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Ultraviolet Spectroscopy

Chromophore and Auxochrome
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Ultraviolet Spectroscopy
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A shift to a longer wavelength is called a red shift.
A shift to shorter wavelength is called a blue shift.
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Infrared Spectroscopy
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Transmittance (%)

4000

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’')

IR of Salicylic Acid
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IR of Aspirin

TRANSMITTANGE (2508, 33.3)
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ZIIMEBRI X

o FELIX Fingerprint region (1350~600 cm™)

® 1350~600 e & B IR A A TEAR BN = A B B ARG X,
LOFEMMARER, ZXHRBURE MM ER, X
FRANGHELBIEVRE TR .

¢ 1300~900 e EA 5 AN LU XUBE (R FE IR S -

© 900~600 cm! ZEFEIRF -

MEHEIX? ERASRFIRIE?

o FEIRGIES, HZEAT1350-600 cm ! KRR X Fr TR L
X. BAXPEEMELETRRENGTRRME, Ef
ER T 5k Es S myE B xR, R MR
5eaR B HRINHERS S, TAHIMLErITRL
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IMEPREEZERXE

X &R 5

4000~2500 cm! S 48X vO-H vN-H vCH
2500~2000 cm™ &4 [X vC=C vC=N
2000~1500 cm! XXX vC=C vC=N vC=0
1500~900 cm! H4#[X vC-C vC-N vC-O

I EFREZXE
Nsk81%

3750~3000 cm™ vOH vNH
* 3300~3000 cm! vCH (4, =%, F¥H)
* 3000~2700 cm! vCH (Hifg)
* 2400~2100 cm! vC=C vC=N
*« 1900~1650 cm! vC=0
* 1645~1500 cm! vC=C vC=N
* 1475~1300 cm! $C-H
* 1000~650 cm™ $C=C-H Ar-H
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IIMETH=EZHHE
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EVRERERE, A DRRETHESWRIGE T L
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1. KA LA R 5 BUARFIE B BT X (4000~1350 cm ')A

FEEUX (1350~600 cm"), FH 1 43 X 22 1R A3 XA A 2 IR Wi Ve
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EFEZESH (COOH, OH, C=0, C=C)
Important infrared adsorptions

COOH

1600 C=C

3500, O-H 1000-1200 C-O

2900 sp*C-H 1700

4000 Wavenumber / cm-? 600

25

EWMLEEEREE ? (OH, C=0, C=0)

i

304

Transmittance

9l -
80—

1

0924

T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber (crm-1)

HR-MS S PO
CsHgO, . o o 0

RIRZIYN 520 = S0 SCHHR 13
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Mass Spectrometry

* Analytical method to measure the molecular or
atomic weight of samples

27

TR 69 B A A
1. B#ZHH 247 Mass Spectromety

KRG RF: REBETHRE.

Fk%: ARAABTFTEH. AR AT A GRS,
2, Rk A?

B oS —FRMAA?

TE: RAMHER—R~RSZV?

B WFE. £WF. BEF. BF. T, HE. HH#F
3. Ritey ez & R4 A?

4SHPE: Sensitivity R4  Speed PRk

Specificity 4%  Stoichiometry L5+ &

RIRZIYN 520 = S0 SCHHR 14
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BRig

Mass Spectroscopy

& #Z 5 -F= MW (Low Resolution)
® 74 & %-F X MF (High Resolution)
¢ THRAYATARTEENFEMFNL

Unsaturation Number (UN)
Hydrogen Deficiency Index (HDI)

29

XA THENEE4D

MR E &

% IR K 2K,
Euphorbia lunulata
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WESFINFGE

HRT R HE B WE 5T Xo
2) REZH o HRE (HR-MS) Lhé95F & FHHAR
24, Z&Beynonk HLederbergk it H /38,

