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Is this already known or not

QS-LD-22.1.fid — LD-12 in CDCI3 — 25-Aug-2016
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QS-LD-22.2.ser — 2D-G-COSY (ni=256)
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QS-LD-22.4.ser — HMBC
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Position d (H) -mult J (Hz) d(©) HMBC NOESY

1C=0 - 177.61

2 2.55 (dq) 11.8, 6.9 41.49 1,3,12,13 4,12, Mel3

3 2.14 (dt) 11.5(d), 10.1(t) 61.68 2,4,5,11,12,13 4,5,12, Mel3

4 3.65 (t) 10.1 81.18 2, 9,12 2,3, 12ax

5 3.38 (br.d) 9.9 51.82 3,4,6,7,9 3, 11ax

6 - 170.09

7 6.17 (br.s) 135.85 5,8,14
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12 3.74 (m) 69.83 2,3, 4, 11eq, OH-12

13 Me 1.46 (d) 6.9 15.68 1,2,3 2,3

14 Me 2.30 (s) 20.05 5, 6,7, 8(w), 4(w) 5
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The "TH NMR Spectrum of Tetraacetyl[6
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Structure Elucidation

How many methods (means)?

Advantages and Limitation of every method?

What is the procedure?
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Structure Determination

What is the most complex structure ever

you have solved?

solved in the field of structure elucidation?

What is the most challenging problem ever

29
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Current MS, NMR, and X-ray diffraction are presented as structure
elucidation tools for analytical chemistry of natural products.
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X-T5T E AR E RIS

7T & % (Tetrodotoxin, TTX) 4 W|}z(adamantane)

TTXAR —F MR E RO EH RBREE L EYm, RETFT—ROEHN. £
A AORFEFTFLHGEZANGARTEAR T —MNONRR T8 ERERI LM,

—F RSN —EER
FEREHAR A
PAVAFH NS Aremisia annua L. 1, SURHBRAEE.
AU —HER, EEYWER, 2EE FIEZRA X-0 8 RRETA ik, 0
RS, B 156—157°G, [alB=-+663"  RTIEMEEN,
(Cm=164, HMiH), BABHUE (/e BRPBY: E DI—P,,, RIS

2821472 MOBTRIHHT(CO372%, 7.86%)  $a = 24.098K, b = 9.468 %, c=6.309 4,
FRAAFR EE: W 4= 130 F/EH, HH 4
BHCHLO M = 1294 J/ER, MEFS FH T = 4.
AR TR R phitlips PORIFTH X
CH X-MHARLL WK, RAGBAEE (20, = 2667, CuK,
Rle R, WM o= 134184), WHT 6 NFss° ey
SN~ SBEENIE, R T AS 10 TR
wROEEE i 1t

Fifli, AHE RIS mEmaiEn, 2 ¢« AAR
PoEIHIR AT, I, E W, ERRBH R AT

ASEBRIESRE—AAEFNE  ERRBOTE, KT EBEURT N
ArsE ORIt RERCG, 881, (1S B BN, WETHERNYFEE (1.
KD RETE. TR,

BGF CH) S (70 LR, 100M He,
AHE R, o0 0.93 (REF, 36,
1= *6Hz, 14-CH,), 1.06 (TEF, 3H, J=
6Hz, 13-CH,), 1.36 (i, 3H, 15-CH,),
3.08-3.44 (B8, 11-H), B, B 1.06
BT X Tk, 5.68 (IR, 7-H).

e S IRINCHELY, 22.63M Haz, &-4f)
12,19, 23 (FU RSk, 14, 13, 15-CH,), 25,
251, 37, 35.5 (S, 4, 3, 10, 9-CH,),

32.5,33,45,50,93.5 56k, 2,5, 1,11, 7-CH),
S 79.5, 105, 172 (i, 6, §-C, 12-C =0).
ﬁ’l’—?‘ ELE A IRRGRIERSE AR SR
1977, 22(3), 142 ’Eﬂ'ﬁfw’*j‘i#‘m!fw- FRBBE gy ppzmessseererasy

R, PR, EEBARHR= N
FTEELERREE, LBEMBIAE S S8, 100t 1, Bh.
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Dorothy Hodgkin and Penicillin

X-ITH SiE DURE

Odd Hassel

Odd Hassel (1897-1981)#) AIX-AATHEFT E KA TRA—A WA
B, BRFRRLEH, BETHEIAGRERT &, FEF1969
FENRE, WRE—ANKRENREGHFER,

2P A T = SR SR
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X-ray Analysis

ray

i’ i ik X-ray beam

Crystall
molecule

i

BHERBELEY

(Metal-organic ) B ® &k Makoto Fujita
framework, MOFs . w3
2018K R RMLFH

RERET X-HEEBITHOTHRH & T &
FEHRERY, RYREZ—A TLC &ME, A S5ng & T HERE
AR, AT RAS YR AR L IR

‘“GRESR ARESNREEARES FARL, BARSafEFE
Nature, 2013, 495 (7442) : 461-466

i 20 48 25— B =] PT A
BT KF LR 247
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TH-NMR of Aspirin-& & B8 /53 F

