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Perkin.Jr. & Robinson 1910 Menon & Robinson 1931 Blount & Robinson 1932

Examples of Structure Elucidation

Strychnine
127 Years!

Menon & Robinson 1932 ’
Holmes & Robinson 1939 Prelog & Szpilfogel 1945

Robert Robinson

N N
Robert Robinson published 54 paper for structure elucidation And
determined it in 1946 and got Nobel Prize in 1947. N N N )
Robert B. Woodward Total Syn.in 1954 and 1947 Nobel Prize in o ° o o S
emistry EY i i
Chemistry Robinson 1847 e o & 9eison Toay 1965 NP

1947 NP

1962 Nobel Prize in Chemistry 19624F1E N/REIEFSESFR
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Myoglobin = WLir% &

Sir John C. Kendrew Max F. Perutz
1917-1997 1914-2002

Hemoglobin
E X535 Rosalind Franklin

KAxJames Watsonf= £, E #%,Crick

1964 Nobel Prize in Chemistry

X-ray e £ % F M

Sir Robert Robinson did not like the B-lactam structure because this would be

unstable, unlike penicillin. They were taken aback when a young woman...

1945 Nobel Prize
Dorothy Crowfoot Hodgkin in Medicine
(1910-1994) 1964 NP

John W. Cornforth said “If penicillin turns out to have the b-lactam structure I shall

give up chemistry and grow mushrooms.” He did not keep his threat but later

received a Nobel prize for his enzyme work 30 years later.
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X-FEHTE-“ IR o th7-i DR Computer Assisted Tomography (CT)

Derek H. R.Barton

Odd Hassel
1918-1998 (1897-1981) Godfrey N. Hounsfield Allar;g’\;‘i_(l:g;;“a’:k
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Norman Foster Ramsey Jr. ”( — Lowted .pnmA ‘ . g ' I) R. R. Ernst (1933-)

Richard R Ernst 42 T £ Bl Ha £ R KRR & 40 R 464 09 % 7 ik,

N. F. Ramsey (1915-2011), Who introduced the concept Wzt BTk A ESI NS T HHLERMAR T, T RERAER

of the chemical shift and J coupling. zﬁgéggféz\ﬁgﬁﬂfﬁgfiﬁﬁgfg&% ;’i/ﬁf%*‘lgliz
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The Nobel Prize in Chemistry in 2002 2003EENMARETSRESR
“RAT 3 A KT HATHINA LMD AT T 57
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Peter Mansfield
(1933-) Englisn

Paul C. Lauterbur
(1929-2007) USA

John B. Fenn Koichi Tanaka Kurt Wl"thrich . .
(1917-2010) USA A — (1"938 )‘; ! (Nuclear) Magnetic Resonance Imaging (MRI)
-) SWISS
(1959-)

FRV LR it 50




AEBERER S 2522 e

20134Fi% DURILER @ rEA L7 HRETRNBTIAER
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X-Ray Crystallography
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TH-NMR of Taxol® (£+£85®) 13C NMR of Taxol® (E#:E®)
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Figure 12.17. Edited DEPT ’C spectrum of artemisinin, (Contributed by David Lankin and Geoffrey Cordell). EEREMG 2L AE? 2257? HHLED? BHEBE? A 24K7
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MS, NMR, X-Ray S H% 5

Q51027186 — LD-27 In DHSO-d6 — 30-Aua-2016
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Before 1950s, structure studies were life-long NP winning activities
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Robert Robinson James Dewey Watson Dorothy Hodgkin R. B. Woodward
Tk, DET DNA FEERERBL  gmif, LEH
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i%’i: %%mﬁﬁ 5"3 5 % JI_I\ /J/_{ % Tl Robert B. Woodward (1917-1979)

EEERs,,. SRRARSRSNETSENIETRE
Dorothy Hodgkin (1910-1994)

John Kendrew (1917-1997)