FktgtastF Ak, ZBeynonk kB HHF KXo

D) K% (LR-MS) MR R FTE, EE6LFHH

LIRS PR F 90T B FoRMH, MA2R 4

31

Organic Mass Spectroscopy

%5

1. SHERT (KR, &RAK. BR)

2. MEHSTE, HEHTN

3. oATRER, RBES

4. BFIEAHEK (GC-MS, LC-MS, HPLC-MS)
5. #egwFH, BABEK (EI, FAB, FD)

32
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q:# Ié; :

OB ETEE .

ot EREEGE KT AEMADEZHAETAKX,

ONMEBER, T AR, &K, BRFIHTHN

CRNIERSTHTAARBTHREL LA F E 6%,
EE 50 TEMA X,

ok ERBEY, RBER, PIRA .

o BBRE—TAL R TE, HRYPTANS %,
SF RGBS W ERERRE(A TR, H
BAN TR RE SR RBRT, PRSI,

O ENBEARE, MRER, ThEXREEZREKS,
BUEBRKZRLRS, LLRF - WHRA
& RIS,

33

McLafferty Rearrangement

Ry Oﬁ Ry

—_——
2 ( R CH, CH,

A description of the reaction was later
published by the American chemist Fred
Fred Warren McLafferty McLafferty in 1959 leading to his name being

(1923-) associated with the process.

« 9 During 1956, he developed the first
Man of the Masses GC/MS instruments

RIRZIYN 520 = S0 SCHHR 17
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diene +  dienophile

o WO
ex.) @ + do —_— (mo endo major
o H

*ﬁ e W

L ol
Otto Paul H. Diels $0 0 wwo (" Kurt Alder
(1876 -1954) e gl (1902-1958)
f;r.o s e endo TS
(kinetically disfavored) (kinetically favored)

The discovery of the Diels-Alder reaction in 1928, a
reaction for which the namesakes would receive the Nobel
Prize in Chemistry in 1950: Diels the professor, Alder the

student. 35

B ARz BB FH LSS K ERXMT
RDA®G EHEF R 6

e 1%
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@ o - . CI +  CH30H
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HEAIEFME Unsaturation Index

(Double Bond Equivalent,
Indices of Hydrogen Deficiency)

Rafadis (MR efE, AQEAT) 279 TP AL
R FH KB, RBITILASERG—ANEZLHK,
HH RtoFe B3 65 % AT

H Cl N
Q=n+l = - +
2 2 2

XPnAKERTFHE, CIREARE, NE=ZMHR

37

T ETIE M BF A

D BRREHMERTRESFETFIE. Y KKE
I AEAE FI AL R GRS, B3R RIE N TR
2) FFETFEMKRERTFHIRA:
) FEMPERR DG FEEBHE BEX.
M-32|M-13. M-208|M-252 AN A] BB I .
(2) A FETFNRAERZEENTEAR.
() Z WM E T B IBIEE TR 2R EHR /D
FTRETHFETFREL.

38
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BFEFIEM B9H5!

3) AN
MU EVA S EEHSRBEANER, HoTFERELG
eV EFHENEN, EaTEATH.
4) - FEFERTREREYIR SRR EIE IR,
(1) FELEYSILEZ E>EME D> EE R RS
WERAEY . BESHEBRNS BT,
(2) BEFEME. B, B, Bk B SUDEFEEE
N TR TIE.
(3) EMERAESTEBRRKHEE. k. VHKRE. HER
St BV Mm-S X ERN A B EBRA Y TE .

39

RiEERF AR ENE R

1. @t FEFIEXE

1) B TFERHE:

AW FEFENRENASFE g, EHFELRS
T&, HFERSTFEFERERE, HETU TR TFE TR
REM. —REERUEY. LT HEBUEH IR
YRS FEFERER, FRREE; TSR E MRk
EY). MENTEERIEY LR IE BRI &M 4+ 5 I
B0, BEEREFAHIR.
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Q) EEFEAHDTENERE, AT, RS T
FESFHNEET: WAEH, EFRELERE B
maTHEEEHEART.

