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�ĴĤɨ

ƏƋǁ«ɦ˘³ʃ˼SŉʅËǗǟɌ³Ŧă�ŎǢǱǗə˰¢§ːƏǩˬˊʖ

ƅÝĠû˼$ʠɟəƚǟɌǗ�˙ɃɌŘ�ĘɌƌăǽʩ�R�˼ǈȻǡ˲ (Ulva 

intestinalis) ĒY˙ǗˡÀ˷Ɍ (Acremonium tubakii NTU60) �ȁɏƴSŉĽ˧Ǘ

ėɌƌă˼ �ů¢´ʺ¦˪ù˼ ^ǇY �̇ȇlĖɠĕXSŉƌăǗǗŬȉ#ɿƴ�

NTU60ʗʤƑĉŃŻ¦˪Ƀ�ĉȂǾʷʲ˼ʠɟl�ƴ�Y˙�ȇlɮƸû 10@

l�ƴ�l�ƴ Cephaibol A˽C (1˽3)�Cephaibol E (4)�Glycocholic acid (5)�Cholic 

acid (6)�Glycochenodeoxycholate (7)�Glycodeoxycholsaeure (8)�Helvolic acid (9) 

Ƀ 1-Linoleoyl glycerol (10)�¢ǅƴƌăĸ˟˼Cephaibol A (1) Sŉė`Ķ¤˓ƾ

Ɍ  (Cryptococcus neoformans) Ǘƌă˼RņÒė`Ƥì  (MIC) ƪ 8 µg/mL˿

Cephaibol B (2) Ƀ Helvolic acid (9) ė`ʻ˵ɆɓɐƾɌ (Staphylococcus aureus) 

Ǘƌă˼RMICY]ƪ 16 µg/mLɃ 4 µg/mL˿Cephaibol B (2) ÐĹ�˥Ęɘău

ßǔȌȵ (Paclitaxel-resistant ovarian cancer cells, TOV-21G-RT) Ƀ�˥ȱȌȵǔ

Ȍȵ (Hepatocellular carcinoma cells; SK-Hep-1) ȌȵŘSŉŸŵƌă˼Rqė`Ƥ

ì (IC50) Y]ƪ 6.2 ± 0.1 µMɃ 3.1 ± 0.5 µM˿Cephaibol E (4) ¢ 20 µMƤì
˼

ƂŉȌȵŸă˼vÐĹÒ˸ÒȽʈȌȵ (BV-2) ǆǅ�żlžSŉė`ƌă˼Rį

ŕƪ 5.3 ± 1.5 µM�  

ˈʿ¾˾ƏƋǟɌ�Acremonium tubakii�ĘɌƌă�ȌȵŸă�Ò˸ÒȽʈȌȵ 
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ABSTRACT 
 

    The marine environment is extremely complex which contains a broad spectrum of 

fungal diversity.  The algae of this study was collected from the seaboard near the 

National Museum of Marine Science and Technology, and the antimicrobial activity of 

the alga-derived fungi were screened.  Among them, the crude extract of Acremonium 

tubakii NTU60, which was isolated from Ulva intestinalis, exibited significant 

antibacterial activity.  In order to determine the best condition for enhancing chemical 

diversity, NTU60 were cultured in liquid- and solid-state fermentation.  A series of 

separation and purification of the bioactive compound was thus carried out.  Ten 

compounds, including cephaibols A˽C (1˽3), cephaibol E (4), glycocholic acid (5), 

cholic acid (6), glycochenodeoxycholate (7), glycodeoxycholsaeure (8), helvolic acid (9) 

and 1-Linoleoyl glycerol (10) were isolated from liquid- or solid-state fermented products 

of Acremonium tubakii NTU60.  Cephaibol A (1) exhibited the activity of inhibiting 

Cryptococcus neoformans with a minimum inhibitory concentration (MIC) of 8 µg/mL, 

while Cephaibol B (2) and Helvolic acid (9) showed the activity of inhibiting 

Staphylococcus aureus with the MIC 16 µg/mL and 4 µg/mL, respectively.  On the other 

hand, Cephaibol B (2) also showed cytotoxic activity against paclitaxel-resistant ovarian 

cancer cells (TOV-21G-RT) and hepatocellular carcinoma cells (SK-Hep-1), the half 

inhibitory concentrations (IC50) were 6.2 ± 0.1 µM and 3.1 ± 0.5 µM, respectively.  

Cephaibol E (4) showed the inhibitory effect on LPS-induced NO production murine 

brain microglial cell line (BV-2) with 5.3 ± 1.5 µM, without cytotoxic activity. 

 

Key words: marine microfungus; Acremonium tubakii; anti-microbial activity; cytotoxic 

activity; murine microglial cell line (BV-2) 
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±�ȘɽɃǢǱǛǗ (Introduction and Research Purpose) 

 

 ȿ~ɀ�˼�A%ʉɒ´ȿƮģ9Ǘʇƚ7ȖěǅƌĒ˝˼ʵɘǇ�ńŀ¸ů�

üµƮǗ�ɋɘŐ_ʣǇĶǰǩĖǕÙ�ǭ�Ďɘƴ˼µƮƴ ɄŀĶɘ˄Ǖ�

�ĐȠǗʹɨ7ƚ [1]�¢ȿƮǁ«ɥ˼ƏƋɩɔĲ@£ƾɢ˟ǯ 70% $	˼R

� 95% ǗƏƋƔìʊʤ 1000PÖ [2]˼ ĒƒɔǗǅƴ�ǼǏʧʊʤˏ£˼RƷƵ

Ǘǁ«ɃîˆǗ˟ǯʞÕŉ]Ĺˏ£Ǘǅĉn-˼ĪɼŖYœ˧ǧ˼ƔƏ
ǗƼǀ

ǦÜ�ˏ£	Ưä˛Ŕʮŀ£ƾ¿¢ƴǭņʅË�S³ŦăǗŞĄ£ [3˽5]�¨

�ĜX˼£ƾ	ȅŉ 5 × 1030 Ǘýǅƴ¿ƌ˼�Ȑ´³ĳǗáǠƴǭʫŌɣƘɵʤ

Rǅƴƌă˼ńʥɽüʚ�ƴǭĒY˙XǗŬȉ#ɿǆƴ�Ŭȉ#ɿǆƴÐĹǅƴ

Ǘ�ɨ2ǇŀˉǨ�ƛʛ�ɼǻ˼�AȷÏ�čǇ¢îƈǗˢ¥˼kĚĘǅȊ�˩

ĵƕfƴ�ȖǅȊ�ĘȺǒɘƴ�ƣȊǸ˺� 1˻[6]� 

 

 

� 1�ýǅƴƌă#ɿƴ�čǇ� 
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    ʖéoè7ɳ³ǢǱȏŕ˧ǧ˼üƏəY˙ǗȌɌɃǟɌħŉ]Ĺˏ£ýǅ

ƴǗƷƵlÁY½ȏţ˼�ƽîįǗĘǅƌă [7]˼k�ĘȌɌ�ǟɌ�Êǅwɝ

Ǹ˼��čǇ¢hƴ��˰ʵǓ$yʕƞšǅƴˉƄ�ǢǱʀĽƏəË�ʅËǗư

˪ĎY˼�ģ9ýǅƴŢ4Ǘǅ˂ǁ«˼6û´ʺ�˱űǍǗýǅƴ�łȭ˕¢ə

˰˼ʚ�ýǅƴ˅öůƪ�ǅ¿ȩǴƱƣƫ˼ȔǈƠ˂ł˅Ɵlù˼�ǭýǅƴǕ

ÙX��Ǘǅ¿ǹǌ˼R�ŉ�ýǅƴƟlXYƆĘɌƴʈ˼ȷŉį£ė`ǴƱÐ

ēǗǅ˂ [8]˼ ʚ�ĘɌƴʈ�ĎƪǩÁÈAǗǢǱŤǗ˼ŋŊȷčǇ¢ʕšǕÙ

ĐǅƴʵǓˉƄǸˢ¥�ɢ 1 ZXĴƹ�Ě 1940 ɀ 2010 è˼üýǅƴǆǅǗƌ

ăŬȉ#ɿƴĳʺ˼�$ǞX7ȿǟɌ�ĭșɌɃȌɌ�Ȩ�˼üǟɌǆǅǗƌă

Ŭȉ#ɿƴǗŹ8ʘơ	p˼ʀĽǟɌƪʠɟƌăŬȉ#ɿƴǢǱǗɅ·ȊŐ [6]� 

 

