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Historical story on natural medicinal chemistry: Review on the
application of the UV, IR, MS and NMR spectra in the structure

elucidation of natural products

Abstract: The study on natural product chemistry plays an important role in drug development, and the structure
elucidation is one of the vital tasks in the natural product chemistry research. This paper summarized the
application of UV, IR; MS and NMR spectra in the structure elucidation of natural products with 123 papers cited.
This article is one of the series of historical stories on natural product chemistry published in this journal.
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FURIEL AT, PR L JS2 P OV 22 2P0 40 B 12 BB R T KRR, RARFIIER 20T L 4
MR G ARAETh AR B SRR b R T 1 Al B A T,

KRR TE— ELRABFEFA TR S I U, JCH A R IR W10 S5 1 4 78 TER
NI ECNREE . WA TAE L —. RV EE R, SRR EL, Rl LRl 4h
FEI RO i T R o SRR T, RARF= A1) 2 M fif o B R I % e A 27 S B ] %477 2
). AR L 2 4 G T VAN BT BOR TS Bel]— N SR B W S5 A 4 e AR A 5
FERAIVE JUHEREE EAENE ). BERSEEORIIR AR, 0 RIR= W4 K B 7T
FREGHEMRAE T ERBA, IR R 55N £ 5 R N LA 73 A R 4 4o &
SRFRRIL = AR, BRI AR A S B AR A R AR B T3k BE K T

ARSCEER “PIRIGHE” T ERBIZLAMGHE Cinfrared spectroscopys 1R). 5Nl
(ultraviolet spectroscopy, UV). Jfii (mass spectrometry, MS). #Z#EILIRIKE (nuclear
magnetic resonance spectroscopy, NMR) 2R A [ 87 F 3 5245 A e i il 3R v 15 B A 3k 47
B 4, I HOR AT AT R
1 RAF=MEERRALE N

HRLARTA, RARFEMIR G ST B R SR E T B, A — R VB RS AL
JBE AR SR ATEY . R e G o AR, X DT AR AR T, T H
XTRE LR ORARK, IE L AR FEE A A IR B A B2 R S BORE, Rl — I
WA % HLU B A PRl b AR TAE . nnd e Cmorphine, 1) 15 4% 18 (5, strychnine,
2) , MBS B B AR B GE R R E S BIAE B 118 SFEAN 127 4F, FER T LRI, BEANG
MRS RE R A AR, L — TR/, AU 1 X i S5 A AT B T, SR 2 A L
K W DURMS 235454 R. Robinson #tR#£ 1 50 R ILEC. 1937 4ERE % 444
2 R AR R I\ rh 251 B CRHE YI# 7 C (Stephania tetrandra S. Moore) H143 #5453 3]
B bkt (fangchinoline) , FALA45 4 B 20 45 1) 1958 A4 B EZE 4R EF A K
WL TRHBBSZ A T3 E . 7E L2 60 S ARUZMESLIRBR N BLRG, %58 KA
PRV G R S AR S SR IR I A 22 R R = & (AR 5 0, 1) AR A 2 R 2 A L
k22 KM R. B. Woodward JEl 1) 175 & (oxytetracycline, 3)A1E & (penicillin, 4) [
gik . ER T RGN, DAL I SOR SR K M K 35 58 T B i Ry BR A
RBEEF A NHE S AR LS, W0 1927 A1 1928 437 NU/R (b2 3R 155 M E L2 5K H. O.
Wieland 5 A. O. R. Windaus £l i i IH [E B (cholesterol, 5) 4544, 7F 1932 “Eaif X 2k

ATHHIE IR A IER 7,
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Fig. 1 The chemical structures of morphine and the other natural products

BEN EHAL A, T B A AR (R S, 7R SR P i e e TR A
Wy ZLAMEE . SRR RO (LA RIRR “PUObE” SRS 5 AE) B+
AR, DU VEBWTUR T, RO S5k % e M 2 o an AT
BERHE Y 35K Rauvolfia verticillata R #5452 () —h 45 1) HF # 5 2% 189 2£ ¥ 56 F) 1M ~F
(reserpine, 6) , 1952 4 B3k AF4lifh, 1955 SEpiffie 1 H L5, 1956 Foel 1 HAa 5,
BILTIRALE 4 4R g R N _E 40 80 AEAR LU L BB T4 AR5 1% ( Field desorption
mass spectrometry, FDMS) ¥ 5 A 70 A AL MG LR BRI R JE, ol je e G HOR )
SLH, A RN S K % e A T B ME I EOR et . MERUS , DO HE © 2 U S5
FEMEMTFR, 4% EmAmg “SAHP” fILE.

FEREIGE, E UVLIR, MS. ATNMR SEFkN “PUREHE” FFA ™%, LS UV, IRJ&
TOLHE, NMR J& T, MS Y50k 180 BT i, (7R 3R E AR SRR O “ 0RO,
NITERE I, AR 2 ZOR-R AN SCER A SIEEE £ 2B, SR eGSR “ DU .
BT NMR FEZ R4 2 B E BB 2, ARk, A SO AT B S 2

2 MRKERBHENSR
2.1 ¥RHMEIE (Ultraviolet spectroscopy, UV)

1666 44 [ERBHE R A (1saac Newton) UE B — 3R (46 1T 4l — RIS R ¥ m] L
6, FEH “I6iE (spectrum) 7 —IEBRIHRIX —ILR, MIERMHEZF UGG RE KRN T
EAMCRAEFBL ). WL Ritter T~ 1801 4R I A BLH o S AN A (— i 32 2245 200~400 nm

FIE A X)) HIEM TS ST aa T B A 30 45X, Rl R7ext T ikt ey, 4k
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A D (vitamin D) S5 & A ILYEXUGSE . af-NHAIERIE (B, M. BR. BB RAERMUE
PGS KR ST LA )2 o F AR T TUR KRG 4 R. B. Woodward (1] 2) T~ 1940
A RS AR U R TSR G SR ) B SR SR 1 71 R 4l b, At KR sk 46
HE, 18 1941-1942 FF 45 H T Woodward #81U] (Woodward rules) , B2 4 1) “ i 11 ( Ketone
rules) 7, FHIRUHEEE o f-NEFFRIENA YK EH] (chromophores) 54N R I
W% K Cabsorption maximum, Ama) %', JFZ L. F. Fieser #4T 7 A #w M, MR T
“Woodward-Fieser ¥l (Woodward-Fieser rules)”; J& REiEMFSURE T 95 & AL S
Kt K TSR “Scott AU (Scott rules) ™ I £ 22 58 HH U] AT LA 43145 40 ) 46
SRR, @ E A BRI A, HEWT S b B R R R T 1, S50
T E AR TUKEB L G 773, Blane] BS54 K4l (progesteron, 7)

P B MR ATt e, PR YD 5 5 381 4 5 e 1 e R MRS K KA AL A7 8 0 9 gy (]
3) . B, PEEER (karlotoxins) F& M 51 /R 1 EIH K 2P Karlodinum veneficum 17
BRI — R E Y, AR -R B 3R BRSSPSR KA HERI 4 RS KmTx-1
(10, FE4) FIKmTx-2 (11, B 4), b KmTx-1 [ 5 KL Mnax ¥ 225 nm, 111
KmTx-2 [ RN Mnax A 235 nm, J538 5t 2 T R 50 d &R S8 T
KmTx-2 F Ak A i KSR I K 5 A T 2R o),

& 2 Robert Burns Woodward 45

Fig. 2 Prof. Robert Burns Woodward

15
7 Z1 4584 (progesteron) 8 9

B3 ZEEd (7) FLEY 8. 9 HILFLEM

Fig. 3 The chemical structures of progesteron and compounds 8 and 9
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Fig.4 The chemical structures of compounds 10 and 11

UV EAIE BRIE . #AER R (8, WRIR . 530, TP rRs m. — I T,
A DURGEAL S UV i p S e ) o7 38 DA 7R i RISl 1 A i 2 SRAEII Ak 5 0 R 3
Pevk &, QAENLTRE S MThREE Ok G RIAMBYEED P4t E ISk & s B
BB FSRAEH , EE AT AX b S ER L R RN R 7y k55, R0 5E & A FEHE XU |
af-ANEAIEREE (B, B, BR. B MOFEMRNEMEHE) —FEETFB. B UV TR
Wy T E R R G R B B R R AR R (EREE A RNE, WE S T8 Ea 2
AL AILHEAR R 7 ARSI B BN, = RHEWTEEAN 70 7 I 25 R iR AL, DRI REAE
RERE I B By UV 1 R RAER R, R o e o i BB
A