B IR CAKBR TR KR i AT CAR 25 57 HURYE (M+-2) e 1 55
BEARCARA A o

(4) WTRERITE, RER R FERE LG REHN AR T
BTHRE, #EHS T

¢) REFES TR, TEHFEROTENE.

(3) RIEFEAL R TIERGRE, YIBHENERED T K.

41

BRHERSIE. &Ik

Nuclear Magnetic Resonance
IH- and 3C-NMR
ﬁ%ﬂﬁﬁhﬁwﬂhu
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TH-NMRIZHRIE B2

« IRUSTERYZE 2
- N—BBERE, 2T FPREREREGR TFHILA.
« FRFHULEMBES
- WA FF e EA Lo
- IEHNSERNREBEERY
- WRAB LA EHEXR,
- MR TH%SE
- B & A H R T H k.

43

TH-NMRit & g 2

& RIS
® 1BL (ARBLEFHRIARENER)
® Zminzih (Row& S ELh)

ARG M Fo bz F] B X = FP13 & R IR AL &4 F BT
S AR RRERZ R GEBIRAS T REERE,
BJE R 5F 89 T fe 54 5F m VABRIE

44
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2, fa SE
. HELE: FFFELS
O
6 3 2 3 DMSO
H-3
H2' OH O o
H-8 H-6
T i i B U
75 7.0 6.5
Chemical Shift (ppm)
RoE
OH #& &
Jk N
2 oo
215 214109104 100
= H Yl
8 7 6 5 + 3 2 1 0
Chemical Shift (ppm) 45
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Factors Affecting Chemical Shifts

@ Substitution and Hybridisation — BU{XFN1Z41{L
@ Inductive and Conjugative effects 5555340
@ Anisotropic effects &) F

@ Van der Waals force 3E{E1ET|H

@ Hydrogen-bonding S

@ Solvent effects &I

46
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IH-NMRE{EE

- R4 R
- X—REETE, 2 THUEBIRARNETE L.
© RTFHHFEMBES
— ULBA T IR R L
c ERNSRMEEEAESRS
- AR ZE B REE KR,
- MRS HEEE
— Tl B %2 B 0 B T B L

47

Factors Affecting Chemical Shifts

* @ Substitution and Hybridisation

* @ Inductive and Conjugative effects
* @ Anisotropic effects

* @ Van der Waals force

* @ Hydrogen-bonding

« @ Solvent effects

48
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ML F BRI E =

- SRR ST LRSS SR T I B,
EILIR IS 17137«

© AT ASRZAFEWBN, U SR RIRE.
BERUAR; oTEIRZHAEERBELR, =
FEAIREE . B RN, SRR TR
B R,

49

2018/12/2 Sunday

S F R R 3=

- 1 BURE S

HTESMMN (inductive effect IZM) , BURE
B A PR eE, 5 EUREAER R —5R R 7 LS A3t
PRGBS, RZIFVR. X2 H TR A
NS EFHERK, BRI TR, Frilihz
AR kG5 . T A

50
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HAEM  (conjugative effect)

TSP, HERTEES IR/, DIHTH
6 w38 Ko

(+1.43) ..
Ho (8 y g e Q
S T e
H H
(+1.29) (-1.10) H (o|_:)|0) (_(I)__;) (_I(Ilsg)

51

1 A A

[ [ [ C9H803 1 \i
A,B, o)
N
AA’BB’ OH
J=9.0Hz HO
H,0
J=16.2Hz

J=16.2 Hz |

S S ——

,&ﬂu’ ,A_H,JJ k.jtg )\L ,,,7,7,,,7,,.1‘!&,*

128

52
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3173
] S AT
N‘MQ@'/Jjjj ki MW = 146 [ é
JO5HZ g gcu

L
(0] (0]
dd, J=7.0, 7.0 Hz
d, J=7.0 Hz

d, J=7.0 Hz
dd, J=7.0,7.0 Hz

53

L F MBI E =
2. HEEBIRTFHISPAAL

SHAERBR IR T CASP (BB H.48) 2ISP? (BBR X
), SHTHERDMN25%ENEN33%, EETFE
FEIERIE T, FmAHERNSRETEEZEMEN,
Bls B R . PO HAE S TRRA T B,
MAFEEA, THEHER.