TR
EERS AT T T Man Perutz (1914-2002)
EEES NS S B TR R Frederick Sanger (1918-2013)
BEISFH, CARKSHISEAROEOERREOTINGR © [
EEEEHE. ERRNENLAUNUREE Adolf F. ). Butenandt (1903-1995)
BYEKELS R civetone) RILSIITIIRR Leopold Ruzicka (1887-1976) .
[ < ) ’
Emil Fischer ~ Adof von Baeyer R.M.Willstratter H. Wieland A. R. Windaus i, IE

(1852-1919) 1902NP  (1835-1917) 1905 NP (1872-1942) 1915 NP (1877-1957)1927 NP (1876-1959)1928 NP
1938

1028 I 1930 I Richard Kuhn (1900-1967) EHEAD PR T
[oos I msl 1927 Norman Haworth (1883-1950)  EfEHHE BECHSHIMIBTOMHoworth 2B S TR TAFFIEREE
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ﬁ Hans Fischer (1881-1945) & =
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Adolf R. Windaus (1876-1959)

ERRBEERL bile acid) (S (L AMASIBTIIL
Heinrich Wieland (1877-1957)

Hans Fischer W.N. Hawoth Paul Karrer Richard Kuhn Leopold Ruzica ~ A. Butenandt Richard M. Willstatter (1872.1942) RSB RGIEHIR orop SRR
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Adolf von Baeyer (1835-1917)
BRSNS (purine) ISR

Emil Fischer (1852:1919)

Forensic NMR Spectroscopy

Just a beginning of a promising partnership 1: m 2 *}1—{ /& E /£

All possible components

Nuclear Magnetic Resonance
Presumtive tests creening tests Spectroscopy

Peifiitive 'es's Quantitative tests

The usual flow of forensic analyses

NMR : highlighting the high reproducibility, the non-destructive and
non-selective characteristics, and the ease of sample preparation.

RN RS ISR



AEBERER S 2522 e

RS PR

MaE 4k (Nuclear Magnetic Resonance, NMR) :

B maR AT, ERRTFHERILEBALREY
A, SA-RARGHMBHESFH. TIRRTHAR
e ek, JO—RIMERH, B AR,
Bk E#%E (NMR spectrum) :

AMZ A RAZ T RE BAME (Rapig i) £H,
PP 3 Mgk S 3R K %
R E#E & (NMR spectroscopy) :

AR REERTEN BERHL) NE, &
WREESNET &,

120

Nuclear Magnetic Resonance

Bk ABRNMRBAA AR/ L, 24
Aty 6§ o b MM 2 HANT — it 6§

B RRT M G 7% = A Mg
¥ %% £ 3k % (Nuclear Magnetic Resonance Spectroscopy,
NMR)Z 45 : 1&fbw 2K (KK 25106—109um) 5 & 5% /& 5
P BRI R, REESES T R ARBGERK
T ERKAET, RABHELRE.
B R F IR ECRAAFE RIRAT AT REE,

121

Magnetic field Precession If the sample placed in this magneric field is

BRI A

(Nuclear Magnetic Resonance)

irradiared with at the same

frequency as the frequency,

an NMR spectrum can be obrained.

NMRAZ —#RE 5T 44

[ Hydogenmudeus P RFESHEH—MHHEKR, #

/ GO RT B B R, tR
_/: Magnetic moment ‘;‘JM&}%%’W °

Nuclear Magnetic Resonance

]

Tacoma rows Bridge (1940)

HERKEZEDEH. NMREEE#HR 4 &R—F
FEIORFEHEF R AR M

Nuclear Magnetic Resonance

FiD

Signal
Intensity >

The free induction decay (FID) and Fourier transformation to generate
MR images or MR spectra

The problem the we want to solve by NMR
2T KA 2K

What we “really” see What we want to “see”

’ NMR

NMR provides scientists with an elegant and
precise way of determining chemical structure
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NMR Spectrum

LE  CH,CH,OH

NMR spectrum of the hydrogen nuclei of ethanol (CH ‘C] 12011)

NMR spectrum of the hydrogen nuclei of ethanol

(CH,CH,OH) &

NMR Spectrum

A proton NMR Spectium of & Solulion Containing 3
simple organic compeund, ethy! benzene. Each group
of signals corresponds ta protons in 3 different part
of the motecuie.

