
Anti-inflammatory Halogenated Monoterpenes 
from the Red Alga Portieria hornemannii 

 

Yuan-Jhong Wu 1,†, Tzu-Yin Huang 2,†, Chiung-Yao Huang 1, Chi-Chen Lin 3, Wei-Lung 
Wang 4, Hui-Chi Huang 5, Shang-Yin Vanson Liu 1, Chih-Hua Chao 6,7,* and Jyh-Horng 
Sheu 1,8,9,* 

 

1 Department of Marine Biotechnology and Resources, National Sun Yat-sen University, Kaohsiung 804, 

Tai-wan; yuan19942@gmail.com (Y.J.W.); betty8575@yahoo.com.tw (C.Y.H.); 

syvliu@mail.nsysu.edu.tw (S.Y.V.L.) 
2 Institute of Biological Chemistry, Academia Sinica, Taipei 115, Taiwan; slime112229@gmail.com 

(T.Y.H.) 
3 Institute of Biomedical Science, National Chung Hsing University, Taichung 402, Taiwan; 

lincc@dragon.nchu.edu.tw (C.C.L.) 
4 Department of Biology, National Changhua University of Education, Changhua 500, Taiwan; 

wlwang@cc.ncue.edu.tw (W.L.W.) 
5 Department of Chinese Pharmaceutical Sciences and Chinese Medicine Resources, China Medical 

University, Taichung, 404, Taiwan; hchuang@mail.cmu.edu.tw (H.C.H.) 
6 School of Pharmacy, China Medical University, Taichung 404, Taiwan 
7 Chinese Medicine Research and Development Center, China Medical University Hospital, Taichung 

404, Taiwan 
8 Department of Medical Research, China Medical University Hospital, China Medical University, 

Taichung 404, Taiwan 
9 Graduate Institute of Natural Products, Kaohsiung Medical University, Kaohsiung 807, Taiwan 

 
† These authors contributed equally to this work. 

* Correspondence: chchao@mail.cmu.edu.tw (C.H.C.); Tel: +886-4-22053366 (ext. 5157) (C.H.C.); 

Fax: +886-4-22078083 (C.H.C.); sheu@mail.nsysu.edu.tw (J.H.S.); Tel.: +886-7-525-2000 (ext. 5030) 

(J.H.S.); Fax: +886-7-525-5020 (J.H.S.)  

  

 

 

 
 



Figure S1. (+)-EIMS spectrum of 1. 
Figure S2. (+)-HREIMS spectrum of 1. 
Figure S3. 1H NMR spectrum of 1 in CDCl3. 
Figure S4. 13C NMR spectrum of 1 in CDCl3. 
Figure S5. DEPT135 (upper) and DEPT90 (lower) spectra of 1 in CDCl3. 
Figure S6. HSQC spectrum of 1 in CDCl3. 
Figure S7. COSY spectrum of 1 in CDCl3. 
Figure S8. HMBC spectrum of 1 in CDCl3. 
Figure S9. NOESY spectrum of 1 in CDCl3. 
Figure S10. (+)-HRCIMS spectrum of 2. 
Figure S11. Enlarged (+)-HRCIMS spectrum of 2. 
Figure S12. 1H NMR spectrum of 2 in CDCl3. 
Figure S13. 13C NMR spectrum of 2 in CDCl3. 
Figure S14. DEPT135 (upper) and DEPT90 (lower) spectra of 2 in CDCl3. 
Figure S15. HSQC spectrum of 2 in CDCl3. 
Figure S16. COSY spectrum of 2 in CDCl3. 
Figure S17. HMBC spectrum of 2 in CDCl3. 
Figure S18. NOESY spectrum of 2 in CDCl3. 
Figure S19. (+)-HRCIMS spectrum of 3. 
Figure S20. Enlarged (+)-HRCIMS spectrum of 3. 
Figure S21. 1H NMR spectrum of 3 in CDCl3. 
Figure S22. 13C NMR spectrum of 3 in CDCl3. 
Figure S23. 1H NMR spectrum of 3 in acetone-d6. 
Figure S24. 13C NMR spectrum of 3 in acetone-d6. 
Figure S25. DEPT135 (upper) and DEPT90 (lower) spectra of 3 in acetone-d6. 
Figure S26. HSQC spectrum of 3 in acetone-d6. 
Figure S27. COSY spectrum of 3 in acetone-d6. 
Figure S28. HMBC spectrum of 3 in acetone-d6. 
Figure S29. NOESY spectrum of 3 in acetone-d6. 
Figure S30. Experimental and GIAO NMR calculated data for 3R*,4S*,7S*-1 (isomer 
1) and 3R*,4S*,7R*-1 (isomer 2) following the STS method. (a) Data were generated 
following the STS method without further dichloro correction. (b) Data were generated 
following the STS method with further correction for dichloro carbon (marked in red). 
Figure S31. Experimental and GIAO NMR calculated data for 3R*,4S*,7S*-2 (isomer 
1) and 3R*,4S*,7R*-2 (isomer 2) following the STS method. (a) Data were generated 
following the STS method without further dichloro correction. (b) Data were generated 
following the STS method with further correction for dichloro carbon (marked in red). 
Figure S32. Experimental and GIAO NMR calculated data for 7Z-3 (isomer 1) and 7E-
3 (isomer 2) following the STS method. (a) Data were generated following the STS 
method without further dibromo correction. (b) Data were generated following the STS 