120 m/z-for singly charged ion this is the mass

0 O 1204
8.18 O\céo
7.76 791 CHs
l 7.76 228
| 1
2 1 8 6 4 2 0
PPM
www.biosite.dk 160510
[ ]
Typical Mass Spectrum
100 HS-NW-3303
Aspirin
807 OH
> Q—(
G o]
BCJGO— OAc
» C9H804
Z Exact Mass: 180.04
§40—
204
0 ”"'|‘""‘I'"“‘ll"‘“"l"*'"'\‘lll"i”"|'”“l“”|""l"" """”|i""l"”\'L'"|”“!"'"l"”l'”‘l""l"'”""I
20 40 B0 80 100 120 140 160 180 200 220 240
| mAz
38
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19



BB R K 52 25540582018

'H-NMR of Taxol® (4#E2®)

2 20a20b 3
5 U
NH 1B o 3 1o
7 OH
JLJ JK )U

AL VH? ARELR? B Z R EA?

13C NMR of Taxol® (£#2E®)
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o200 1 10 8  PPM
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1H-, 1BC-NMR of Taxol®

2724
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31t 21 1 ‘1514 o 6
) 2|| 13 1 67
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10 H \ l l J
RAAAE] RARAARARAS BRALAAARA] RARAAAAAAS MARMAAAAL] RAAARARAE Rt AR RAAAAA AR RAAAAAARA! RAARAARARE RARRAARAE] R REARLAAAM] EhARARAAA] RAARAARAAS RAARARARE Rl R
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3
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0 1

% 5 2525 i T
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B
31‘ u J 13 19 2% 14 10 8a| 757y
. SR U5 R 1 I U ¥ S Y | e

| N MAA_L_‘%
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I*-f 3 [3f 8 E -1
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Lovastatin

Lovastatin 1978 Eng
l,lJJ al 4 MMJL

TOHERRERT ORA T cHeadyRR T T

Figure 5: 3H-NMR Spectra of lovastatin

MS, NMR, X-Ray5&#1 % E

HEMNGEHEEEEN?

Why ?
B O ERFSEWARIRFEIURR?

Before 1950s, structure studies were life-long Nobel Prize-winning activities

Robert Robinson James Dewey Watson Dorothy Hodgkin R. B. Woodward

kA% T Ak DNA FER. RERBL2 A E. LR

2P A T = SR SR
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KA FEERRSEREER ()

BERSHEMISIHEEHSA SN TFmHRE Robert B. Woodward (1917-1979)

BfEERS,,. BERNRSRENEESENTIFTRRE 5
Dorothy Hodgkin (1910-1994)

John Kendrew (1917-1997)

BEEALIEE (myoglobin)FII & E(haemoglobin) S ERI TR
Max Perutz (1914-2002)

EERS RRMMGSHEER AN IIEmRE ,
EERERENES R T —IR5%kE Frederick Sanger (1918-2013)

EEDHTH. RERHBHSEYROSEES N TFTRRE Robert Robinson (1886-1975)

BESEYE. EESMEealRES Adolf F. J. Butenandt (1903-1995)
BT KL S RISER (civetone) BULEIATIERIZ Leopold Ruzicka (1887-1976)

rr m S jeay 1958
1939 1980
1938

RAILEE SR T
1930 1937 Richard Kuhn (1900-1967) BEEXBE PERAMGERSEOTIFTIRE
1915 Norman Haworth (1883-1950)  EIE4 4R CEII@IBTIEHaworthiR R HRY TETTIR3E
1902 1905 Paul Karrer (1889-1971) EEERATIR SIS ER) TR e

Hans Fischer (1881-1945) BT IR TER L
BEESSLANEEERGBE LAY ERSEXR A TR
Adolf R. Windaus (1876-1959)
Eli#BBABEL (bile acid) & E (B S YIRILEITIIAIR
Heinrich Wieland (1877-1957)
EAFEYSRGIEIRE (chlorophy) IR
Richard M. Willstatter (1872-1942)
EEBBEETA (indigo) LSRRI
Adolf von Baeyer (1835-1917)

EEBBHEFIIERIS (purine) RILSIITIIRIZ

Emil Fischer (1852-1919)

BT HT

FREN, —YIThiEiE

Two key issues continuously challenge this goal:
(i) To obtain sufficient amounts of pure compounds and
(ii) The use of the appropriate tools to elucidate their chemical structures.

