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Chemical components of tea trichomes of Yunnan black tea
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Abstract: This paper investigates the chemical constituents of Yunnan black tea trichomes from
Fengqing county. Using various chromatographic techniques including silica gel, Sephadex LH-20, C,q
reverse-phase, D101 macroporous adsorption resin column chromatography, and semi-preparative
HPLC, ten compounds were isolated from the ethyl acetate fraction of a 95% ethanol extract of
Yunnan black tea trichomes. Their structures were identified via spectroscopic methods (NMR, MS,
and ECD) as: Caffeine (1), gallic acid (2), kaempferol (3), epicatechin (4), (+)-catechin (5),
isoquercitrin (6), (-)-epicatechin-3-gallate (7), pyrrolidinone H (8), tiliroside (9), kaempferol-3-O-
[2, 6-di-O- (E) -p-coumaroyl | -B-D-glucopyranoside (10) , respectively. Preliminary content analysis
indicated a relatively high caffeine content (0.64% of dry weight) , while tea polyphenols accounted for
0.03% of dry weight, suggesting Yunnan black tea trichomes warrants further development.
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Wy B il LA 0 0 W BRD A AL B AR T BE (Li
et al.,2020) . {EAFERIMIE , X P HLH (U 5%
ZAIRER— A7 . Li et al. (2020) HE—H1F
SCL AR R A R B S R B IR A
IR 2L Z2 By 28 b ) 5 DG S XU ) 5, DA N 2 el
SR AR S e B A, 3 B ) o L [R)RA) B T A5
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1 SEIGEA

11 XRE5EHH

TR €435 - "R AT I 8] J5 3% BB F A (Shimadzu) ;
Chirascan %! [fl — {4, 3{% 1% (Applied Photophysics) ;
Avance 111-400 il Ascend TM-500 MHz #% fil§ 2 4% 1