Strategy of Structure Elucidation

uv EIK R JRAM A
IR —b{ ¥ H C=0, C=C
HR-MS o F Ko id SR8, RRTF
:P-NMR H#g AN $cAatn Z X R
1D NMR C-NMR o J CHOASASP, SP2, SP?
NOE HEZ A X &
DEPT C##+ %C, CH, CH,, CH,
'H-'H COSY H-C-C-H, H-C-H
HMQC H-C
2D NMR HMBC  H-C-C, H-C-C-C, H-C-C=C-C
NOESY (ROESY) H-H conformation
INADEQUATE C-C
X-Crystallography: Crystalline sample 129

Who Discovered NMR?
How was NMR discovered?

A Bit of History

FRV LR it 50

"The man who invented the 20 Century"

Nikola Tesla (1856-1943)0™ # £ 4, “ERBRZL” HAris

His discovery of the rotating magnetic field in 1882 made the operation of
the alternating current (AC) motor possible, which is instrumental in NMR

and MRI design. 8 8 52 3% B 69 43 R 46 he, HAR#, B5AT
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Tesla was a Scientist, Edison was more of a Businessman

x‘d:an;rm:l they . e no rules

ng to

I care that
L h something.”

"Tesla tried once and figured it out. Edison tried 1000 times
and figured it out on the 1001st time."

After promising $50,000 to Tesla if He would improve DC
motors, Edison reneged on his word, dismissing the promise as
""American humor."

Who Discovered NMR?

Zeeman Splitting in 1896

N BN spectrum

Pieter Zeeman
1865-1943,1902 NP

HRBAAZGRTBORR LR G F LS AHH, TRAR
B R E K A,

HE T — R RRLE-TRERT 24

Who Discovered NMR?

Larmor Relationship in 1897

Sir Joseph Larmor
1857-1946

Which explain the curious Zeeman Splitting.

Sir Joseph Larmor developed the equation
that the angular frequency of precession of the
nuclear spins being proportional to the strength

of the magnetic field-Larmor Relationship.

Who Discovered NMR?

Thus NMR is..

Otto Stern (1888-1969), ¥ B E$ K
KT RTRIE 19225, 19435 6N RbEFR
R BHE L F EANMRIA B K-Bloch, Ernst, Wiithrich& #)& % Bruker

LRI IS T Otto Stern

B AR R MATH B (Otto Stern) #I9F R B F158H

o ==

‘R
Otto Stern XL T AT #4E, KT T 193505 N RPpEFX

Otto Stern (1888-1969) was a German-American physicist and Nobel

laureate in physics. He was the second most nominated person for a Nobel

Prize with 82 nominations in the years 1925-1945 (most times nominated is

Arnold Sommerfeld &K JEwith 84 nominations), ultimately winning in 1943.

BRI ZTI6 T Otto Stern

B AR RRMAH B (Otto Stern) #I5F R T F 158y

Otto Stern
1888-1969

HHE—EBHER £ BN F

Otto Stern K & T B AKX P 2T R H#AKAT R T84, KT
T 19435893 N RApEE R

355
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Who Discovered NMR?

Rabi refined Stern technique to observe the effect from the
nuclear magnetic moment in 1938, 1944 NP

Harold C. Urey
(1893-1981)
1934 Nobel Prize

Isidor Isaac Rabi (1898-1988) was an American physicist
who won the Nobel Prize in Physics in 1944 “For his resonance
method for recording the magnetic properties of atomic nuclei”
»  which is used in magnetic resonance imaging.