UV G THEA L BT DU RO GBS iR A i, B8R H TR A e T S R AR
VIR SR 730, (B RAE — S8 B A S A I 8 TAF SIS 24, Rl R AEA R 2 Wk
FIFFE BT, thae R A i 1S B 2 RN S YIS H M5 B . InAE AR 7 P B 2K
(flavonoids) HIFEAE ZEKA, FRILMHCAR A DL KRR (anthraquinones) « & 3K
(coumarins) (ARSI E S, EIENER UV L BLUIMA T2 WA 5 UV
T, LRI RUAR S R I AZ AL, AT HEWT H 20 25 S L BRI O SR AR AT AR, B
HOH LLRHER T30 UV A R] RIS A2 44 Csteroids) P, 4 FIALSR.01F (A cardiac
glycosides) #1455 001 (B cardiac glycosides)

UV TE R I8 RIR W K i 52 Hh i MR 1 Ry 2 T 251 52 R LT~ Creserpine, 6) FI45H
Y€ . 1952 4 NATT o> EAR BIA M- Bk, T8I UV AR 20 Hr 2T E A% Cindole)
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A EFRR (gallic acid) ATAEMIPAN LR R, Wb 200K MR 5 45 2RI B2 3,4,5-
SRR R FMCFRRZ LIAIH, I8 8 55 2RI 8 KA B RS #5 5 3,4,5-= 1
SEH R R 1Y 2R A 28 N A5 38 1 S L R TSP 1) 5 MR AT it R A 4, NI B 2 1 R i
S FEAR G BT, IR T R4 T AR IR E . FIILCP A T AR RS R B.
Woodward BI 52/ 7 H A& R, 54h, UV 48 BRI RS — RV KRR 55K
Brep e EEAER, W Vars Vas Veis Ve UEKEER (penicillin) . 5 X
(streptomycin) . +% % (oxytetracycline) 225121,

2.2 4I5St (Infrared spectroscopy, IR)

FEAWZ G, FBEEFAGHIRZET AT WG IX e 220 ARS8 41 X o 1800 4 92 [
9% W. Herschel 23k £ K BH [ 554 1 — 1 55 - 4 e I RS8O T PR Il - %5 — SR
VB R RS, B R4 IARE R R THE NS, MR ISR T
LR S IR EEb Ry 2 - A a5 G 3 T o | S N i P YA e 2]
BT A S 2 A XIS, IR R T B SRR B i e . Herschel ACRTE AT WG IX AL 8 K ity
ZANER AN W AR G X IBAZTE S o T3 ol S B0 A7 7 (1) DX IUAE P 6 DX K s LA SR T A Bk
RNLHNE Cinfrared ray). 1881 4F 4 [E 225K Abney Fll Festing 5 —UCK£LAME FH T 7> 145
FIRIFTE . 1889 HEH LR} 2% 5K Angstrem T UK IESE R CO Fll CO2 #f/2& Hh B Sl 1 A4 R 12
J, B DR AR [ (SR 1 BT LA A R DA I, XA RGN T e
W T LLAMRIS AR AR VR 43 Pl AN S5, i Ut 20 MR ISR PR Ay o F 5 T 2
IR EA T, BAAEIIERE RN T o ORI AN A R K LA R R S
53 ¥ WRSCLL M 2 i 51 e P 25 B 1 i ) 8 3 e RSO T T BT 0, FAROA 24 W o 1%
(IR) o ZLAMEREA BRI AT I8 3 2 it 0T . 20 th4d 40 ARARIT AR RO IR AL M1
1%, 1950 fF3E [ Perkin-Elmer 24wl JT 4R RGN AL A7 44 04 Perkin-Elmer 21 FIXOE R LA
A, A B H AR E T 20 MRS 2 o BARLL A RS0 DU S A 4y SR A 2%
AL LA SCRAT PRI L 5 e PR o 2 R S8 A, IR At — IR A PR AR
KRS

IR =E B 5E 53 45 P AL B R BRSSO SR A AL &b BT S B I B Re ], 14
SENEYII LAY, BT IR IRITIIR. WA S AR LU R FR R/, DX F R g
ODHM ARG S I IR RO T ARG N — L E R, WERE. .
B, AR U RERIZ MR RS . BT A EREPISE 2 MRS TR, 1E IR Hi7F
PE 2 LR LRSI, BIVRFAE W 2 AT RIS U, A SGUA (A7 AE A B BE AR /E 5 B I )
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PeilE. ML, AGL0AMEIE ) ARFIEIX (4000~1330 cm™) H#R4IX (1330~400 cm™)
Ferp R GUX o B RS R AR TR B 7 A I A0S X, 20 7S5 A AR, 1ZIX B
LA A 2 5 o X B G5 A A A B ARG 5 Bl o FREUX 1 3 BB AE T FoR B
Iy T HRRE, BRI T S AR B sl O B s o e, AR R FnY) 5 C A S5 AH 1)
HITER S5 18, AT ML S YR FE SUX RHE RS & AR, BRI ML S i AR
AR, RISRHEERA TS, FREE B R BIAFE 5 SN 5 E o ErEE. st R
PE#F /K (Nakanishi Koji, Kl 5) AT IR RIRMG S E T RN A G, 48RS
B Z KT AAIE T T, 78 B ad 50~70 SRR AT N R IR F= Wi 4l # S i /i
BIRGFROHET Ry P20,

E5 hEEREE
Fig.5 Prof. Koji Nakanishi

R IR AT I = REE R AL E L B, UETE, fRAT IR (W — AP /2. SRAFE,
JETREL SouRlg, JRikuRlE, ol JR4IEk: JolE, JEHEE: BJa TR — 4L RE .
E1tt4E 50 44X R. B. Woodward £ & B R IR 25 R P8 S, BTy IR 1 1E1IA 30 k2 £,
FR IR O KRR PR s A E RN TR RIS AE 2 A 72, AT YA RS
2WTE, AR R ZLA MG T O BRI, AR HE R R ISR I L AR, I oAt
TEMECAREAE ). 7 IXTE H T LLAM AR S M A ) B

0] 0]

CHs- ° OCHj 0
/7)o N\ : «
p 97 ch, OH
CHs
12 H# %K (artemisinin) 13

6 BFEEMLEY 13 HULFEN
Fig.6 The chemical structures of artemisinin and compound 13
ERTE IR 1, BUATERAER S A T BE IR B BRI 2~3 F, it DMBCR L & 1 45 1 4
SE I GBI e e, ST R IR L A AR AR, H ATESE M S e e
IR AN NMR SRR A BN T H, B2 AR S s b ok 5, 4L 4b
JCIE A, AR R AL SR A R B AR, FIINEHENT 2K (artemisinin,
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12, FE6) LK, BRI NMR 1 MS fi#hr4h, &l IR fh7E 831, 881, 1115 cm™ b4y
FRAEMR SO, — DA IR S AR AE o B WFE 1978 4, SEEFFF K Moore 55 M BLEH 1)
Kahala ¥ /K2 (8538 T AR QTR Majuscula sp. B IR B3 2 7 — S F A AR
M (13, B6) , JEId IR HHEAE 970cm™ AbA HFAE WS e AT 1 T 00 A I At A7,
HEHRKIRIWNAESEERLE.
2.3 JRiE (Mass spectrometry, MS)

JRSEARIE R IR WG TR T Bz — o BSOS A A BE 22 R v ) R o J
B, W E 7§ B TR A TR BB EE (miz) SRAEN 73 ISR, ASRIZE R
DT RRREA R . MS BRI AUE REUE & 7 EZ R B — R EZ e 8
Y TERIFE BI RIS B0 A 5 R, 1 H R84 AR 20 F, J BTk Sem i B 1 I 3R &
VIR 7> T B LA R GERIRFAE BN H B 00 70 T B R 8 8 - TR AH EL G R 555 R
MS 52 H i I aega e 7 B8 20E 70 A BOR T By Rl T A s i b o
T E A R T FESRANERD B2 HE T A WA 5 P b & A XU . =S AN B B0 DL K S5 R R A
PESE, XAERIR W S5 o b R

