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Study on the chemical constituents from viscera of Apostichopus japonicus
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Abstract: To study the chemical constituents of the viscera of Apostichopus japonicus , column chromatography, such as silica
gel, ODS columns , semipreparative HPLC , and Sephadex LH-20 column chromatography , has been used to isolate the seconda-
ry metabolites. Their structures were characterized on the basis of multiple spectrometric and spectroscopic techniques,inclu-
ding '"H NMR,"*C NMR ,HSQC, HMBC,'H-'H COSY ,NOESY ,and HR-ESI-MS. As a result, fourteen compounds were isola-
ted from the 95% ethanol extract of the viscera of A. japonicus. These compounds were identified as ( E) -dec-5-en-1-yl sulfate
(1),(Z)-dec-5-en-1-yl sulfate (2) ,7-methyloctyl sulfate (3), (S)-2,6-dimethylheptyl sulfate (4), N-lactoyl-phenylala-
nine (5), (1S,3S)-1-methyl-1,2,3, 4-tetrahydro-B-carboline-3-carboxylic acid (6), (1R,3S)-1-methyl-1,2, 3, 4-tetra-
hydro-B-carboline-3-carboxylic acid (7) ,L-phenylalanine (8) , tyramine (9) , tryptamine (10) , L-tryptophan (11),8-oxo-
tryptamine (12),3-(2-aminoethyl ) -3-hydroxyindolin-2-one (13) ,B-carboline (14). Compound 1 was a novel compound.
Compounds 5-14 were obtained from A. japonicus for the first time.
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1.1 #h#

i 2T 2021 4 4 F b [ e e R 4, O
H R RS B 5 T R IS B A M
Apostichopus japonicus, i 5 W £ H N E, bR A
(C€2021-002) 7E-20 C Z 4 T & AR A7 T b [E B2
W M8 15 18 e IS B i e A o S AR R DR A
1.2 (5

Waters Pre 150 > ffil £ &5 2 g AH 0 3% 1Y
(XBridge BEH Ci4, 5 pm, 19 mm x 250 mm #f
XBridge BEH Cj,5 pm, 10 mm X 250 mm) ( 3 [E
Waters 2\ # ) ; Waters UPLC-Xevo G2-XSQ Tof %Y #5
e WRORH € 1% T BB FH A ( 56 [ Waters 23 7] ) ; Bruker
Avance IIT 500 NMR 7 #% 4 2 943 ( B £ Bruker 23
A]) ;Buchi R-100 figh% 25 & X (Hii-t: Buchi A7) s &
25 BRI (AL 535 A PR A A o

LI JE AT RE AR (& 18 A5 A R A IR
) 5 2 AR R A AR (M 5 VL ACRE ST K AR
/NH)) 360 ~100 H 200 ~300 H A1 300 ~400 HIFEAH
CIGRENS (B S L) 5 SOMIRE R AE )2 A SR
RP-18( HAx YMC /A 5] ) ; Sephadex LH-20 % 38 5k

JiZ ( GE Healthcare 2\ W], Fi ) ; o7 75 FE-Ak 2 V4 W
(L EZG LR A BRA ) s HEE . OE (&
T4, By OCEANPAK 24 ) ) 5 B £ M (83851
Wkl , 3¢ [E Sigma-Aldrich A H]) ;AT LR LT
TEMVGE W CBEANIE T RE (ST A, i E 2y
A A R A F]D .
1.3 RNESEH

