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Abstract ; To study the constituents of Isodon macrocalyx, thirteen diterpenoids were isolated and purified from the aerial
parts of I. macrocalyx by means of various column chromatographic techniques, including silica gel, ODS, Sephadex LH-
20 and RP-C,; pre-HPLC. The structures of the isolated diterpenoids were determined on the basis of analyses of
spectroscopic methods ('H NMR and ®C NMR spectroscopy ) , high-resolution electrospray ionization mass spectrometry
(HR-ESI-MS) , and comparison of their spectroscopic data with previously reported data. The results showed that the
diterpenoids were identified as 19-hydroxytotarol (1), macrophynin E (2), inumakoic acid (3), inumakiol D (4) , 48-
carboxy-19-nortotarol (5), (—=)-lambertic acid (6) , 2-oxo-5-fagonene (7) , isodoterniofiln B (8), longikaurin E (9),
longikaurin A (10) , rabdotemin H (11), 16S-dihydrolongikaurin A (12), and ent-3S,16S, 17-trihydroxy-kauran-2-one
(13). All diterpenoids were isolated from I. macrocalyx for the first time.
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43 %

KB (Isodon) N E I Bl ( Lamiaceae ) 1
Yy, 8 Mg Rabdosia , Plectranthus \Amethystanthus i
Isodon %58 % , 1985 E ¥ 1% & 44 IE R E N Isodon,
ZIEAEYRERA 150 R A T EA 90 Fl 21 A48
Tofr s A 4 ] 2% b, (H DL PY e 3 4 Rl S a2, Horp
JTRG O ARAT 13 Rl (R R A B e R ) A g e
5143 ,2004 ; ST AIXIE , 2010) , A 2K AY)
AFRE R Tz A R 2y 25 A A
30 A, i B T AR RE L BB R R BT
R P MBI W H R W25 0 (Olveira et al.,
2007 ;Park,, 2011 ; 3R A4 7k A2, 2022) . 2%
P LIPS 1 (N N T TN N
R ZEWEAE Y, R A S 2R 1) ik Ak
G (PN E SE, 2001 ; Olveira et al., 2007 ; Park,
2011;Liu et al., 2017; 5K X %%,2019), J& & [H
(1988) WFFE KM, il {5 W) 7 25 3 3R ) o =2
T IS A T 58 73 T 4 T 0 A 490 o = P L X A TG
PRI ERI R TROER . AR
3B DL 5 A2 e Y s 2% 12 B 3K BE A0 1) 22 Pl i
AN HEFE (T 2455 2008 3 2 F1 5 2009) .
B (Isodon macrocalyx) RIFIERH A
XRIBHEY, EE oA T fmE W) R
PIFIBEEE (X)) . REJHHARIRIT Sk BH
RIS PEIERE S (B HE,1999) . KREF/FA
SR O U R | R Y I A A 4 in A T
BRI A T (BRI R %5 ,1988) . 164 M1k, UK
BERXT D EGBRREFI TR RN
BRI A Y (FJe2E 5 1984, T2 4 5045
1984) . A T AR AT il 24 2% 32 19 ) Jog
ilt, AR SO6E I B 3 0 08 4k 2 A HE AT 40 B N2
P U TE

1 AR L5 7%

1.1 L2514

SLH 2GR T 2019 4F 8 A 12 H R A 3R B 7K
SRV, 28 25 B v B 2 R v 2 2 e 2 I AR A%
U KT ZE 3K (Isodon macrocalyx ) , LY AR AR
(ZFC201903015e) f7 5T PUUfifi Rz fboe 52y
ot oK R AR S A R AR T
1.2 LI {LES