1898 4F W. Wien A U7 IF HLfar 1) 85 SR ARG % A % s 1918 4F A. J. Dempster 31
KT EEHATM T2 710 1919 45 F W. Aston AfFfil H T 28 — &l B R AR A
7E bt 40 EARLLAT MS & BE T RALRAAT T . 1942 436 CEC (Consolidated
Engineering Corporation) 2wt 55— & i PR A 5271, 224 i 25 32 7 P 26 A RS IR A I
TobAfidek. 1954 4E3E [EH 77 EAL: TR J. H. Beynon 7E Nature & % & B MS 7] T &
FIAL AP E P BT 1962 4E K. Biemann K& T — s e T BRI R A WAk 7 6 S S 3
BN R AR R DG, MS RS TR IR R & . 1965 4F MS FF A H]
TR AR A TR 1 285 43 T, skt AE B cassipourine (14, [ 7) 4 % s
AR 60 AR 70 EARY], BEHEFIFIEMEH MS X SR ST, X KRR
TR EEREE, Bl MK MS E Y E MK -46822- U )i -3- i
(4,6,8,22-ergostatetraen-3-one, 15, K& 7) Wb 45Hy . ixX 8] 56 [ & K %% (Purdue
University) [ R. G. Cooks #4% (/& 8) #1J. L. McLaughlin Zi3% k% 7 KEXT KRR
WERF TR SCEE). R, G Cooks # & th S5 3 4 (106 I T R S A 7 055 805 AR %
M RESR, EEZARSREE2BE (American Academy of Arts and Science) Fit:, H7E
1985 AL ARAT T R W 24 AT ) I i 2% Thomson 22, 2002 4 ¥ 28 3145 3 i DURIL 222248 4
FRIE Etth2d 80 AEAR H [ P& 2Rt 27 Bt AL s BRI IZE 27 e 24 R A A 58 T AN BR 2R n 5 1 R
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TR .
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14 cassipourine 15 ergostatetraene-3-one

7 k&) 14 F0 15 Bk S EE

Fig. 7 The chemical structures of compounds 14 and 15

B8 R.Graham Cooks #1%

Fig.8 Prof. R. Graham Cooks
Eiited 80 LG, MS HRNAFE] T D, #I1411981 4, M. Barber ZJF A& H
PRk J5 7 25 LS (fast atom bombardment, FAB-MS) $iA, bk 7 50k Maf%
RAREER A AP BN e, KORER T MS (IR VG, BN RIR =428k v s T I
BT B, 1984 B RARYE SRS B AR T M ERIEIA T SR A 2 R R B
Euphorbia lunulata Bge #73 & (F#i AL AP IR B 2 (maoyancaosu) L= 24 &4 17
(B9 MARMAEY 16 (EL9), - 2 R g 7 B 1 M-CH0H, 55 T &4 16
(AT A0, I A A 25 [H BE 42 ARk 2% (Cornell University) 19 F. W. McLafferty 38 & 7 i 5%
AEAPY, FZSRIETHLHE THA, Wn8HE (field jonization, FI) . 7@ H
2. SI-MS (second ion mass spectrometry) . & /54l B il b LB (matrix-assisted laser
desorption jonization, MALDD . L5 345K (electrospray ionization MS, ESI-MS) %%,

EEA L s o SR NN VAER

OH HO
HO. o) BN o
HO =
OH
16 17
E9 {kL&Y 16 17 WILFELEN
Fig. 9 The chemical structures of compounds 16 and 17

B &E S (EI-MS) 2RI E WS K E b N i 2 1 MS 71k, S By 73
T HEIUELE, AT DL TIE S T8 2072, R S I n B AL SO 1 R T U5

-9-
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L BRI T IEAEAN DG DL S R HERT L SR 7078 SRR A D, T DURA 5 ey e 2R Y
WA T 55K P BRI . 55 BURER Coleanolic acid) ™, fFH 4> F7E Cip-Cas
PAFIEXUE, 7F EI-MS e $5241% 77 202 RDA 24f# (retro Diels-Alder fragmentation) ,
1M RDA Z&fift o3 A AN B v g 1, — N2 DL AL B PR B R v B8 17 I% m/z 208,

F—ARLL Dy E A B LI 10 miz 248 CEE ONFEIGSERIE) , XA 1 AR
NEANE T, ZFZHAN TR, FESZaWn AF (80 D. E 3 EARACER,
IR PR 5 R AR BRI B PR B A A R AR L, BIISR D B E MLEER
—NREE, IBAMRLT miz 248 (155 TRl miz 264, 10T SR IR IS = ik 4R AR A
WAL BARG H o AR TR, & Cio-Cos SUBEM T TR = AR AR A I AN
U, I 3EER Cursolic acid) A2 FFHURERN RS SAIIE, B Cro-Cog MU, %11 EI-MS
JUTF5e4 8, H22Y Cy FAIEIRIEFINT Cip-Coa MAFTERNUBERT, BT RDA M, A% K
HHF (McLafferty rearrangement) ““, 73§ ERS Ak A4 4 [AURE (K] RDA 24, 724
AL AL B N E AR R BT Ag miz 120 F1 By miz 102, SX A BTt T RR N AN T,
T R R LI 4y TR BAh, IE AT DU SRR AL S AL B VB TR BT A
HEM AL B IR ERHURIEGL, Bl Ay miz 136, B8N 16 AN E AL B ITE A R B 1A
FREEUR, [F B, Q2R A PRRE BT IGA0 T 32 AN s E AL U B E A B B 2 AR EEU,
FEm 30 AR AL B IAE A B A LA W EE 0 R EEBUG, 7E B M B2 —FE. RR
BFER. SR EYEHA VAR (B 10 , BRI SE G SR
HISCHRE*L,

ot

. i
1" koA /<
— +
©\/\OCH3 (:\( +  CH;OH

10 RDA Zf#
Fig. 10 Retro Diels-Alder fragmentation
2.4 ¥ZHEEEIRIE (Nuclear magnetic resonance spectroscopy, NMR)
NMR & —FhdE T BA B et 0 5 5 AE % M 1 TR WAL S it S i 7= 2E RE R
MG . 1946 £ EH Y 5K F. Bloch F1 E. Purcell [K43 5w (O U 2 4%k 3@
57 LR 1952 -7 VURMIELK . 55— S LRI (Varian A +]) - 1952 4F /it

-10 -
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I 7 HERAH 30 MHz. 1959 4F & L& % 4 (coupling constant) HX#k 1<l Ar LA — 1
Jeffy, 1963 45K T TSR A H BOMAR i 2L T Je £ 5 R 1 Karplus AR, 1962 4%
— & 220 MHz {8 S AL RE SR O . 1965 4238 [ RHE 5K A. W. Overhauser (] 11) K31
T NOE (Nuclear Overhauser Effect) J£RH TSP RITTT. 1966 K& FEFE AR ik pf
AL AR (Fourier transform) Hi A R SZ RIS AR, A5 5 KA th SR AR Jy i 45,
RO 1A RAERE, [R5 92 AT U AN [ Jka 2L 4 SR A5 2 T 5 22 10 23 115 8
1969 55— 90 MHz [d 7 AR AL REIEHRIX (Bruker 7)) #ikibA: . 19714,
E. Jeener #& t AT AN IR (8] AR &0 () 4B MRS, R.R.Emst (|8 11) 488 AT
S R SEIR SE R, MR R BARBEN T — AR, 1 thhad 70 AR, AR
FSEPRBI G T 25 M K T IR R BT T ik . 1979 AEULIN B TR SUAH O T o A R S iR
(HMQC) #1—%E NOE i (NOESY) M9, 1981 ‘EM MR BAR Y N FH T 72 Wr. 1986
SERLINF] T BREGT AR S R EIRIE D, 1987 4 600 MHz (R SAZREILIRA ] 1H:
(Varian A7) . 1991 FHi+ 73 tHK2% (University of Zurich) £}2%5%K R. R. Ernst B F-X¢
TSR TTERARAS 1 AEAZ IR U 58 AN DUR 3 TR RIS 2 A
B BEEHEE AR S BRI AE 4P I E, SR /E — 4 b B e — MR AR
(15 5 73 BFE PSS IR ZR A b | ot AU Tk it e &, mHR Bt T A
Jieh% Z (B AH EAE F AR S X W — SERL IR 1 rh dfe DU BT B B A R IR 4k B
HEAEH . 1992 4 750 MHz [ FIZHIIRAG ] T 45 %€ . Hill, NMR S8 —
I e EIS R R IUH R NMR S G NS & MR R IR = 450 % e

