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Monoterpene glucosides from an aqueous extract of
Monochasma savatieri
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Abstract: Eleven monoterpene glucosides were isolated from a water decoction of Monochasma savatieri by
column chromatography over macroporous adsorbent resin, MCI resin, Sephadex LH-20, and HW-40C, combined
with preparative TLC, reversed phase HPLC, and flash column chromatographic techniques. Their structures were
elucidated by comprehensive analysis of spectroscopic data, along with acidic and enzymatic hydrolysis as well as
electronic circular dichroism (ECD) and NMR calculations, including six new compounds (1-4, 7 and 8), named
monochasides A-D, G and H, respectively. Comparing the reported data of 9-hydroxylinaloyl 3-O-f-D-glucoside
(5), (62)-9-hydroxylinaloyl 3-O-f-D-glucoside (6), and kankanoside D, (9) with those obtained in this study, the
absolute configurations of 6 and 9 were proved for the first time. Other two compounds were identified as
8-hydroxygeraniol 1-O-f-D-glucopyranoside (10) and 8-hydroxygeraniol 8-O-f-D-glucopyranoside (11), respectively.

Key words: Scrophulariaceae; Monochasma savatieri; aqueous extract, monoterpene glucosides; monochasides
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SRR A AN ARIE T LG R LB A A T
T A HLER 45/ 2R B 30 R AMMLE Y. 1EN
Xof H 2 Ak 2 o L S M AR R G I A
Rz U g R R % ) 7 DA K R A 1 SE B
DL, AR 0] B BRI I AL 2 i oy HEAT T WA,
NI o N T, I B R R K AR AL 5 A
(1) 22 BE PR SR — 2B IR NI L BE e Bl . A SCHRIE
1T AN BSR4 (1~ 11) 1) 43 B85 4l A RN &5 0y %
(B 1). o, 1~4.7 08 Jyi &5 Mtk &4, 6 A1 9 ¥ H
TCHE XS K YR B I

LZRATIL

&1 8B RRY, [a]) -19.8 (¢ 0.10,
CH,OH). 4L 4 )i 7R 4 7 45 ) A7 12 72 Jk
(3396 cm™) FIFRIE (1 741 cm™). R ¥E (+)-HR-ESI-MS
m/z 397.183 2 [M+Na]" (C, H,,0,Na i 5 {E, 397.183 3)
HMINMR &84l (3R 1), #i€ Hor T4 N C H, Oy, A
WA 4. 7R EE-d, T, A0S P 'H NMR 1% &
ANAHE T A =R M2 [0, 5.32 (1H, dt, J = 7.2,
1.2 Hz, H-6)]; 1 > &) %% [6, 5.86 (1H, dd, J = 17.4,
10.8 Hz, H-2), 5.20 (1H, dd, J = 17.4, 1.8 Hz, H-1a),
5.15 (1H, dd, J = 10.8, 1.8 Hz, H-1b)]; 1 4> i% % TV FH 3t
[J, 3.84 (2H, s, H,-8)]; BN H 2L [6,, 1.56 (2H, m, H,-
4),2.04 (2H, m, H,-5)]; 1 ™5 XUEEAHE 1) 2 [0, 1.57
(3H, s, H;-9)]; 1 A~ 5 % [F) i 095U H 2 [0, 1.30 (3H, s,
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J=9.6,7.8 Hz, H-2'), 3.27 (1H, dd, J = 10.2, 9.6 Hz, H-
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Figure 1  Structures of compounds 1-11

J =96, 6.6, 2.4 Hz, H-5), 427 (1H, dd, J = 12.0, 2.4
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T JCH NMR #045, 45 & 0 7 4 BN R E, HE
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1S5 R RAFAE 1S S0 AN 1A = B DU (g ¢
% (CH-6) 5PN H 3 (H,-5 R H,-4) 1 U0 B2 1 45
FJH.IT . 7E 1 HMBC &, H,-9 5 C-6.C-7 1 C-8
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Table 1 NMR spectroscopic data of compounds 1-3. ¢ were measured in CD,OD for 1 and 3 (references: J;.p0p = 3-250 for 'H and
Ocepmop = 49.000 for C) and in D,0 for 2 (references: d,;,, = 4.800 for '"H and Ocinon = 49.50 for C) at 600 MHz for 'H and 150 MHz
for C. Proton coupling constants (J) in Hz are given in parentheses. The assignments were based on 'H-'H COSY, HSQC, and HMBC

experiments
No. ! 2 3
I, Je Jy Je Iy I

la 5.20dd (17.4, 1.8) 115.8 5.36 dd (18.0, 1.8) 117.5 4.30dd (12.0,7.2) 66.2
1b 5.15dd (10.8, 1.8) 5.34.dd (10.8, 1.8) 421dd (12.0,7.2)

2 5.86 dd (17.4, 10.8) 1443 5.92 brdd (18.0, 10.8) 141.8 5.39.dd (6.6, 7.2) 122.7
3 81.4 81.9 140.2
4 1.56 m 423 1.86 brt (7.2) 39.0 221t(7.2) 38.8
5 2.04 m 23.3 2.48 brq (7.2) 24.5 2.49q(7.2) 28.1
6 5.32dt(7.2,1.2) 126.9 6.80tq(7.2,1.2) 160.2 6.56t(7.2) 156.1
7 135.9 139.3 140.7
8 3.84 brs 69.0 9.29d(1.2) 200.3 9.30 brd (2.4) 197.2
9 1.57s 13.7 1.72s 8.9 1.67s 9.1
10 1.30s 233 1.43s 22.5 1.67s 16.4
G 430d(7.8) 99.5 4.56d(7.8) 97.9 421d(7.8) 102.8
2 3.11dd (9.6, 7.8) 75.2 3.25dd (9.6, 7.8) 73.9 3.11dd (9.0, 7.8) 75.1
3 3.27dd (10.2, 9.6) 78.1 3.47 dd (10.2, 9.6) 76.5 3.27t(9.0) 78.2
4 3.18 dd (10.2, 9.6) 71.9 3.36.dd (10.2, 9.6) 70.5 3.21t(9.0) 71.7
5' 3.31ddd (9.6, 6.6, 2.4) 74.9 3.41m 76.3 3.17m 78.1
6'a 4.27dd (12.0,2.4) 65.0 3.88dd (12.0,2.4) 61.5 3.81dd (12.0, 1.8) 62.8
6'b 4.10dd (12.0, 6.6) 3.68 dd (12.0, 6.0) 3.60 dd (12.0, 5.4)

1" 172.7

2" 1.99 s 20.8
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Figure 2 The 'H-'H COSY (thick lines) and key HMBC (arrows) correlations of compounds 1-9

(ECD) ik i Zk et IR ar )& (I 4), # ke 1 A AR
AL, DR, S 1 IS 19 B, dr 2 N H L
¥ A (monochaside A).

