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TOCSY

COSY

α-pinene
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COSY: H to H (2J or 3J)

TOCSY: H to H (2J to 5J)

1H

1D-TOCSY
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60 MHz

300 MHz

600 MHz
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1. Molecular Formula
- +m/z = 285 (Mw = 284)
- Numbers of protons in 1H spectrum
- Numbers of carbons and multiplicity in 13C spectrum
- Propose number of heteroatoms

2. Table of 1D (including coupling patterns) and 2D signals

3. Characterize “moieties” based on coupling patterns and 2D spectra

4. Link moieties together based on HMBC, COSY and TOCSY..etc.

5. Identify Relative Stereochemistry based on NOESY

Tips on Structure Elucidation by NMR Spectroscopy
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hcl-kcl-20170511 1H spectrum,KLC-RA005 E6, [m/z] 285, in DMSO-d6, 600 MHz-cryo, 2017/05/11

7.07.17.2 ppm
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7.22 (d, 8.0)
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6.68 (d, 7.9)
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hcl-kcl-20170511 1H spectrum,KLC-RA005 E6, [m/z] 285, in DMSO-d6, 500 MHz-cryo, 2017/05/10

DEPT-90: CH

DEPT-135: CH CH2 CH3

Mw = 284
(- 62)

N2O2 (60)
H2 (2)

C

C

C
C

CH

CH CH

CH
CH

C
CH

CH

CH3

CH3 CH3

CH2C

Molecular formula
C17H20N2O2

-COOH

-N-CH3

6 x C
7 x CH
1 x CH2

3 x CH3

C17H18

→ 222
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δH (mult) δC (mult) HMBC NOESY

11.03 (s) 136.5, 124.4, 122.6 (w), 110.8 6.48, 3.75

7.22 (d, 8.0) 110.2 d 124.4, 117.7 7.27. 7.00

7.20 (br.s) 122.6 d 136.5, 124.4, 110.8 7.48, 6.72

6.99 (t, 7.9) 121.1 d 136.5, 133.3 7.00, 5.18, 1.65

6.68 (d, 7.9) 117.7 d 124.4, 110.2, 64.5

5.33 (br.d, 7.9) 124.4 d 133.3 (w), 25.7, 18.5 2.48, 2.38

5.22 (br.d, 8.0) 64.5 d
136.5, 133.3, 124.1, 117.7, 
61.8

4.05 (dd, 12.7, 3.6) 61.8 d 172.0, 110.8, 64.5, 36.0, 25.4

3.39 (m) 25.4 t 124.4, 122.6, 110.8, 61.8

3.25 (m)
172.0, 124.1, 122.6, 110.8, 
61.8

2.48 (s) 36.0 q 64.5, 61.8 3.91, 2.48, 1.82

1.83 (s) 18.5 q 136.5, 124.1, 25.7 6.72, 6.03, 1.65

1.71 (s) 25.7 q 136.5, 124.1, 18.5 6.88, 5.39, 5.18. 1.85, 1.65

172.0 s

136.5 s

136.5 s

133.3 s

124.1 s

110.8 s



24

1.71 (s)

1.83 (s)

5.33 
(br.d, 7.9)

6.68 
(d, 7.9)

6.99 
(t, 7.9)

7.22 
(d, 7.9)

5.22 (br.d, 8.1)

7.20 (s)

2.48 (s) 4.05 
(dd, 2.7, 3.6)

3.39 (m)

3.25 (m)

11.03 (s)

25.7

18.5

136.5

124.1

64.5

61.8

25.4

110.8

122.6136.5

124.4

110.2

121.1

117.7

172.0

36.0
136.5, 
124.1, 
18.5

124.4, 122.6, 
110.8, 61.8

136.5, 124.4, 
110.8

136.5, 124.4, 
122.6 (w), 110.8

124.4, 
117.7

136.5, 
133.3

124.4, 
110.2, 
64.5

133.3 (w), 
25.7, 18.5

133.3

64.5
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1.71 (s)

1.83 (s)

5.33 
(br.d, 7.9)

7.22 
(d, 7.9)

5.22 (br.d, 8.1)

7.20 (s)

3.39 (m)

3.25 (m)

11.03 (s)

25.7

18.5

136.5

124.1
61.8

25.4

110.8

122.6136.5

124.4

110.2

121.1

117.7

172.0

136.5, 
124.1, 
18.5

136.5, 
124.1, 
25.7

136.5, 124.4, 
122.6 (w), 110.8

136.5, 133.3, 
124.1, 117.7, 61.8

133.3 (w), 
25.7, 18.5

133.3

64.5

117.7

61.8

- HMBC: C to H (3J or 2J)
- COSY: H to H (2J or 3J)
is also very informative that correlates those protons 
coupling to each other.
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1.71 (s)