[ 11 Albert W. Overhauser 1 Richard R. Ernst %

Fig. 11 Prof. Albert W. Overhause and Prof. Richard R. Ernst
EA 4D 60 AP /REEE A NMR B FCRAZ T (taxinine) [ SL AR5 F A E AR A
Wik (ginkgolide, 18, [ 12) 4y, AR 7 AR NMR BT R4 R IR W45k 25 5E 1
e rKCFA R Y R I i EAR TRIEAR KR, (B e HA R R R 1T AR I B A 4
t, BRE R EERE T REHIL, A BARTRAD MBLRCT 2 11 AT, I
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K 6 ML, BIE B XA S NERISE. 70 4F48 NMR JH T4 2 FARER 2
1975 “FEIME (azadirachtin, 19, & 13) Mghty%e, HAmt R Y@ Trhiid /R, RE
ZEEHITE 1986 4EWLIE LA — MR ALE I T 8RS, 103 B it 80 454 NMR #
AR KT 24 J@ M VD iE2E - (Palythoa toxicus) H 43 B 5 31— AN 52 2% 7R 2% K S Tk
WEMHEDEZETEFR (palytoxin, PTX, 20, K 13) Mgt %E, HoTrEmik 2677, 47
F 2N CragH22105aNg, FEZE 10 I [H] T~ 1981 AR5k 1 HArF 45 Il e, 1982 4 H A
ff)°F-FH SUIE (Yoshimasa Hirata) /NHLAISE [H () Moor /N RIRIE T8 fSr ARk 2550, 5
T AR ARG 2 TVEAR S, G AT 45 0 %8 & dsiefil . 53— AN BUASE ) & 1985 4 H
ARFEZE AR (Daisuke Uemura) AP H SCIERfE T K H 8047 % B (halichondrin B,
21, 13) fygE . 1992 4 H AR} % 5K % st fi# (Takeshi Yasumoto) FIAS [H i& i
(Michio Murata) X}l 8% (maitotoxin, MTX, 22, & 14) Hik%E e M ILREAE
7 NMR ERRF=EA % s AT MTX #9593 F30N CisaHossOesSoNa, 4T
ek 3422, 2 HET RN B E R RRWEY).

HLAE 800 MHz £i1 900 MHz i) NMR S22 7] LA T AWK 23 1RG5 70 o B 120 80 4
ARBUE, LR Kurt Wathrich K& T 245 NMR SR BT I05E AWK 5 145 H4
R, R T —ERGINE, WS A NMR B S 54EYR 0 7RISR 5 — X B
Ak, R TIEMM “FFIHA ", A NMR WA K F385E 1 560, 1985 4FI ]
Kurt Wathrich 7775 € 15— N E E R . 2002 4 DURM S K — L T
Wathrich, DPAZEEZAH] 2245 NMR 382 75 I 52 R 2 R 45 A 1) — 4 A4 R 777 T R T 61k

i) LiAlH,
iy 150°C/5mm Hg, 2-3h

GAin TFA, 100 MHz
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El12 4REMES (18) MINFLEMFER H-NMR i

Fig. 12 The chemical structure and its *H-NMR spectrum of a ginkgolide (18)

21 KH#K#E4 B (halichondrin B)
& 13 £&% 19-21 ik ZF4Ek

Fig. 13 The chemical structures of compounds 19~21
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|
| l 1H- and 3C-NMR of Maitotoxin
| i ]i‘h‘ ; C164H256068S:Na,

I M Vi i
I | | |
P LRI WY HA wly |
il R R L[
Wy Lo W
M |
S ——— L |
I e S |

El14 FE&ZRMUFLEHIER 'H-NMR, “C:NMR iZ

Fig. 14 The chemical structure and its *H-NMR, *C-NMR spectra of maitotoxin

B TR NMR FER IR P45 4 5 v 1 BT A 03 N = A B £E 60 SRR N
FHAES, 1961 R85 —AN5E B RIR ) o-thujaplicinol (23, B 15) BBGFLIR(S SR8,
UAESEIR T PR K pisatin (24, B 15) MAZRHEIARIS S VT8, 1963 4EARYE H I AT
FBAREHE 7 EMEEE (betulin, 25, B 15) H IR AR RIS IE T B X-7 51
SEf) morellin (26, B 15) g%l Fiibeg 70 4EAQHBLARIE ™ 80 4N B T 4kl
(57681, e ) S Tt A S M AN B S R M S FI I, 4 A R AR Ak S P S AR TR R T
ik R,

H,CO (0]
oL
. Ly
HO OH O) HO

23 a-thujaplicinol 24 pisatin 25 betulin 26 morellin

15 {k&1) 23~26 RIS LEH

Fig. 15 The chemical structures of compounds 23~26
"H-NMR it F 25 # % g SR L0 15 8 R 2 . ORI 48, xBTS, ARt
R 73T AR A R R 747 T L . @A 73 it 25 iy B i W 4% 2 A1 (4 Bt 1 Bz L . e
FRAREH , FEARRAEE A TR 07 S IR E RIS S AR AR, ek w5 anii A
PERARAR = B B 2. @R TR A A28 6, W 3 AR R BT 10 o
ORI RN BB E T H I, EERPB AR T ZARIER KR, A 1A
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FMEL 6 HU0 5 R B AR X H B U270 @) A 3 28 3R (1) 488 £ 3 ORI S B P A A R 1
FIMTEF SRR Ca B2 ), AEIFAFE AT AT XRS5 F R sE LM IEHE  (aldopyranosides)
(R AL, A I B R PC-NMR SHE /T . @S (*H-'H cosY) ALl
SEAR AT A R R R T ORBE R . @FR-ZMIEHE (HMQC) U, H R I 5% % e 14
TS5 (*H detected heteronuclear muliple quantum coherence) Bt HSQC. H A&l i) F k% i
B THIT5% (*H detected heteronuclear single quantum coherence) 7a] BL3E 437 H 5 AN
JR BRI BRI, Mik-Fm A (heteronuclear multiple bond correlation,
HMBC) VAT LU DR Ay A 44 SR SRRk S5 7 70 D A S 1 O B PR 40 53 7 ) e 7y 2%
TEUEIT 901, A HHSE TR WA S B EE) A IR e B ST T 4544,
=3l (16 . —AMEERE> T (B 17) 1) HMBC. FEFIH NOESY (nuclear
Overhauser effect spectroscopy) &, ROESY (rotating frame Overhause effect spectroscopy) [/#
T A E = 4E 8] By oA, Wil 18 . @FIH NOE R, AN AT LA Sk
SO TR RS A B L SLARR RS, SRR DL E R SR R B S e, R
FOLAR AR A R EE T . FEA LR, JEnT AR NOE ZE 1 k7 BT b 45
PORIZER, R T2 7 S 2 ZE R T B R T A T P S AR A 5 TE VR T
AT NOE ZE 1R 56 ehe (K182 . RSB 54010 HMBC ST LG Y, -2
KA BRE BN, sk i g N, (k- S FEAR SR A e R 9 A 2%
Ji 5 BB T 1T BT 0 B AR ELORIGEE SR, I AAE KRR I S5 S e U N . B K
— I T HMBC P S if M s ) YRR 5 TR
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x1mh‘~u1 | H1
f1 (ppm)

|

° ® o 190

T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
2 (ppm)

16 —MEELFEM KL ERN HMBC iE

Fig. 16 The chemical structure and HMBC spectrum of a flavonoid

18
13 12 I5
17 17 2
6 {ii 12 5 l;l
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— AP 5 10 ;ani =
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- q OB,
. = NhET B
1% o 5=
i L Ny T Th L :
=
s T \3 T B ; 0 o y 5 3 Ta o

17 —MEEMBENUFLEHMRER HMBC i

Fig. 17 The chemical structure and HMBC spectrum of a sesquiterpene
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B 18 —/MEEFEMULFELEHRE C-NMR %5 NOESY if
Fig. 18 The *C-NMR spectrum and NOESY spectrum of a sesquiterpene
BC-NMR B A ) £z B B 455 B AR R A S 088 o AR AL 20 Sl vl UKWt S 72 sp?
JARIE A sp® Aedby B BRIE T8, AERRIN E TR R IS DB SR LA R 5 R A AT
HRIRT QAR BRIERK, I R WAk 0 288 T ) e i A P Bl A R MR B R
R A 2B A AT B AR5 K, HE AT 200 ppm, T ELA S5 0 i Ak 1) A% 2 3855 LE ot -1
EEUR, WERE T T AR R b, R IR EE S e ES (B 18) o X T
FERRE T, BRI A R BAT % . (B2 PC-NMR A, R BUERIK (FEF
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SESTIG AR T REEN 1/6000) | (EMELL S . RE ISR MR LE MR AT IR N B R ) T 2k
RS SR S, HAMNETIER X S 0 i,
SR NMR 2% 7808 38 3 52 S W R 1 A 2 R v T, (R B AP o R R Sk
(microprobe) B IRMEIR LIIE 0.5 mg LAF o B S IR 25 1 % 58 T AN i) P84,
1992 4EHIEL T 3 mm KEME, KR H 600 pL FEZE 140 uL 3F HR#UE (SIN) #4in; 1995
I — A ARG R FH 800 pg A 58 U AR M MR E#E R C - (brevetoxin C,
27, B19) SIS RIBRE SR 8™ 2000 4R & JE RGBSkt — B 1IN K4 3.5 5/ R
FE, BATE 1 mm (RVRE S T BERE B D2 B2 nmol 225001 51l FH 2418 NMIR 3 (capillary
NMR, CapNMR) ll5E T A B ER 45 2 1 S AR L &4 (28, 29, 181 19) HIZEHIL A 40

nmol #5458, I % T TR HMBC #1715 nmol (5.4 ug).