&2 R ERRY, [of -10.5 (¢ 0.15,
CH,OH), 2L 4Nt i /R 2 5L (3 365 em™) FIILHE it
(1 681 cm™) (P45 AE W & o (+)-HR-ESI-MS m/z
353.156 8 [M+Na] "#i & H. 7> 1 A C,(H,,0,. &)
2 5 1 [ NMR 3% 04 AR L, 3F — 20 bk I — 3% 45 1
B3 B 2 @) 1 AN L PR [, 9.29 (1H, d, J =
1.2 Hz, H-8) 16, 200.3 (C-8)] &R T 1 (52 H %, [FIR
2 [ p-7E1 I HE L L JE OB IR . (R, BB HE W 2 K
1 [A)H 6 8-F3 3 A A Sy I L7 2 WS b 25 2L I AT

AW, I3 3 2 (1) 2D NMR 4 7 B BA K Bl 7K i 52 56
MIRRIE . JEHE, 7 2 I HMBC i, H,-9 5 C-6.C-7
T C-8 B 22 XU (K 2), 45 & e T = AL RS, 1 IE 45
Ry Hh A7 AE 7- 1 B -6- 0 -8- B HL AT 52 T [R] I, H-1"5 C-3
(1928 XU, iffE B-D- P We i %7 B 42 5= A7 #% o0 1) C-3
o AN, £ 2 F)NOESY il i, 52 X% H-6/H-8 (& 3)
BE S BN I N 2 (B). [RIRE, SR SE% CD 5t
ECD Lb#c (B5) 175 i€ 2 A 3R 1 8L . [A ik, 4k
EW2 NS FAF LA E, fr 44 N BEH B B (monocha-
side B),

&3 R/ aRIRY, (ol -14.9 (¢ 0.09,
CH,OH). J#id IR, (+)-HR-ESI-MS FI NMR i 1% %
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Figure 3 The NOESY correlations (pink double arrows) of compounds 1-8
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(a) The overlaid experimental CD (red line) of 1 and calculated ECD spectra of 1 (red dash) and (3S5)-1 (blue dash). (b) The

overlaid experimental UV of 1 and calculated UV spectra of 1 (red dash) and (35)-1 (blue dash). (Blue-shifted by 16.5 nm)
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Figure 5
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Exp. UV spectrum of 2
= = =Cal. UV spectrum of 2
= = =Cal. UV spectrum of (35)-2
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(a) The overlaid experimental CD (red line) of 2 and calculated ECD spectra of 2 (red dash) and (3S5)-2 (blue dash). (b) The

overlaid experimental UV of 2 and calculated UV spectra of 2 (red dash) and (35)-2 (blue dash). (Blue-shifted by 7.5 nm)

IIHT, HESE 3 N2 (R > A A . LU T3 B NMR %
P (R 1) SR 3/ 1A = BB [0, 5.39 (1H, dd, J =
6.6,7.2 Hz, H-2), 6. 122.7 (C-2) F1140.2 (C-3)] AR T 2
B &0 2k R, 31 1 AN % %00 B & [0, 4.30 (1H, dd,
J=12.6, 6.6 Hz, H-1a) f14.21 (1H, dd, J = 12.6, 7.2 Hz,
H-1b) J 6. 66.2 (C-1)] HAR 7 2 M EFEmk . HULHE

0T 3 2 2 11 1-B-D-NH Mg 7 265 W U324 S b A, S 3k —
A 13 3 3 1) 2D NMR % HO8 fi# 7 (9 40F 525 5 50l 2 45
F)'H-'H COSY %2 X & H,-1/H-2 f1 HMBC ¥ ¢ Y %
H,-10/C-2.C-3 F1 C-4 ¢ H-1"/C-1 (18 2) HI#IE. K45
3 ) NOESY i # NOE % X I H-2/H-4 1 H-6/H-8 (&
3), B s A5 R R R A S AR R R (B).
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WA= KR 3 J5, MK R o 4 55 15 B0, 28T A2 4k
J5 [ GC 73 A, BRIE A D-H B s . R, 4b &9 3 125
I E N 1 Bros, fir 4 8 i B 58 C (monocha-
side C).

&4 e BRAIRY, [a]y N -8.2 (c 0.21,
CH,OH). % {045 2D NMR (¥ 3% it ¥4 (% 2. & 2 0
SEUGFR 4 o A, A L T 5 A S SR R GE (1
betulalbuside A AH [F] o JR 4 SCHR " b i i g 7K A A0
R &1 T betulalbuside A FI45 K, 4R 1T SCHk
¢ J5 38 betulalbuside A £ i /K A £3 F1 4 7T (1) LU e e
$d {[a] 1.5 (¢ 0.1, CH,OH)"; [a]% +7.59 (¢ 0.76,
CH,OH)"™} . EW4&MKE)E, 153H It 4a
U . b, b5 DR L-7 %5 B 5k B8 40 0 AT A Ak
Ja, & GC 43 Hr LU, #E A B-D-ME G 7 4 ; # T 4a 7E
CD,OD H /] 'H NMR %4} 55 SC k"4 iE betulalbuside
A W E G AE A R I — 2, 4a ) [a]y 9833 (¢
0.01, CH,0H), 55 (+)-(S)-tobacodiol [\ 4l jz, 1 5 (-)-
(R)-F5 R A= — 2, Y ik, WiE 4 B R
A I45 3315 NMR Al DP4-+HHER 70 H (£ 3) (32 FF .
JUE SCHRY S R TE A [RIAE A) Hh 43 B 45 31 B A AR [R]F 1
S5 #: 1) betulalbuside A, {H L (1) SCRRY b 2 A 2
TG AY, T J5 SCERY i 4R betulalbuside A ¥ H

TCHS. FERITEAR L ) SCERY R IE betulalbuside
A [ AN 2 B b A B DL R W 5 o0 v B Bk (C-8.C-3
FC-1") B0 43 5 h 6. 67.2.75.2 F199.1, T b
Jai SCHRUST R B O 6, 76.0.73.8 AT 102.7, SR % i
=, VA RO SIS R ZE . PR, A RIS
BRU 5 5 SR HRGE IR R — A, T
G 5 TCA BLIf 52 N S B betulalbuside A JIE, ALK
1AW 4 4 24 R EF HOAT D (monochaside D).