193845 K 0 THAM 2 T — 8 & M6y 7 ik 158

Isidor Isaac Rabi, Man of the Century

Rabi (1944 NP) with fellow
Nobel Prize laureates
(standing left to right) Val

The Presidential Science
Adyvisory Committee meets
with U.S. President
Eisenhower in the mid-50

The 1927 Solvay Conference
brought together the world's
Fitch (1980), James leading physicists, including Niel
Cronin(1980 NP), Samuel eading physicists, including Niels
Chao Chung Ting (1976 Np) Bohr, Albert Einstein, and Max
and Chen-Ning Yang (1957 Planck et al 17 NP laureates.
NP seated, left)
Bill Moyers presents a profile and interview of ILI. Rabi, winner of the 1944 Nobel Prize
in physics and an early developer of radar for use in World War II. Rabi also participated
in the Manhattan Project and was present at the detonation of the first atomic bomb —
an event which transformed him into an advocate for restraint in the use of nuclear power,|

Isidor Isaac Rabi: walking the path of God
MRERKRREFAERNRRGHES

[
ISIDOR 1 RAB

Niels Bohr (1922) with James Franck(1925), Albert
Einstein,(1921) and Isidor Isaac Rabi (1944)

Brookhaven National Laboratory Columbia University
Rabi was one of the founders of the Brookhaven National Laboratory also

built up the world's finest physics departments at Columbia University

Related Nobel Prize

ALFRED NOBEL
Neobel

1952503 N RWILF L Fhh(FelixBloch) & 3ARKR (Edward
Purcel) B R e T Ha M E R E0H 5 kA B AEH K A— sk,

o " Developmented of
new ways and
methods for nuclear
magnetic precision

measurements®
HARZ MRS R W
Felix Bloch ETH Zirich g}, Biah SR R Edward Purcell
Stanford University TEHENSE B AARIE

Harvard University

#AE. RabifyF i

Russell and Sigurd Varian and NMR

Sigurd Varian
(1901-1961)

Russell Varian
1898-1959

The A-60 was the workhorse NMR instrument
for decades as it allowed ch to determine
molecular structures easily and quickly and to
follow the progress of chemical reactions.

In 1948 two brothers, Russell and Sigurd Varian, armed with $22,000,
founded Varian Associates to manufacture scientific instruments. Varian used
its Stanford connection to develop NMR instruments. In 1953 Varian HR-30,
1960 A-60. Varian, Inc., was acquired by Agilent Technologies in 2010.
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Varian Co. was established twelve years earlier on April 20, 1948

The first 90 MHz FTNMR spectrometer
(Bruker, 1967)

Varian /\;60 spectrometer(1961)

Bruker Co. founded in 1960 in Karlsruh

Prof. Giinther Laukien (1923-1997) and his first pulse NMR spectrometer

Why the Name Bruker ?

« Bruker was founded by
Prof. Giinther Laukien

= Professor for Experimental Physics

« First high-resolution systems for use in
analytical chemistry in the US

« Recognized the power of NMR and the
need for an impulse spectrometer

« Established BRUKER ¢ y in
1ose >
BRUKER
(<) Prof. Ganther Laukien

The Founding of Bruker-Physik AG

Frank H. Laukien
(born 1959/1960)
chairman and CEO

Bruker Physik AG’ s first operational facility in
Hardtstrale, Karlsruhe, Germany in September 7th, 1960.

of Bruker since 1991.

Zurich's Contributions to Bruker

Hans Primas
(1928-2014)

Why Do We Need NMR?

NMR provides scientists with an elegant and precise
way of determining chemical structure and properties of

materials, and is widely used in physics and chemistry.

NMR also is the basis of magnetic resonance imaging
(MRI), one of the most important medical advances of the
20th century.

Q
H,C

3

Dimethyl ether Ethanol

10
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Advantages of NMR

Advantages of NMR include the following:

(a) The instrument is available in most laboratories;

(b) An in-depth understanding of the fundamentals of the
method is not necessary to apply this method;

(¢) A small amount of sample is needed;

(d) The sample can be recovered;

(e) Because the analysis is conducted in solution, it is applicable

to both solid and liquid samples.