54
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FNLFE AR E =
3. FRARIEHLAR R HO R AR

ZIHHIS(E N5.23 ppm, #A7.3 ppm, {HC
= C RSP, XRASP2RUWKRE R, X
SERLAS.T ppmAt, Tbr IR,
XRHTREERBRUS, WTE:

55

TN 25 B AR U

CHCl3

S - —

IR RS, KRR

~—uy

M, FR

&% -
S

-

THS

- 517

& 2N A’

L 1 L 1 L L

8.0 7.0

6.0 5.0 4.0 3.0 2.0 1.0 0
8§/ PPm

B {ER

(R RE)  (shielding effect)

EERIER (ERBMEL) (deshielding effect) .

TR A T 38 37 SR
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ML F BRI E =

o 4. FH AT BEE PRI A5 1) S PR BN (C= X[
X=C,N, O, S %)

Wirs U R pst, KT RmsSI=E— NI
[y, FETREmBIBLZ, EBRF =N
ANRERFERIRES, X Fh ML AL S 52 ) ) B A 2 0t
PRI, RYEEPRENLE MR LR, A K2 55 R
FER, M2 AL 88 8 R BRI/, XA 28R U i 1)
Z I F RN (magnetic anisotropy) .

57
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S F N BRIE =

o T TR S PR RN

(1) XEEHIEN : Anisotropic effect of double bonds

C=X, TESMIN#E S, XK TR~
A FFROEN, FEXUEERIIE BTN IE R R X ,
A N S R R X AN T

58
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ML F R E 3=

5. < Z5 [ e AFR AR B R TS A AR 77 B 2

HZoTARBEREEREN, BESTHNFER
%, WS THRERTIETHEER, NI
HARZ I BERCF 2. S PTR S S A 4T R
[B]BE /N TEfE R R FIRy, SN TFHHEER,
B B, SEIRER RS, T B

59

L FEANZBREE
« 6. JMBRIRZI

ANEBFREARBR PR, im0 T s
HEANE, FEXEMBEEREH. MCDCLELCCI,
5CDNFCDs, ZFRBARBIAIIE0.5 ppmfZR{h, HES AT
DU F VA R RS 38 7 e 4, B R T 2540 4T

60

RAREYIM A0 = LIRS 30



AL R R 2 25 56552018

ML F A BRIE =

7. BRI
SRR, TS TFHERS FRISHE
R, EESZBNEREROIER, EEA
BEERAYHE R, W

O =15.4 ppm

61

Hydrogen-bonding

Flavonoid and Anthraquinone

OH o
Me OH
HO (o}
OH OH
OH o o

62
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BN R

BTSN BT BB I K, .
RSB HSEE - MRARNTEE NS, HES
FE e I VR EE, IR R

WY 25, 4.0~102 [A], -COOH 7E8, 9~122 Jf],

63

]

50. S. NHENERFERE. ViEEEHRE— €’k
FIMARATRDMSOMIEEF]. FEDMSO HiE IR E A Hi 1
PEBEHCDCLHREGE. HREHTZE8. KE.
BEERENEM, HEABESE—AEENZL.

AN FHERNERSFIERRRRE. JFEHME—

e WE R SRS E

64
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BEEHJ (Coupling Constants)

- Hir—HRMBE=4AIENRy, mMEdgdigs
e JB] I EE BN {H A % 3L (Coupling constants),
FJR B AIHz.

o HERG

o (1) INZSNESSFW, SMEHRA, JEAR;

« Q) RFZEF=ERMEERS, JE<20Hz;

65

BAEH# J (Coupling Constants)

« () HAMRLEY, BIREEEEERN RT3
FHE

o (4) BRI B MNEE T ERE SRy, iR
PL_E BB A 5 R FE 4% A (Long-range coupling).