1

WY (Bruker) ; CA-1330 ¥ HIK #2344 B (EYELA) 5
N-1300 Jig# 7% RAL(EYELA) ; LC-20AT /& Z0R A (5,
1% {Y (Shimadzu) ; ¥ ] £ 43 1 $§ Phenomenex Lux
cellulose-2 F 1 #£ (4.6 mm x 250 mm, 5 um) Fl
NanoChrom ChromCoreTM 5-120 C, £ (10 mm x
250 mm, S-5 pm, 12 nm) ; (4354 B 65 100~200 il
300~400 H AFE (3% 287 ik GF ., 182 15 ik i
M (7 & W 3 1k 1)) . Sephadex LH-20 % fi
(General Electric Company) ., C, J 1] fif JiE (Merk) #1
D101 B LI B4 (Sinopharm ) ; 47 ik (PE) . —
AW LE(DCM) | £ L 15 (EtOAc) | B (MeOH) |
LT (EtOH) ¢ = 95% L4553 B 2l (Buz fb
K ) & B (MeCN) 4% 8 3 2% ik 5 (BCR
International Trading Co.,Ltd.) ; CDCL,,CD,0D %5/
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Fig. 1 The structure of compounds 1-10
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Z TR 2Tk A B A 28 0k i B bR 2 M R
[(V(DCM) : V(EtOAc), 100: 1—2: 1, # 3k i 771 N
V(DCM) : V(MeOH),50: 1—10: 075 2] 9 4~ WV.24H 43
(Fr.1~Fr.9) , H:ri ¥(DCM) : V(EtOAc) ,100: 1—2: 1
FREEVERASEME A9 1(16.0 g,w=0.64%) . Fr.6 45t
D101 B AALR BRI (V(MeOH) : ¥(H,0),30: 70—
90:10]745 3 3 4~ W 41 43 (Fr.6A~Fr.6C) ., Fr.6A Z:%f
A EHT [ (V(DCM) : V(MeOH) ,80: 1—5:1 1585 5
AW 4H 43 (Fr.6A1~Fr.6A5) . Fr.6A3 gk — 3 &k g
FEHL(V(DCM) : V(MeOH) , 60: 1—10: 1175314k
A1 2(100.0 mg, w = 0.004%) ., Fr.6A5 % C, JZHi
HJZH [ (¥(MeOH) : V(H,0),20:80—90: 1055 5
A 20 4Y (Fr.6ASA~Fr.6A5G ) , it £ V(DCM) :
V' (MeOH ) = 20: 80 Vi Jlit 5 24k & ¥ 7(616.9 mg,
w=0.025%). Fr.6ASA 4 43 it — A 4 kE i 4 2 Hr
[(V(DCM) : ¥(MeOH),30: 1—1: 114> B 153 5 4~
2153 (Fr.6ASA1~Fr.6A5AS5). HH Fr.6ASA4415r455t
el (MeOH) Fl2E il 45 HPLC[ (V(MeCN) : V(H,0)=
23:77,3 mL/min] 43 &5 21L-5 %) 4(16.0 mg, t, =
7.3 min, w = 0.000 64%) fl{k &4 5(12.0 mg, ¢,
6.6 min,w =0.000 48%) . Fr.6A5C 4 rE—L25 5K
(MeOH) FIRERATZHT[(V(DCM) : V(MeOH) ,40:1—
1153 B A5 5] 5.4 43 (Fr.6ASC4A~Fr.6ASC4E )
Fr.6A5C4B #1531t —0 2824l £ HPLC[ (V(MeCN) :
V(H,0) = 30:70,3 mL/min] 4> % 15 2 1L & ¥ 8
(25.0 mg,t, = 7.8 min,w = 0.001%) ., Fr.6A5C4D#/}
22414 HPLCL(V(MeCN) : V(H,0)=27:73,
3 mL/min 53215 84L& 6(6 mg, t, = 6.9 min,w =
0.000 24%) . Fr.6ASE 4 43k — 2 28 2 il 4 HPLC
[ (V(MeCN) : V(H,0)=32:68,3 mL/min ]/} & 15 3]
4 ¥ 9(4.5 mg, t, = 16.2 min, w = 0.000 18%) .
Fr.6ASF 5 ZiE AT Z AT (V(DCM) : V(MeOH)
20: 1—10: 114> #5159 #4164 % 10 (147 mg, w =
0.000 59%) . Fr.6C 2 C S AHAEZHr[ (V(MeOH) :
¥ (H,0) , 20: 80—100: 0] 15 £ 3 4~ . 41 43 (Fr. 6C1~
Fr.6C3) . H th Fr.6C2 41 4> 2 i 5k A 2
[(V(DCM): V(MeOH) ,40: 1—1: 1 ] F12f 45 HPLC
[ (V(MeCN) : V(H,0)= 42:58,3 mL/min ] 4} & 15 5|
A& 3(2.0 mg, 1, = 12.2 min,w = 0.000 12%) .

2 R E5vhe

A1 @ R K K, HR-ESI-MS: m/z
195.119 8 [M+H " (315348 CH,)N,0,7,195.087 7)o
HAZ WG P54 : 'H NMR (400 MHz, CDCl,) 6,, 7.49
(1H,s,H-8),3.98(3H,s, 7-NCH,) , 3.56 (3H, s,
3-NCH,),3.39(3H,s, 1-NCH,) ; *C NMR (100 MHz,
CDCl,)6,. 155.6(C-6),151.9(C-2),148.8(C-4),141.5

(C-8),107.7(C-5) ,33.7(7-NCH;) , 29.9(3-NCH,) ,
28.0(1-NCH,) . A48 5 BRfk 48 45 (2022) He i 5
A —F B E A Y 1 o IHE (caffeine) o

AW 2: 1 R H K, HR-ESI-MS: m/z
169.008 5 [M-H |"(i+%81f C,H;0, ,169.014 2), H
¥ 4 B 98 4 - 'H NMR (400 MHz, CD,0D) 6,, 7.04
(2H,s,H-2/6) ;*C NMR(100 MHz,CD,0D)d.. 170.6
(C-7),146.4(C-3/5),139.5(C-4),122.2(C-1),110.3
(C-2/6) LA LBES M55 (2024) 4l SaA — 3,
BB 2 B T IR (gallic acid) .