19 Brevetoxin C LARLEH 28, 29 ML &5

Fig. 19 The chemical structures of brevetoxin C and compounds 28, 29
M B 60, 70 X, FRERFEFAEMEAR TS M WS EETTER. TR
Belet. 29X ke R (B 200 REEMMIHREARPIHRE, SWE1d LR
TR R4 ) (1964 4F) A1 CREBEILR = /) HF UG T RIS L) (1976 4F) AL 3%,
T EFREHET A1 & NMR BRI AR EZMIER o R 1258 5 58 T — 3k
(securinine, 30, & 20) . JI[##Z (toosendanin). #3EL (agrimophol) . J& JNH & (yingzhaosu
A, 31, K20 | &% (yingzhaosu B). fill#i# 2 (creatmycin). i H % (armillarisin

A, A (actiflorin). F-E925 (farrerol) DLz — %6 — 5 A= IR S50 AN 5 Ze AR 72
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YIRSt 25 . 8RR (3L) P EMix T HE RS R —E MR RIER, B
A R TV SR A5 R 8 ST BT T8 R A MU IR SO R AT IR

OH

=
H )—N o OH
O, T
0 @O
= 7

30 —mM-3kHE (securinine) 31 )N E (yingzhaosu A)

& 20 PEERFTELUR—MIGE. EBMRROLFELER
Fig.20 Liang Xiaotian and the chemical structures of securinine, yingzhaosu A
BAR DU ARG HER e, (HIEG MY e b A HR KR, RETEIRE R
FENRST ARG R IR E R, A SOk S T IR SRS IE R R AR P TS, i 2001 4R
A M H A4 Pseudoceratina purpurea #4325 21/ zamamistatin (32, & 21) , A
TR E TP S5H3E Mosher 25 % 1 H A7 AR, 2006 4EiZ 45 EE] T &
R,

Br

HO,

.0/ OCHj HO  Br

Br HN ‘Q/ Br HN-0O, /
\\\\v/)\ Br S— & \ \\; OCH3

HsCO \__NH HsCO

/ 0” . O-NH Br

Br OH Br OH

32 zamamistatin, 2001 32 zamamistatin, 2006
Bl 21 Zamamistatin B4t 245
Fig.21 The chemical structure of zamamistatin

MY SCHRE B DA S A 8 22 TR, IR R il 5 Hh e BSR4
1105~ HEAE A G WA, XBUE DRI R AR H LK IEH 6/8/6 31 &
ER PR S Brevifoliol (33, 18 22) 24r B EIH—ABAT XM R EZ K
i o BRAHE HL AR E 6186 PR %, 1993 AT IE N 5/7/6 FRPP, Fr ECRE 54
Fe B A EAE 1992 E it Hh [ RN H A ST #R A 10 s 5 (Fuji KO S PIANIT TN 4LIH]
Bk B AR 2, DR A SRR LA SR R AT ST AR 5148 AT TAE R, JE sk — Kt
SR 5 D e 3 1 AN SR L AR R 5, 15 SR B A X A I ZR A B2 R 2 gl
Sk, HERMNHALZ G HERK taxuspine A (34, & 22) , IEEHffiE T 11(15-1)
BEHE RGNS SCR R G, WHFCE A TFIA 0] B e & WA IE #1
) 6/8/6 ¥R REAL KA S WII X A, S AW SR GAE ED. ot ass
IR 2 SR AR EE, RIUX PN 214 A P10 *H-NMR 1 3 A—5, *C-NMR
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PER)ZE R FEEAE C-1 M C-15 |, SEBR BAE 11(15-1)B Lkt C-1 ELIEH 6/8/6 ¥F %
SR HERNA IR AR, B R AR A S R B e i HMBC
o #£ HMBC &, 11(15->D)ERIEEHE AR 16-. 17-A7 5 B i1/ C-11 1iEHE
e, MXMEFEEIEIER 6/8/6 1 REZLRMUEMIRME: MR, 1E 11(15-1)yF2EH
ER LAl LUE £ H-14 F1 C-11 B R G, TX MBS 7EIER 6/8/6 I REZ KGN
HEFEARIE,

AcQ, OAc BzQ

e o 14082 ‘\OACOAc B2Q, OASAc
18 1, L6 11

L), =

Hov =7 “OH HO™ A AcO N

w on2il “ s AT By gH “ocinn

16 OH17 OH

33 brevifoliol, 1991 33 brevifoliol, 1993 34 taxuspine A

22 1LE%33. 34 BILELEN
Fig.22 The chemical structures of compounds 33 and 34

3 &E

B DU ROGTE " HORTE S %55 Hh i B F RGBS %« BRI 2, L g ik e s
BEARAE TN A B0 G S e A RIR TP EE R 4 58 FR IR R AR BBt e v i B AR D, — %
2~3 mg BIAT, 4. i, BREUHE AN, R TR R ERE, ATRISCRERI A
B AT AER A A A 0 2 T A5 NMR 428, mT LA R AT REFL CARIRSS, B
I T AN SE 28544, i HLARAERIETE R 55 . B, JeiEHERr s iy «“ —3uid” 4k
WEEL VOGS BAEIE, MESCRE MBS, iAo i, D H 4
Ko — AR AE 7 e

T2 RIRF=H 245 #4972 (absolute configuration ) AJ 5 i 75 138 2 X 542 AT 52 (x-ray
diffraction) fHZ X SFERATHNERE M, T4 5 45 i 8l E EIR DR Rk A 1R K
() J51 PR P - 1950 4EAR, g o Bk Coptical rotatory dispersion, ORD) Al[E — &t (circular
dichroism, CD) J"Z T RIS HIABT T . 1961 4 C. Djerassi YW KB SR L 51
FEERIEgIE T “\XHE (Octet rules) ” P81, 1960 4E4L, hpi&E/RIEH “CD T T
7% (exciton chirality CD method, ECCD) ” HisE AL &4 4axt g R0, (E R X e 7 vk 5
TR LS AT, #A DY KR VRN 618 o IUAEAZ AR AR AL AT DA
58 KARFHIRIAE MRS Crelative configuration) U0, SRH] LL#E EA 1ML AL, R
FH Mosher &35 B Ak &4 ) T 104,
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=14k, ASH@EN 72 (NMR. MS. IR. UV, ORD. CD. X-ray), JHZ
TR RBAR MR, W HH SRR ARG (PH-'H COSY). HMQC . HMBC
7% ( heteronuclear multiple bond correlation ) . NOESY i ( nuclear overhauser effect
spectroscopy) &, HIRAE R IR =Wk A S BE RO . B 1 1991 4R DUR T 2243k
34 R. R. Emst X “4ERZBILIRBOR M B FERITTRR, 38 Wik - (Murata) 852 AR S
AL A A B e AL J59%: (Murata’s method of J-based configurational assignment), j#
SON (Kishi) BISZAIRZRESHE . (Kishi's NMR database method), Mosher BEfTA 4434712

(Mosher ester analysis), Rychnovsky’s acetonide method 4. 2002 £E3# U1/R AL 24300 5l #2 T
=AAELRE TR TR A, IR K Wuethrich (8] & BHA R X REI LIRS
ARMTE B LR > T = 4E SR TR SRERAE R v DURM 5238, TR E B2 5K . B,
Fenn M1 H AR H b #— (Koichi Tanaka) Bl “& WA 1 X AWK 5 1 B 7 dfris” 4t
Al RIRACE FE W DR 238 AR, S8 BOR I BE D ARG Rrif g a5 AL S ke i R 2 8
BN, AT JTUAME st R 52 o 10,