G5 F0 6 35 T B CR W, [ady 43 9l 9 -26.9
(¢ 0.17, CH,OH) f1-24.2 (¢ 0.13, CH,0H). it IR,
(+)-HR-ESI-MS /% 1D 12D NMR i ¥ 4fz 43 41, 52 &
ATTER P T 5 440 43 ) 5 SCHR AR T 9-F2 5 0% A% B 3-O-B-D-
%] Vi (9-hydroxylinaloyl glucoside, 5)* A1 (62)-9-
¥ 5L 75 AT 3-0-B-D-% & B 1 [(62)-9-hydroxylinaloyl
glucoside, 6] IRl E SCHA A A BB E AT R 48 %
7Y, HLAH REAE 5 DA TARHIE BE (CDN)PH AR
£ (CD,0D)™ 1 ff) NMR % 4%, 5 58 6 7£ DO H [1]
(F4) EZRBAK. Blhn, 55161 C-1F1C-3 5 THRZHR
A A P AE CD,0D H 1 HH 22 46 +3.6 f1+2.5, Tfi C-6
FAZE T I N+2.4 F1+1.9, 3 — B4 CD,0D H1ill 15 5 1
6 [ NMR #4f 5 SCHR> R 16 & P It e A — 2, 22001
AV & T S5 e 22 BRE bR T BUR BARALRE . ES

Table 2 NMR spectroscopic data of compounds 4-6. J were measured in D,0 at 600 MHz for 'H and 150 MHz for C (references d,,, =

4.800 for 'H and Ocnson
COSY, HSQC, and HMBC experiments

=49.50 for "°C). Proton coupling constants (J) in Hz are given in parentheses. The assignments were based on 'H-"H

o 4 5 6
) S, S, J, 5, S,
la 5.22dd (17.4,1.2) 112.6 5.33dd (10.8, 1.2) 117.2 5.32dd (10.8, 1.2) 117.2

1b 5.14dd (10.8, 1.2) 5.31dd (174, 1.2) 5.30dd (17.4, 1.2)

2 6.00 dd (17.4, 10.8) 144.7 5.91 brdd (17.4, 10.8) 142.1 5.89 ddd (17.4, 10.8, 1.8) 142.1
3 744 82.3 822
4 1.64 t(7.2) 41.4 1.69 t(7.2) 40.5 1.66 t(7.2) 41.1
5 2.11'm 22.8 2.09 m 22.6 2.09 m 225
6 591t(7.2) 131.5 5461(7.2) 127.6 5411(7.2) 129.5
7 131.7 135.0 134.5
8a 4.25d (12.0) 76.1 3.97s 68.3 4.10s 60.7
8b 4.15d (12.0) 397s 4.10s

9 1.69 s 13.8 1.65's 13.6 1.75's 21.1
10 132s 26.6 1.41s 224 139 224
i 4.444d(7.8) 100.8 4.54d (7.8) 97.9 4.53d(7.8) 97.9
2 3.30 dd (9.0, 7.8) 737 3.24dd (9.0, 7.8) 73.9 3.23dd (9.0, 7.8) 739
3 3.48£(9.0) 76.5 3.471(9.0) 76.5 3.46 £ (9.0) 76.5
4 3.40 dd (9.6, 9.0) 70.3 3.36 dd (9.6, 9.0) 70.5 3.35(9.0) 70.5
5! 342m 76.5 3.40m 76.2 3.40m 76.2
6'a 3.90 dd (12.6, 1.8) 61.3 3.88dd (12.0,2.4) 61.5 3.87dd (12.6, 1.8) 61.5
6'b 3.74 dd (12.6, 6.0) 3.69 dd (12.0, 6.0) 3.68 dd (12.6, 6.6)

Table 3 DP4+ analysis of the measured and calculated NMR data of 4, 8, and their stereoisomers

Parameter 4 (35)-4 8 (45,55,8R95)-8 (4R,5R,8S.9R)-8 (4S.5R,85,9R)-8
DP4+ (H data) 100.00% 00.00% 100.00% 00.00% 0.00% 0.00%
DP4+ (C data) 94.09% 5.91% 79.50% 0.04% 0.01% 20.46%
DP4+ (all data) 100.00% 00.00% 100.00% 00.00% 0.00% 0.00%




- 2410 - 222224 Acta Pharmaceutica Sinica 2022, 57(8): 2405 —2415

6 LB /KIS, 135 % H I H JC Sa fl 6a K H . &
'H NMR 3%l G BE 6 AE [o] 25, F5 D-F6 %5 5 5 1
i TR BCHE B, BiIE 50 B-D-ML i # & . 53 4h, Sa fE
CD,OD Al 6a 7£ CD,C1 ' ] '"H NMR %45, 7373 5 SCHRk
TR 9-F2 FE 5 REIE AR (62)-9-F2 JE 75 R i 78 AH N7 V8
FI R RS — B R, 5a F 6a 1 [o]X 43 5 ~N+15.8
(¢ 0.02, CH,OH) F1+14.3 (c 0.03, CH,OH), ¥ 5 (+)-
(S)-tobacodiol® ¥ — £, &Ik, #iE Sa fl6atJ A S
L, Rk, A5 R 6 45 M 15 LR a8 - 75 22 4R
e, SCERP I 9- ¥% 5 O % Y 3-0-B-D- i & K 1
(9-hydroxylinaloyl glucoside) 7K fift 15 2| 7 Jo 1Y b JiE
18 [o]% N +20.0 (¢ 0.05, CH,OH) ™ 1 +16.0 (¢ 0.40,
CH,OH)™, H.7E3C k™ rh B 41 Hh H 7 B 38,6 14
B BRI, I (62)-9-F5 ik J5 BT 3-0-B-D-Hi & Hl
[(62)-9-hydroxylinaloyl glucoside] ] SC#R™> i, L4
IR K fRE AR B T A O, (R R RE SR LL IR SR REIE
BRI RIS L, 45t T 566 6 A1 [F 45 4
U TR A AE S [F) ARG TR ) O AR AT AR O, O T
TR A4 FRAIE T~ X 47, AW A0 5 11 6 43 Sl AR 44
NEEEEF EMF (monochasides E 1 F).