ɢ 1�1940˽2010è7ȿýǅƴǗƌăŬȉ#ɿƴĳʺ 

 1940˽1974  1975˽2000  2001˽2010   

Periods Early years % Mid-era % New age % Total 

Species        

  Actinobacteria 3400 62 7200 42 3100 28.5 13700 

  Srreptomyces sp. 2900  5100  2400  10400 

  Other actinobacteria 500  2100  700  3300 

        

All microscopic bacteria 800 15 2300 13 1100 10 4200 

  Myxobacteriales 25  400  210  635 

  Cyanobacteria 10  30  1250  1290 

        

All Fungi 1300 23 7700 45 6600 61 15600 

  Microscopoc fungi 950  5400  4900  11250 

  Basidiomycetes 300  1800  1500  3600 

  Other fungi 20  200  160  380 

Total per year 5500/180  17000/690  10800/1100  33500 
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    ˒ɒF�ɃĖɠǗʠŰ˼ǩÁÈĕ_ʋ7ʋ³¢$a˚$Y˙ǗÒY½l�

ƴ˼ƪĶɘ˄Ǖ˄�ĶǗ¶Ū˼ɢ 2 ZXǛa7ȿƏƋµƮƴáʠLȾêaɵ˯

�Ⱦêɵ˯˼ńȷǥÆƏƋýǅƴĎƪĶɘ˄ǕǗ��ǭʩĨ [9]� 

    đɀ 2017 è 5 ňƪŭ˼�Ƨƴǭ�ʼĒɱʼǗǟɌɌǭŉ 1648 Û 6405 ǭ

[10]˼ /ȅN
ǊǗ 4.8% [11]˼ Ʈȩ˼˖ƮǟɌǝʅË˼,Ȑ´³ĳǗǟɌŬȉ#

ɿƴyǝˈƌăǗǢǱ ˇ¸˼ħŉǝǎ´ǗǕÙƢd�ů²˼¢µƮƴǢǱǗʤ

ǫ�˼ǟɌ�Ɍȓ˰�ĹÌ˯ÇMáʷʲĸð´ʺ¦˪˼¢�ÆǗ¦˪Ŝ&
˼S

ŉɅ·ǗlÁȎĎTƽă˼¸Ǖƽŉƌă˧ɒǗŤǗl�ƴł˼�ÉľǆšlǸ˼

ǘƪRGjĒ¢�         

    ŎÌ˯Ç¢§ːƏǩˬˊʖ (25°08'52.3"N 121°47'44.3"E) ƏÝʠɟə˰ĠŦ˼

ȩùÏǟɌüə˰�˙�ÏəƚǟɌŘʠɟ¦˪ùǇǉʴɏ{˼ǇǑwɌǽʩçɂ 

(Staphylococcus aureus, Candida albicans, Cryptococcus neoformans) ĕXSŉĘɌ

ƢdǗɌŘ˺� 2˻��� NTU64ĘɌ�ʐÒ˼�¢ėɌɵ˯ʦ 30Òł˼Ȉʾ�

�ǗėɌ��Ɠlɀéʖƭ˿NTU59Ȕǈ²ɫ¤ĉɃ˧ýˀū\ķ˼čɃ NTU60

ƪ�ÛǟɌ˼ĮʩĨ NTU602ƪ¦˪ŤǗ�ŎǢǱüə˥�˙XǟɌɮ 198Ř˼

RȁɏƴėɌȏŕ¸ɢ 3ĒZ�                                                                                                                                                                                                                                                                             

 

� 2�əƚǟɌȁɏƴĘɌƌăçɂǽʩ� 

NTU60

NTU59

NTU64
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ɢ 2�ĎeʠLȾêɵ˯ƏƋµƮƴZɢ 

Compound name Marine organism Chemical class Disease area Clinical status 

Trabectedin (ET-743)  Tunicate Alkaloid Cancer Approved 

Vidarabine, Ara-A  Sponge Nucleoside Antiviral Approved 

Soblidotin (TZT 1027)  Bacterium Peptide Cancer Phase III 

DMXBA (GTS-21)  Worm Alkaloid Schizophrenia Phase II 

Plinabulin (NPI-2358) Fungus Diketopiperazine Cancer Phase II 

Bryostatin 1  Bryozoa Polyketide Cancer Phase I 

Hemiasterlin (E7974)  Sponge Tripeptide Cancer Phase I 

Marizomib (NPI-0052) Bacterium Beta-lactone-gamma lactam Cancer Phase I 
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ɢ 3�əƚǟɌȁɏƴėɌȏŕ 

No. S.a.a E.c.b C.n.c C.a.d Source 
NTU59      ++ e - - - Ulva intestinalis 

NTU60   ++ - ++ - Ulva intestinalis

NTU64 + f - - - Dermonema frappieri 

NTU172 + - - - Mastophora rosea

NTU183 + - - - Ulva lactuca

NTU185 + - - - Ulva lactuca

NTU186 + - - - Ulva lactuca

NTU187 + - - - Ulva lactuca

NTU189 + - - + Ulva lactuca

NTU200 + - - - Hypnea charoides 

NTU220 + - - - Chondrus crispus

a Staphylococcus aureus, b Escherichia coli, c Cryptococcus neoformans, d Candida albicans, e > 1.0 cm, f > 0.3 cm 

��ĸ˟ɖǈˮBʵÁˋƻ°ȖȦãǗsg�ʠɟǟɌȁɏƴǗǔȌȵŸă

Ƙɵ˼Ǖƽ NTU60¢ 25 µg/mLƤì
˼ÐĹ�˥ĘɘăußǔȌȵ (Paclitaxel-

resistant ovarian cancer cells, TOV-21G-RT) ŉė`įŕ˼ĹŀʩĨʚŘǟɌ2ƪ

ǢǱŤǗ˼ŋŊY˙ȇlXSŉčǇƢdǗl�ƴ�
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ʆ�Ĵƹ�˦ (Review) 