1.83 (s)

5.33 
(br.d, 7.9)

6.68 
(d, 7.9)

6.99 
(t, 7.9)

7.22 
(d, 7.9)

5.22 (br.d, 8.1)

7.20 (s)

2.48 (s) 4.05 
(dd, 2.7, 3.6)

3.39 (m)

3.25 (m)

11.03 (s)

25.7

18.5

136.5

64.5

61.8

25.4

110.8

122.6136.5

124.4

110.2

121.1

117.7

133.3

172.0

36.0
136.5, 
124.1, 
18.5

136.5, 
124.1, 
25.7

64.5, 
61.8

172.0, 
110.8, 64.5, 
36.0, 25.4

124.4, 122.6, 
110.8, 61.8

172.0, 124.4, 
122.6, 110.8, 
61.8

136.5, 124.4, 
110.8

136.5, 124.4, 
122.6 (w), 110.8

124.4, 
117.7

136.5, 
133.3

124.4, 
110.2, 
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136.5, 133.3, 
124.1, 117.7, 61.8

133.3 (w), 
25.7, 18.5

64.5

110.8

122.6124.4
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1.71 (s)

1.83 (s)

5.33 
(br.d, 7.9)

6.68 
(d, 7.9)

6.99 
(t, 7.9)

7.22 
(d, 7.9)

5.22 (br.d, 8.1)

7.20 (s)

2.48 (s) 4.05 
(dd, 2.7, 3.6)

3.39 (m)

3.25 (m)

11.03 (s)

25.7

18.5

136.5

124.1

64.5

61.8

25.4

110.8

122.6136.5

124.4

110.2

121.1

117.7

133.3

172.0

36.0
136.5, 
124.1, 
18.5

136.5, 
124.1, 
25.7

64.5, 
61.8

172.0, 
110.8, 64.5, 
36.0, 25.4

124.4, 122.6, 
110.8, 61.8

172.0, 124.1, 
122.6, 110.8, 
61.8

136.5, 124.4, 
110.8

136.5, 124.4, 
122.6 (w), 110.8

124.4, 
117.7

136.5, 
133.3

124.4, 
110.2, 
64.5

136.5, 133.3, 
124.1, 117.7, 61.8

133.3 (w), 
25.7, 18.5
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ppm

1.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
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2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

hcl-kcl-20170516
NOESY
KLC-RA005 E6, [m/z] 285
DMSO-d6
600 MHz-cryo
2017/05/16

NOESY
→ Spatial proximity
→ Relative 

stereochemistry!

5.33 (br.d, 7.9)

4.05 
(dd, 2.7, 3.6)
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1.71 (s)

1.83 (s)

5.33
(br.d, 7.9)

6.68 
(d, 7.9)

6.99 
(t, 7.9)

7.22 
(d, 7.9)

5.22 (br.d, 8.1)

7.20 (s)

2.48 (s)
4.05
(dd, 2.7, 3.6)

3.39 (m)

3.25 (m)

11.03 (s)

*
*
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No. δH (mult, J in Hz) δC (type) HMBC COSY NOESY
1 11.04 (s) 110.8, 122.6, 124.4, 136.5
2 7.20 (s) 122.6 (CH) 25.4, 110.8, 124.4, 136.5
3 110.8 (C)
4a 3.42 (m)

25.4 (CH2)
61.8, 110.8, 122.6

4b 3.27 (m) 61.8, 110.8, 122.6, 172.0 4.05

5 4.05 (dd, 12.0, 3.6) 61.8 (CH)
25.4, 36.0, 64.5, 110.8, 

172.0
3.27 5.32

5a 172.0 (C)
6a 2.48 (s) 36.0 (CH3) 64.5 5.22

7 5.22 (d, 7.8) 64.5 (CH) 61.8, 124.1, 136.5 5.32
1.83, 2.48, 

6.68
8 133.3 (C)
8a 124.4 (C)
9 6.68 (d, 7.8) 117.7 (CH) 64.5, 110.2, 124.4 6.99 5.22
10 6.99 (t, 7.8) 121.1 (CH) 133.3, 136.5 6.68, 6.99
11 7.22 (d, 7.8) 110.2 (CH) 117.7, 124.4 6.99
11a 136.5 (C)
12 5.32 (d, 7.8) 124.1 (CH) 18.5, 25.7, 64.5, 133.3 5.22 1.70, 4.05
13 136.5 (C)
14 1.83 (s) 18.5 (CH3) 25.7, 124.1, 136.5 5.22
15 1.70 (s) 25.7 (CH3) 18.5, 124.1, 136.5 5.32