Agilent 6545 Q-TOF LC-MS 543 ¥ Bt A% ( 35
= Agilent /A H]) ; Bruker AVANCE 400/500 MHz 1%

i 3L P& 1% ( Bruker BioSpin AGFacilities 2% &) ) ;
LC3000 il £ i RV A €053 A3 (b 52 A1) i fe A}
FA R ;LC1260 - il 28 5 SR AH i (35
Agilent 23 F)) s A2 )2 P ERC RS (200~400 H) F
W2 A0S R R (G254) W A BT,
ODS 1 ¥} . Sephadex LH-20 1k} FI MCI #1 %}
(Merck, Germany) 104 [t 4k & F R A BR A
Al 5%BiIR L 50 [ G, R AR A 7 B
THRA R HEE, LB NE LR R — 5
F e, 40 ot 3 43 Bt ali Ak 24 3550 220 0 1 v B b
THRAF,
1.3 LW H*

BN RT3 20.0 kg, By,
F 75% & P B B, AR SR U W 4, 1RIRE 4.0
kg, $ 3=H - #C T oK B, KK PE | EtOAc il
BuOH I, 45 B A K F8 4, A6 BOR Mk 46 )5 1512
B X EtOAc % 4r & wE A 2 #r, B CH, Cl,-
EtOAc (100 : 0,90 : 10,80 : 20 .50 : 50.0 : 100)
R Ve A B e A, FE AR E] S ASE A Fro A~ Fr.E,
Fr.A (80.2 g) Z&HERAE)ZHT, H PE-EtOAc (100 :
0—50 : 50) HATHEBEVENL, 15 5 N4 Fr.AL 1~
Fr.A.5, Fr.A.2 (20.4 g) &7 JZE M, ] PE-
EtOAc (98 : 2—50 : 50) #EATHEEEVENL, 75 5 A~
0y Fr.A2.1~Fr.A.2.5, Fr.A.2.1 R E R 2
¥r, H PE-EtOAc (98 : 2—60 : 40) #1746 B ¥k
I, S 1 (15.6 mg) ;Fr.A.2.2 82T,
JH EtOAc-PE (1% 2% 3% 4% 5%) $E47H6 Uk
Wi, b A&7 (7.1 mg); Fr.A.2.3 4 Sephadex
LH-20 Z#r, ] PE : CHCL, : MeOH(1 :2: 1)%k
etk , S k-&% 2 (12.4 mg) 13 (10.5 mg) .
Fr.A.3 (25.3 ¢) &6k i H )21, H PE-acetone
(98 : 2—10 : 90) HEATHHBEVENL, 15 4 A4 4
Fr.A.3.1~Fr.A.3.4, Fr.A.3.2 2 Sephadex LH-20
JEMT, F PE : CHCL, : MeOH (1 : 2 : 1) V4t
LAY 4 (6.8 mg) F15 (6.7 mg) ;Fr.A.3.3 &t
WEEHT, FH EtOAc-PE (1% 2% 3% 4% 5%)
FEVERL, Sk & 6 (5.6 mg) F1 11 (7.7 mg),
Fr.A.4 (18.5 g) 4 C 2 Hr, 1 H,0 : MeOH
(70 : 30—0 : 100) FEATEEEEVEML, 15 4 A~ 415
Fr.A.4.1~Fr.A.4.4, Fr.A.4.2 (15.3 g) 4 RP-C
il £ 5 50O A €533 2 A, F I 3 AH H,0 + MeOH
(70 : 30—50 : 50) BHEEVERL, 751654 8 (5.8 mg)
F112(12.5 mg) ;Fr.A.4.3 4 Sephadex LH-20 ZHT,
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FH MeOH PERL, L5919 (29.3 mg) .10 (6.0 mg)
113 (7.8 mg)

2 femEmER

X REFACEH 0 75% L FEHR L
Pt 1T EtOAc # UL, SR J5 £ ik X . ODS | Sephadex
LH-20 | S AHF ] 45 g 2500 A 45 403 43 2 44k, 15
) 13 4>, i J5 A 'H NMR . "*C NMR #1 HR-
ESI-MS 2533 FBL, LA S 85652 % SCHR B E 7 3%
Se TR S5 R X TR AR R (2.6.7) |
BEARRER (1.,3-5) DU LE 1 (8.9) Fl DL 52 42 b
(1012 13) , 45 2] /9 5 3% 8 B IR Mz a4 v
ERE, b EWast LA 1,