2.1ɌŘ�Y˥ÁɃ�ȍ 

    ˡÀ˷ɌÛ (Acremonium) ɌŘîƈYâĹ�ǭǁ«˼Ź¸¡¯ [12]�şƴ 

[13]�ëƊ [14]�ƏƋǅƴ [15, 16]ĐǲŻ� [17]�ǛaĴƹɱʼˡÀ˷ɌÛáɣ

ǥɹÛǭ�ǗǟɌŉ 95Ř [18]�R�ʭYɌŘƪ�˰ɁǑɌ˼ʞĎȹȼƩ�ƨĜ

ǉĐʤİăȳƩǸǐǑ [19]� 

ǟɌǗY˥ŉRƵŲ�ɚ˼¢Ĺ��ǭǟɌSŉŉă
#ǗÁ�Ƀƭă
#

ǗÁ�˼ŉɳ³ǟɌ˺ �ÃNɌ Ǆ˻ɀÔŌǕƽŉă
#Ǘ¿¢ [20]˼ ȩƭăǗY

ǅÀ½ǗƵþ;¢RˁÆ	ńSʹɨă [21]�ˡÀ˷ɌÛņļ¢ 1809 èǈ Link

bǳ [22]˼ ÛĹƭă
#˼ŀ�ÃNɌ˼�Éľ6Ǉ¤ĉY˥ÁʠɟɌǭˁÆ˼Y

˥£-�Ľǥ�1968è GamsūŖ LinkǗˬɗŤŎ˼Ǖƽ Acremonium alternatum

Sŉ��ǗYǅÀ½˥¤˼ŉɳ³R!ÛǗɌŘǶ�ůƵþ [23]�1971 è Gams

?ĬY˥ŧ˼Ï CephalosporiumÛ�5ɀ Acremoniumë
˼�ł�²ɫ¤ĉǝ+

ȩ�5ǗÛʫŉ Glimastix�Hyalopus�Mastigocladium�Oospora � Monosporium 

[24]�ů²˼�ŉɌŘɣˑ˙XĎƪĶǗÛ˼Ź¸¢ 1978è GamsÏ Sagenomella

ü AcremoniumƷǳX7 [25]�ǜɀƽ�˼ǟɌÛǭǗǊÆ �ķɣɰɽ˼ÔŌȷ

ƖŠÆś�

    Acremonium tubakii NTU60 ¢Y˥	ÛĹǟɌǊ  (Fungi)˼½�Ɍ˃ 

(Ascomycota)˼ȃŶɌȗ (Sordariomycetes)˼ȰíɌǛ (Hypocreales)˼ˡÀ˷ɌÛ 

[26]˼�ˡÀ˷ɌÛÛĹƭă
#˼Rŉă
#ƒʌ�ÛYī˼Y˥£-�Ľǥ˼

ĮůɌŌÏǩZL�Acremonium tubakii W. Gams R�ǭǍ�ƪ Cephalosporium 

polyaleurum Tabaki˼,ùȨĎƪƭįÁ��˭ŬĹ 1971èǈ Gamsüÿ�mƏ˹

Ț­ɬə (Fucus serratus) �˙{û [24, 27]�Acremonium tubakii NTU60Ɍȓ�
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˵ǖɆ˼ǈŎÌ˯Ç 2016 è 4 ňɀɂƧőmɬƏǩˬˊʖ  (25°08'52.3"N 

121°47'44.3"E) ƏÝʠɟə˰ĠŦ˼¢Ȼǡ˲ (Ulva intestinalis) ��˙XɌŘ� 

 

 

  



doi:10.6342/NTU201701983

 8 

2.2ˡÀ˷ɌÛ (Acremonium) ǟɌĎY�Ĵƹ�˦ 

  

    ˡÀ˷ɌÛǟɌĒǆǅǗŬȉ#ɿƴ˼áǕɢĴƹ�˦ɮŉ 305@l�ƴ˼

:RȏţǗǝ+ăY˥ĲƿĹɢ 4¸
˾ 

 

 

 

ɢ 4�ˡÀ˷ɌÛǟɌ�Ŭ#ɿƴĴƹ�˦ 

Compounds Sources Bioactivities (MIC, µg/mL) 

Steroids   

Cerevisterol (11)  A. luzulae [28]  

Ergosterol peroxide (12)  A. luzulae [28], [29]  

 A. roseum  

NGA0187 (13) [16] Acremonium sp. [30]  

Ergosta-6,8,22-trien-3β-ol (14) A. roseum [31]  

Ergosterol (15)  Acremonium sp. [29]  

Sesquiterpenoids   

Heptelidic acid chlorohydrin (16)  Acremonium sp. No.618 [32] IMR-90a, IC50 = 0.74 [32] 

SW-13b, IC50 = 0.13 [32] 

G361c, IC50 = 0.28 [32] 

IMR-32d, IC50 = 0.24 [32] 

Spirobenzofuran (17)  Acremonium sp. HKI 0230 [12] Bacillus subitilis, 25 [12] 

Dihydroxybergamotene (18) Acremonium sp. [33]  

Lignoren (19)  Acremonium sp. [33]  

Acremostrictin (20)  A. strictum [15] Micrococcus luteus, 50 [15] 

Salmonella typhimurium, 50 [15]  

Proteus vulgaris, 12.5 [15] 

Trichodermol (21)  Acremonium sp. PSU-MA70 [34] Cryptococcus neoformanns, 32 [34] 

Candida albicans, 64 [34] 

Verrol 4-acetate (22) A. neo-caledoneae [35] KB cellse, IC50 = 0.4 [35] 

8-Deoxytrichothecin (23)  Acremonium sp. PSU-MA70 [34] Candida albicans, 16 [34] 

Crotocin (24)  A. crotocinigenum [36˽38]  

Acremeremophilane A (25)  Acremonium sp. [39]  
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Acremeremophilane B (26)  Acremonium sp. [39] RAW 264.7f, IC50 = 8 µM [39] 

Acremeremophilane C (27)  Acremonium sp. [39] RAW 264.7 f, IC50 = 45 µM [39] 

Acremeremophilane D (28)  Acremonium sp. [39] RAW 264.7 f, IC50 = 25 µM [39] 

Acremeremophilane E (29)  Acremonium sp. [39] RAW 264.7 f, IC50 = 15 µM [39] 

Acremeremophilane F (30)  Acremonium sp. [39] RAW 264.7 f, IC50 = 26 µM [39] 

Acremeremophilane G (31)  Acremonium sp. [39]  

Acremeremophilane H (32)  Acremonium sp. [39]  

Acremeremophilane I (33)  Acremonium sp. [39]  

Acremeremophilane J (34) Acremonium sp. [39]  

Acremeremophilane K (35) Acremonium sp. [39]  

Acremeremophilane L (36)  Acremonium sp. [39]  

Acremeremophilane M (37)  Acremonium sp. [39]  

Acremeremophilane N (38)  Acremonium sp. [39] RAW 264.7 f, IC50 = 22 µM [39] 

Acremeremophilane O (39)  Acremonium sp. [39] RAW 264.7 f, IC50 = 8 µM [39] 

Guignarderemophilane B (40)  Acremonium sp. [39]  

Guignarderemophilane E (41) Acremonium sp. [39]  

Eremophil-1(10),11-dien-2 β,8β-diol (42)  Acremonium sp. [39]  

2-Oxo-3-hydroxyeremophila-1(10),3,7(11),8-

tetraen-8,12-olide (43)  

Acremonium sp. [39] 
 

2-epi-PF1092B (44)  Acremonium sp. [39]  

2-epi-PF1092C (45)  Acremonium sp. [39]  

3-epi-PF1092C (46) Acremonium sp. [39]  

Diterpenoids   

Isopimara-7, 15-dien-19-ol (47)  A. luzulae [40]  

19-Norisopimara-7, 15-dien-3-one (48)  A. luzulae [41]  

Virescenoside A (49)  A. luzulae [42] Strongylocentrotus intermedius,  

MIC50 = 2.7˽20 µM [43] 

Virescenoside B (50)  A. luzulae [42] Strongylocentrotus intermedius,  

MIC50 = 2.7˽20 µM [43] 

Virescenoside C (51)  A. luzulae [44] Strongylocentrotus intermedius,  

MIC50 = 2.7˽20 µM [43] 

Virescenoside D (52)  A. luzulae [45]  

Virescenoside E (53) A. luzulae [46]  

Virescenoside F (54) A. luzulae [47]  

Virescenoside G (55)  A. luzulae [47]  

Virescenoside H (56)  A. luzulae [45]  

Virescenoside L (57)  A. luzulae [46]  

Virescenoside M (58)  A. striatisporum KMM 4401 [43] Strongylocentrotus intermedius,  
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MIC50 = 2.7˽20 µM [43] 

Virescenoside N (59) A. striatisporum KMM 4401  

[43, 48] 

Strongylocentrotus intermedius,  

MIC50 = 2.7˽20 µM [43] 

Virescenoside O (60)  A. striatisporum KMM 4401 [49] Ehrlich carcinoma, IC50 = 20˽100 

µM [49] 

Virescenoside P (61)  A. striatisporum KMM 4401 [49] Strongylocentrotus intermedius,  

MIC50 = 5.0 µM [49] 

Virescenoside Q (62)  A. striatisporum KMM 4401 [49] Ehrlich carcinoma, IC50 = 20˽100 

µM [49] 

Virescenoside R (63)  A. striatisporum KMM 4401 [50] Ehrlich carcinoma, IC50 = 25˽60 µM [50] 

Virescenoside S (64) A. striatisporum KMM 4401 [50] Ehrlich carcinoma, IC50 = 25˽60 µM [50] 

Virescenoside T (65) A. striatisporum KMM 4401 [50] Ehrlich carcinoma, IC50 = 25˽60 µM [50] 