A9 3. E OB R , HR-ESI-MS : m/z 285.043 2
[M-H] (31814 C,H,0, ,285.040 5)., HAZ® K
4 :'H NMR (400 MHz, CD,0OD) ¢, 8.09(2H,d,J =
8.6 Hz, H-2'/6") , 6.91 (2H, d, J = 8.6 Hz, H-3'/5') ,
6.40(1H,s,H-8),6.18(1H,s,H-6) ;*C NMR(100 MHz,
CD,0D)§. 177.39(C-4),165.6(C-7),162.5(C-9) ,
160.6(C-4') ,158.3(C-5),148.1(C-2),137.2(C-8),
130.7(C-2'/6",123.7(C-1"),116.3(C-3"/5"),104.5(C-10),
99.3(C-6),94.5(C-8) ., LA b H¥ 5 [ 5 45 (2008 ) 4%
TE A3, B AW 3 4 1L 257 (kaempferol) o

A9 4. 5 b 1 R 8 K, HR-ESI-MS: m/z
289.071 3 [M-H] (I1%& 14 C,H,,0, ,289.071 8),
ECD (¢ 11.0x10* mol/L, CH,CN) 1, (Ae) 194
(+4.76),208(-5.30) nm. HEZ#EEHE N . 'H NMR
(400 MHz,CD,0D)§, 6.97(1H,d,J= 1.5 Hz,H-2"),
6.79 (1H, dd,J = 8.2, 1.7Hz, H-6') , 6.75 (1H, d,
J=82Hz,H-5'),594(1H,d,J=2.0 Hz,H-8),5.91
(1H,d,J=2.1 Hz,H-6),4.81(1H,s,H-2),4.17(1H,
s,H-3),2.86(1H,dd,J=16.7,4.6 Hz,H-4a) ,2.73
(1H,dd,J=16.8,2.8 Hz,H-4b) ;*C NMR(100 MHz,
CD,0D) 6, 158.0(C-5),157.6(C-7),157.3(C-9),
145.9(C-3'),145.7(C-4"),132.3(C-1'), 119.4(C-6")
115.9(C-2"),115.3(C-5'),100.1(C-10) ,96.4(C-6) ,
95.9(C-8),79.8(C-2),67.5(C-3),29.2(C-4)., VI I
B 55 TT A (2006) HiE A — B, s e LA
Y 4 3% LA & (epicatechin) .

A9 5. b 1 R 8 K, HR-ESI-MS: m/z
289.073 0 [M-H] (I 1d C,H,,0, ,289.071 8),
ECD (¢ 11.6x10* mol/L, CH,CN) 4, (Ae) 190
(+7.97),210(-2.45) nm, HAZ#EEHE . 'H NMR
(400 MHz,CD,0D )4, 6.83(1H,d,J = 1.8 Hz,H-2"),
6.77~6.74(1H,m,H-5') ,6.71(1H,dd,J = 8.2,1.8 Hz,
H-6'),5.92(1H,d,J = 2.2 Hz,H-8),5.85(1H,d,J =
2.2 Hz,H-6),4.56(1H,d,J= 7.5 Hz,H-2),3.97(1H,
td,J = 79,55 Hz,H-3),2.84(1H, dd, J = 16.1,
5.5 Hz,H-4a),2.50(1H,dd,J = 16.1,8.1 Hz, H-4b) ;
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C NMR (100 MHz, CD,0D) 6. 157.8 (C-5) , 157.6
(C-7),156.9(C-8a),146.2(C-3'),146.2(C-4'),132.2
(C-1,120.0(C-6'),116.1(C-5"),115.2(C-2"),100.8
(C-4a),96.3(C-6),95.5(C-8),82.8(C-2),68.8(C-3),
28.5(C-4) . VI F%¥i 5 Khalid et al. (1989) 7 3# 3t
A3 e G 5 LS R [ (+)-catechin |,