66
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BEERSH FHEHXAR

* RI\EAELTMEZ EMHRREKZ D, KA

E1ER R
« {%{H(Geminal coupling)tBFRE K FB4E, [FEkK
R

« 4F48 (Vicinal coupling)
- ZFE{HE (Long-range coupling)

67

BEBHSH TEHNXR

. ;ﬁiﬁ%ﬁ%i/]\ﬂ%*%ﬁﬁ?**ﬁﬁ%%#ﬁ’éﬂ‘]ﬁ H# Y

- A H e LA R H g T RIE T, B E R AR
TR R AR

* PIANEAAH BE DY AR SR DL b B DU E R AR

- B RRERBREERIR AN, BT, <R
TIRAERHE. JRAILERSH, BEFLKERPEE
AEEHE ERIRT 5

68
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3

N

3, Mzl

2013FiE VU/RILER

Karplus Equation: #& % #fe—@AZ M X 7,
AR TEMRB T EZE, LABRENRENLEH
AMFERT A,

37=J0%cos?@—0.28  (0°<@<90°) 3J=J180¢cos2p — 0.28 (90° <p<180°)

Y

Martin Karplus (1930-)

A N J. Chem. Phys., 30, 11-15 (1959).

pledl @

T EBESER

The spacing between the lines of a doublet, triplet
or quartet is called the coupling constant. It is given the
symbol J and is measured in units of Hertz (cycles per
second). The magnitude of the coupling constant can be
calculated by multiplying the separation of the lines in
units (ppm) by the resonance frequency of the

spectrometer in mega Hertz.

JHz= ppm X MHz (typically 300, 400, or 500 MHz)

70

FARLG I 24TV s S

2018/12/2 Sunday

35



T A R 2 252 F58 2018 2018/12/2 Sunday

w3 g &

WA ERZIEFAL TR’ “W I

i, BT EREE, WARAE
BAEE, BEMERD, NAN1Hz, FRWE
(=

2 D 'H-'H#F %3 ('H-'H COSY)

COSY {EAHNIET T, 2 FIH F2EREA

L NN . IETRPE —FN AL (—K&

NET-—HAL) o XMLk L rIERR I} A i

(diagonal peak) . X FfZRAMHIIERRNIE I
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BRI R IS 5T

Examples of 13C-NMR Spectra

75

B IR iR

BC-NMR# WU FLEH R REZ LY, CHBRBRT
PR A B 69 A wF 5 695 0L, BT & 89 A AR A
B Koo O SHPT R F IRBRAMB, S HEEEL &y
Ko 2 TFAHRRGM A o) F 0, Ocbb Oy LA R

76

RIRZIYN 520 = S0 SCHHR 38



W ALBERK 22222552018 2018/12/2 Sunday

WELRB: SP2LSP, aFFEF
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3RS T

SN0 BC-NMRIVL MBI E &
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3RS T
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B IR S

= 1) 2ERETF FAREEEFEEN KER
2) t2EAr BRI (A1t 200 ppm)
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4) HERHN SR E, W BRI T
B REER. BERELE
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BCEPREENFRZLFNBS

85

BRI R TR IS B AR

BIDR:

D X AR, Bk, ANERRERNIES:

2) WEANERE

3) STFARER T FHiEREE DT uRAHRR
HEREFHECE, ST — R R

4 BETFHRENHE (EREHE S ;

6) EMEEHEIT, HET RN,
7D SHHEH KIS HREAT SR .