a7 R TERIRY, [ol) -11.6 (¢ 0.09,
CH,OH). 4L b6 i 7R e 43 1 45 4 v A7 16 52 Jk
(3 374 cm™) FIRIE (1 744 cm™). 1 (+)-HR-ESI-MS
m/z 369.151 6 [M+Na]" (C, H,,ONa it % {H, 369.152 0)
FINMR %54 (35 4), i€ H o> 740N C H, 0, A

HIFEE N 4. 76 D,0 H, 7 1 NMR i 204 2 o H 245 4
W R B 1A B-D- g 1 % B SR B BT A, IR E
AN (390 5 ZERR AN IR R ) 3 N A (— A
R 6. 76.9)3 MUH I 1 ANER I ZE (6, 88.8) Al
1A FEFREE (0. 185.5). Hltk, WIBHEWT 7 — > 53k
BABEEF, $E— 55T 2D NMR B 70 i H 45 W 47
THfE. MR4E 'H-"H COSY w2z X H-5/H,-6/H,-7 H-
8/H-9/H-5 Fl1 H-8/H,-10 (& 2), LA K& HMBC %& X I C-1/
H-5.H-8 fll H-9 LA [ H,-10/C-7.C-8 f1C-9, }£-45 &A1
A=A RS, B E T 1 T 45 1 AR AE — A 5-HURR
8- B FA e 9- FH R L B e . [F] I, 3 i HMBC 58 X
1% 5 H,-11/C-3.C-4 1 C-5 VL & BATT A 200 5%, HE
SE T H B CH,-3 FIH B CH-11 Bl g =ik C-4 5
W RKE R IC ) CH-5 & H: . 740, iR HMBC %2 X U
H-1"/C-3 i 5& p-Hl %1 BB E I EFAE C-3 o B, R4
THI T RTE, 456 C-4 M=%, e FlEE C-1
5k C-4 2 a8 U5 7T N R 3R . DR,
&7 V- TH 45 KR € N an B 2 Bros . £E 7 I NO-
ESY i v, n AL 2158 X 0§ H-3b/H-5 \H-3b/H-9 1 H-9/
H,-10, HBCH € 7 A R B & 3 . (k&4 7
FHUG 2 B 7K A S5, DK b o) B 45 21 G Ta AR .
Horp, AT A, @i 5 X I D-F1 L% &) BEAT
AW GC ELE, B € 7 HH 1 p- ik iR 7 4 5= 5 0 Hof D-
2. 767 F1 7a ¥ CD H, 7R G A B r-n* KL 1)
(-)-Cotton RN, 4 51 ECD ik Lb 4 (B 6), #iE T 7

Table 4 NMR spectroscopic data of compounds 7-9. § were measured in D,0 for 7 at 600 MHz for 'H and 150 MHz for "*C and for 8 and

9 at 500 MHz for 'H and 125 MHz for "°C (references J,

HDO

=4.800 for 'H and J,

=49.50 for "’C). Proton coupling constants (J) in Hz

CH30H

are given in parentheses. The assignments were based on 'H-"H COSY, HSQC, and HMBC experiments

No. 7 8 9

Oy O O Oy O
la 185.5 3.57dd (11.5,4.5) 65.5 4.48 dd (11.5) 64.7
1b 3.42dd (11.5,3.0) 4.20dd (11.5)
3a 4.00d (11.4) 76.9 3.95dd (10.0, 4.5) 75.4 3.63m 61.1
3b 3.71d(11.4) 3.36 dd (10.0, 6.0) 3.59m
4a 88.8 1.75 m 38.1 1.92m 36.2
4b 1.34 m
5 2.93 q(9.6) 46.6 1.55m 44.4 2.77 m 43.6
6a 1.86 m 28.0 1.62 m 28.5 1.99 m 28.7
6b 1.67 m 142 m 1.43m
Ta 1.86 m 354 1.64 m 33.8 2.33m 37.2
7b 1.28 m 1.20 m 240 m
8 223 m 39.8 1.75m 37.5 142.5
9 3.04 dd (9.6, 4.8) 55.1 1.40 m 51.9 133.1
10 1.13 d (6.6) 20.5 0.94 d (6.5) 20.4 1.70' s 14.0
11 140s 18.5 0.96 d (6.5) 16.0
1 444 d(7.8) 103.4 4.39d(7.5) 103.7 4.41d(8.0) 101.9
2’ 3.28 dd (9.6, 7.8) 73.7 3.22dd (9.5,7.5) 73.9 3.21dd (9.5, 8.0) 73.8
3’ 3.48 dd (9.6, 9.0) 76.4 3.43dd (9.5, 9.0) 76.5 3.43dd (9.5, 9.0) 76.6
4 3.38t(9.0) 70.3 3.35t(9.0) 70.3 3.35t(9.0) 70.3
5! 3.45m 76.6 3.38m 76.4 3.38 m 76.5
6'a 3.92dd (12.0,2.4) 61.4 3.87 dd (12.5,2.0) 61.4 3.88 dd (12.5,2.0) 61.4
6'b 3.72 dd (12.0, 6.0) 3.68 dd (12.5, 6.0) 3.69 dd (12.5, 6.6)
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M4t f 8 . R, 59 7 S5 13 LR e, fr 4N
EH #14F G (monochaside G).

&8 /Tt ERY, [aly —12.6 (¢ 0.11,
CH,0H). ZL4MbiE RN H AR (3364 ecm™) FIHFFIEIR
W% . B (+)-HR-ESI-MS m/z 357.188 4 [M+Na]”*
(C,H,,O.Na i+ 518, 357.188 4) FINMR i $ ¥ (% 4),
e Hoar FH N C H, 0, NMERE N2, s s
7 (1 °C NMR B £ 45 (% 4), RIS 1 — A5 H 3 [,
65.5 (C-1)] FIIK 2 [0, 38.1 (C-4)] 2 I EAR T THIN
i B 3 R SR 2B B 3 — 2D B 1 'H NMIR i 4%
R B, 8 (A B % [0, 0.96, d, J = 7.8 Hz (C-11)] B
T TR B . ARAE DL B S, HEE 842 7T WERHM Bt IL
JE IR H LR — AR T AT A . W15 2] 8 11
2D NMR %48 40 A1 (0 0 3E (B 2). 45 ) 2 AR 4 8 110
HMBC ¥ 7 22 X 1§ H,-11/C-3.C-4 A1 C-5 L\ J H-1'/C-
3, diE e AT AL R, HIE - ML s 6 6] B S T 2
1EC-3 o 5 4h, HR4E 8 1) NOESY #& X i H,-1/H,-11
ATH-9/H,-10 fff 7 FEAH X A4 B 40 ] 3 flrzs - FH ik [)
FE 1 B K MR AT 2E A A GC EL &, B IE 8 1 B- i i
& E S D-FI R . SR, 8 1 CD R Ban Bl & (-)-
Cotton RN, H.PKIG /KM 5 oK Re 19 21 7, MR 5 7
(VR TE AR DRI 2R, 125 4 DU 8 1 7 1 REAZ EL A AH [R] 7 44
SR AL 15 3 1 55 NMR Al DP4+HE R /0 Hr (£ 3) 11
SCRE. R, A 8 215 LAWIE I 8, v 2 9
H ¥4 H (monochaside H).