Virescenoside U (66)  A. striatisporum KMM 4401 [50] Ehrlich carcinoma, IC50 = 25˽60 µM [50] 

Virescenoside V (67)  A. striatisporum KMM 4401 [51]  

Virescenoside W (68) A. striatisporum KMM 4401 [51]  

Virescenoside X (69)  A. striatisporum KMM 4401 [51]  

Virescenoside Z4 (70)  A. striatisporum KMM 4401 [52]  

Virescenoside Z5 (71)  A. striatisporum KMM 4401 [52]  

Virescenoside Z6 (72)  A. striatisporum KMM 4401 [52]  

Virescenoside Z7 (73)  A. striatisporum KMM 4401 [52]  

Virescenoside Z8 (74)  A. striatisporum KMM 4401 [52]  

Virescenoside R1 (75)  A. striatisporum [53]  

Virescenoside R2 (76)  A. striatisporum [53]  

Virescenoside R3 (77) A. striatisporum [53]  

Virescenoside Z (78) A. striatisporum [53]  

Triterpenoids   

Fusidic acid (79)  Acremonium sp. [54] Staphylococcus aureus, <1 [54]   

Neisseria gonorrhoeae, <1 [54] 

Helvolic acid (9)  Acremonium sp. [55] Bacillus subitilis, 2 [56] 

methicillin-resistant Staphylococcus 

aureus, 4 [56] 

7-Deacetoxyhelvolic acid (80) Acremonium sp. [57]  

Helvolinic acid (81) Acremonium sp. [57]  

3-Oxo-16β-acetoxyfusida-1,17(20)[16,21-

cis],24-trien-21-oic acid (82) 

Acremonium sp. [58] 
 

Cephalosporin P1 (83) Acremonium sp. [59, 60]  

Deacetylcephalosporin P1 (84) A. strictum [61]  

16-deacetoxy-7β-hydroxy-fusidic acid (85) A. crotocinigenum [62] methicillin-resistant Staphylococcus 
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aureus, 16 [62] 

Polyterpenoids   

SCH 60059 (86)  Acremonium sp. [63]  

SCH 60065 (87) Acremonium sp. [63]  

SCH 64879 (88)  Acremonium sp. [63]  

SCH 60061 (89) Acremonium sp. [63]  

SCH 60063 (90)  Acremonium sp. [63]  

SCH 60057 (91)  Acremonium sp. [63]  

SCH 64878 (92)  Acremonium sp. [63]  

Merohemiterpenoids   

F-11263 (93)  Acremonium sp. SANK 11894 [64] sphingomyelinase, IC50 = 0.8  [64] 

F-11334 A1 (94)  A. murorum 20793 [65] 

 
neutral pH-optimum, IC50 = 7.5 [65] 

 Acremonium sp.[16]  

F-11334 A2 (95)  A. murorum 20793 [65] 

 

neutral pH-optimum, IC50 = 3.6 [65] 

 

 Acremonium sp.  

F-11334 A3 (96) A. murorum 20793 [65] 

 

neutral pH-optimum, IC50 = 3.2 [65] 

 

 Acremonium sp. [16]  

F-11334 B1 (97)  A. murorum 20793 [65]  

F-11334 B2 (98)  A. murorum 20793 [65]  

Acremine A (99)  A. byssoides A20 [66, 67]  

Acremine B (100) A. byssoides A20 [66] H460g, IC50 = 35.7 [68] 

Acremine C (101) A. byssoides A20 [66]  

Acremine D (102) A. byssoides A20 [66]  

Acremine E (103)  A. byssoides A20 [66]  

Acremine F (104)  A. byssoides A20 [66, 67]  

Acremine H (105)  A. byssoides A20 [68]  

Acremine I (106)  A. byssoides A20 [68] H460 g, IC50 = 56 [68]  

Acremine L (107) A. byssoides A20 [68]  

Acremine M (108)  A. byssoides A20 [68]  

Acremine N (109)  A. byssoides A20 [68]  

5-Chloroacremine A (110)  A. persicinum [69]  

5-Chloroacremine H (111)  A. persicinum [69]  

Acremine O (112)  A. persicinum [69]  

Acremine P (113)  A. persicinum [69]  

Acremine Q (114)  A. persicinum [69]  
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Acremine R (115)  A. persicinum [69]  

9-O-Methylacremine F (116)  A. persicinum [69]  

Acremine T (117)  A. persicinum SC0105 [70, 71]  

Spiroacremine A (118)  A. persicinum [69]  

Spiroacremine B (119)  A. persicinum [69]  

Awajanoran (120)  Acremonium sp. AWA16-1 [72] A549h, IC50 = 17 [72] 

2,2-Dimethyl-2H-chromen-6-ol (121)  A. polychromum PSU-F125 [73]  

Acremine G (122)  Acremonium sp. A20 [74] H460 g, IC50 = 48 [74] 

Bisacremine A (123) A. persicinum SC0105 [71] HeLai, IC50 = 10.7 µM [71] 

Bisacremine B (124)  A. persicinum SC0105 [71] HeLai, IC50 = 9.3 µM [71] 

A549 h, IC50 = 41.3 µM [71] 

HepG2j, IC50 = 31.1 µM [71] 

Bisacremine C (125)  A. persicinum SC0105 [71] HeLai, IC50 = 31.1 µM [71] 

Bisacremine D (126)  A. persicinum SC0105 [71] HeLai, IC50 = 46.1 µM [71] 

Bisacremine E (127)  A. persicinum SC0105 [70]  

Bisacremine F (128)  A. persicinum SC0105 [70]  

Bisacremine G (129)  A. persicinum SC0105 [70]  

JBIR-37 (130)  Acremonium sp. SpF080624G1f01 

[75] 
 

JBIR-38 (131)  Acremonium sp. SpF080624G1f01 

[75] 
 

Acremonoside (132)  A. polychromum PSU-F125 [73]  

Merosesquiterpenoids   

Chlorocylindrocapol (133)  Acremonium sp. [33]  

Cylindrocarpol (134)  Acremonium sp. [33]  

Ascochlorin (135)  Acremonium sp. [33]  

 A. luzulae [76]  

 Acremonium sp. LG0808 [77]  

Cylindrol B (136)  Acremonium sp. [33]  

Ilicicolin F (137)  Acremonium sp. [33]  

LL-Z 1272 ε (138)  Acremonium sp. [33]  

Ilicicolin C (139) Acremonium sp. [33]  

Deacetylchloronectrin (140) Acremonium sp. [33]  

 Acremonium sp. LG0808 [77]  

Ascofuranone (141)  Acremonium sp. [33]  

 Acremonium sp. LG0808 [77]  

Ascofuranol (142)  Acremonium sp. [33]  

Acremofuranone A (143)  Acremonium sp. [33]  
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Acremofuranone B (144)  Acremonium sp. [33]  

10'-Deoxy-10'α-hydroxyascochlorin (145) Acremonium sp. LG0808 [77]  

TAN-2355A (146) Acremonium sp. FL-65227 [78]  

TAN-2355B (147) Acremonium sp. FL-65227 [78]  

Pestalotinopene A (148)  A. strictum [79] A2780 sensk, IC50 = 76.2 [79] 

A2780 cisRl, IC50 = 30.1 [79] 

Pestalotiopene C (149)  A. strictum [79]  

Xenovulene A (150)  A. strictum Xl 1458 [80] 

 
 

 Acremonium sp. TAMA116 [81]  

Isororidin A (151)  A. neo-caledoniae [35] Staphylococcus aureus, 10 µg/disk [35] 

Candida albicans, 1 µg/disk [35] 

KB cellse, IC50 = 0.007 [35] 

Verrucarin A (152)  A. neo-caledoniae [35] Candida albicans, 2 µg/disk [35] 

KB cellse, IC50 = 0.01 [35] 

Meroditerpenoids   

Sesquicillin (153)  Acremonium sp. [82]  

Depsides   

PS-990 (154)  Acremonium sp. [83] Bacillus subitilis, 0.65 [83] 

Enterococcus faecium, 21 [83] 

Staphylococcus aureus, 10 [83] 