5) IR THMEK X WMX. AEMX. RETX. BEX

86

FAREGI 2 350T 25 sh 5 S0 302

2018/12/2 Sunday

43



AL R R 2 25 56552018

— i —HMQC and HMBC

¢ HMQC ('H # M & 74 % €548 F 5%, 'H Detected
Heteronuclear Muliple Quantum Coherence)

¢ HSQC ('H AWM &) F4% 22 T4 F %%, 'H Detected
Heteronuclear Single Quantum Coherence) i,

¢ HMBC ('H # @l # % # % # M X %%, 'H
Detected Heteronuclear Muliple Bone Correlation =X Long
Range Heteronuclear Multiple Quantum Coherencel) & :
B i AR G2 AN A3 N AR S M 940 X5 &, T |
Rt RFT AR, CTUARER. REARERT.
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'H NMR

(500 MHz)
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Enlarged 'H NMR J=1.7 Hz
J=16 Hz J=8.1Hz J=16Hz
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OH .
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H-H COSY

= N

8@
°@0
a0

65 55 50

45

L45

L5.0

L55

L6.0

L6.5

L7.0

L75

f1 (ppm)

103

H-2’

H-H COSY

.

H-3' H-3
H-8

_J QSas24fz
20-G-COSY (i=256)

H-6

6.2
6.3
6.4
6.5
6.6

67
68
6.9
r7.0
F7.1
7.2
7.3
7.4
7.5
r7.6
7.7
r7.8
F7.9
80
8.1

80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62
f2 (pprm)

f1(ppm)

104

2018/12/2 Sunday

P L CEL Y B e:

52



BB R} R 25522018

400 MHz

o
=]
~
[=2]
3]
w -
N

T008 = p
10242 —

1.0261

Q5-aa-24/3 I I T T
HEGE (shage pule for-nversion-+ CpsBcomp4) - s
0 c-8
T s
9] C-6
100
1r105
E
H10 8§
1F115
riz2o
N I B s B e B N B R B o e o e IR A B S | 7=
e c-2’
© ’
= C-6 |
BjO Ilg 7:8 71? 7?6 7:5 7:4 7;3 7?2 7.‘1 7.‘0 6?9 6j8 6‘.? 6j6 6?5 6‘.4 6:3 612 611
f2 (ppm)
. . . . 105
C-6 is downfield than C-8, but H-6 is upfield than H-8
Danshensu CyH,,04
coee =3 =] -1 e
823883 2 §E23882828333853 Tme | “i3%
b § HHaacaisaanaeiang R s B
PROG 2930
W | NN oo
SOLVENT MeOD
NS 2
[ 0
SWH 9980.040 Hz
FIDRES 0.152283 Hz
AQ 32834036 sec
RG 64
ow 50.100 usec
DE 6.00 usec

======== CHANNEL f1 ===
NUC1 1H
P1 1250 usec
PLI -2.00d8
SFO1 400.1318925 MHz|
F2 - Processing parameters
si 32768
SF_ 400.1300001 MHz
wow EM
588 0
LB 030 Hz
c8 [)
PC 1.00

106

ARG 22 O 58 s 2

2018/12/2 Sunday

53



BB R} R 25522018

—6.73610

——86.73170
——— 6.66040
— 6.64040
— 6.60550
—— 6.60100

J=8.0 Hz
J=1.8 Hz

18] w3 P R N

— 6.58540
——— 6.58090

HEe X A

J=8.0, 1.8 Hz

T T
6.80 6.75 6.70 6.65 6.60

’,/) 107

03350
500
1390
30990

nnnnn

U gewmn W

& #-CD,0D
400 MHz

J=8.2,3.4 Hz

A i

S X

J=13.5,3.7 Hz

J=13.7, 8.4 H1

T T T T T T T T T T
41 4.0 3.9 3.8 3.7 3.6 3.5 3.4 33 3.2

¥

3.1 3.0 29
¥
=

T 1
2.6 ppm

sz

108

2.8

FARLG I 24TV s S

2018/12/2 Sunday

54



W ALBERK 22222552018 2018/12/2 Sunday

H g 2
g Eg ¢ #g&g g 58888333
3 B S 2E3 2 YK ERGES
2 EE I X 29geFTST

T T
120 100 80 60 40 20 ppm

CoH100s
Exact Mass: 198.05

110

RARGYIM AT = S0 SR 55



AL R R 2 25 56552018

K

R

DY
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IH-NMR
OMSC-2, , 500ME
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medicinal plant.