&9 R B RIRY, [aly -31.1 (c 0.46,
CH,OH). ZLAMGi B A 2 (3 357 em™) HIFFHAE
W i . B (+)-HRESIMS m/z 341.156 7 [M+Na]*
(C,;H,,O.Na i} 5 {H, 341.157 1) FI NMR i £ 4 (3 4),
e Ho o PN C 1, 0., AAIEE A 3. £ 97ED,0
H1E) 1D A1 2D NMR HU48 43 A, i 3iF 3 5 SCHR> 4 i
kankanoside D, B A4 A 8] (1) V- 4544« S SCHR 4
= Exp. CD spectrum of 7

= = =Cal. ECD spectrum of 7
= = =Cal. ECD spectrum of (45,5S,8S,9R)-7

@ °27 -,

014"
'

~——— —
-0.1
-02 ; . . )
200 250 300 350 400
Wavelength / nm

(b) 2500 4

R I i KA T T R I L O e
R-rotundiol, {H & & $& it 5 ¥ Jo A A 2 1 [a] 2 18 8K,
CD %4l . AUk, 1A kankanoside D, 144 84 i 52 ikt =
WEdE . 534k, 9 76 D,O I Bk B K 4 5 SO iR R s
kankanoside D, /£ CD,0OD H ) 22 Jll &2 %, %41 C-8.C-9
AIC-1" 2T BN A5 +2.9.-2.5F1-1.8, 15
9 /£ CD,OD ' [f) NMR %4 55 SC ik i kankanoside
D M5E4—5. T 3P IE kankanoside D, [ [a]y
=21.2 (¢ 0.60, CH,OH) 5 9 ] 17 75 AH X BRI 2 57,
WXt 9 HEAT T B KM, MK R 43 25 45 21 4 76 9a F
Wi oA, FIGH [a]) A-14.3 (¢ 0.02, CH,OH), 5
BRI IE R-rotundiol 1) — 2; %/ 'H NMR 1 [a]g ¥
5 DA EH I — 2. (5911 CD 1 iR n-n*
R IE AR 3 (1 (—)-Cotton R, 5 it 5 ECD 1 W) &
RiF (B 7). HL, 654 9 B kankanoside D, [ 45 1)
5 LARAIE

i I AL 45 2D NMR &5 3% 1% H0dfs i by, I 5 SCkAR
T8 AH G Ak A P R B P A, 3 A S L S i
K 53 5] 45 7€ O 8-F2 L A& I BE 1-0-B-D- 1 & i H (8-
hydroxygeraniol 1-O-f-D-glucoside, 10)*7 1 8- % 3t &
I 8-O-B-D- % %] # 1 (8-hydroxygeraniol 8-0-f-D-
glucoside, 1), H1 T 3C#ik b 4l 3E & 411 7E CD,0D
C,D,N ' NMR %4 5 7 5256 78 D,0 i 15 £ 4 2 (7]
F7AE LU 35 I 6 [ R 22 e, BRTE R S TR sl il T AR
S () NMR H 4

DA A 50 285 A B, BB R R AR H A% L B4
FE) A B R T ) SRR 2 Ak 2 iy, GV T R R IR
BRI R SR 2R . LR, s
PI1~4. 7T FI8 BRI, 386 0 T Bl 2 RAR =W ) 45
2R R 6% RI 9™ 4 T 4 My 4 A5 408, SR T
SCRIR A A i B2 A4 T IE B B AT R B ) S B B, AR T
BRI T eI AN, H T X e B G
= = =Cal. UV spectrum of 7

. = = =Cal. UV spectrum of (45,55,8S,9R)-7
2000 -+,

1500
0

10004 3

500

0 T T T 1
200 250 300 350 400

Wavelength / nm

Figure 6 (a) The overlaid experimental CD (red line) of 7 and calculated ECD spectra of 7 (red dash) and its stereoisomer with the enantio-

meric aglycone (blue dash). (b) The overlaid experimental UV of 7 and calculated UV spectra of 7 (red dash) and its stereoisomer with the

enantiomeric aglycone (blue dash). (Blue-shifted by 5.0 nm)
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(a) 61 Exp. CD spectrum of 9
= = =Cal. ECD spectrum of 9
& “ = = =Cal. ECD spectrum of (5)-9

T T T )
200 250 300 350 400
Wavelength / nm

(b) 10000 .

Exp. UV spectrum of 9
= = =Cal. UV spectrum of 9
= = =Cal. UV spectrum of (5)-9

@ 5000

T T T )
200 250 300 350 400
Wavelength / nm

Figure 7 (a) The overlaid experimental CD (red line) of 9 and calculated ECD spectra of 9 (red dash) and its stereoisomer with the enantio-

meric aglycone (blue dash). (b) The overlaid experimental UV of 9 and calculated UV spectra of 9 (red dash) and its stereoisomer with the

enantiomeric aglycone (blue dash). (Red-shifted by 4.0 nm)