W B A il = N IEZY 50 kg (W2 EE) , HH 95%
CPFEER TR, EE I3 R, BRI T do &
I BRI, Wl [T 9] B & BB O 4 T
20 LK MU A ik (40 L) (LR 1 (40 L)
FE T RE(40 L) 203 3k, I8 281, 45 2 A il kA
437.8 &, 2R Z AN 78.2 g FIE T HEA 260.0 g,
¥ TR LR 3 AT RERCAE EAT , M A ik &
iz 2 Fg(V/V =50:1.20:1.15:1.10:1.8:1.5:1.2:
1.1:1.0:1) f & ke/HEZ(V/V=20:1,15:1.10
P1.8:1.5:1.3: 1. 2: 1,15 1.,0: 1) AR R THA BRI,
A A ~ T S5y, F 204534 Sephadex LH-20 BE i
M5 5, 2 i A A 638 ( 2 7K =320 68,
10.0 mL/min) 73 BSAALAS R LG9 1(2. 6 mg, 1, =
33.0 min) 2(1.8 mg,t; =31.0 min) 3(1.3 mg,t,
=27.0 min) , 221 FE O A3 (T E: 7K =451 55,
8.0 mL/min) 73 B 2li4b 15 2 4L 5 4 (3.9 mg, 1, =
20.0 min) . HFIE T BB A TR AL Z AT, DL
A e/ WIS/ K (V/V/V =15:1:0,10:1: 0.1 .7: 1:
0.15:1:0.23:1:0.2.2:1: 0.3 1: 1: 0. 2) gf7 8 5
EE, 431 A ~ G LANH 3. HUE 443 DU BE-IK
(20% —100% ) 47 S ABRE AL JZ BT, P36 30% H
TS 58 0 28 TE AR R A S22 M ( A — S - FH Ak &%
PR ) HEAT R BE VR BAS 2 20 4T (E1-E20) L ES
E9 E11 \E12 E13 \E18 \E20 F5-£&8 1 e A3 ( HH B v
BE) o ES A5 F FHF il 28 WOAH (23 ( U 7K = 30:
70,8.0 mL/min) , 53 & 4lifb 15 2L 54 5(5.0 mg,
ty =22.0 min) ; E9 21 73 FH - il 8 WA €535 ( PP i
27K = 15:85,8.0 mL/min) , 5 25 2l {L 15 B b5 9
10(38.6 mg,t; =5.0 min) ; E11 4143 F F 24 45 1K
FHEATE (B 7K = 25:75,8.0 mL/min ) , 43 2§ 4lifk
S ELA Y 8(28.6 mg, 1, =11.0 min) ;E12 20437
FHF ) 28 VR AE 635 ( H s 7K = 30:70,8. 0 mL/
min) , 73 2§ 4615 2454 6 (2. 1 mg, 1, =20.0
min) 7(1.7 mg,t;, =18.0 min) ; E13 £ 43 F| F 24 il
WIS (I 7K = 15:85,8.0 mL/min) , 43§
ARG 9(9.7 mg, 1, =5.0 min) 12(7.3
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mg,t; =7.0 min) 13(3.6 mg,t; =7.0 min) ;E18 Fi
E20 20 43 F) FI 2 ) #5 WOAR €2 33% ( F s 7K = 15: 85,
8.0 mL/min) , 535 53 B 4 AL 15 B4k 54 14 (11.5
mg,t, =7.0 min) A1 11(14.2 mg,t; =5.0 min) ,,
2 FRE5HR

waW 1 HEBAKR,HTHE; (-)-HR-ESI-
MS:m/z 235.101 7 [ M-H] ~ (caled for 235. 100 4,
C10H|9O4S) ,ﬁ'%ﬂ:jﬁ CIOH2004S,Z<€@;H]§% l;lH
NMR #1 HSQC % .7~ WU AY 2 > CH 51155733l
N8y 543 K16y 5. 41 RIS A 1 AR
H CH, i 11545 8, 3. 99,1 ANH1 & CH, R 1155
5,0.90;”C NMR 1 HSQC #4275 10 MigfsE5, 4
FEXVHERR A 5 (8¢ 132.0 F1 131.2) , —> I EEBR {5
(6 14.4) 7 AW HEBRAF 5 (8. 69.1,33.5,
33.3,33.2,30.0,27.0,23.4) (VL3 1) ;7 HMBC
(A1), XM 6,3.99(H-1)56.27.0(C-3)Fix
A CAR 5,8, 0.90(H-10) 5 8. 33.3(C-8) A ILFE