C191_12607

Question 1

A compound labeled QS-103-6 has been extracted from a

From MS, the molecular formula was established as:

The compound (4.1 mg) was dissolved in CDCIl, and various
NMR spectra ('H, *C, COSY, HSQC, HMBC, NOESY) were
obtained. Establish the structure and the relative

stereochemistry of this compound.
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TH-NMR of QS-103-6
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TH-NMR of QS-103-6

)\ »ULMJJ\MJ

1.5

—T
2.0
Chemical Shift (ppm)

FAREGI 2 350T 25 sh 5 S0 302

58



AL R R 2 25 56552018

Line listing H-NMR of QS-103-6
No. (ppm) (Hz) Height No. (ppm) (Hz) Height
T 1191 59548 03326 31 2392 1196.12 00307
2 1206 603.18 03386 32 2397 119832 0.0344
3 1241 62042 0.7906 33 2404 1201 80 0.0331
[ 1489 74458 0.0283 34 2408 1204.00 00343
5 1512 755.95 0.0610 35 2418 120923 00328
6 1515 757.60 0.0382 36 2423 121143 0.0326
7 1535 767,51 0.0563 37 2430 121492 0.0319
g 1538 769.07 0,099 3 2434 121712 0.0297
9 1561 78044 0.0330 39 2712 1356.04 00514
0 1682 840.78 20 2728 136384 00772
11 1702 850.96 a1 2.743 137154 0.0478
2 1712 85591 2 2768 138420 00597
3 1722 86113 3 2773 1386.40 0.0643
) 1732 866.18 44 2791 139548 0.0625
15 1752 87626 5 2795 139758 00559
16 1.800 900.02 6 2267 213358 00529
7 1804 90185 a7 2271 2135.78 0.0616
8 811 905.52 ) 7288 2144.12 0.0548
g 1814 906.89 g 2293 2146.32 00529
20 1827 913.40 50 2774 2387.04 0.0542
21 1830 915.15 51 2794 2397.03 01136
2 1834 916.89 52 7814 2407.03 0.0574
23 2051 102555 53 5285 2642.42 00511
2 2077 103830 54 Sall 2705.79 0.0408
25 2083 104169 55 5423 271138 0.0435
26 2.099 104976 56 5434 2717.16 0.0431
27 2304 115192 57 5446 272284 0.0401
28 2320 116026 58 7.250 3625.09 05647
29 2323 116164
30 2340 1169.80
N
[ S
INR=EN
o NINEY
g 8 T o
& 8 w Q
g o9 <
G og S5 8
Ss T T
I P
T 20 18 16 14 12
170.00 ' 169.50 g o 8 TT 6 ical Shi
Chemical Sh Chemical Shift (ppm) Chemical Shift (ppm)
~ 2 g | 8 8 8 gk ey 53
d d > 2 IR eg ~pe
8§ 88 2 d ) ge ¢ 2 gz g ode
g 23 3 | i s (. i PR
i | 1 O
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)
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R

No.

OCoONOOULA WNPR

e el el =
ok~ WNEFL O

Line Listing C13

(ppm)
10.630
12.568
12.736
20.884
21.151
28.772
30.424
40.319
45.593
61.151
62.548
75.317
76.767
77.019
77.274
78.564
80.232
123.155
140.973
169.632
169.956
178.268

(Hz) Height
1336.60 0.0901
1580.36 0.0779
1601.47 0.0922
2625.94 0.0762
2659.53 0.0796
3617.78 0.0850
3825.55 0.0822
5069.78 0.0955
5732.93 0.0959
7689.25 0.0535
7864.87 0.0930
9470.43 0.0882
9652.77 0.9997
9684.44 1.0000
9716.59 0.9867
9878.77 0.0917
10088.46 0.0973
15485.74 0.0892
17726.13 0.0520
21329.76 0.0390
21370.54 0.0396
22415.64 0.0405

COSY of QS-103-6
Al

ppm

LA O S SR
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HMQC of QS-103-6
U I
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HMBC of QS-103-6
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