Table 5 NMR spectroscopic data of compounds 10 and 11. ¢
were measured in D,0 at 500 MHz for 'H and 125 MHz for °C
(references 6, = 4.800 for 'H and Ocion = 49.50 for 1C). Proton
coupling constants (J) in Hz are given in parentheses. The assign-
ments were based on "H-"H COSY, HSQC, and HMBC experiments

o 10 1
) 5, s, 5, 5.
1 431d(7.5) 66.1  4.09d(7.0) 58.5
2 536t (7.5) 1193 5.38t(7.0) 122.6
3 144.7 141.8
4 2.12t(7.5) 391 2.10t(7.0) 38.9
5 2.20dt (7.0, 7.5) 258 221 quint (7.0) 26.0
6 5.41t(7.0) 1272 5.51t(7.0) 1315
7 135.2 131.7
8a 3945 683  4.19d(11.5) 76.0
8b 4104 (11.5)
9 1.62's 136 1.65s 13.9
10 1.68 s 161 1.665 15.9
g 4.42d (8.0) 100.9  4.38d(8.0) 100.6
2 3.23 dd (9.0, 8.0) 737 3.24dd (9.0, 8.0) 73.7
3 3.43£(9.0) 76.6  3.42t(9.0) 76.5
' 3.35t(9.0) 703 3.34t(9.0) 70.3
5 336m 767 3.35m 76.5

6'a 3.88dd (12.5,2.0) 61.4
6'b 3.69dd (12.5, 5.0)

3.87dd (12.5,1.0)  61.4
3.68 dd (12.5, 5.0)

KA A R HE HE KSR 1 DL B G R A7 7, 453
AR B 8 A R, R B 176 P I DA, 1%
T 3 45 8 A R R MR — 2
#

LI I

AUTOPOL V AL i 6 52 1% (3% E Rudolph 2 7)),
Nicolet impact 5700 %Y {8 57 I A5 4 21 &b S 1% A (3
Thermo Electron Corporation /A &), JASCO V-650 1 45
AMETEA (H AR JASCO A7), JASCO J-815 %4 CD il &
X (H A JASCO 2 7)), SYS-600 & Inova-500 4% i 4%
X (3& 1 Varian 22 ], DL U5 5 B B 0 A5 o 2

%), Q Exactive Focus & Jii #% X (3% [E Thermo Fisher
Scientific 2 ), SSI-1500 %Y = R AH i A (32 [E L2
A4/~ 7)), Sephadex LH-20 (% #t Amersham Pharmacia
/A #), Toyopearl HW-40C & AE (H A TOSOH 2 7)),
AQ-CI18 Jx #H e i+ (H 7 Daisogel 2 7), PFP [ f 4
WA (H A Daisogel 2 ), # & 3% i /)X (200~300 H)
T v 2 8 IR GF, (F S FE T ). BT ik
FUA TR AU, Y0 B AL T, RN 4 Hr aliek
ek,

JEE B (A ) pH R RV T R BE 2 IR ST A
AR, bR ARIUAE T8 IRV T RERE 25\ TR BT A A
1 ERSESE

B TR Monochasma savatieri 4= % (47 kg) ¥}
I F 7K B2 30 min (3%300 L) K5 7K 32 B 8 I 7k 4,
SR JE 28 HP-20 K FLA i A €3 73 25, K IR FH 7K 50% 2
W 95% £ BE WL, 15 2 AH B 1R 18 43 A~Co K
45 )5, 50% L EEVERLER 4> (1 700 g) 22 MCI 2 55, 4K 1K
FA7K30% B .50% £ BEF1 95% LS, 15 3 B1~
B4. B2 (550 g) £ Sephadex LH-20 % i A € i 147 4>
B, LSRR AT AN AR, 16 BE e M, & I B sy A [ 1
43 I v 57 5 15 31 B2-1~B2-19, i B2-6 (52.6 g)
%t Sephadex LH-20 %t Ji¢ 4 €6 18 34T 0 55, 4 BF - 7K 6
FEVRIE, 2 Gk, & I AR H 5 )G, 15 34 5
B2-6a~B2-6p. B2-6i(4.71 g) F Toyopearl HW-40C %t
ARt (K) 43, 4331 B2-6i-1~B2-6i-10. £ Toyo-
pearl HW-40C 5 fF 5% _1 DLK Ay e i %5 771 73 25 B2-
6i-4 (2.03 g) 154 F| B2-6i-4-1~B2-6i-4-5, H. # B2-6i-4-
2 (330 mg) M B2-6i-4-3 (320 mg) 7 7 £ Flash k¥ 4 3%
(LR -2 -7K 1:0:0~0:0:1) 70 55, 15 545
B2-6i-4-2-1~B2-6i-4-2-13 & B2-6i-4-3-1~B2-6i-4-3-
10. ¥ B2-6i-4-2-7~B2-6i-4-2-11 }% B2-6i-4-3-4~B2-
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6i-4-3-8 £ 31 N B2-6i-4-2-7 (232 mg), K F il % # )2 4
T (CE MR- RS 1) 70 B, 193 B2-6i-4-2-TA~B2-
6i-4-2-7H, H:th, B2-6i-4-2-7F (23 mg) £ S AH 2 i) £ 74
HPLC (PFP #E, 35% %, 2.0 mL-min™) 4li{k, 75 %1k
49 (t, = 27.2 min, 4.6 mg); B2-6i-4-2-7E (36 mg) &
S FH 2 il % B HPLC (PFP A, 35% H %, 2.0 mL-min™)
aifh, B ELEYS (1, = 33.2 min, 1.7 mg) 16 (¢, =
41.7 min, 1.3 mg).