tEw 1 F {8 [ &, HR-ESI-MS m/z:
303.232 9 [ M + H]" (caled for Cy Hj O,,
303.232 4) ,'H NMR (400 MHz, CD,COCD,) &,
6.93 (d, J = 8.6 Hz, 1H), 6.60 (d, J = 8.6 Hz,
1H), 1.33 (d, J = 1.3 Hz, 3H), 1.30 (d, J =
1.3 Hz, 3H), 1.15 (s, 3H), 1.03 (s, 3H),
“C NMR (100 MHz, CD,COCD,) &, 154.3 (C-
13), 142.5 (C-8), 133.8 (C-9), 131.3 (C-14),
123.7 (C-11), 115.1 (C-12), 64.5 (C-19), 51.7
(C-5), 40.7 (C-1), 40.7 (C-6), 39.4 (C-10),
38.3 (C-4), 36.0 (C-3), 30.1 (C-7), 28.2 (C-
15), 27.6 (C-18), 26.5 (C-20), 20.5 (C-17),
20.3 (C-16), 20.0 (C-2), i % ¥ 5 Sck
(Kalule & Li,2005) be X FEAS — 3, il S e fb & 9
15 19- 2 5EF B 1

&% 2 HR-ESI-MS m/z: 303.232 0 [M +
H]* (caled for C, H; 0,, 303.232 4),'H NMR
(400 MHz, CDCl;) 8,6.99 (d, J = 8.6 Hz, 1H) ,
6.52 (d, J = 8.6 Hz, 1H), 3.86 (d, J = 11.0
Hz, 1H), 3.55 (d, J = 11.0 Hz, 1H), 2.94 (dd,
J=17.1,6.0Hz, 1H), 1.87 (dd, J = 13.7, 1.2
Hz, 1H), 1.35 (d, J = 2.8 Hz, 3H), 1.33 (d,
J=2.8Hz, 3H), 1.17 (s, 3H), 1.05 (s, 3H) .
“C NMR (100 MHz, CDCIl,) 8. 152.2 (C-14),
142.9 (C-8), 133.8 (C-9), 131.1(C-13), 123.4
(C-12), 114.6 (C-11), 65.5 (C-19), 50.6 (C-
5), 39.8 (C-6), 38.7 (C-4), 37.8 (C-10), 35.2
(C-3),29.4 (C-7), 27.3 (C-15), 26.8 (C-18),
26.1 (C-20), 20.4(C-16, 17), 19.6 (C-1), 19.3

(C-2) . LA E%HE 5 SCHik (Qin et al., 2007 ) X
%leggﬁ,ﬁﬁggfé’pﬁ/ﬁ\% 28 macrophynin E,

&Y 3 HR-ESI-MS m/z: 317.211 4 [M +
H]* (caled for C, H, O,, 317.211 7).'H NMR
(500 MHz, CD,0D) 8,6.92 (1H, d, J = 8.6 Hz,
H-12), 6.52 (1H, d, J = 8.6 Hz, H-13), 2.92
(1H, dd, J = 16.8, 4.6 Hz, H-7), 2.55~2.65
(1H, m, H-7), 1.89~1.95 (1H, m, H-2, 9),
1.56 (1H, d, J = 14.2 Hz, H-2), 1.44 (1H, d,
J = 12.4 Hz, H-5), 1.32 (3H, d, J = 7.0 Hz, H-
17), 1.31 (3H, d, J = 7.0 Hz, H-16), 1.28
(3H, s, H-19), 1.12 (3H, s, H-20).”C NMR
(125 MHz, CD,0D) &, 181.7 (C-19), 154.8 (C-
11), 140.9 (C-9), 134.5 (C-8), 131.8 (C-14),
124.9 (C-12), 115.3 (C-13), 53.4 (C-5), 44.7
(C-4),41.7 (C-3), 39.5 (C-10), 38.7 (C-1),
31.2 (C-7), 29.2 (C-18), 27.4 (C-15), 22.6 (C-
6),21.3 (C-2), 20.7 (C-17), 20.5 (C-16),
14.4 (C-20), LA I %c#s 5 SCHR ( Devkota et al.,
2011) X BEAR 2, B 2 b 54 3 2 inumakoic
acid,,