CRM646-A (155)  Acremonium sp. [84] B16-F10m, IC50 = 15 µM [84] 

CRM646-B (156)  Acremonium sp. [84] B16-F10m, IC50 = 30 µM [84] 

Lactones   

Djalonensone (157)  Acremonium sp. [29]  

Alternariol (158) Acremonium sp. [29]  

Acremonone B (159)  Acremonium sp. PSU-MA70 [34]  

Acremonone C (160)  Acremonium sp. PSU-MA70 [34]  

Acremonone D (161)  Acremonium sp. PSU-MA70 [34]  

Acremonone E (162)  Acremonium sp. PSU-MA70 [34]  

Acremonone F (163)  Acremonium sp. PSU-MA70 [34]  

Acremonone G (164)  Acremonium sp. PSU-MA70 [34]  

Acremonone H (165)  Acremonium sp. PSU-MA70 [34]   

(3R,4R)-4-Hydroxy-5-methylmellein (166)  A. strictum [79]  

Cytosporone C (167)  A. strictum [79]  

Bicytosporone D (168)  A. strictum [79]  

Kawain (169)  A. neo-caledoniae [35]  

7,8-Dihydrokawain (170)  A. neo-caledoniae [35]  
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5,6-Dehydrokawain (171)  A. neo-caledoniae [35]  

Acropyrone (172)  A. strictum [79]  

5,7-dimethoxy-3,4-dimethyl-3-

hydroxyphthalide (173)  

A. crotocinigenum MYC-1590 [85] 
 

Acremonide (174)  Acremonium sp. PSU-MA70 [34]  

Cytosporone E (175)  A. strictum [79] Staphylococcus aureus, 14.3 µM [79] 

resistant A2780l, IC50 = 19.0 µM [79] 

Acremolactone C (176)  A. roseum I4267 [86]  

Acremonone A (177)  Acremonium sp. PSU-MA70 [34]  

Orbuticin 196a (178)  A. butyri [87]  

Orbuticin 196b (179)  A. butyri [87]  

Dihydroresorcylide (180)  A. zeae NRRL 45893 [88]  

7R-Hydroxydihydroresorcylide (181) A. zeae NRRL 45893 [88]  

7S-Hydroxydihydroresorcylide (182)  A. zeae NRRL 45893 [88]  

Hydroquinones   

Acremonidin D (183) Acremonium sp. LL-Cyan 416 [89] methicillin-resistant  Staphylococcus 

aureus, 64[89] 

Acremonidin E (184)  Acremonium sp. LL-Cyan 416 [89] methicillin-resistant  Staphylococcus 

aureus, 64 [89] 

Enterococcus faecalis, 32 [89] 

Acremonidin A (185)  Acremonium sp. LL-Cyan 416 [89] methicillin-resistant  Staphylococcus 

aureus, 8 [89] 

Bacillus cereus, 1.56 [90] 

 Acremonium sp. BCC 31806 [90] Enterococcus faecalis, 16 [89] 

 A. camptosporum [91] vancomycin-susceptible Escherichia 

coli, 16 [90] 

Plasmodium falciparum, IC50 = 5.4 [90] 

Acremonidin B (186)  Acremonium sp. LL-Cyan 416 [89] methicillin-resistant Staphylococcus 

aureus, 32 [89] 

 A. camptosporum [91] vancomycin-resistant Enterococcus 

faecalis, 32 [89] 

Acremonidin C (187) Acremonium sp. LL-Cyan 416 [89] methicillin-resistant Staphylococcus 

aureus, 32 [89] 

Bacillus cereus, 3.13 [90] 

 Acremonium sp. BCC 31806 [90] vancomycin-susceptible 

Enterococcus faecalis, 32 [89] 

Acremoxanthone A (188)  Acremonium sp. BCC 31806 [90] Staphylococcus aureus, 12.5 [90] 

 A. camptosporum [91] Candida albicans, IC50 = 1.7 [90] 
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Acremoxanthone B (189)  Acremonium sp. BCC 31806 [90] Staphylococcus aureus, 6.25 [90] 

 A. camptosporum [91] Bacillus cereus, 6.25 [90] 

Plasmodium falciparum, IC50 = 3.0 [90] 

Acremoxanthone C (190)  A. camptosporum [91] Phytophthora cinnamomi, IC50 = 24.3 [90] 

Acremoxanthone E (191)  A. camptosporum [91]  

(4S)-6-hydroxyisosclerone (192)  A. strictum [79]  

Other aromatic compounds   

RKB 3564S (193)  Acremonium sp. MST-MF588a [92]  

Acremonisol A (194) Acremonium sp. [93]  

4-O-methylglucopyranoside (195)  Acremonium sp. BCC 14080  [94]  

4-methyl-1-phenyl-2,3-hexanediol (196) Acremonium sp. PSU-MA70 [34]  

(2R,3R)-4-methyl-1-phenyl-2,3-pentanediol 

(197)  

Acremonium sp. PSU-MA70 [34] 
 

6'-Hydroxypestalotiopsone C (198)  A. stricrum [79]  

Cyclic compounds   

(4S,5S)-Sapinofuranone B (199)  A. stricrum [95]  

Acremolactone A (200)  A. roseum I4267 [86, 96]  

Waol A (201)  A. stricrum [79] resistant A2780l, IC50 = 12.6 µM [79] 

Waol acid (202)  A. stricrum [79]  

3,5-Dihydroxydecanoic acid δ-lactone (203)  A. recifei [97]  

Recifeiolide (204)  A. recifei [98]  

Acremonol (205)  Acremonium sp. [99]  

Acremodiol (206)  Acremonium sp. [99]  

(+)-Brefeldin A (207)  Acremonium sp. PSU-MA70 [34] Candida albicans, 32 [34] 

NBRI17671 (208)  Acremonium sp. CR17671  

NBRI17671al (209) Acremonium sp. CR17671 [100]  

Bisvertinolone (210) A. strictum [101]  

Acyclic compounds   

Halymecin D (211)  Acremonium sp. FK-N30 [102]  

Halymecin E (212)  Acremonium sp. FK-N30 [102]  

2-(1-methylethylidene)pentanedioic acid (213) Acremonium sp. [16]  

Pentanedioic acid 2-(1-methylethylidene)-5-

methyl ester (214) 

Acremonium sp. [16] 
 

Pentanedioic acid 2-(1-methylethylidene)-5-

methyl ester (215)  

Acremonium sp. [16] 
 

Pentanedioic acid 2-(1-methylethenyl)-5-

methyl ester (216)  

Acremonium sp. [16] 
 

Alkaloids   
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Lolitrem A (219)  A. lolii [103]  

Lolitrem B (217)  A. lolii [104]  

Lolitrem E (218)  A. lolii [105]  

Lolitrem F (220)  A. lolii [106]  

Lolilline (221)  A. lolii [107]  

Paxilline (222)  A. lolii [107˽109]  

α-paxitriol (223) A. lolii [107, 108]  

Lolitriol (224) A. lolii [107, 108]  

Preamine (225)  A. loliae[110, 111]  

UCS1025A (226) Acremonium sp. KY4917 [112] Staphylococcus aureus, 1.3 [112] 

Bacillus subitilis, 1.3 [112] 

Enterococcus hirae, 1.3 [112] 

UCS1025B (227)  Acremonium sp. KY4917 [112] Staphylococcus aureus, 42 [112] 

Bacillus subitilis, 83 [112] 

Enterococcus hirae, 42 [112] 

Oxepinamide A (228)  Acremonium sp. [113]  

Oxepinamide B (229)  Acremonium sp. [113]  

Oxepinamide C (230)  Acremonium sp. [113]  

Fumiquinazoline H (231)  Acremonium sp. [113]  

Fumiquinazoline I (232)  Acremonium sp. [113]  

Pyrrocidine A (233) A. zeae NRRL 13540 [114, 115]  

Pyrrocidine B (234) A. zeae NRRL 13540 [114, 115]  

Acremoauxin A (235)  A. roseum I 4267 [116]  

19-O-acetylchaetoglobosin B (236)  Acremonium sp. MST-MF588a [92]  