For Publication
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Lin, H. C., Lee, S. S.*. Dibenzocycloheptenes from the Leaves of Cinnamomum subavenium.
J. Nat. Prod. 2012, 75, 1735−1743
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ssl-scl-20110217, 1, 1H-spectrum, p.2057200 Fr.4, in CD3OD, AV600, 2011/02/17
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H-7β

d 2.72 dd 

(12.6, 6.3)

H-11

d 7.34 d (8.5)

H-4

d 7.18 s

H-1

d 7.03 s

H-10

d 6.81 dd 

(8.5, 2.5)

H-8

d 6.78 

d d (2.5)

H-5a’ 

d4.43 

br.d (12.1)

3-OMe

d 3.91 s

H-5a’’

d 4.05 

br.d (12.1)

H-6

d 6.12 br.t (7.2)

H-7α

d 3.08 dd 

(12.6, 8.1)

9-OMe

d 3.80 s

5a-OMe

d 3.10 s

Cpd 27: cinnasubavene A HR-ESI-MS: [M-H]-= 335.1246 m/z

Calcd for C19H20O4−H
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5a-OME
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9-OME

7

HR-ESI-MS: [M-H]-= 335.1246 m/z

Calcd for C19H20O4−H

8 x C

6 x CH

2 x CH2

3 x CH3

Cpd 27: cinnasubavene A
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3.04.05.06.07.0 ppm

3.0

4.0

5.0

6.0

7.0

NAME     ssl-scl-090313

EXPNO                 5

PROCNO                1

Date_          20090314

Time               6.32

INSTRUM           spect

PROBHD   2.5 mm SEI 1H/

PULPROG       noesygpph

TD                 2048

SOLVENT            MeOD

NS                   32

DS                   16

SWH            3720.238 Hz

FIDRES         1.816522 Hz

AQ            0.2753012 sec

RG                   64

DW              134.400 usec

DE                 6.50 usec

TE                298.0 K

D0           0.00012205 sec

D1           2.00000000 sec

D8           0.40000001 sec

D16          0.00020000 sec

IN0          0.00026880 sec

======== CHANNEL f1 ========

NUC1                 1H

P1                 9.70 usec

P2                19.40 usec

PL1                7.00 dB

PL1W         3.21261024 W

SFO1        600.1330607 MHz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPNAM2         SINE.100

GPZ1              40.00 %

GPZ2             -40.00 %

P16             1000.00 usec

ND0                   1

TD                  256

SFO1           600.1331 MHz

FIDRES        14.532166 Hz

SW                6.199 ppm

FnMODE      States-TPPI

SI                 1024

SF          600.1300202 MHz

WDW                SINE

SSB                   2

LB                 0.00 Hz

GB                    0

PC                 1.40

SI                 1024

MC2         States-TPPI

SF          600.1300175 MHz

WDW               QSINE

SSB                   2

LB                 0.00 Hz

GB                    0

ssl-scl-090313 5,

NOESY,

p.2057200 Fr.4,

in CD3OD,

600 MHz,

2009/3/13

Cpd 27: cinnasubavene A

NOESY

H-11

H-4
H-1

H-10

H-8

3-OMe

9-OMe

5a-OMe

H-11
H-4
H-1

H-10

H-8

34
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ssl-scl-p3042451 1, 1H-spectrum, p.3042451 Fr.1, in CD3OD, AV600-CRP, 2010/1/29
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HR-ESI-MS: [M-H]-= 429.1555 m/z

Calcd for C23H25O8−H
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ssl-scl-p3042451 2, 13C-spectrum, p.3042451 Fr.1, in CD3OD, AV600-CRP, 2010/1/29

R

R

R

R

R

R
x 2

2 x CH

16 C:  8 x CH

6 x CH2

2 x CH34 x CH

8 x C 4 x C
10 x CH

2 x C

HR

R Rx 2 x 2

-OCH3

x 2

Glc x 2

-CH2- x 2 -CH2- x 2

HR-ESI-MS: [M-H]-= 429.1555 m/z

Calcd for C23H25O8−H

Cinnasubavene B (28a: aR, 28b: aS)