Two-dimensional NMR

Preparation Evolution Mixing Detection

Richard R Ernst $## T # a4k £
RRM AR EERGGH F ik, WEZtR#H
Tk R EFINE T HEBERBKF, 24
HBETEERTRGRSZTHRLHHZH
HER, FH_BPSHNMRER, AR
B R B HERASHET T ES,

Pl i

Jean Jeener

2

X

ALFRED NOBEL ‘
/-~

Nobel

199153 R R4 : R.R.Ernst (1933—) %M LFE XK.
199158 —FK LA

ZRAMA T RE RGP AR
EFEFERYRE TR TRTREHE:

—. — B AEF T R B A Rk
. ZHRARA T B e AR i
ARFIT R e A RS

I

I

152

Fourier Transformation

AL,A
A A*
R m i i

Jean Baptiste 1

Joseph Fourier 1 i 1 [ | |
1768-1830 .

trequency domain \ \
g A RS0 LY J\ NI\

— trequency

Jean-Baptiste J. Fourier(1768-1830) was a French mathematician and physicist
1965-1966: First FT spectrometer by Richard R. Ernst and Anderson (Varian)

Fourier Transform Ion Cyclotron Resonance
Mass Spectrometry (FT-ICR MS)

1973
- Fourier
k Transform

1931 Omegatron

Cyclotron
Accelerator ¢, =%

Stages in cyclotron development history. The individuals shown are Lawrence
and Livingston (cyclotron accelerator) , John Baldeschwieler (marginal
oscillator), and Melvin Comisarow/Alan Marshall (Fourier transform). Each
stage represents a different experimental configuration/event sequence.

Joseph Fourier

Fourier Transform—Ernstfd XA Z {E

NMR Spectroscopy: A Short Course 1975
B, B,
Let's do a simple o %
experiment 90° puise
B, on i
P e
=By L
Free Induction
Decay (FID)
" [mime (e)]

Spectrum

L L b ,)‘- L‘L [Frequency ()

Fourier Transform— AN & X LA 4 M E 5tz 698 F Ty &

SIS S SR
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Arts and Sciences.
A Personal Perspective
of Tibetan Painting

Richard R. Emst”

Abstract: The relationship between the arts and the sciences is discussed from the standpoint of a scientist
and passionate art lover. The two playgrounds of human creativity have much in common and have cross-
fertilized each other over centuries. An active involvement in an artistic discipline can stimulate scientific
creativity by direct analogy and by and intellectual i The excit of a scientist for the
arts i by the author's in Tibetan painting. The scientific study of Tibetan thangkas is
discussed by examples from the author's collection. The analysis of pigments and the dating of the paintings
are covered. In addition, some background information on the historical and iconographic context is given.

Keywords: Arts and sciences - Dating of paintings - Pigment analysis - Tibetan Buddhism -
Tibetan thangkas

19665, #LHHFHE TERHEA4 (Richard Ernst) XA H
69 KR T R BRA R RE KRG T kA E AT T, BBHEERTLRT
FhBHTR, TMMAKARETRROGHER, LFEHT 54
M A RE B —HE T 2 R AR E RS

Two-dimensional NMR

Strong signal g -

at the beginning ‘ Weak signal A

at the end
(thermal noise)

Richard R. Ernsti

Richard R. Ernst (1933-)

Raman microscope for
Tibetan scroll paintings

Tibetan scroll paintings Playing the viola da

gamba at Primas’
retirement party

Nobel Prize in Chemistry in 1991 Louisa Gross Horwitz
Prize in 1991 Wolf Prize in Chemistry in 1991

A man of many dimensions

One of the first 2D-FT MR images from the
research group of Richard Ernst in Zurich,
acquired by Anil Kumar in July 1974

Richard Ernst, Primas‘ second PhD student, developing the first
Fourier transform NMR spectrometer in Palo Alto in California, after
completing his PhD at ETH.

Who discovered chemical shift
and J coupling

Norman Foster Ramsey Jr.

N.F. Ramsey (1915 -2011), (Nobel Laureate 1989) was
Isidor Isaac Rabi's first graduate student and introduced the
concept of the chemical shift and J coupling.