i 1 Flash # 185 i3F — 25 4> 5 B2-6i-4-4 (1.20 g)
A1 B2-6i-5 (820 mg), 4 Il £ Flash A €43 (LR L e -
LE-7K1:0:0~0:0:1) 4 5, 13 3| B2-6i-4-4-1~B2-
6i-4-4-29 I B2-6i-5-1~B2-6i-5-28. 4} 1 2 {0 i ks
M, A 3 B2-6i-4-4-13 F1 B2-6i-5-12 1y 41 43 B2-6i-4-4-
13 (94 mg), H-& | & )2 i (LR L LBE-/K 15:
2:1) il 4% 75 3] I 41 43 B2-6i-4-4-13A~B2-6i-4-4-13F .
Hrh, B2-6i-4-4-13F (22 mg) £ A% HPLC (AQ
CI18 FE, 40% H %, 2.0 mL-min™) 4k, 15 24k &4 2
(t, = 50.2 min, 1.5 mg). B2-6i-6 (1.12 g) £ Flash f: 4
W (R MR- 27K 1:0:0~0:0:1) 70 5, 15374
7% B2-6i-6-1~B2-6i-6-13. B2-6i-6-6 (28 mg) £ Jx /]
2= il £ 7 HPLC (AQ C18 44, 48% H %, 2.0 mL-min™)
S, HEL AW (1, = 30.6 min, 1.1 mg). B2-6i-6-9
(139 mg) 4 Flash k= (i34 70 25, DL EERIZK A7,
6 B e i, 75 31 B2-6i-6-9A ~B2-6i-6-9C, H: ' B2-6i-6-
9A (42 mg) T S AH - il % HPLC (PFP A%, 40% HI BE,
2.0 mL-min™) 4fifk, 52654 3 (1, = 38.2 min, 1.5 mg).
¥ B2-6i-4-4-17. B2-6i-4-4-18 . B2-6i-5-18~20. B2-6i-
6-18.B2-6i-6-19 & 3 y B2-6i-6-18 (324 mg), £ Flash
RSB, & bR -FEE (511) YEl, 15 3 B2-6i-6-
18A~B2-6i-6-18C. H .1 B2-6i-6-18B (227 mg) iHid i
HEE O (ST - EES 1) H] & 15 245 B2-
6i-6-18B-1~B2-6i-6-18B-3. B2-6i-6-18B-1 (83 mg) &
S -1l £ HPLC (PFP A%, 40% HEZ, 2.0 mL-min™) 4
5, 133 E T (1, = 26.3 min, 1.15 mg). #f B2-6i-4-4-
16.B2-6i-5-17.B2-6i-6-15 & Jf 4 B2-6i-6-15 (332 mg),
2 Flash (35 73 B, & e—HBE (50 1) Yelit, 1592
B2-6i-6-15A~B2-6i-6-15D. FH:H1B2-6i-6-15D (280 mg)
T % R O (LR AR L BE-7K 12:2101) il 4%
5 3 ¥ 41 4 B2-6i-6-15D-1~B2-6i-6-15D-6. B2-6i-6-
15D-4 (83 mg) 4 [ A - il & HPLC (AQ C18 #¥, 35%
H I, 2.0 mL-min") 7 55, 15 24L& 4 (¢, = 41.9 min,
539 mg). th & ¥ 8 (1, = 54.9 min, 1.12 mg). 10 (¢, =
53.2 min, 1.12 mg) A1 11 (¢, = 56.7 min, 1.09 mg).
2 EMEE

a1 TERRY; [@]X ~19.8 (¢ 0.10, CH,OH);

UV (CH,0H) 2, (log &) 202 (3.73), 282 (2.50, sh) nm;
CD (MeOH): 200 (4e ~1.10) nm; IR v__ 3 362, 2 957,
2921,2 851, 1 741, 1 677, 1 596, 1 463, 1 412, 1 377,
1260, 1 078, 1 038, 925, 701 ¢cm'; 'H NMR (CD,OD,
600 MHz). "C NMR (CD,OD, 150 MHz) ¥4 W% 1.
(+)-HR-ESI-MS m/z 397.183 2 [M+Na]" (C,H,,O,Na i1
5H1H, 397.183 3).

&Y 2: TEERCRY; (] ~10.5 (¢ 0.15, CH,OH);
UV (CH,OH) /4 (log &) 202 (3.42), 221 (3.59) nm; CD
(MeOH): 222 (4e -0.36) nm; IR v, 3 365, 2 957, 2 924,
2 877,2 854, 1681, 1637, 1413, 1 377, 1 260, 1 204,
1157, 1076, 1 038, 929, 878, 801 cm™; "H NMR (D,0,
600 MHz)."*C NMR (D,0, 150 MHz) ¥4 L& 1. (+)-
HR-ESI-MS m/z 353.156 8 [M+Na]" (C,H,,O.Na it 5
18, 353.157 1),

A& 3: AR (] ~14.9 (¢ 0.09, CH,OH);
UV (CH,0H) 7, (log £) 202 (3.58), 229 (3.67) nm; IR
v, 3380,2 924, 1678, 1415, 1379, 1 260, 1 157,
1 077, 1 041 cm”; 'H NMR (CD,0D, 600 MHz).
“C NMR (CD,OD, 150 MHz) ¥ ## I.5% 1; (+)-HR-ESI-
MS m/z331.175 1 [M+H]" (C, H,,0, 51, 331.175 1).

&Y 4: AR, [2]E -8.2 (¢ 0.21, CH,OH);
UV (CH,0H) 4 (log &) 203 (3.23) nm; IR v, 3 378,
2971,2921,2 872, 1 674, 1 647, 1 454, 1 413, 1 369,
1318,1262,1201,1159,1098,1077,1042,914 cm™;
'H NMR (D,0, 600 MHz). "C NMR (D,0, 150 MHz)
B4 W% 2; (+)-HR-ESI-MS m/z 355.171 4 [M+Na]"
(C,H,O,Na t+51H, 355.172 7).

B S: TABIRY; [a]y —26.9 (¢ 0.17, CH,OH);
UV (CH,OH) 2 (log &) 203 (3.37), 233 (2.56), 283
(2.37) nm; CD (MeOH): 223 (de +0.07), 285 (de —0.13)
nm; IR v, 3 367, 2 980, 2 919, 2 873, 1 643, 1 413,
1377, 1153, 1 076, 1 037, 1 015, 930 cm™; '"H NMR
(D,0, 600 MHz). "C NMR (D,0, 150 MHz) ¥4 . %
2; (+)-HR-ESI-MS m/z 355.172 2 [M+Na]" (C,.H,,0,Na
5, 355.172 7).

&M 6: ToEIRYD; [0]X —24.2 (¢ 0.13, CH,OH);
UV (CH,0H) 4, (log ¢€) 203 (3.45) nm; CD (MeOH):
200 (de —1.52), 243 (4e +0.29) nm; IR v, 3 365, 2 969,
2929,2 875, 1702, 1 641, 1 569, 1 454, 1 413, 1 376,
1 260, 1 154, 1 077, 1 037, 1 016, 926, 874 cm™;
'H NMR (D,0, 600 MHz)."C NMR (D,0, 150 MHz) %{
5 W # 2; (+)-HR-ESI-MS m/z 355.172 3 [M+Na] "
(C,(H,O,Na 1t 518, 355.172 7).

a7 TABARYD; [0]? ~11.6 (¢ 0.09, CH,OH);
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UV (CH,0H) 1, (log &) 203 (3.35), 229 (2.98), 278
(2.45) nm; CD (MeOH): 214 (de -0.17) nm; IR v__
3374,2957,2925,2 871, 1 743, 1 672, 1 592, 1 455,
1 416, 1 382, 1 305, 1 252, 1 163, 1 078, 887 cm™;
'H NMR (D,0, 600 MHz)."*C NMR (D,0, 150 MHz) %t
¥ W, % 4; (+)-HR-ESI-MS m/z 369.151 6 [M+Na] "
(C,(H,(ONa 15 1H, 369.152 0).