MFAES,6,1.47(H3)56.69.1(C-1),131.2(C-
S)AIEBEMHXES,8, 1.33(H-8,H9) 5 33.5(C-
T) A mBAHKAET,8, 1.99(H-7) 5 6.23.4(C9),
131.2(C-5) Him A kA5 5,68, 5. 43(H-5) 5 5,
33.2(C4) ,33.5(C) HimBAHXES,6,5.41 (H-
6) 15 6.33.2(C4),33.5(C-7) FAIBMKAF T
fE'H-"H COSY & h (LBl 1),8, 3.99/1. 66,5,
1.66/1.47,6, 1.47/2.02,68, 1.99/5.41, 68, 2.02/
5.43,6,0.90/1.33,6, 1.33/1.99 HHHKAZS , i E
C-1 & C-10 MIEIEINY . AUER 2 4~ CH B 5%
ARG EC(T) S 151 Haz, iy o BURE N E 1
B LR BRTR, B EL G 1 4548 R (E) -dec-5-en-
1-yl sulfate, i SciFinder Reaxys Fl A [F 1 X Z 45
PEXPIZAS TR R, 5 R WoRtb &9 1 ik &
Yo ALEY) 1 RTEANSS AL S Bd I 46 115 ] A
FIE 42 T 2 (www. trew. ac. cn) ,

Fx1 &1 H'HNMR 5”C NMR #0482 (500 #1 125 MHz,CD,0D)
Table I 'H NMR and ”C NMR data of compound 1 (500 and 125 MHz,CD,0D)

No. Sy oc
1 3.99(2H,t,J =6.5 Hz) 69. 1
2 1.66(2H,m) 30.0
3 1.47(2H,m) 27.0
4 2.02(2H,m) 33.2
5 5.43(1H,dd,J=15.1,5.3 Hz) 131.2
6 5.41(1H,dd,J=15.1,5.3 Hz) 132.0
7 1.99(2H,m) 33.5
8 1.33(2H,m) 33.3
9 1.33(2H,m) 23.4
10 0.90(3H,t,J=7.1 Hz) 14. 4

— /\
'H-'H COSY HMBC
1 &% 18 H-"H COSY 5 HMBC By X155
Fig. 1 Key 'H-'H COSY and HMBC
correlations of compound 1
wEW?2 BEKK, T HEE; (-)-HR-ESI-

MS.m/z 235.101 6 [ M-H] = (caled for 235.100 4,
C]O H]9 O4S) ’ ﬁ%ﬁi‘j C]o H20 O4S;IH NMR(SOO

MHz,CD,0D)§:5.37 (1H,dd, J =10.1,5.3 Hz, H-
6),5.36(1H,dd,J =10.1,5.3 Hz,H-5),3.99(2H,
t,]=6.5 Hz,H-1),2.08(2H,m,H4) ,2.06(2H,m,
H-7),1.67(2H, m,H2),1.46 (2H, m, H-3), 1. 33
(4H,m,H-8/H9) ,0.91(3H,t,J =7.1 Hz,H-10) ;
“C NMR (125 MHz, CD,0D)§:69.1(t,C-1),30.2
(t,C2),27.2(1,C-3),27.9(t,C4),130.6(d, C-
5),131.4(d,C-6),28.0(t,C-7),33.3(1,C-8),23.5
(t,C9),14.5(q,C-10) . Xtttk &9 1 Fifk s
Y 2 B F15F 5 U6 H 8 C4 Fil C-7 14k
iRz, L b &9 2 XGRS Z 1
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B RS ek s — 8%, w2
N (Z)-dec-5-en-1-yl sulfate,

wEW3 HEMAK, % THE; (-)-HR-ESI-
MS:m/z 223.101 9 [ M-H]  ( caled for 223. 100 4,
C,H,,0,9) , 3+ 2k C,H,,0,S;'H NMR (500 MHz,
CD,0D)§:3.99(2H,J =6.6 Hz,H-1),1.66(2H, i,
J=13.1,6.7 Hz,H4),1.53(1H,dt,J =13.3,6.7
Hz,H-7),1.40 (2H, m,H-3),1.32(2H, m, H-5),
1.32(2H, m, H8,H2),1.19 (2H, m, H-6) , 0. 88
(6H,d,J =6.6 Hz,H-8/H9) ;" C NMR (125 MHz,
CD,0D)8:69.3 (t,C-1),30.8(t,C-2),27.1(t,C-
3),30.6(t,C4),28.6(t,C-5),40.3(t,C-6),29.3
(d,C-7),23.2(q,C-8/C9), L k%5 3wk
R —2, BEEAY) 3 M 7-methyloctyl sulfate,,