19-O-acetylchaetoglobosin D (237)  Acremonium sp. MST-MF588a [92]  

TMC-260 (238)  A. kiliense Gruetz TC 1703 [117]  

Awajanomycin (239)  Acremonium sp. AWA16-1 [118] A549 h, IC50 = 27.5 [118] 

Sch 54794 (240)  Acremonium sp. PSU-MA70 [34]  

Sch 54796 (241) Acremonium sp. PSU-MA70 [34]  

Pyridoxatin (242)  Acremonium sp. BX86 [119] Candida albicans, 1.64 [119] 

HeLai, IC50 = 1.0 [119] 

Acremolactone B (243) A. roseum I4267 [86]  

Cyclopeptides   

Phoenistatin (244)  A. fusigerum QN5320 [120]  

Scytalidamine A (245)  Acremonium sp. [121]  

Scytalidamide B (246)  Acremonium sp. [121]  

Anthranicine (247)  Acremonium sp. A29-2004 [122]  
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FR235222 (248)  Acremonium sp. No.27082 [123˽

125] 
 

AS1387292 (249) Acremonium sp. No.27082 [126, 127]  

Cordyheptapeptide C (250)  A. persicinum SCSIO 115 [14] SF-268n, IC50 = 3.7 [14] 

MCF-7o, IC50 = 3.0 [14] 

NCI-H460, IC50 = 11.6 [14] 

Cordyheptapeptide D (251)  A. persicinum SCSIO 115 [14] SF-268n, IC50 = 45.6 [14] 

MCF-7o, IC50 = 82.7 [14] 

Cordyheptapeptide E (252)  A. persicinum SCSIO 115 [14] SF-268n, IC50 = 3.2 [14] 

MCF-7o, IC50 = 2.7 [14] 

NCI-H460, IC50 = 4.5 [14] 

Cyclosporin A (253) A. luzulae [128, 129]  

Cyclosporin C (254) A. luzulae [130]  

[Thr2,Leu5,Ala10]Cyclosporin (255)  A. luzulae [131]  

Aselacin A (256)  Acremonium sp. AB 2093T-194 [132, 

133] 
 

Aselacin B (257)  Acremonium sp. AB 2093T-194 [132, 

133] 
 

Aselacin C (258)  Acremonium sp. AB 2086L-51 [132, 

133] 
 

Acremolide A (259)  Acremonium sp. MST-MF588a [92]  

Acremolide B (260)  Acremonium sp. MST-MF588a [92]  

Acremolide C (261)  Acremonium sp. MST-MF588a [92]  

Acremolide D (262)  Acremonium sp. MST-MF588a [92]  

Enniatin L (263) Acremonium sp. BCC2629 [134] Mycobacterium tuberculosis, 12.5 [134] 

Enniatin M1 (264) Acremonium sp. BCC2629 [134] Mycobacterium tuberculosis, 6.25 [134] 

Enniatin M2 (265) Acremonium sp. BCC2629 [134] Mycobacterium tuberculosis, 6.25 [134] 

Enniatin N (266)  Acremonium sp. BCC2629 [134] Mycobacterium tuberculosis, 6.25 [134] 

Enniatin B (267)  Acremonium sp. BCC2629 [134]  Mycobacterium tuberculosis, 3.13 [134] 

NCI-H187p, IC50 = 5.0 [134] 

 Acremonium sp. BCC28424 [135]  

Enniatin H (268)  Acremonium sp. BCC2629 [134]  

Enniatin I (269)  Acremonium sp. BCC2629 [134]  

MK1688 (270)  Acremonium sp. BCC2629 [134]  

Enniatin B4 (271) Acremonium sp. BCC2629 [134]  

Beauvenniatin A (272) Acremonium sp. BCC28424 [134] Mycobacterium tuberculosis, 3.13 [134] 

NCI-H187p, IC50 = 1.0 [134] 

MCF-7o, IC50 = 6.2 [134] 
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Plasmodium falciparum, IC50 = 3.0 

[134] 

Beauvenniatin B (273) Acremonium sp. BCC28424 [134] Mycobacterium tuberculosis, 3.13 [134] 

NCI-H187p, IC50 = 0.92 [134] 

MCF-7o, IC50 = 12 [134] 

Plasmodium falciparum, IC50 = 3.0 

[134] 

Beauvenniatin C (274)  Acremonium sp. BCC28424 [134] NCI-H187p, IC50 = 6.6 [134] 

Plasmodium falciparum, IC50 = 3.4 

[134] 

Beauvenniatin D (275)  Acremonium sp. BCC28424 [134]  

Beauvenniatin E (276)  Acremonium sp. BCC28424 [134] Mycobacterium tuberculosis, 25 [134] 

NCI-H187p, 7.6 [134] 

MCF-7o, IC50 = 9.6 [134] 

Plasmodium falciparum, IC50 = 2.9 

[134] 

Beauvericin J (277) Acremonium sp. BCC28424 [134] Mycobacterium tuberculosis, 12.5 

[134] 

NCI-H187p, IC50 = 8.4 [134] 

Plasmodium falciparum, IC50 = 3.0 

[134] 

Beauvericin (278) Acremonium sp. BCC28424 [134] Mycobacterium tuberculosis, 6.25 

[134] 

NCI-H187p, IC50 = 2.0 [134] 

MCF-7o, IC50 = 8.6 [134] 

Plasmodium falciparum, IC50 = 3.1 

[134] 

Beauvenniatin F (279) Acremonium sp. BCC2629 [136] Mycobacterium tuberculosis, 1.07 

[136] 

KB cellse, IC50 = 1.05 µM [136] 

NCI-H187p, IC50 = 2.29 [136] 

Plasmodium falciparum, IC50 = 3.8 

[136] 

Beauvenniatin G1 (280)  Acremonium sp. BCC2629 [136]  

Beauvenniatin G2 (281) Acremonium sp. BCC2629 [136]  

Beauvenniatin G3 (282) Acremonium sp. BCC2629 [136]  

Beauvenniatin H1 (283)  Acremonium sp. BCC2629 [136]  

Beauvenniatin H2 (284) Acremonium sp. BCC2629 [136]  
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Beauvenniatin H3 (285) Acremonium sp. BCC2629 [136]  

Guangomide A (286) Acremonium sp. PSU-MA70 [34]  

Guangomide B (287) Acremonium sp. PSU-MA70 [34]  

Linear peptides   

XR586 (288) A. persicinum [137]  

Leucinostatin A (289) Acremonium sp. [138] Pythium ultimum, EC50 < 1 µM [138] 

BT-20q, IC50 = 2.3 nM [138] 

MCF-7o, IC50 = 4.0 nM [138] 

Cephaibol A (1) A. tubakii DSM 12774 [139] Staphylococcus aureus, 10 [139] 

Streptococcus pyogenes, 10 [139] 

Enterococcus faecium, 20 [139] 

Ascaria galli, 25 [139] 

Cephaibol A2 (290) A. tubakii DSM 12774 [139]  

Cephaibol B (2) A. tubakii DSM 12774 [139] Staphylococcus aureus, 5 [139] 

Streptococcus pyogenes, 5 [139] 

Enterococcus faecium, 10 [139] 

Cephaibol C (3) A. tubakii DSM 12774 [139]  

Cephaibol D (291) A. tubakii DSM 12774 [139]  

Cephaibol E (4) A. tubakii DSM 12774 [139] Staphylococcus aureus, 80 [139] 

Cephaibol P (292) A. tubakii DSM 12774 [139]  

Cephaibol Q (293) A. tubakii DSM 12774 [139]  

Acremostatin A (294) Acremonium sp.Tbp-5 DSM 12973 [140]  

Acremostatin B (295) Acremonium sp.Tbp-5 DSM 12973 [140]  

Acremostatin C (296) Acremonium sp.Tbp-5 DSM 12973 [140]  

RHM1 (297) Acremonium sp. [121, 141] Staphylococcus epidermidis, 25 [141] 

RHM2 (298) Acremonium sp.  