REAME A — PRI R R SRR R = 4B BER (SD-NMR) AR BRI R
FRZREIEIR LA B BRe-BRA8 £ Bi-SUIBS  HO T I S U B B b 3 2 IS R B A
B2 B AR S T, X T LA R BRI R AR S S5 , AT — 25 BB BRI %
FESEARBE AR SR AR L T ATIEE S PR3k 1 B FH K NMIR (1) R B KR, I
5 oR 75 LR IR SRR O T LA 800 JK JE LA - (88 i ik AL R SR IR A FE A
i Rk EA T TR Sl S R B S R E T A BOR B E R o SRR S 5 ORI
NMR BRI TE 7> T A EAE k7032 AR S5 0 IR R IR Rl R AR B L 25 ))
F-2k 2 (SARDHIMEE, K /N5 29RO S R AR A8 B0 2410 I A et oA BE R B 5 1)
(2022 2z AR AR, BRI AR E AT R D R SR, MME LR R ISR = 45
H 2B KR 218 E—ASFT I ST

RIRFN N R I TR AR N NIRRT, B A NSRS AR, KRR
Yr— B R NS 169 I 3 ZORIE . RN A 2 AR 2 18] — AN RARIKETE, 2K
H ARG I8 A A IR A RE A e £ SR Y, WA N2 S BT AT R . 2540 2 & TSR
DLECN G BETHRAE TR R RARFEII G5 S T REB SO X H 25 R X TR
BEARR SRR ZGYE I AA E 2R 2 e

WESOEE RS CRARGLE LIERT) Z—.

-21-



KRBT & “OORKE” o RRF s 5w & o 5 A

SE Wk

[1] LiJW H, Vederas J C. Drug discovery and natural products: end of an era or an endless frontier? [J]. Science,
2009, 325: 161-165.

[2] Mohr J T, Krout M R, Stoltz1 B M. Natural products as inspiration for the development of asymmetric
catalysis [J]. Nature, 2008, 455: 323-332.

[3] Clardy J, Walsh C. Lessons from natural molecules [J]. Nature, 2004, 432: 829-837.

[4] Paterson I, Anderson E A. The renaissance of natural products as drug candidates [J]. Science, 2005, 310:
451-453.

[5] Altmann K H, Gertsch J. Anticancer drugs from nature—natural products as a unique source of new
microtubule-stabilizing agents [J]. Nat Prod Rep, 2007, 24: 327-357.

[6] Saklani A, Kutty S K. Plant-derived compounds in clinical trials: [J]. Drug Discovery Today, 2008, 13:

161-171.

[7] Cordell G A. Natural products in drug discovery — Creating a new vision [J]. Phytochemistry Reviews, 2002,
1: 261-273.

[8] S, FAWE, BKIL, & RARGULFEFRFR R SR ARIIRR [J]. HEZ, 2011,
42(8) : 1457-1463.

[9] Todd L. Robert Robinson (1886—1975) [J]. Nat Prod Rep, 1987, 4: 3-11.

[10] Bentley K W. Sir Robert Robinson-his contribution to alkaloid chemistry [J]. Nat Prod Rep, 1987, 4: 3-23.

[11] Bernal J D. Properties and structures of crystalline vitamins [J]. Nature, 1932, 129: 721-732.

[12] Nicolaou K'C, Snyder. S A. Chasing molecules that were never there: Misassigned natural products and the
role.of chemical synthesis in modern structure elucidation [J]. Angew Chem Int Ed, 2005, 44: 1012-1044.

[13] Muller J M, Schlittler E, Bein H J. Reserpine, the sedative principle from Rauwolfia serpentina B. [J].
Experientia, 1952, 8: 338-342.

[14] Woodward R B, Bader F E, Bickel H, et al. The total synthesis of reserpine [J]. J Am Chem Soc, 1956, 78:
2023-2025.

[15] Woodward R B. Structure and the absorption spectra of «,8-unsaturated ketones [J]. J Am Chem Soc, 1941, 63
(4): 1123-1126.

[16] Woodward R B. Structure and absorption spectra 1V: Further observations on alpha, beta-unsaturated ketones
[J]. J Am Chem Soc, 1942, 64(1): 76-77.

-22 -



KRBT & “OORKE” o RRF s 5w & o 5 A

[17] Fieser L F, Fieser M, Rajagopalan S. Absorption spectroscopy and the structure of the diosterols [J]. J Org
Chem, 1948, 13 (6): 800-806.

[18] Peng J, Place AR, Yoshida W, et al. Structure and absolute configuration of karlotoxin-2, an ichthyotoxin from
the marine dinoflagellate Karlodinium veneficum. J Am Chem Soc 2010, 132:3277-3279.

[19] Van Wagoner RM, Deeds JR, Satake M.,et al. Isolation and characterization of karlotoxin 1, a new
amphipathic toxin from Karlodimiun veneficum. Tetrahedron Lett 2008, 49:6457-6461.

[20] Kirk D N. Steroids: physical methods [J]. Nat Prod Rep, 1989, 6: 394-404.

[21] VEREEE. WSk [M]. dbat, WA AL, 2001 4 7 A.

[22] Roberts G, Gallagher B S, Jones R N. Infrared Absorption Spectra of Steroids Vol 2. [M]. Interscience, 1958,
New York.

[23] Dobriner K, Katzenellenbogen E R, Jones R N. Infrared Absorption Spectra. of Steroids, Vol 1. [M].
Interscience, 1953, New York.

[24] RN LAMGIEEA LMY A R [M]BRA R, 1987, b3

[25] A PEE /R, P. H. Solomon 3%, F4H0 . ZLAM6IEH7100 51 [M]. Bl pt, 1984, dbET.

[26] Cozzolino D. Near infrared spectroscopy in natural products analysis [J]. Planta Med, 2009, 75: 746-756.

[27] Cardellina J H, Dalietos D, Marner F J, et al. (-)-trans-7(S)-Methoxytetradec-4-enoic acid and related amides
from the marine cyanophyte Lyngbya majuscula [J]. Phytochemistry, 1978, 17: 2091-2095.

[28] Washburn H W, Wiley H F, Rock S M. The mass spectrometer as an analytical tool [J]. Ind Eng Chem Anal Ed,
1943, 15: 541-547.

[29] Washburn H W, Wiley H F, Rock S M, et al. Mass spectrometry [J]. Ind Eng Chem Anal Ed, 1945, 17: 74-81.

[30] Beynon J H. Qualitative analysis of organic compounds by mass spectrometry [J]. Nature, 1954, 174:
735-737.

[31] Biemann K. Mass Spectrometry: Organic Chemical Applications [M]. McGraw-Hill, New York, 1962.

[32] Biemann K, Grossert J S, Hugo J M, et al. 505. The indole alkaloids. Part IV. The structure of
henningsamine[J]. J Chem Soc, 1965, 2814-2818.

[33] Biemann K, Grossert J S, Occolowitz J, et al. 506. The indole alkaloids. Part V. The structure of henningsoline
[J]. J Chem Soc, 1965, 2818-2822.

[34] Cooks R G, Warren F L, Williams D H. Rhizophoraceae alkaloids. Part Ill. Cassipourine [J]. J Chem Soc,

1967, 286-288.

-23-



KRBT & “OORKE” o RRF s 5w & o 5 A

[35] Kondrat R W, Cooks R G, McLaughlin J L. Alkaloids in whole plant material: Direct analysis by kinetic
energy spectrometry [J]. Science, 1978, 199: 978-979.

[36] MiHizk. B AAERRAHALE TR [M]. Bhos iR, 1987, bk

[37] Barber M, Bordoli R S, Sedgwick R D, et al. Fast atom bombardment of solids (FAB): a new ion source for
mass spectrometry [J]. J Chem Soc Chem Commun, 1981, 325-327.

[38] ZEeR. FRUGLER SRR 78 A KB 28480 [3]. 43 #rillias 4, 1988, 7(6): 1-5.

[39] McLafferty F W. Tandem mass spectrometry [J]. Science, 1981, 214: 280-287.

[40] Pollier J, Goossens A. Oleanolic acid [J]. Phytochemistry, 2012, 77: 10-15.

[41] Xu R, Fazio G C, Matsuda S P T. On the origins of triterpenoid skeletal diversity [J]. Phytochemistry, 2004,
65: 261-291

[42] McLafferty F W. Mass spectrometric analysis. molecular rearrangement [J]. Anal Chem, 1959, 31(1): 82-87.