method with further correction for dibromo carbon (marked in red). 
Table S1. 1H and 13C NMR spectroscopic data of 3, 4, and 5 in acetond-d6. 
Table S2. Comparison of specific optical rotations and selected NMR data of synthetic 
halogenated monoterpenes. 



 
 

Figure S1. (+)-EIMS spectrum of 1. 
 
 
 



 
Figure S2. (+)-HREIMS spectrum of 1. 
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Figure S3. 1H NMR spectrum of 1 in CDCl3. 
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Figure S4. 13C NMR spectrum of 1 in CDCl3. 



 
Figure S5. DEPT135 (upper) and DEPT90 (lower) spectra of 1 in CDCl3. 

 
 



 

Figure S6. HSQC spectrum of 1 in CDCl3. 



 
Figure S7. COSY spectrum of 1 in CDCl3. 



 

Figure S8. HMBC spectrum of 1 in CDCl3. 



 
Figure S9. NOESY spectrum of 1 in CDCl3. 



 

Figure S10. (+)-HRCIMS spectrum of 2. 
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Figure S11. Enlarged (+)-HRCIMS spectrum of 2. 



 

Figure S12. 1H NMR spectrum of 2 in CDCl3. 
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Figure S13. 13C NMR spectrum of 2 in CDCl3. 
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Figure S14. DEPT135 (upper) and DEPT90 (lower) spectra of 2 in CDCl3.  
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Figure S15. HSQC spectrum of 2 in CDCl3. 



0.51.01.52.02.53.03.54.04.55.05.56.06.5

f2 (ppm)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

f1
 (

p
p
m

)

cosyid

UJ2-5-2

 
Figure S16. COSY spectrum of 2 in CDCl3. 
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Figure S17. HMBC spectrum of 2 in CDCl3. 
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Figure S18. NOESY spectrum of 2 in CDCl3. 



 
Figure S19. (+)-HRCIMS spectrum of 3. 



 

Figure S20. Enlarged (+)-HRCIMS spectrum of 3. 
 



 
Figure S21. 1H NMR spectrum of 3 in CDCl3. 



 

Figure S22. 13C NMR spectrum of 3 in CDCl3. 
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Figure S23. 1H NMR spectrum of 3 in acetone-d6. 
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Figure S24. 13C NMR spectrum of 3 in acetone-d6. 



 

Figure S25. DEPT135 (upper) and DEPT90 (lower) spectra of 3 in acetone-d6. 



