 072.
'H-NMR (400 MHz, CD;0D) &: 7.70~7.72 (2H, m,
H-3, 6), 7.58~7.60 (2H, m, H-4, 5), 4.28 (4H, t, J =
6.4 Hz, H-7, 7'), 1.67~1.74 (4H, m, H-8, 8'), 1.40~
1.49 (4H, m, H-9, 9'), 0.97 (6H, t, J = 7.6 Hz, H-10,
10"); C-NMR (100 MHz, CDCl;) d: 169.4 (C-7, 7'),
133.7 (C-1, 2), 132.4 (C-4, 5), 130.0 (C-3, 6), 66.8
(C-8, 8"), 31.8 (C-9, 9'), 20.4 (C-10, 10"), 14.2 (C-11,
117, LU S 5 Scirdiin — 850, et s 8
AR R TR

& 9: TLEARY) (S A)7), ESI-MS m/z: 393
[M+Na]". UVAY" (nm): 204, 230, 284; IRv->
(cm™): 3 421, 2 926, 1 511, 1 244, 1 035, 926.
'H-NMR (400 MHz, CDCl;) d: 6.79 (1H, d, J = 8.0
Hz, H-5"), 6.68 (1H, d, J = 8.0 Hz, H-5), 6.56~6.62
(4H, overlapped, H-2, 2', 6, 6"), 5.89 (2H, s, OCH,0),
3.81 (3H, s, 3-OCHj3), 3.75~3.78 (2H, m, H-9'a, 9a),
3.49~3.52 (2H, m, H-9b, 9'b), 2.60~2.74 (4H,
overlapped, H-7, 7'), 1.56~1.70 (2H, overlapped,
H-8, 8"); *C-NMR (100 MHz, CDCl;) 6: 147.6 (C-3"),
146.7 (C-3), 146.0 (C-4"), 144.1 (C-4), 134.6 (C-1'),
132.6 (C-1), 122.0 (C-6) 121.8 (C-6), 114.4 (C-5),
111.6 (C-2), 109.5 (C-2"), 1083 (C-5, 101.0
(OCH,0), 60.9 (C-9"), 60.7 (C-9), 56.2 (3'-OCHs3),

44.3 (C-8, 8"),36.1 (C-7, 7). VL% 5 SCHikRIE—
H, WA 9 NI VL.

AW 10: R AR (505D, ESI-MS m/z:
379 [M+Na]"o UVANO" (nm): 204, 230, 284;
IRveor (cm™'): 3 421, 2 926, 1 511, 1 244, 1 035,
926. 'H-NMR (400 MHz, CDCl3) 6: 9.58 (1H, d, J =
7.6 Hz, H-9'), 7.60 (1H, d, J = 15.6 Hz, H-7), 7.28
(1H, brs, H-6"), 7.22 (1H, d, J = 1.2 Hz, H-2'), 6.94
(1H, d, J = 1.6 Hz, H-2), 6.82 (1H, dd, J = 8.0, 2.0
Hz, H-6), 6.77 (1H, d, J = 8.0 Hz, H-5), 6.67 (1H, dd,
J=15.6,7.6 Hz, H-8"), 5.60 (1H, d, J = 6.4 Hz, H-7),
3.91 (3H, s, 3'-OCHj3), 3.84 (2H, m, H-9), 3.81 3H, s,
3-OCH3), 3.56 (1H, q, J = 6.0 Hz, H-8); "*C-NMR
(100 MHz, CDCls) d: 196.3 (C-9"), 156.2 (C-7'), 153.1
(C-4"), 149.4 (C-3), 148.0 (C-4), 146.2 (C-3"), 134.1
(C-1), 131.5 (C-5"), 129.8 (C-1"), 127.3 (C-8'), 120.1
(C-6"), 119.9 (C-6), 116.4 (C-5), 114.5 (C-2'), 110.8
(C-2), 90.2 (C-7), 64.7 (C-9), 56.9 (3-OCHj), 56.6
(3-OCH3), 54.8 (C-8). LA F%ud 5 ks s,
WS A 10 IR .

& 11 JLtnpiRY (HEE, ESI-MS m/z:
379 [M+Na]". UVAN (nm): 204, 255, 364;
IR vl (em™'): 3421,2 927, 1 686, 1 565, 1 502, 1 276,
1 107, 1 046. '"H-NMR (400 MHz, CD;0D) &: 7.32
(1H, d, J = 2.0 Hz, H-2"), 7.27 (1H, dd, J = 8.0, 2.0
Hz, H-6"), 7.07 (1H, s, H-1), 6.88 (1H, s, H-5), 6.95
(1H, s, H-8), 6.68 (1H, s, H-5), 3.90 (3H, s, 3'-OCHj3),
3.89 (3H, s, 6-OCHs3), 3.60 (1H, dd, J = 4.8, 10.4 Hz,
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