[43] Biemann K. The application of mass spectrometry in organic chemistry: determination of the structure of
natural products [J]. Angew Chem Int Ed, 1962, 1(2): 98-111.

[44] Grossert J S. A retrospective view of mass spectrometry and natural products—sixty years of progress, with a
focus on contributions by R. Graham Cooks [J]. Int J Mass Spectrom, 2001, 212: 65-79.

[45] McLafferty F W. A century of progress in molecular mass spectrometry [J]. Annu Rev Anal Chem, 2011, 4(4):
1-22.

[46] Karplus M. Vicinal proton couplingin nuclear magnetic resonance [J]. J Am Chem Soc, 1963, 85: 2870-2871.

[47] Muller L. Sensitivity enhanced detection of weak nuclei using heteronuclear multiple quantum coherence [J].
J Am Chem Soc, 1979, 101: 4481-4484.

[48] Jeener J, Meier B'H, Bachman P, et al. Investigation of exchange processes by two-dimensional NMR
spectroscopy.[J]. J Chem Phys, 1979, 71: 4546-4553.

[49] Morris G, Freeman R. Enhancement of nuclear magnetic resonance signals by polarization transfer [J]. J Am
Chem Soc, 1979, 101: 760-762.

[50] Bax A, Aszalos A, Dinya Z, et al. Structure elucidation of the antibiotic desertomycin through the use of new
two-dimensional NMR techniques [J]. J Am Chem Soc, 1986, 108: 8056-8063.

[51] Bax A, Summers M F. H and *C assignments from sensitivity-enhanced detection of heteronuclear
multiple-bond connectivity by 2D multiple quantum NMR [J]. J Am Chem Soc, 1986, 108: 2093-2094.

[52] Nakanishib K. Terpene trilactones from Gingko biloba: From ancient times to the 21st century [J]. Bioorg
Med Chem, 2005, 13: 4987-5000.

-24 -



KRBT & “OORKE” o RRF s 5w & o 5 A

[53] Broughton H B, Ley S V. X-Ray crystallographic structure determination of detigloyldihydroazadirachtin and
reassignment of the structure of the limonoid insect antifeedant azadirachtin [J]. J Chem Soc Chem Commun,
1986, 46-47.

[54] Jauch J. Total synthesis of azadirachtin—Finally completed after 22 years [J]. Angew Chem Int Ed, 2008, 47:
34-37.

[55] Uemura D, Ueda K, Hirata VY, et al. Further studies on palytoxin. Il. structure of palytoxin [J]. Tetrahedron
Lett, 1981, 22(29): 2781-2784.

[56] Crews P, Moore R E, Naylor S, et al. Progress in the chemistry of organic natural products|[M]. Springer,
New York, 1985.

[57] Moore R E, Bartolini G. Structure of palytoxin [J]. J Am Chem Soc, 1981, 103: 2491-2494.

[58] Cha J K, Christ W J, Finan J M, et al. Stereochemistry of palytoxin. Part 4. Complete structure [J]. J Am
Chem Soc, 1982, 104: 7369-7371.

[59] Uemura D, Takahashi K, Yamamoto T, et al. Norhalichondrin A: an antitumor polyether macrolide from a
marine sponge [J]. J Am Chem Soc, 1985, 107: 4796-4798.

[60] Murata M, lwashita T, Yokoyama A, et al. Partial structures of maitotoxin, the most potent marine toxin from
the dinoflagellate Gambierdiscus toxicus [J]. J Am Chem Soc, 1992, 114: 6594-6596.

[61] Trehan I R, Monder C, Bose AK. N.M.R: spectral studies. V. Classification of steroid alcohols by NMR.
Spectroscopy [J]. Tetrahedron:Lett, 1968, 9(1): 67-69.

[62] Zavarin E., Anderson A-B, Smith R M. Occurrence of (-)-thujaplicinol in the heartwood of Cupressus

pygmaea [J]. J Org Chem, 1961, 26: 173-176.

[63] Perrin D D, Perrin D R. Nuclear magnetic resonance (NMR) spectrum of pisatin [J]. J Am Chem Soc, 1962,
84:1922-1925.

[64] Lehn J M, Wystreil A. 1963. Nuclear magnetic resonance (NMR) of natural products. V1. Triterpenes derived
from betulin [J]. Tetrahedron, 1963, 19: 1733-1745.

[65] Kartha G, Ramachandran G N, Bhat H B, et al. Constitution of morellin [J]. Tetrahedron Letters, 1963, 4(7):
459-472.

[66] Eggert H, VanAntwer C L, Bhacca N S, et al. Carbon-13 nuclear magnetic resonance spectra of hydroxy
steroids [J]. J Org Chem, 1976, 41: 71-78.

[67] Ermnst R R, Bodenhausen G, Wokaun A. Principles of Nuclear Magnetic Resonance in One- and
Two-Dimensions [M]. Oxford University Press, 1987, London.

-25-



KRBT & “OORKE” o RRF s 5w & o 5 A

[68] Bax A, Summers M F. Proton and carbon-13 assignments from sensitivity-enhanced detection of
heteronuclear multiple-bond connectivity by 2D multiple quantum NMR [J]. J Am Chem Soc, 1986, 108:
2093-2094.

[69] Bifulco G, Dambruoso P, Gomez-Paloma L, et al. Determination of relative configuration in organic
compounds by NMR spectroscopy and computational methods [J]. Chem Rev, 2007, 107: 3744-3779.

[70] Fukushi E. Advanced NMR approaches for a detailed structure analysis of natural products [J]. Biosc
Biotechnol Biochem, 2006, 70(8): 1803-1812.

[71] Topcu G, Ulubelen A. Structure elucidation of organic compounds from natural sources using 1D and 2D
NMR techniques [J]. J Mol Struc, 2007, 834: 57-73.

[72] Karplus M. Vicinal proton coupling in nuclear magnetic resonance [J]. J Am Chem Soc, 1963, 85: 2870-2871.

[73] Matsumori N, Kaneno D, Murata M, et al. Stereochemical determination of acyclic structures based on
carbon-proton spin-coupling constants. A method of configuration analysis, for natural products [J]. J Org
Chem, 1999, 64: 866-876.

[74] Sugahara K, Kitamura Y, Murata M, et al. Prorocentrol, a polyoxy linear carbon chain compound isolated
from the toxic Dinoflagellate Prorocentrum hoffmannianum[J]. J Org Chem, 2011, 76: 3131-3138.

[75] Poza J J, Jiménez C, Rodriguez J. J-based analysis and DFT-NMR assignments of natural complex Molecules:
application to 3f,7-dihydroxy-5,6-epoxycholestanes [J]. Europ J Org Chem, 2008, 23: 3960-3969.

[76] Bax A, Subramanian S. Sensitivity-enhanced four-dimensional hetero nuclear shift correlation NMR
spectroscopy [J]. J Magn Res, 1986, 67: 565-569.

[77] Willker W, Leibfritz D, Kerssebaum R, et al. Gradient selection in inverse heteronuclear correlation
spectroscopy [J]. Magn Reson Chem, 1993, 31: 287-292.

[78] Parella T, Sanchez-Frrando F, Virgili A. Quick recording of pure absorption 2D TOSCY, ROESY, and NOESY
spectra using pulsed field gradients [J]. J Magn Reson, 1997, 125: 145-148.

[79] States D J, Haberkorn R A, Ruben D J. A two-dimensional nuclear Overhauser experiment with pure
absorption phase in four quadrants [J]. J Magn Reson, 1982, 48: 286-292.

[80] Wagner R, Berger S. Gradient-selected NOESY. A fourfold reduction of measurement time for the NOESY
experiment [J]. J Magn Reson, 1996, A122: 119-121.

[81] Gottlieb H E, Kotlyar V, Nudelman A. NMR chemical shifts of common laboratory solvents as trace
impurities [J]. J Org Chem, 1997, 62: 7512-7515.

[82] Victoria M, Elipe S. Advantages and disadvantages of nuclear magnetic resonance spectroscopy as a

-26 -



KRBT & “OORKE” o RRF s 5w & o 5 A

hyphenated technique [J]. Anal Chim Acta, 2003, 497: 1-25.

[83] Lacey M E, Subramanian S, Olson D L, et al. High-resolution NMR spectroscopy of sample volumes from
InL to 10 pL [J]. Chem Rev, 1999, 99: 3133-3152.

[84] Schroeder F C, Gronquist M. Extending the scope of NMR spectroscopy with microcoil probes [J]. Angew
Chem Int Ed, 2006, 45: 7122-7131.