EigE (1914-2003)

Fuchun Yu at Ohio State University)

19504, Bloch (1952 NP)E R F##&E L1+ E, Warren
Proctorf E 84, KATRELBAL, BBLERFALES
WFFABKESF, BOSERELEI TRRERFE, ™

DI SR SR
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Yu Fuchun, Mrs. Bloch, Felix Bloch and Wang Ganchang £ &

Who discovered chemical shift
and J coupling

Principles
of Magnetic

Resonance

Charles P. Shichter, 1924-2018

In 2017, the American Chemical Society recognized the discovery of J
couplings at the University of Illinois with a Chemical Breakthrough Award.
“one of the world’s top research scientists,” Charlie‘s influential textbook:
“Principles of Magnetic Resonance” in 1961. till 2010 in press.

. 2003FRD . Fh
NMR History wover  TENORE.BN
P FRBRBE
PORS Appmgr  SREISI
199 14E T @ﬂé}%&
19524 REIBHE =
o MR TR —
4 -
RERT RIBRIE
NEEF
sk
18824F * [
P

Development of NMR

History
1946  Bloch, Purcell first nuclear magnetic resonance
1955  Solomon NOE (nuclear Overhauser effect)
1966  Ernst, Anderson Fourier transform NMR
1975  Jeener (1971), Ernst 2D NMR
1985  Wiithrich first solution structure of a small protein (BPTI) from
NOE based distance restraints
NMR is about 25 years younger than X-ray crystallography
1987/8 3D NMR + 13C, 15N isotope labeling

Jean L. C. Jeener

1996/7 new long range structural parameters:
- prolectmn angles from
residual dipol. gs (partial ali )

T1/T2 relaxation tlme ratlo (anisotropic diffusion)
- projection angles (cross-correlated relaxation)
- TROSY (molecular weight > 100 kD)

SINMRAE T T Ak A9 15 NobelZ 8 =

1. 1944: I1.Rabi

2. 1952: F.Bloch

3. 1952: E.M. Purcell

4. 1955: W.E.Lamb

5. 1955: P.Kusch

6. 1964: C.H.Townes

7. 1966: A. Kastler

8. 1977: J.H. Van Vleck

9. 1981: N.Bloembergen

10. 1983: H. Taube

11. 1989: N.F. Ramsey

12. 1991: R.R.Ernst

13 2002: Kurt Wiithrich |

14. 2003: Paul Lauterbur and Peter Mansfield
15. 2013: Martin Karplus 166

“IREEAL & 00 B IEfE 2L iR 71945
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Yevgeni K. Zavoisky

19445 B 314 32 2k Ao B 5k K 5 694 B 5 R Yevgeni K. Zavoisky (1907-
1976) AT €-F At dtik. RTHRAEIFAKE B, TAEFelix
Bloch#=Edward Mills PurcellZ 3, 2AHLRFATE L. 167

AR SR AR
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Three Waves of NMR
E—HE

1945 ~ 465 : F. Bloch #= E. M. Purcell
FA 2 ILF Bl K SLNMRIAL £
19504 K A7: NMR# K& R FHhF
19604-4X#7: Varian Associates A60 Spectrometer
Fl#, NMRF4&7 %5 R

168

EMER
197044X.: Fourier Transform#y &2 f| (FT-NMR) R &
BEXBRSG, #FBC. "NFFERIKLEE
NMR# R 2 B A 7T 8o
BC-NMR# AR (HFR)
(GC, TLC, HPLCH# K& X E)
FE=HE
19804 : Two-dimensional (2D) NMR# £
(COSY, #HBRERMA, 4R
FRESH, EHRHSTEH, ... )

169

NMR Sensitivity
To Increase Magnet Strength is a Major Means
13"1”
11’ 10"
900
52000000 $5.000,000
199548 2001
==

T 1]

i
0
0

Varian 600 MHz

TN B3 i

Bruker 600 MHz NMR Spectrometer

. Superconducting magnet
- NMR console
Workstation - : 1 Rf generation

Spectrometer
control

14
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Bruker 700 MHz Avance III Spectrometer
with carbon-optimized cryoprobe

900 & 950 MHzE SRS HIRIFIE(Y

Ultra-high field high-resolution NMR

State-of-the-art

April 8,2019

TN B3 i

N | e
N e
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