LEY 4 HR-ESI-MS m/z: 333.206 8 [M +
H]* (caled for C, H, O,, 333.206 6).'H NMR
(500 MHz, CD,COCD,) 8, 6.98 (1H, d, J = 8.6
Hz, H-12), 6.71 (1H, d, J = 8.6 Hz,), 5.62
(1H, s, H-11), 3.64 (1H, m, H-5), 1.39 (d,
J = 7.0 Hz, 3H, H-16), 1.35 (3H, d, J = 7.0
Hz, H-17), 1.28 (3H, s, H-18), 1.05 (3H, s,
H-20) ,*C NMR (125 MHz, CD,COCD,) &, 179.1
(C-19), 154.9 (C-13), 140.7 (C-9), 136.0 (C-
8), 133.5 (C-14), 124.5 (C-11), 117.2 (C-12),
65.4 (C-7), 45.6 (C-5), 43.7 (C-4), 40.6( C-
1), 39.3 (C-10), 38.4 (C-3), 32.3 (C-6), 28.8
(C-18), 28.4 (C-15), 22.8 (C-20), 21.0(C-2),
20.9 (C-17), i FEdE 530K (Sato et al., 2008)
FEXF FEA— L, i 4 2 AL & W) 4 04 inumakiol D,

&Y S HR-ESI-MS m/z: 317.211 1 [M +
H]* (caled for C, Hy O,, 317.211 7),'H NMR
(400 MHz, CDCl,) 8, 7.02 (1H, d, J = 8.3 He,
H-11), 6.56 (1H, d, J = 8.3 Hz, H-12), 3.34
(1H, d, J = 6.1 Hz, H-15), 3.01 (1H, d, J =
16.6 Hz, H-7), 2.72 (1H, t, J = 14.2 Hz, H-7),
2.27 (2H, t, J = 14.3 Hz, H-1, 6), 2.05 (1H,
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d, J = 4.7 Hz, H3), 1.65 (1H, m, H-5), 1.53
(1H, dd, J = 11.7, 5.4 Hz, H-2), 1.36 (9H, m,
H-16, 17, 18), 1.18 (3H, s, H-20)."” C NMR
(100 MHz, CDCl,) 6. 184.4 (C-18), 152.2 (C-
13), 141.0 (C-9), 134.4 (C-8), 131.1 (C-14),
124.2 (C-11), 114.7 (C-12), 52.2 (C-5), 43.9
(C-1), 40.2 (C-10), 38.6 (C-4), 37.3 (C-3),
30.1 (C-7), 28.7 (C-15), 27.4 (C-19), 23.3 (C-
20), 21.2 (C-17), 20.5 (C-16), 20.4(C-6),
20.2 (C-2), DL L%Gd 5 SCHk (22525 ,2014) [
XPHEAR — 3 B E B S A 4B-carboxy-19-
nortotarol .

&% 6 HR-ESI-MS m/z: 317.212 3 [M +
H]" (caled for C,yH, Oy, 317.211 7).,'H NMR
(400 MHz, CD,COCD,) 8, 6.79 (1H, s, H-14),
6.73 (1H, s, H-14), 3.22 (1H, m, H-15),
2.74~2.82 (1H, m, H-7), 2.62~2.72 (1H, m,
H-7), 1.28 (3H, s, H-20), 1.19 (3H, d, J =
4.0 Hz, H-16), 1.17 (3H, d, J = 7.0 Hz, H-
17), 1.10 (3H, s, H-18).°C NMR (100 MHz,
CD,COCD;) 6. 178.9 (C-19), 153.2 (C-12),
147.0 (C-9), 132.9 (C-8), 127.2 (C-14), 126.7