& 8: T EOARY; o]y ~12.6 (¢ 0.11, CH,OH);
IR v, 3364,2954,2926,2 870, 1679, 1591, 1 462,
1417,1378,1260,1203,1167,1078, 1029, 801 cm™;
'H NMR (D,0, 500 MHz). "C NMR (D,0, 125 MHz)
Y5 W £ 4; (+)-HR-ESI-MS m/z 357.188 4 [M+Na]"
(C,¢H;,0,Na 1t 5ifH, 357.188 4).

EY9: AR A @] -31.1 (c 0.46, CH,OH);
UV (CH,OH) %, (log &) 199 (4.02) nm; CD (MeOH):
202 (de -5.69) nm; IR v, 3 357, 2 921, 2 883, 1 571,
1438,1413,1381,1338,1161,1078,1044,1025cm™;
'H NMR (D,O, 500 MHz). "C NMR (D,0, 125 MHz)
B W 2% 4; (+)-HR-ESI-MS m/z 341.156 7 [M+Na]"
(C;H,O,Na 1t 4, 341.157 1).

AP 10: TR (0] -16.1 (¢ 0.11, CH,OH);
UV (CH,OH) 4, (log &) 204 (4.12) nm; IR v_ 3 374,
2914,2 875, 1670, 1 444, 1 382, 1 157, 1 077, 1 041,
1 021, 897 cm™; '"H NMR (D,0, 500 MHz). "C NMR
(D,0, 125 MHz) ¥ #& W. & 5; (+)-HR-ESI-MS m/z
355.171 9 [M+Na]" (C,H,,O,Na 51, 355.172 7).

A TEERYD; (0] ~21.1 (¢ 0.11, CH,OH);
UV (CH,0H) /. (log &) 203 (4.08) nm; IR v, 3 360,
2921,2 881, 1676, 1 434, 1 389, 1 364, 1 203, 1 186,
1134, 1 077, 1 020 cm™; 'H NMR (D,0, 500 MHz).
“C NMR (D,0, 125 MHz) %4 W5 5; (+)-HR-ESI-MS
m/z 355.171 9 [M+Na]" (C, H,,O,Na it 5 i, 355.172 7).
3 wEM1~9rkg

&1 (1.0 mg) 52 mol- L' =4 Z R /KVE
(1.0 mL) 7E 90 °C R I# UK fif 3 he kK 28 T8 7 5 4
RN ARAE 1 mL K, HEE AR 218 SR A3 IR,
WaKERRNE 1 IHER 7. e E2~9 &L
1.0 mg, ¥ T 1 mL /K™, i1 2.0 mg W% 4=, T 38 °C
FAKBIM# 24 ho IO 1 mL B EE 2 0E e B, 38
Sephadex LH-20 (I EE-/K 1:1) 70, 3% H K E G
U . B 1~9 % H KRS 2 B0 5 x5 s (D-H 52
Bl D-2 FLRE A D=7 ) B ) L =0 B, R ITHIN IE
fig—7K -2 /K (60:30:2.4), 25 J IR ¥4 5 D-7 %) o) #
A RAE — 5. Ak, K 1~4.7 F1 8 53 Bl K #1531
W5 L S D-Z N L-BY 5] B R HR A (% 1 mg), 70 Vs A

FETC/KMERE (0.6 mL) HY, M 2.0 mg L-: bt 24 B8 H s
EREREL, NFFN 60 °C, FFLL 1 he W RMIBEGWETE
T BE R, BN 0.5 mL N- = B Lk mk ) I b Ak &=
60 °CHF&E 1 ho H4 S NIREPIMAN 2 mLKh, JFH &4
FUE e 2 HL 3 IR, A 5 BUR A 41 15 215 g e =
FILREREEATAEY) . H 1 mL IE O s, T SM G
BT A3 BT S A4 FID RS I 285 300 °C, 2 4f i 5
200 °C, LA 10 °C-min™ /)38 2 18 7 T %5 280 °C, Jf H.
YEFF 35 min; A N, 45 R EIR 1~4.7 f1 8 K fF 152
B AT A= P AR B B (] 350 5 D-R &R — 2. MI7$ 5.6
9 K A5 BIBE I [alr 53 0 9+39.2 (¢ 0.07, CH,OH).
+32.3 (¢ 0.03, CH,0OH)~+36.5 (c 0.05, CH,OH), - #l| %
BT H NMR 1% 35 55 D71 27 8 5 R i — 2

4 ECD.UVFANMRiZit+®E

[ FHl Gaussian 16 1 [1) GMMX #iH, /£ MMFF94
o 15 R SRR I 7 A A Y B R R AT
2, 13 B BE BN T 3.0 keal mol ' (AR A R . N
HH Gaussian 16 #2 J7 % iz of 5 1% Al CPCM # Y
(conductor-like polarizable continuum model) % #l ¥
FIRNE, 7E B3LYP/6-31+G(d,p) 7K1 L, %t 2% 3K 1511
MR — SRR B R PR 282 o0 Ao 1E
B3LYP/6-311+G(d,p) /K ¥ I, i+ & Gibbs H H BE 7E
3.0 keal'mol™ AN (AR AL A4 B & UK A e & VIR
AN TR . ARIE A R BIR 22 2 o AR 2,
AT 4k, LA 15 B FSTHE K ECD M UV i
(6=0.30eV). f£EMPWIPW91/6-311+G(d,p) /K L,
F GIAO 5221 5 Gibbs [ 1 AE7E 3.0 keal-mol™ P
BRGS0 NMR, F 8@ i I BCr 34k, 306 175 2
S TH S TH A PC NMR 34, 154 DP4+E R 4 T,
HATHRIE .

e BB ) G B KR AT, DL SR Y
BT RE Ry SRR 22 4 ek FAG 5 S HUR 3 i SOCE B T
UER A T4 5% S 06 S it S SCEE I Fi (1 158 55 5 A AR AR RN A B A
A BT R Ak 2 S ABE B T 25 M ISR A 0

FIEEMSE: VEE B TR &R .
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