28a

28b
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3.04.05.06.07.0 ppm
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NAME     ssl-scl-p3042451
EXPNO                15

PROCNO                1

Date_          20100130

Time               9.54
INSTRUM           spect

PROBHD   5 mm CPDCH 13C

PULPROG    hmbcgplpndqf

TD                 2048
SOLVENT            MeOD

NS                   28

DS                   16

SWH            3424.657 Hz
FIDRES         1.672196 Hz

AQ            0.2990580 sec

RG                 2050

DW              146.000 usec
DE                 6.50 usec

TE                298.0 K

CNST2       145.0000000

CNST13        8.0000000

D0           0.00000300 sec
D1           1.32878697 sec

D2           0.00344828 sec

D6           0.06250000 sec

D16          0.00020000 sec
IN0          0.00001490 sec

======== CHANNEL f1 ========

NUC1                 1H

P1                 9.90 usec

P2                19.80 usec

PL1                0.00 dB

PL1W        16.10119247 W
SFO1        600.1331066 MHz

======== CHANNEL f2 ========

NUC2                13C
P3                10.80 usec

PL2                6.00 dB

PL2W        23.02994347 W

SFO2        150.9178753 MHz

====== GRADIENT CHANNEL =====

GPNAM1         SINE.100

GPNAM2         SINE.100

GPNAM3         SINE.100
GPZ1              50.00 %

GPZ2              30.00 %

GPZ3              40.10 %

P16             1000.00 usec
ND0                   2

TD                  256

SFO1           150.9179 MHz

FIDRES       130.930130 Hz
SW              222.095 ppm

FnMODE               QF

SI                 1024

SF          600.1300195 MHz
WDW                SINE

SSB                   0

LB                 0.00 Hz

GB                    0

PC                 1.40
SI                 1024

MC2                  QF

SF          150.9025807 MHz

WDW                SINE
SSB                   0

LB                 0.00 Hz

GB                    0

ssl-scl-p3042451 15
HMBC

p.3042451 Fr.1

in CD3OD

AV600-CRP

2010/1/29

H-6

28b C-5a

28a

H-1’

28b

H-1’

28a C-5a

28a

28b

28b C-1’

28a C-1’

28b

H-5a

C-3

3-OCH3
Cinnasubavene B 

(28a: aR, 28b: aS)

HMBC

37
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2a

2b

1D-NOESY: selective excitation at the glc H-1 of 2a (δ 4.12) caused spontaneous excitation 
of the glc H-1 of 2b (δ 4.38) → This evidence confirms that the two atropisomers exist in 
equilibrium, rendering them inseparable.

Verification of the presence of atropisomers with 1D-NOESY 



1.1:1

1:0.9

1:0.7

2:1

1.1:1

1.1:1

ratio
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CD

28  

34

29

31

32

27

31

32

34

27

28 29

250 nm220 nm 280 nm



Separated 

by HPLC

Hydrogenation of Mixture of 28a and 28b, and 31a and 31b

19 h

23 h

0.3 mg 0.1 mg

0.1 mg

0.9 mg

0.9 mg

To confirm 1. diastereomeric property

2. absolute configuration

40



0

0

258

233 (+)

233 (–)

215

219

28c

Axial chirality → cotton effect

258

28d

41



J. Am. Chem. Soc. 1963, 85, 1342−1349

Mislow et al.

Without polar group substituted
→M helicity

→ CE (+) (235－250 nm, A band)

X-ray crystallography and CD M helicity→ CE (+)

CE (+)
→ M helicity → aR

CE (–)
→ P helicity → aS

42

J. Am. Chem. Soc. 1977, 99, 6861−6869

1La transitions: Polarization along the axis

Tetrahedron. 1977, 99, 2320-2313



1.1:1

1:0.9

1:0.7

2:1

1.1:1

1.1:1

ratio
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1. Molecular Formula
- +m/z = 285 (Mw = 284)
- Numbers of protons in 1H spectrum
- Numbers of carbons and multiplicity in 13C spectrum
- Propose number of heteroatoms

2. Table of 1D (including coupling patterns) and 2D signals

3. Characterize “moieties” based on coupling patterns and 2D spectra

4. Link moieties together based on HMBC, COSY and TOCSY..etc.

5. Identify Relative Stereochemistry based on NOESY
(Absolute stereochemistry can be further verified through other 

methods such as circular dichroism, chemical synthesis, Mosher’s method, 
X-ray crystallography…etc.)

Tips on Structure Elucidation by NMR Spectroscopy
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