wEWA HOHKRIETHEE; +1.5(c0.39,
MeOH) , (-)-HR-ESI-MS: m/z 223.101 5 [ M-H ]
(caled for 223.100 4,C,H,, 0,S), 4>+ =K CoH,,
0,S;'H NMR(500 MHz, CD,0D)§:3.87 (1H,dd, J
=9.4,5.8 Hz,H-1a),3.78 (1H,dd,J =9.4,6.7
Hz,H-1b),1.78 (1H, m,H2),1.55(1H, m,H6) ,
1.42(1H, m,H-3a),1.35(2H, m,H4),1. 18 (2H,
m,H-5),1.13(1H, m,H-3b) ,0.96 (3H,d,J =6.7
Hz,H-8),0.89 (3H,d,J =1.0 Hz, H-7/H9) ,0. 88
(3H,d,J =1.0 Hz,H-7/H9) ;" C NMR (125 MHz,
CD,0D)§:74.0(t,C-1),34.5(d,C2),34.7(t,C-
3),25.9(t,C4),40.5(t,C-5),29.3(d,C-6),23.2
(q,C-7/C9),23.1(q,C-7/C9),17.3(q,C-8) , %I
FESCk ! R e & B A A A S R e
A 4 R (S)-2,6-dimethylheptyl sulfate,,

wEWS WA, 55 T HEE; (-)-HR-
ESI-MS.m/z 236.093 8 [ M-H] ~ (caled for 236. 092
3,C,H,0,N), s T= K C,H,0,N;'H NMR (500
MHz,CD,0D)§:7.27 (2H, m,H-3, H-5) ,7.22(2H,
m,H4),7.21(2H,m,H2,H-6) ,4. 70 (1H,dd, J =
7.7,5.2 Hz,H-8) ,4.06(1H,q,J =6.8 Hz,H-11),
3.24(1H,dd,J=13.9,5.1 Hz,H-7a) ,3.07(1H,dd,
J=13.9,7.8 Hz,H-7b) ,1.21(3H,d,J =6. 8 Hz, H-
12);”C NMR (125 MHz,CD,0D)§:138.1(s,C-1),
130.6(d,C-2,C-6),129.6(d,C-3,C-5),128.0(d,
C4),38.5(t,C-7),54.2(d,C-8),174.5(s,C9),
177.5(s,C-10),69. 1(d,C-11),21.2(q,C-12), LA
B Sk R A B MO A S R

N-lactoyl-phenylalanine,

wEwme HEOWAK,HETHE; (+)-HR-
ESI-MS: m/z 231.113 3 [ M + H]" ( caled for
231.113 4,C,HO,N,) , 4+ H} C,H,,O,N,;'H
NMR (500 MHz,CD,0D)8:7.48 (1H,d,J =7.9 Hz,
H-5).7.34(1H,d,J =8.1 Hz,H=8),7. 14(1H,1d,J
=7.1,0.9 Hz,H-7),7.05(1H,1,J =7.5 Hz,H-6),
4.71(1H,q,J =6.6 Hz, H-1),3.97 (1H, dd, J =
12.1.5.1 Hz,H-3) ,3.45(1H, m,H4a) ,3.03 (1H,
m,H4b),1.75(3H,d,J =6.8 Hz,H-10) ;" C NMR
(125 MHz,CD,0D)§:51.3(d,C-1),59.9(d,C-3),
24.5(t,C4),119.3(d,C-5),120.7(d,C-6),123.5
(d,C-7),112.4(d,C-8),17.3(d,C-10),108.0 (s,
C4a) ,127.6(s,C4b),138.8(s,C-8a),131.5(s,C-
9a),173.8 (s, COOH) , L) I it 5 ekt 45 i ik
R—3, WEMAEY 6 F(1S,3S)-1-methyl-1,2,3,
4-tetrahydro-B-carboline-3-carboxylic acid,