[85] Crouch R C, Martin G E, Dickey R W, et al. Brevetoxin-3: Total assignment of the *H and **C NMR spectra
at the submicromole level [J]. Tetrahedron, 1995, 51: 8409-8422.

[86] Brey W W, Edison A S, Nast R E, et al. Non-destructive testing with mobile NMR [J]. J Magn Reson, 2006,
179: 290-293.

[87] Suyama T L, William H. Gerwick W H, McPhail K L. Survey of marine natural product structure revisions: A
synergy of spectroscopy and chemical synthesis [J]. Bioorg Med Chem, 2011, 10: 6675-6701.

[88] Maier M E. Structural revisions of natural products by total synthesis [J]. Nat Prod Rep, 2009, 26: 1105-1124.

[89] Elyashberg M, Williams A J, Blinov K. Structural revisions of natural products by computer-assisted structure
elucidation (CASE) systems [J]. Nat Prod Rep, 2010, 27: 1296-1328.

[90] Takada N, Watanabe R, Suenaga K, et al. Zamamistatin, a significant antibacterial bromotyrosine derivative,
from the Okinawan sponge Pseudoceratina purpurea[J]. Tetrahedron Lett, 2001, 42: 5265-5267.

[91] Hayakawa I, Teruya T, Kigoshi H. Revised structure of zamamistatin [J]. Tetrahedron Lett, 2006, 47: 155-158.

[92] Balza F, Tachibana S, Barrios:H., et al. Brevifoliol, a taxane from Taxus brevifolia [J]. Phytochemistry, 1991,
30: 1613-1614.

[93] Appendino G, Barboni L, Gariboldi P, et al. Revised structure of brevifoliol and some baccatin V1 derivatives
[J]. J Chem'Soc Chem Commun, 1993, 33: 1587-1589.

[94] X3, 5okNI, TEE. AT b [J]. Bk, 1992, 38: 593-594.

[95] Fuji K, Tanaka K, Li B. Taxchinin A, A diterpenoid from Taxus chinensis [J]. Tetrahedron Lett, 1992, 33:
7915-7916.

[96] BETFE, ZEHUEE, Gunatilaka A A L. RIRE R EWIEGE foF Tammgesoa i [3]. P E 25

K25, 1998, 29: 259-266.

[97] Wang Y F, Shi Q W, Dong M, et al. Natural taxanes: developments since 1828 [J]. Chem Rev, 2011, 111:
7652-7709.

[98] Djerassi C. Optical Rotatory Dispersion [M]. McGraw-Hill, 1960, New York.

[99] Djerassi C. Recent advances in the mass spectrometry of steroids [J]. Pure Appl Chem, 1978, 50: 71-184.

-27 -



KRBT & “OORKE” o RRF s 5w & o 5 A

[100] Harada N, Nakanishi K. Circular dichroic spectroscopy exciton coupling in organic stereochemistry [M].
University Science Books, 1983, Mill Valley.
[101] Seco J M, Quinoa E, Riguera R. The assignment of absolute configuration by NMR [J]. Chem Rev, 2004,
104: 17-117.
[102] Dale J A, Mosher H S. Nuclear magnetic resonance enantiomer regents. Configurational correlations via
nuclear magnetic resonance chemical shifts of diastereomeric mandelate, O-methylmandelate,
anda-methoxy-a- trifluoromethylphenylacetate (MTPA) esters [J]. J Am Chem Soc, 1973, 95: 512-519.
[103] Barjat H, Morris G A, Swanson A G. A three-dimensional DOSY-HMQC experiment for the
high-resolution analysis of complex mixtures [J]. J Mag Reson, 1998, 131: 131-138.
[104] Schwalbe H, Bielecki A. Recent advances in high-resolution solid-state NMR spectroscopy [J]. Angew Chem
Int Ed, 2001, 40(11): 2045-2050.
[105] Rychnovsky S D, Rogers B, Yang G. Analysis of two carbon-13:NMR correlations for determining the
stereochemistry of 1,3-diol acetonides [J]. J Org Chem, 1993, 58: 3511-3515.
[106] Marquez B L, Gerwick W H, Williamson R T. Survey of NMR experiments for the determination of "J (C, H)
heteronuclear coupling constants in small molecules [J]. Magn Reson Chem, 2001, 39:499-530.
[107] Riccio R, Bifulco G, Cimino P, et al. Stereochemical analysis of natural products. Approaches relying on the
combination of NMR spectroscopy and computational methods [J]. Pure Appl Chem, 2003, 75:295-308.
[108] Wu J, Bondo P B, Vuorinen T, et al. **C-13C Spin coupling constants in aldoses enriched with *C at the
terminal hydroxymethyl carbon: effect of coupling pathway structure on Jcc in carbohydrates [J]. J Am
Chem Soc, 1992,.114: 3499-3505.
[109] Lesage A, Bardet M, Emsley L. Through-bond carbon-carbon connectivities in disordered solids by NMR
[J].J Am Chem Soc, 1999, 121: 10987-10993.
[110] Ferreira M J P, Branta A J C, Rodrigues G V, et al. Automatic identification of terpenoid skeletons through
3C nuclear magnetic resonance data disfunctionalization [J]. Anal Chim Acta, 2001, 429: 151-170.
[111] Hansen P O. Carbon-hydrogen spin-spin coupling constants [J]. Prog NMR Spectrose, 1981, 14: 175-296.
[112] Kjellerg A, Nishida T, Weitraub A, et al. NMR spectroscopy of **C-enriched polysaccharides: Application of
13¢-%C TOCSY to sugars of different configuration [J]. Magn Reson Chem, 1998, 35: 28-131.

[113] Elyashberg M E, Blinov K A, Williams A J, et al. Application of a new expert system for the structure
elucidation of natural products from their 1D and 2D NMR data [J]. J Nat Prod, 2002, 65(7): 693-703.

[114] Kan 'Y, Uemura D, Hirata Y, et al. Complete NMR signal assignment of palytoxin and N-acetylpalytoxin [J].

-28 -



KRBT & “OORKE” o RRF s 5w & o 5 A

Tetrahedron Lett, 2001, 42: 3197-3202.

[115] Martin G E, Hadden C E. Long-range *H-">N heteronuclear shift correlation at natural abundance [J]. J Nat
Prod, 2000, 63: 543-585.

[116] Krishnamurthy V V, Russell D J, Hadden C E, et al. 2J, ®3J-HMBC: a new long-range heteronuclear shift
correlation technique capble of differentiating 2Jc; from 2Jcy correlations to protonated carbons [J]. J Magn
Reson, 2000, 146: 232-239.

[117] Molinski T F. Microscale methodology for structure elucidation of natural products [J]. Curr Opin
Biotechnol, 2010, 21:819-826.

[118] Fellenberg M, Coksezen A, Meyer B. Characterization of picomole amounts of oligosaccharides from
glycoproteins by *H NMR spectroscopy [J]. Angew Chem Int Ed Engl, 2010, 49: 2630-2633.

[119] Dalisay D S, Morinaka B 1, Skepper C K, et al. A tetrachloro polyketide hexahydro-1H-isoindolone,
muironolide A, from the marine sponge Phorbas sp. Natural products at the.nanomole scale [J]. J Am Chem
Soc, 2009, 131: 7552-7553.

[120] Medek A, Hajduk P J, Mack J, et al. The use of differential chemical shifts for determing the binding site
location and orientation of protein-bound ligands [J]. 3 Am-Chem Soc, 2000, 122: 1241-1242.

[121] Jimenez-Barbero J, Canales A, Northcote P-T, et al. NMR determination of the bioactive conformation of
peloruside A bound to microtubules [J]. 3’Am,Chem Soc, 2006, 128: 8757-8765.

[122] Tugarinov V, Sprangers R, Kay L'E. Probing side-chain dynamics in the proteasome by relaxation violated
coherence transfer NMR spectroscopy [J]. J Am Chem Soc, 2007, 129: 1743-1750.

[123] #0HEEE, 28, ET 77, 5. RRZGW: L& R WILENT RO ) [J]. 5525, 2015, 46(14):

2019-2033.

% EE: 12016-02-26
EEUE: Wi E SR RIS (15962704D); T[dbE RS H R RS (2016040); LA #E T E MRS
(ZD2016093); b4 H st (ZD2016093) ; J LR K B0 B0 7 5 SR B BT H (2012yb-19, 2014yb-21);

2016 I ACERLR R NRE R B A4 (kyfz111) .

-29-