RHM3 (299) Acremonium sp. [121]  

RHM4 (300)  Acremonium sp. [121]  

Efrapeptin Eα (301) Acremonium sp. [121] H125r, IC50 = 1.3 nM [121] 

Efrapeprin E (302) Acremonium sp. [121]  

Efrapeptin F (303) Acremonium sp. [121, 141] H125r, IC50 = 1.3 nM [121] 

Efrapeptin G (304)  Acremonium sp. [121, 141] Staphylococcus epidermidis, 80 [141] 

H125r, IC50 = 1.3 nM [121] 

Efrapeptin H (305) Acremonium sp. [121]  

β-Lactam antibiotics and related compounds   

Cephalosporin C (306) A. chrysogenum [142] Escherichia coli, 0.4 [143] 

Penicillin N (307) A. chrysogenum [142] Micrococcus luteus, 2.5s [144] 

Escherichia coli, 2.5 s [144] 
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Isopenicillin N (308) A. chrysogenum [142]  

Miscellaneous   

Thiacremonone (309) Acremonium sp. HA33-95 [145]  

Acremomannolipin A (310) A. strictum [146]  

aIMR-90 (normal diploid flbroblast of lung); bSW-13 (adrenal cortex adenocarcinoma); cG361 (malignant melanoma); dIMR-32 

(neuroblastoma); eKB cells (papilloma carcinoma); fRAW 264.7 (abelson murine leukemia virus-induced tumor); gH460 (non-small 

cell lung tumour cell line); hA549 (human lung adenocarcinoma); iHeLa (human cervix adenocarcinoma); jHepG2 (liver hepatocellular 

cells); kA2780 sens (human ovarian carcinoma sensitive); lA2780 cisR (human ovarian carcinoma cisplatin-resistant); mB16-F10 (skin 

adherent melanoma); nSF-268 (human glioblastoma); oMCF-7 (human breast cancer); pNCI-H187 (human small- cell lung cancer); 

qBT-20 (human breast cancer); rH125 (lung non-small cell carcinoma); sbioactivity only showed the test concentration. 
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166

169

172

175

162 R1 = OCH3, R2 = CH3
R3 = CH2OH, R4 = OH
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R3 = CH3
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R3 = CH3, R4 = H

Cyclopeptides 

  



doi:10.6342/NTU201701983

 39 

O

O
N
H

NH
O

HNOO

NH

O
N
H

O
OH

HN

NH2

HN

O

R2R1 R3

O

O NH

OH

R2R1

O

N

O

O NH

OH

O
O

N

R

OH

O

N

N
O

N
O

O
O

O

O
O

O

HO

R1

R2 O

N

N
O

N
O

O
O

O

O
O

O

R1

R2

R3

O

N

N
O

N
O

O
O

O

O
O

O O

N

N
O

N
O

O
O

O

O
O

O H

H

O

N

N
O

N
O

O
O

O

O
O

O

R

H

H

H

256 R1 = OH, R2 = R3 = H
257 R1 + R2 = O, R3 = OH
258 R1 + R2 = O, R3 = H
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x�ȏŕɃɰɽ (Results and Discussions) 

 

3.1ǟɌ¦˪ʷʲY˙ƍǫ 

        Acremonium tubakii NTU60ŀŎÌ˯ÇĹ 2016è 4ňɀɂƧőmɬƏǩ

ˬˊʖƏÝ  (25°08'52.3"N 121°47'44.3"E) ʠɟə˰ĠŦ˼¢Ȼǡ˲  (Ulva 

intestinalis) ��˙XɌŘ Acremonium tubakii NTU60�ĩ2	 A˼cremonium tubakii 

NTU60Iǈ=ǭǺ{X˼¦˪¢ PDA�ĉ¦˪§Ǘ¦˪Ǚ�˼Ɍȓ˰�ǖɆ˼ǅ

˂ʝìțĊ˼ȅOĿŋ�ʦǜú�PYǗǟɌɌɑ˼ǅ˂ʐ�Ǘ¦˪§	ĸŇ˂X

ȓƶǖɆɌȓ�ùȟƑĉɃ�ĉʷʲ¦˪ƍǫ¸
� 

 

3.1.1 Acremonium tubakii NTU60 Ƒĉ¦˪Y˙ƍǫ 

    Ï˂ŉɌȓǗƋɍȽʒų_�ŉǭƚ˺ ɢ 15 Ǘ˻�ɬʽǂʠɟÒʺƑĉʷ �̡

Acremonium tubakii NTU60¢Ƒĉǭƚ¦˪§�óĎƤǬÒˤȀɌȓ˼ņùʒL�

ŉ˳ɈęXƴǗ 5 PpɞƖǂŃŻ¦˪ 6 µ˼Ɍȓ¢ŃŻ¦˪ǁ«
�˵ǖɆª

ƶ˼ʷʲƑ˒ł˅Ɣɧʒƪũ˵Ɇ� 

    ¦˪ 6 µǗɞƖǂǪˌŃŻɤȡ˼ȔʤęŻʤƥYĎɌȓ˰ɃʷʲɌƑ�R

�Ɍȓ˰ƐƉĹǉʴ�ɏ{˼ȩʷʲƑ 20Pp$�ʳ�ʰʠɟǸ˰ǯYʯɏ{�

Ŭù˼ȔƗ®ƤȜû�ʳ�ʰɏXƴ 4.3PK� 

    ¸� 3Ēǧ��ʳ�ʰɏXƴ 4.3PK$ Sephadex LH-20YĎ 11@YƑ˼Ȕ

ǈėɌɵ˯ûǠ Fr. 2˽Fr. 8ŉėɌƌă˼ʡ$ʚ 7@YƑƪùȟȇlY˙ǛŤ�

R� Fr. 2Ȕ HPLCȇlû_l�ƴ 1�2� Subfr. 1�Subfr. 1Ȕ HPLCȇlû_

l�ƴ 3� 4�Fr. 5Ȕ HPLCȇlû_l�ƴ 5�6�7� 8� 
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The fermented broth of Acremonium tubakii NTU60 (20 L) 
 
                                     filtrated 
                                      
 
 
 
              filtrate                                mycelium 
 
                  partition with EtOAc (1:1) 

 
         EtOAc extract (4.3 g)  
       
                  
 
                   
 
 
 
    
 
           
 
 
  
 
 
a. RP-HPLC, Thermo Hpersil HS C18, 5µ, 10 × 250 mm, 60% ACN 

b. RP-HPLC, Thermo Hpersil HS C18, 5µ, 10 × 250 mm, 75% MeOH 

c. RP-HPLC, Phenomenex Luna PFP, 5µ, 10 × 250 mm, 45% ACN + 0.03% Trifluoroacetic acid 

d. CC, Sephadex LH-20, MeOH 

 
� 3�Acremonium tubakii NTU60¦˪ƑY˙ƍǫ�� 
  

 Fr.1  Fr.2  Fr.3  Fr.4  Fr.5  Fr.6  Fr.7  Fr.8  Fr.9  Fr.10  Fr.11 

 1 (44.6 mg)  Sub fr.1 
 2 (17.2 mg) 

 5 (21.1 mg) 
 6 (8.6 mg) 

 3 (17.8 mg) 
 7 (5.8 mg) 

 4 (9.3 mg) 
 8 (16.3 mg) 

a. 

b. 

c. 

d. 
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3.1.2 Acremonium tubakii NTU60 �ĉ¦˪Y˙ƍǫ 

 