 

Figure S26. HSQC spectrum of 3 in acetone-d6. 
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Figure S27. COSY spectrum of 3 in acetone-d6. 
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Figure S28. HMBC spectrum of 3 in acetone-d6. 
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Figure S29. NOESY spectrum of 3 in acetone-d6. 
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Figure S30. Experimental and GIAO NMR calculated data for 3R*,4S*,7S*-1 (isomer 1) and 3R*,4S*,7R*-1 (isomer 2) following the STS 
method. (a) Data were generated following the STS method without further dichloro correction. (b) Data were generated following the STS 

method with further correction for dichloro carbon (marked in red). 
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Figure S31. Experimental and GIAO NMR calculated data for 3R*,4S*,7S*-2 (isomer 1) and 3R*,4S*,7R*-2 (isomer 2) following the STS 
method. (a) Data were generated following the STS method without further dichloro correction. (b) Data were generated following the STS 

method with further correction for dichloro carbon (marked in red). 
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Figure S32. Experimental and GIAO NMR calculated data for 7Z-3 (isomer 1) and 7E-3 (isomer 2) following the STS method. (a) Data were 

generated following the STS method without further dibromo correction. (b) Data were generated following the STS method with further 
correction for dibromo carbon (marked in red).  

 



 
 

Table S1. 1H and 13C NMR spectroscopic data of 3, 4, and 5 in acetond-d6. 

 3a  4b 5b  
Position δC (type) δH

 (J in Hz) δC (type) δH
 (J in Hz) δC (type) δH

 (J in Hz) 
1 117.0 (CH2) 5.31 d (10.8) 116.9 (CH2) 5.30 d (11.0) 117.1 (CH2) 5.31 d (10.8) 
  5.47 d (17.2)  5.46 d (17.0)  5.48 d (16.8) 
2 140.4 (CH) 6.15 dd (17.2, 10.8) 140.4 (CH) 6.16 dd (17.0, 11.0) 140.4 (CH) 6.06 dd (16.8, 10.8) 
       
3 73.4 (C)  73.4 (C)  73.7 (C)  
4 70.0 (CH) 4.95 d (8.0) 70.0 (CH) 4.92 d (8.5) 70.0 (CH) 4.92 d (8.4) 
5 131.1 (CH) 6.48 dd (15.2, 8.0) 131.2 (CH) 6.45 dd (16.0, 8.5) 131.3 (CH) 6.46 dd (16.0, 8.0) 
6 129.1 (CH) 6.55 d (15.2) 127.7 (CH) 6.52 d (16.0) 127.7 (CH) 6.53 d (16.0) 
7 139.3 (C)  138.3 (C)  138.4 (C)  
8 119.2 (CH) 6.64 s 121.4 (CH) 6.81 s 119.2 (CH) 6.64 s 
9 26.1 (CH3) 1.82 s 26.0 (CH3) 1.81 s 27.4 (CH3) 1.80 s 
10 34.9 (CH) 7.19 s 66.9 (CH) 7.25 s 66.9 (CH) 7.26 s 

α 13C and 1H spectroscopic data were recorded at 100 and 400 MHz, respectively. 
b 13C and 1H spectroscopic data were recorded at 125 and 500 MHz, respectively. 

 
 
 



Table S2. Comparison of specific optical rotations and selected NMR data of 
synthetic halogenated monoterpenes.a 

structure [α]D   (CHCl3) δH (H-6) δC (C-9) 

Cl
Cl

Cl

ClCl

 

–6.2 (synthetic) 
 

6.34–6.35 
(CDCl3) 

25.2 (CDCl3) 

Cl

Cl

ClCl

Cl  

–32.0 (synthetic) 
 

6.63 (CDCl3) 
 

25.2 (CDCl3) 

Cl
Cl

Cl

ClCl

 

–28.3 (synthetic) 
 

6.33–6.34 
(CDCl3) 

27.7 (CDCl3) 

Cl

Cl

ClCl

Cl  

–58.8 (synthetic) 6.63 (CDCl3) 27.7 (CDCl3) 

Cl
Cl

Cl

ClCl
Br

 

–32.1 (synthetic) 6.33 (CDCl3) 26.4 (CDCl3) 

Cl

Cl

ClCl
Br

Cl  

–28.7 (synthetic) 6.78 (CDCl3) 26.4 (CDCl3) 

a Vogel et al. Angew. Chem. Int. Ed. 2014, 53, 12205–12209. 
 