wEMm7T HOKK, SHETHE; (+)-HR-
ESI-MS: m/z 231.113 3 [ M + H]" ( caled for
231.113 4,C,HO,N,) , 4+ K C,H,,O,N,;'H
NMR (500 MHz,CD,0D)&§:7.48(1H,d,J =7.8 Hz,
H-5),7.32(1H,d,J =8. 1 Hz,H-8),7. 13(1H,m, H-
7),7.04(1H,dd,J =11.0,3.9 Hz,H-6) ,4.89(1H,
m,H-1),4.12(1H,dd,J =8.8,5.6 Hz,H-3),3.37
(IH,dd,J = 16.4,5.6 Hz,H4a) ,3. 16 (1H,dd, J
~16.0.8.6 Hz, H-4b) ,1.71(3H,d,J =6.9 Hz, H-
10);*C NMR (125 MHz, CD,0D)8:49.1(d,C-1),
54.9(d,C-3),24.0(t,C4),119.3(d,C-5),120.6
(d,C-6),123.5(d,C-7),112.3(d,C-8),18.7(d, C-
10),106.7(s,C4a) ,127.6(s,C4b),138.6 (s, C-
8a),131.6 (s, C9a),173.7 (s, COOH) ., 454 ¢
AR RO, B A T O (1R, 38)-1-
methyl-1, 2, 3, 4-tetrahydro-B-carboline-3-carboxylic
acid,,

HEm8 HEHK, HIETHE; (14.7(c
0.36,MeOH) , (-)-HR-ESI-MS:m/z 164.072 0 [ M-
H]  (caled for 164.071 2, C,H,, O,N), 5 F = M
C,H, 0,N;'"H NMR(500 MHz,CD,0D)8:7.31(5H,
m,H-2,3,4,5,6),3.84(1H,dd,J =8.8,4.3 Hz,H-
8),3.34(1H,m,H-7a) ,3.02(1H,dd,J =14.5,9.0
Hz,H-7b) ;C NMR(125 MHz,CD,0D)§:137.4 (s,
C-1),130.6 (d, C2,C-6),130.1(d, C-3,C-5),
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128.6(d,C4),38.4(t,C-7),57.7(d, C-8),173.9
(5,COOH) . LA_b% A0Sk ™ 4l — 3, il %
A4 8 Sl L-phenylalanine,

HEWY R, HETHE; (+)-HR-
ESI-MS: m/z 138.091 9 [M + H]" (caled for
138.091 9, C,H,,ON) , 4> F= % CH, ON;'H NMR
(500 MHz,CD,0D)8:7.10(2H,d,J =8.5 Hz, H-2,
6),6.77(2H,d,J =8.5 Hz,H-3,5) ,3. 11(2H,t,J =
7.5 Hz,H-8),2.87 (2H,t,J =8.2 Hz, H-7);" C
NMR (125 MHz,CD,0D)§:128.6(s,C-1),131.0(d,
€-2,C6),116.8(d,C-3,C-5),157.8(s,C4),33.9
(1,C-7),42.4(t,C-8) . LA b%da 5 3cik' ' Hzm
A—F LAY 9 A tyramine,

HEWI0 AL, BT H B (-)-HR-ESI-
MS:m/z 159.093 0 [ M-H] (caled for 159.092 2,
CoH, N, , 5 F R CoH,N, ;" H NMR (500 MHz,
CD,0D)&:7.58(1H,d,J=7.9 Hz,H4) ,7.38(1H,
d,J = 8.1Hz,H-7),7.19(1H,s,H-2),7. 12(1H,
m,H-6),7.04(1H,m,H-5),3.23(2H,t,J =7.2 Hz,
H-9),3.13(2H,t,J =7.3 Hz,H-8) ;" C NMR (125
MHz,CD,0D ) §:124.5 (d, C2),110.4 (d, C3),
119.0(d, C4),120.1(d, C-5),122.8(d, C6),
112.7(d,C-7),24.6(t,C8),41.9(t,C9),128.3
(s,C-3a),138.4(s,C7a) . DL b%ds Ascmk” 4
T EA— 3, B e 659 10 28 tryptamine