Structures of compounds 1-13

(C-13), 112.3 (C-11), 53.5 (C-5), 44.2 (C-4) ,
40.4 (C-6), 39.0 (C-10), 38.4 (C-1), 32.0 (C-
3),29.0 (C-15), 27.4 (C-18), 23.6 (C-24),
23.0 (C-7), 22.9 (C-16), 22.2 (C-17), 20.8 (C-
2) o LA EXKCHE 5 SCHR (Qin et al., 2007) HoXf HE 7R
— 3 K EAE Y 6 F () -lambertic acid,
&YW 7 B KK, HR-ESI-MS m/z:
321.243 5 [ M + H]" (caled for C, Hiy O,
321.2430), 'H NMR (400 MHz, CD,O0OD) 8,
1.11 (1H, m, H-1), 1.53 (1H, m, H-1), 5.71
(1H, s, H-3), 1.36 (1H, m, H-6), 1.10 (1H,
m, H-6), 2.43 (1H, m, H-7), 1.75 (1H, m, H-
7), 1.38 (1H, m, H-8), 1.77 (1H, m, H-10),
1.54 (1H, m, H-11), 1.30 (1H, m, H-11), 1.11
(1H, m, H-12), 1.72 (1H, m, H-12), 1.93
(1H, m, H-14), 1.54 (1H, m, H-14), 3.23
(1H, dd, J = 9.2, 2.6 Hz, H-15), 3.71 (1H,
dd, J = 11.2, 2.6 Hz, H-16), 3.45 (1H, dd, J =
11.2, 9.2 Hz, H-16), 1.95 (3H, m, H-17), 1.19
(3H, m, H-18), 0.95 (3H, m, H-19), 0.90
(3H, m, H-), “C NMR (100 MHz, CD,0D) 8§,
35.5 (C-1), 203.5 (C-2), 125.8 (C-3), 176.6
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(C-4), 37.9 (C-5), 36.6 (C-6), 35.3 (C-7),
42.7 (C-8), 37.9 (C-9), 54.4 (C-10), 26.7 (C-
11), 30.1 (C-12), 41.7 (C-13), 37.3(C-14),
82.5 (C-15), 63.5 (C-16), 19.1 (C-17), 19.3
(C-18), 19.9 (C-19),12.5 (C-20), VI ¥l s
SCHik ( Abdel-Kader et al., 1994) b Xf HEAx — 5, ik
YA T H 2-0x0-5-fagonene

k& 8 HR-ESI-MS m/z: 393.228 0 [M +
H]" (caled for C,, Hy; O, 393.227 7),.'H NMR
(500 MHz, CDCl,) 8,5.20 (1H, t, J = 5.0 Hz,
H-11), 5.11 (1H, s, H-17), 5.09 (1H, s, H-
17), 4.48 (1H, s, H-15), 4.23 (1H, d, J = 8.7
Hz, H-20), 4.06 (1H, d, J = 8.7 Hz, H-20),
3.93 (1H, d, J = 6.2 Hz, H-6), 2.70 (1H, dd,
J = 85,47 Hz, H-13), 2.11~2.21 (2H, m, H-
12, 14), 2.05 (3H, s, CH,C=0), 1.77 (1H,
dd, J = 15.7, 5.6 Hz, H-12), 1.63 (1H, m, H-
14), 1.44 (1H, dd, J = 7.5, 1.1 Hz, H-5), 1.17
(d, J = 10.9 Hz, 1H), 1.09 (3H, s, H-18),
1.02 (3H, s, H-19) ,C NMR (125 MHz, CDCL,)
8,170.0 (-C=0), 159.2 (C-16), 108.6 (C-17),
97.2 (C-7), 74.2 (C-15) 74.1 (C-6), 69.1 (C-
20), 68.5 (C-11), 56.0 (C-5), 50.7 (C-8),
45.8 (C-9), 41.4 (C-12), 41.1 (C-3), 36.4 (C-
10), 35.6 (C-13), 33.9 (C-18), 33.6 (C-4),
31.0 (C-1), 26.1 (C-14), 22.5 (C-19), 22.2 (C-
MeCO-), 18.6 (C-2), VI E%udl 5 3Cmk( B R
1996 X A — B, MEEEY 8N
isodoterniofiln B