A 6: A K , HR-ESI-MS: m/z 463.095 1
[M-H] (31814 C,H,0,, ,463.088 2),[a]*-13.6
(c0.09,MeOH) . HAZMEEF :'"H NMR (400 MHz,
CD,0OD)é, 7.68(1H,d,J=1.9 Hz,H-1'),7.55(1H,dd,
J=18.5,2.0Hz,H-2'),6.83(1H,d,J = 8.5 Hz,H-3"),
6.34(1H,d,J = 1.5 Hz,H-8) ,6.16(1H,d,J = 1.7 Hz,
H-6),522(1H,d,J = 7.6 Hz,H-1") ,3.68 (1H, dd,
J=11.8,2.0 Hz,H-6"a),3.55(1H,dd,J=11.9,5.4 Hz,
H-6"b) , 3.48~3.43 (1H, m, H-2") ,3.40 (1H, t,J =
8.9 Hz, H-3") , 3.35~3.29 (1H, m, H-4") , 3.19 (1H,
ddd,J=17.7,5.2,2.1 Hz,H-5") ;°C NMR(100 MHz,
CD,OD) d. 179.4 (C-4) , 166.4(C-7) , 163.0(C-5) ,
158.9(C-9),158.5(C-2),149.9(C-3'),145.9(C-4"),
135.6(C-3),123.2(C-6'),123.0(C-1'),117.5(C-5"),
116.0(C-2"),105.6(C-10),104.3(C-1"),100.0(C-6),
94.8(C-8),78.4(C-5"),78.1(C-3"),75.7(C-2"),71.2
(C-4"),62.5(C-6") VA F-Hds 54 SCH A5 (2000) He1E
B3 B E G 6 R S4B 1 (isoquercitrin)

AW 7 B R B K, HR-ESI-MS: m/z
441.082 2 [M-H| (315814 C,,H,,0,, ,441.0827) ,ECD
(¢ 4.2x10™* mol/L, CH,CN) 1,.. (Ag) 196 (+23.24) ,
209(-28.23) nm., HAX@E AR :"H NMR (400 MHz,
CD,0D) ¢, 6.94(2H,s,H-2"/6"),6.93(1H,d,J=2.0 Hz,
H-2'),6.80(1H,dd,J = 8.3,1.9 Hz,H-6'),6.69(1H,
d,J=8.2Hz,H-5"),596(2H,s,H-6/8),5.52(1H, m,
H-3),5.02(1H,s,H-2),2.99(1H,dd,J = 17.3,4.6 Hz,
H-4b),2.84(1H,dd,J = 17.5,2.2 Hz,H-4a) ; "C NMR
(100 MHz, CD,OD) §,. 167.57(C-7") , 157.8(C-5/7) ,
157.2(C-9),146.27(C-3"/5"),145.9(C-4'),145.9(C-3"),
139.76 (C-4") , 131.4(C-1') , 121.42(C-1") , 119.36
(C-6'),116.0(C-5"),115.1(C-2") , 110.18 (C-2"/6") ,
99.4(C-10),96.5(C-6),95.9(C-8) ,78.6(C-2),69.9
(C-3),26.8(C-4). LA FEE S 5 1955 (2013) 4 Jk
A—3, B E YT M FRILR R F IR
[ (-)-epicatechin-3-gallate |

i & Y 8: T A 4 K K, HR-ESI-MS: m/z
552.150 1 [M-H] (315814 C,iH,(NO,, ,552.151 1),
ECD(c 3.7x10* mol/L,CH,CN) A_. (Ae)197(+38.02),
212(-53.48) nm. HAZREHE N :'"H NMR (400 MHz,
CD,0D)d, 6.88(1H,s,H-2"/6"),6.78 (1H, s, H-2') ,

6.74(1H,d,J = 8.2 Hz,H-6') ,6.69(1H,d,J = 8.1 Hz,
H-5'),6.04(1H,s,H-6),5.45(1H,s,H-5"),5.34(1H,s,
H-3),4.94(2H,s,H-2),3.64(1H,dd,J=13.0,6.7 Hz,
H-6"a),2.99(1H,d,J = 16.4 Hz, H-4a) ,2.87(2H, d,
J=17.6 Hz, H-4b/6"b) , 1.06 (1H, s, H-7") ; *C NMR
(100 MHz, CD,0D) §. 177.3 (C-2") , 167.6 (C-7") ,
157.6(C-7),156.7(C-9),156.3(C-5),146.3(C-3"/5"),
146.2(C-4'),145.9(C-3"),139.8(C-4"),130.9(C-1'),
121.5(C-1"),119.6(C-6") ,116.2(C-5"), 114.9(C-2"),
110.3(C-2"/6"),105.5(C-8),100.2(C-10),96.1(C-6),
79.1(C-2),70.1(C-3),54.3(C-5"),36.8(C-6"),32.5
(C-3"),27.3(C-4),24.1(C-4"),12.8(C-7") ., VL %K
P55 Meng et al. (2018) iz i B A — 2, i 8 e b &
¥y 8 A pyrrolidinone H.,