46

T = N U
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Why penicillin could be inactivated in base?

Q . R s
Wrﬁ% SR OIN(X

/—OH o]
e John W. Cornforth

penicillin V # &% (penicillin ) (1917- 2013)
197553 N RUFE

Only when Hodgkin determined the structure of penicillin V by X-ray
diffraction in 1949 did the missing piece of the puzzle fall into place. The
realization that the -lactam ring possessed high chemical reactivity was a

prime factor in identifying it as the pharmacophore..

MSHES R #

&~
Charles Romley Alder Wright
(1844 -1894)
Prepared heroin in 1874

Felix Hoffmann

(1868 -1946)
Re-synthesized heroin in 1897

Ef£, EREHRIFIUARH—T

OH OCHs OAc
o o o)
/> /- /-
HaC—N = HaC—N = HsC—N =
OH OH

OAc
Morphine Codeine Heroin
£ ¥ 6 KF— Do ey B2 I HERE
LW RFEOMg £  AREARDER112 B ERTHEA-84

HEYNGSHEEEEL?

2P A T = SR SR
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HAaPNEREEERN?

A

1R ILEE (Ixabepilone)

Gerhard Hofle & Hans

R. Braunschweig Germ.

o 6H o

O OH O
Epothilone B

BT ARG EREEXTNBATRFRERE. 2R EEL0—
RIVGT A Yt ALK T, KILA N B RE R R0 A BG4 = -7
W U M T AARITF 69 AR G SR b
47 i IE & (Ixabepilone) & /& J7 3£ 45 P Aot BASLAR R 69 2540, 20075F10 A
168 B FDA#E LW, ¥ & &Ixempra, ® Bristol-Myers Squibb/2 8] 7 & o

From Rapamycin To Temsirolimus

bt hERELD? o
B

Dr. Suren N. Sehgal

Rbapafg);in FmE i " Temsirolimus
IR T & 3R 50~5004% & TS
P miye R

Temsirolimus A -F 74 57 B %@ i&. /% (renal cell carcinoma, RCC), FDA T
200745A 308 A K LW, B 4% Torisel, 77 X ¥ & & K (Wyeth),

2P A T = SR SR

25



BB R K 52 25540582018

%lij\i

e EMER TR
Huperzine And Selagine

CH,
CHs H | n o
N (o] |
| _
>
NH
/ NH, 7 2
HiC CH,
1 (-)-Huperzine A 2 (-)-Selagine
A %2 381985,44, 1035 Tetrahedron Lett. 1960, 1 (31) : 26-33

19865 F A LR U A AN E A AREFARGRAEY T EE
Huperzia serrata W83 5 3R 30 £ YR e 4 4-F (1). F£1960-FKarel
Wiesnerst A >t & 45 (Lycopodium selago L)% 2]V & 49K 4 2 #(2).
1989-4F Wiesner # 5 £ Ayer 5 Valenta & 2| B AN 69 £ 7, BPIR 48,
QHERLEAR, TAHABTIARERGBEZLKERE — LY, 5 H
Y ERMBARBL, RALETHEME R, ERZNAV2LRREHB-F 1.

R385 R R SR

B A% —FPHHEEZ-REH

s

F

o OH » OH OH RS AW 5
/ \ / e mian |
NH NH NH;
Ephedrine Pseudoephedrine Norephedrine ¥ g
RiF fE. AR o

TR KRS -MFBILA R ERE AL T H
EREAGEAMAE, F4TREMNEZAIREGH, K
HTHFEHR.

2P A T = SR SR
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Roger Adams
(1889 -1971)

Tetrahydrocannabinol (THC) Ranhacl Mechoulam
9 R, K ARBE—R A b AT aphael Mechoula

Cannabidiol (CBD)
(1930-) Isolated in 1964 KA —EE

# 77 % ¥4 % Epidiolex

9 £, K AREN(THC) A= K Sk —BE(CBD)AR & K it b 69 R R &4, X B AP
&4 % B R A8 Fl (isomer), {2THCRA WA &ML, @CBDIRA.