&9 HR-ESI-MS m/z: 391.2125 [M +
H]" (caled for C,, Hy, O, 391.212 1),'H NMR
(400 MHz, CDCl,) 8,5.99 (1H, s, H-17), 5.46
(1H, m, H-11), 5.31 (1H, s, H-17), 4.17(1H,
d, ] = 9.3 Hz, H-20), 4.09 (1H, d, J = 9.2 Hz,
H-20), 3.88 (1H, d, J = 6.8 Hz, H-5), 2.10 (s,
3H), 1.15 (s, 3H), 1.13 (s, 3H).” C NMR
(100 MHz, CDCl,) &, 208.2 (C-15), 169.8 (C=
0), 151.8 (C-16), 118.6 (C-17), 95.1 (C-7),
74.9 (C-6), 69.2 (C-11), 68.2 (€C-20), 58.8 (C-
9), 58.6 (C-8), 53.9 (C-5), 41.6 (C-3), 38.1
(C-12), 37.3 (C-10), 34.3 (C-1), 33.8 (C-18),
33.8 (C-4), 31.5 (C-13), 26.5 (C-14), 22.8 (C-
19), 22.0 (C-MeCO-), 18.6 (C-2), UL F¥iR 5

SCHR (BREMESE ,2012) U X SEA — 2, B e b &
W RKENRIEZERE,

k& 10 s AR, HR-ESI-MS m/z.
349.201 9 [ M + H]" (caled for C,, Hy O,
349.201 5) ,'H NMR (400 MHz, CDCL;) 8, 6.62
(d, J = 10.8 Hz, 1H), 6.19 (s, 1H), 6.14 (s,
1H), 5.52 (s, 1H), 4.96 (s, 1H), 4.79 (s,
1H), 4.08 (d, J = 9.9 Hz, 1H), 3.77 (ddd, J =
17.5, 10.3, 3.9 Hz, 2H), 3.03 (d, J = 9.6 Hz,
1H), 1.55~1.69 (m, 3H), 1.37~1.46 (m, 3H),
1.28~1.35 (m, 2H), 1.23 (d, J = 6.7 Hz, 1H),
1.07 (s, 6H), 0.89~0.98 (m, 1H), “"C NMR
(100 MHz, CDCl,) &, 207.5 (C-15), 151.4 (C-
16), 120.9 (C-17), 97.4 (C-7), 74.2 (C-6),
72.8 (C-14), 66.9 (C-20), 62.2 (C-8), 59.4 (C-
9), 53.0 (C-5), 42.9 (C-13), 41.3 (C-3), 36.4
(C-10), 33.7 (C-18), 33.4 (C-4), 31.1 (C-1),
29.7 (C-12), 22.5 (C-19), 18.7 (C-11), 16.7
(C-2) . Ph L %ds 5 S0k (9058 46 ,2002) b X) 3
A2 MEEAEY 10 AREFERRR A,

4% 11 HR-ESI-MS m/z; 391.2124 [M +
H]"* (caled for C,, Hy, O,, 391.212 1).'H NMR
(500 MHz, CDCl,) 8, 6.01 (s, 1H), 5.50 (s,
1H), 4.87 (t, J = 14.8 Hz, 1H), 4.76 (d, J =
7.9 Hz, 1H), 4.43 (t, J = 12.3 Hz, 1H), 2.02
(s, 3H), 1.01 (s, 3H), 0.86 (s, 3H)."”C NMR
(125 MHz, CDCl,) &, 201.9 (C-15), 170.6 (C-
7), 170.5 (C=0), 150.4 (C-16), 119.1 (C-
17), 76.6 (C-1), 68.4 (C-20), 59.9 (C-6),
58.1 (C-8), 53.2 (C-5), 43.9 (C-10), 42.1 (C-
9), 39.7 (C-3), 35.0 (C-13), 34.0 (C-4), 33.5
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