A9 A K , HR-ESI-MS: m/z 593.139 0
[M-H] (i+51l C,H,:0,, ,593.130 1), [a]-33.6
(¢ 0.09,MeOH) . HAZ#EEE 4 :'"H NMR (400 MHz,
CD,0D) 6, 8.00 (2H, d, J = 8.9 Hz, H-276'") , 7.41
(1H,d,J = 15.9 Hz,H-7"),7.32(2H,d,J = 8.6 Hz,
H-2"/6"),6.83(2H,d,J=9.1 Hz,H-3'/5'),6.81(2H.d,
J=9.0 Hz,H-3"/5"),6.33(1H,d,J= 1.9 Hz,H-8),6.14
(1H,d,J=1.9 Hz,H-6),6.08 (1H,d,J = 15.9 Hz,
H-8"),5.25(1H,d,J= 7.3 Hz,H-1") ,430(1H, dd,
J=11.8,2.0 Hz,H-6"a),4.20(1H,dd,J = 11.8,6.6 Hz,
H-6"b) , 3.31~3.50 (4H, m, H-2"/3"/4"/5") ; °C NMR
(100 MHz, CD,0OD) 6. 179.4 (C-4) , 168.8 (C-9") ,
166.0(C-7),163.0(C-5),161.5(C-9),161.2(C-4"),
159.4(C-4'),158.4(C-2),146.6(C-7"),135.2(C-3),
132.2(C-2"/6"), 131.2(C-26') , 127.1(C-1"), 122.7
(C-11,116.8(C-3"/5"),116.0(C-3"/5"),114.7(C-8"),
105.6(C-10),103.9(C-1"),100.0(C-8),94.8(C-6) ,
78.0(C-3"),75.8(C-5"), 75.7(C-2") ,71.7(C-4") ,
64.3(C-6") . DL L%#5 5 Chen et al.(2009) # i J&
A —F, S A 9 IR T (tiliroside) .

B 10: 85 5 [F 1K B K , HR-ESI-MS: m/z
739.162 2 [M-H] (i 51H C,H,,0,5 ,739.166 8) ,
lal-74.3(c 0.08, MeOH) . HAZHIEHE F :'"H NMR
(400 MHz, CD,0D) 6, 7.96(2H,d,J = 8.9 Hz, H-2/
6'),7.72(1H,d,J = 15.9 Hz,H-7") ,7.48(2H,d,J =
8.6 Hz,H-2""/6""),7.40(d,J = 15.9 Hz,H-7"),7.30
(2H,d,J = 8.6 Hz, H-2"/6") , 6.86 (2H, d, J = 8.9
Hz,H-3'/5'),6.81(4H,dd,J = 8.6, 4.6 Hz, H-3"/5"/
3™/5"),6.45(1H,d,J = 159 Hz, H-8") ,6.26 (1H,
d,J=2.1 Hz,H-8),6.08(1H,d,J = 13.0 Hz, H-8") ,
6.06(1H,br.s,H-6),5.66(1H,d,J=8.0 Hz,H-1"),5.09
(1H,dd,J=9.5,8.1 Hz,H-2"),4.37(1H,dd,J=11.7,
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1.9 Hz,H-6") ,4.22(1H,dd,J=11.9,6.6 Hz,H-6") ,
3.70(1H,t,J = 9.2 Hz,H-3") ,3.59 (1H, m, H-5") ,
3.43(1H,t,J = 9.4 Hz, H-4") ; *C NMR (100 MHz,
CD,0D) 4. 179.1(C-4),168.7(C-9") , 168.6(C-9")
165.6(C-7),163.0(C-5),161.4(C-4"),161.2(C-4""),
161.1(C-4"),158.9(C-2),158.3(C-9),147.1(C-7"),
146.5 (C-7") , 1344 (C-3) , 1322 (C-2'6") , 131.3
(C-2"/6"",131.2(C-2"/6"),127.3(C-1""),127.0(C-1"),
122.9(C-1'),116.8(C-3"/5"),116.8(C-3""/5"), 116.1
(C-3'/5"),115.3(C-8"),114.6(C-8"),105.7(C-10) ,
100.4 (C-1") ,99.9 (C-6) , 94.8 (C-8) , 76.1 (C-3") ,
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