A M ER T 27
il ARSI

?
"0
HN Ho
0 O

Indirubin Indigotin
ﬁiﬁ 2> ) _k& PR

# & Indigofera tinctoria

o OH Oﬂ
HO
e, \ Cr
OHm% N—>H
N H o
H

Indoxyl Indoxyl Indigotin
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HEVNGEREEEELR?
RIS T ? ATREERIE T — MREFl-mee

ONC201 [%? E

Me N & Nf>
e g
) JO

Correct ONC,,, Structure Incorrect ONC,;,; Structure
Kim D. Janda#i% X R 2 KA &
% B 35 24 MR 50 F ‘ ‘
(The Scripps Research Institute, TSRI) $ERYEREMZKF

2 H B AR 8] Oncoceutics

Chirality and its Importance in
the Pharmaceutical Field

Lord Kelvin
Chirality 1884
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Chiral Molecules in Everyday Life
WM EMERERD?

@ 2 2 G

(R)-(+)-limonene

(S)-(-)imonene

smells of lemon smells of oranges
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|(S) enantiomer, birth defect |

error Image
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Dr. Kelsey is honored by
John F. Kennedy in 1962

William McBride '
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A Chinese Herb Changed the World

ARTEMISINI
THE WHITE GOLD

¥

SR Qinghaosu
Artemisia annua Artemisinin i&4E

The newest class of potential anti-malarials are peroxy-bridge containing
compounds. R T “HREHHLMEENRT” HEFAL.

(HE&HEZF) Cell: #&%: RATEFHRH LA 2011
$EF. AFLER 1977, 22(3), 142
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Figure 12.17. Edited DEPT '3C spectrum of artemisinin. (Contributed by David Lankin and Geoffrey Cordell).
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Hy
Willkinson's Catalyst

1979

Ivermectin 1981

WHOB B34 T B AR5, 4700075 AFE

Satoshi Omura and William C. Campbell

What Is Structure Elucidation?

From a chemist’s standpoint, a structure is a three
dimensional array of atoms and solving a structure is not
only finding where chemical bonds are but also how they
are spatially arranged in the relative as well as in the
absolute mode.

Finally, molecules have mobility and therefore
conformation around bonds and in rings must be defined

also.

70
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Structure Elucidation

During all of the 19th century and most of the early half
of the 20th century, natural product structure elucidation
was an art that depended almost entirely on the power of
chemical synthesis, or, more specifically, on the effectiveness
of degradation or derivatization processes, to reveal the
architectural design of a molecule. Assuming both that gram
quantities of the substance under investigation were available
and that the chemical transformations employed proceeded
along expected lines, researchers of that era might have
expected to solve their molecular puzzles after a few years of

painstaking effort.
71

History of Structure Elucidation?

Amount of the sample, time and precies

Before 1920——% ¥ 5 #7—— K JF

Between 1920-1950—— & 9 #T—— K. # R RE
After 1950— MBS HT——F K. AL, HKR
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What are the tools which permit
solving chemical structure?

€ Elemental analysis
4 Mass spectrometry
¢ Ultra Violt, Infra Red, Raman, Circular Dichroism
4 Nuclear Magnetic Resonance NMR
proton, carbon-13, 1D-NMR, 2D-NMR
¢ X-ray diffraction

L 2 Chemistry-Chemical degradation and Total Synthesis

73

Structure?

What information we have gotten from
each spectrum?

How to use these information to establish
a structure?

74

FARLIA 2 5 S SO



BB R K 52 25540582018

Structure Elucidation-Degradation

First Two Natural Product’s Structures

(ﬁj "-.,,/\C H3

# 7t # Coniine

J# T (J&#&) Nicotine £ H) % 684 (1827-1895)

4 My 4% % 6557 (1828-1893)
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Examples of Structure Elucidation

N -
H
Morphine
(1805-1925)

19474 Nobel Prize

Marshall D. Gates, Jr.
(1915-2003)

G g 5 £ A0 AL 2119255 4 o -3 K 5 49 Sir Robert Robinson g
(1886-1975) Bd— A 7| WML RAFH . 1955FX-FTHESR .
DA LA R TI92F R ER F M R FOLFERER
(Marshall D. Gates) & % 5% IL(JACS 1952, 74, 1109). L
miaE

1950

Examples of Structure Elucidation

Strychnine
127 Years!

Robert Robinson

Robert Robinson published 54 paper for structure elucidation And
determined it in 1946 and got Nobel Prize in 1947.

Robert B. Woodward Total Syn. In 1954.
78
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Evolution of the Strychnine Structural Formula

L ;
N
AN ‘ N {
OH o o}
Perkin.Jr. & Robinson 1910 Menon & Robinson 1931 Blount & Robinson 1932

N
N N N {
O \
(e}
0 e}

Kotake & Mitsuwa 1932 Menon & Robinson 1932 Prelog & Szpilfogel 1945

. Chakravarti & Robinson 1947
Robinson 1947 Woodward,Brehm & Nelson 1947

R. Robinson, Nature 1947, 159, 263

Structural Formula of Strychnine

Woodward

"If we can't make it, we'll take it"
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