kEH 11 AR, s THRE, 55T
DMSO; [ a]744.2 (¢ 0.50, MeOH ), (-)-HR-ESI-
MS.m/z 203.082 7 [ M-H] = (caled for 203.082 1,
C,H, O,N,),++Hk C,, H,O0,N,;'H NMR ( 500
MHz,DMSO-d, ) 8:7.57 (1H,d,J =7.9 Hz, H4),
7.35(1H,d,J =8.1 Hz,H-7),7.23 (1H,s, H2),
7.06(1H ,m,H-6),6.97(1H,m H-5),3.47(1H,d,
J=3.8 Hz,H-9) ,3.31(1H,dd,J =15.1,3. 8 Hz, H-
8a),2.99(1H,dd,J =14.7,8.8 Hz,H-8b) ;°C NMR
(125 MHz,DMSO-d, )§:124.2(d,C2),109.6(s, C-
3),118.3(d,C4),118.4(d,C-5),120.9(d,C6),
111.4(d,C-7),27.2(t,C-8),54.8(d,C-9),170. 4
(s,C-10),127.3(s,C-3a),136.4(s,C-7a) . DL F%k
PEAISCHR " R AR — 2 SO E A 11 R L
tryptophan,,

wEw 12 AEO8K, B THE; (+)-HR-

ESI-MS: m/z 175.087 0 [M + H]" (caled for
175.087 1, C,,H, ON,), 4 ¥k C,H,, ON,;'H
NMR (500 MHz, CD,0D)6§:8.27 (1H,s,H-2),8.23
(1H,m,H4),7.49(1H,dd,J =7.0,1. 1 Hz,H-7),
7.26(2H,tt,J =7.2,5.9 Hz,H-5,H-6) ,4. 44 (1H,
s,H9);”C NMR (125 MHz,CD,0D)§:135.2(d, C-
2),115.1(s,C-3),124.9(d,C4),122.7(d,C-5),
123.8(d,C-6),113.3(d,C-7),187.2(s,C-8) ,45.5
(t,C9),126.8(s,C-3a),138.5(s,C-7a), L\ %K
a5 SCmR " R A — B e E A 12 O 8-
oxo-tryptamine

LEWI13 [HEBKR, B THEE; (+)-HR-
ESI-MS: m/z 193.097 9 [M + H]" ( caled for
193.097 7,C,,H,;O,N,) , 4> F =k C,,H,0,N,;'H
NMR (500 MHz,CD,0D)§:7.38(1H,dd,J=7.4,0.6
Hz,H4),7.29(1H,td,J =7.7,1.2 Hz,H-6) ,7. 09
(1H,td,J=7.6,0.9 Hz,H-5) ,6.92(1H,d,J=7.8
Hz,H-7),3.32(1H,m,H-8a),3.20(1H,m,H-8b),
2.26(1H,dt,J =14.4,7.2 Hz, H9a),2.03 (1H,
ddd,J =14.4,7.3,6.2 Hz, H9b) ;" C NMR ( 125
MHz,CD,0D)8:181.6(s,C-2),76.1(s,C-3),125.0
(d,C4),124.2(d,C-5),133.0(d,C-6),111.7(d,
C-7),35.9(t,C-8),36.6(t,C9),131.2(d,C-3a),
142.4(s,C-Ta) . SCHR'" 4R 1%L W) 7E 200500
nm Z [V CD Mo, PR ok af e i 8, L |
$H A SCHR " R AR B B e A 13 R
3-(2-aminoethyl ) -3-hydroxyindolin-2-one

EW 14 HEBKR, B THEE; (+)-HR-
ESI-MS: m/z 169.076 3 [ M + H]" ( caled for
169.076 6, C,, HyN,) , 4> F X H C,, HyN,;'H NMR
(500 MHz,CD,0D)§:8.84 (1H,s, H-1),8.31 (1H,
d,J=3.9 Hz,H-3),8.22(1H,d,J =7.9 Hz,H-5),
8. 18(1H,d,J =5.3 Hz,H4),7.60(2H,d,J =3.7
Hz,H-7,8),7.30(1H,dt,J =8.0,4.0 Hz,H-6);"C
NMR (125 MHz,CD,0D)§:133.3(s,C-1),137.4(d,
C-3),116.6(d,C4),123.1(d,C-5),121.3(d, C-
6),130.4(d,C-7),113.1(d,C-8),131.3(s,C4a),
122.2(s,C4b),143.3(s,C-8a),137.4(s,C9a),
DA B A0 Skt R AR — B Mo E LA
14 *y B-carboline,,

EW 1 ~14 L5 ILE 2,
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Fig.2 The chemical structures of compounds 1-14
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