    Ï˂ŉɌȓǗƋɍȽʒų_�ŉǭƚ˺ ɢ 15 Ǘ˻�ɬʽǂʠɟÒʺƑĉʷ �̡

Acremonium tubakii NTU60¢Ƒĉǭƚ¦˪§�óĎƤǬÒˤȀɌȓ˼ġɒʒLɤ

ŉȂǾǗ�ɬʽǂMʪJ¦˪ 21µ� 

    6ǇǉʴÐ˂ŉɌȓǗȂǾ ªʠɟɏ{�Ŭ˼ Ïǉʴɏ{ƑȔƗ®ƤȜù˼

$ n-hexaney H2O (1:1, v:v) ʠɟYʯɏ{˼ȔƗ®ƤȜùû_ŮàƬɏ{ƴ 5.4

PK˿ÏƀÚTɃ EtOAc (1:1, v:v) ʠɟYʯɏ{˼ȔƗ®ƤȜùû_�ʳ�ʰɏ

{ƴ 6.1PK� 

    ¸� 4 Ēǧ��ʳ�ʰȁɏƴ 6.1 PK$�ſǉƬ (dichloromethane) Ƀǉʴ

ʠɟŝìƃģȔǈ silica gel 60 ǺŗÚœYĎ 30 @YƑ˼ʗʤɕÚÚœƇ (thin 

layer chromatography) ǗYœȏŕ�5ƪ 5@YƑ�R� Fr. 3Ȕ HPLCȇlû_

l�ƴ 9� 10� 
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Solid-state fermented brown rice of Acremonium tubakii NTU60 (900 g) 
 
 
                                     extract three times with MeOH 
                                      
                               MeOH extract 
 
                                     partition with n-hexane/water 
                                      
 
 
 
           n-hexane extract (5.4 g)                 aqueous layer 
 
                                                     partition with EtOAc/H2O 
 
                                             EtOAc extract (6.1 g) 
 
                                                       
           
                                                        
                                      
  
 
                      
     
 
 
 
 
 
 
 
a. RP-HPLC, Phenomenex Luna PFP, 5µ, 10 × 250 mm, 45% ACN + 0.03% Trifluoroacetic acid 

b. CC, Siliga gel 60, Dichloromethane to MeOH 

 
 

� 4�Acremonium tubakii NTU60�ĉʷʲY˙ƍǫ��  

 9 (37.1 mg) 

 Fr.1  Fr.2  Fr.3  Fr.4  Fr.5 

 10 (9.9 mg) 

 a. 

b. 
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3.2 l�ƴ 1-10ȏţY˥ 

Linear peptides: 

 
 

Cephaibol A (1) 

 

 
Cephaibol B (2) 
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Cephaibol C (3) 

 

 

 

 

Cephaibol E (4) 
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Steroids: 

 

 

Glycocholic acid (5) 

 

 

 

Cholic acid (6) 

 

 

 

Glycochenodeoxycholate (7) 
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Glycodeoxycholsaeure (8) 

 

Triterpenoid: 

 

  

Helvolic acid (9) 

Lipid: 

 
 

1-Linoleoyl glycerol (10) 
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3.2.1 Cephaibol A (1) �ȏţɭœ 

 

Aib = α-aminoisobutyric acid, Iva = isovaline 

 

    l�ƴ 1ƪǖɆǿō˼ŹĻJì[α]28
D = + 1.5 (c 0.1, MeOH)˼˱ɭœ˜Ʀƙ˙

ʈʁ  (HRESIMS) ˧ǧR  [M + Na]+ ˙½Þ  m/z 1692.9333 (calcd for 

C82H127N17O20Na, 1692.9341)˼ĢƘY½ðƪ C82H127N17O20 (� 5)�Ȇ²Jʁ (IR) 

˧ǧŉȣ§ (3284 cm-1) y˗ʿ (1646 cm-1) ǸÅȷ§Ǘ¿¢ (� 6)� 

    Žʁ (Dimethyl sulfoxide-d6, 600 MHz)˺� 7˻ʯ� HSQC˺� 9˻ɭœ˼¢

ʐ˱©n�ɯɛ δH 0.85 (3H, d, J = 6.2 Hz, Leu7-Hδ) � 0.91 (3H, d, J = 6.2 Hz, Leu7-

Hδ′) ƪOȎ�ǝȫ��ǉ§ (methyl) ʈ½ɯɛ δ˿H 0.72 (3H, t, J = 7.4 Hz, Iva8-HγMe) 

y δH 0.73 (3H, t, J = 7.4 Hz, Iva12-HγMe) ĢƘƪǉ§ (methyl) ʈ½ɯɛ� 

    Ǥʁ (Dimethyl sulfoxide-d6, 150 MHz)˺ � 8˻˧ǧl�ƴ 1ȝQŉ 82@Ǥ˼

R� δC 180.0 ~ 170.0ŉ 16@ʱȶȤ§ (amide carbonyl) ɯɛ˼�ł¢ δC 60.0˽

40.0n¥ŉǝÐčǗ CαǗɯɛ˼ĢƘl�ƴ 1ƪ³ȴ (polypepeide) ȏţ�¢ δC 

140.0 ~ 125.0Ǘn¥Mŉ δC 137.5 (Phe1-Cγ)�129.3 (Phe1-Cδ)�128.2 (Phe1-Cε)�
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126.5 (Phe1-Cξ) Ƀ δC 139.6 (Phe16-Cγ)�129.5 (Phe16-Cδ)�128.2 (Phe16-Cε)�125.8 

(Phe16-Cξ) QOȎɊǁǗɯɛ� 

    ǈ HMBC˺� 11˻Ì˯�˧ǧ δH 0.91 (Leu7-Hδ) Ƀ δC 21.7 (Leu7-Cδ′)�δC 24.2 

(Leu7-Cγ)�δC 39.5 (Leu7-Cβ) ǝˈ˼δH 0.85 (Leu7-Hδ′) Ƀ δC 22.8 (Leu7-Cδ)�δC 24.2 

(Leu7-Cγ)�δC 39.5 (Leu7-Cβ) ǝˈ˼ʯ� COSY˺� 10˻Ì˯ δH 0.91 (Leu7-Hδ) Ƀ 

δH 1.69 (Leu7-Hγ) ǝˈ δ˼H 0.85 (Leu7-Hδ′) Ƀ δH 1.69 (Leu7-Hγ) ǝˈȩĢƘ δC 22.8 

(Leu7-Cδ) � δC 21.7 (Leu7-Cδ′) ġ¢ δC 24.2 (Leu7-Cγ) 	�δH 1.69 (Leu7-Hγ) Ƀ δH 

1.52 (Leu7-Hβ) ǝˈ˼ ĢƘ δC 24.2 (Leu7-Cγ) ġ¢ δC 39.5 (Leu7-Cβ)	�δH 1.52 (Leu7-

Hβ) Ƀ δH 4.02 (Leu7-Hα) ǝˈ˼δH 4.02 (Leu7-Hα) Ƀ δH 7.74 (Leu7-NH) ǝˈ˼ȩ

HMBCÌ˯˧ǧ δH 1.52 (Leu7-Hβ) Ƀ δC 53.3 (Leu7-Cα)�δC 24.2 (Leu7-Cγ)�δC 171.8 

(Leu7-C′) ǝˈ˼ĢƘ δC 39.5 (Leu7-Cβ) ġ¢ δC 53.3 (Leu7-Cα)	˼Ȥ§ (carbonyl) 

¢ δC 171.8 (Leu7-C′)˼ ȶ§ (amine) ¢ δH 7.74 (Leu7-NH)˼ ȔŹÐûǠůȶ§ʳƪ

ǖȶʳ (Leucine)�δH 7.74 (Leu7-NH) Ƀ δC 170.9 (Gly6-C′) ǝˈ˼δH 3.72 (Gly6-

Hα) Ƀ δC 170.9 (Gly6-C′) ǝˈ˼ʯ� COSY Ì˯˧ǧ δH 7.99 (Gly6-NH) Ƀ δH 

3.72 (Gly6-Hα) ǝˈ˼ȔŹÐûǠůȶ§ʳƪǃȶʳ (Glycine)�δH 7.99 (Gly6-NH) 

Ƀ δC 175.8 (Aib5-C′) ǝˈ˼ĢƘ δH 7.99 (Gly6-NH) ġ¢ δC 175.8 (Aib5-C′) 	�

δH 1.40 (Aib5-HβΜe1) Ƀ δC 56.0 (Aib5-Cα)�δC 175.8 (Aib5-C′) ǝˈ˼δH 1.37 (Aib5-

HβΜe2) Ƀ δC 56.0 (Aib5-Cα)�δC 175.8 (Aib5-C′) ǝˈ˼ĢƘ δC 56.0Ƀ δC 24.9�δC 

24.5 � δC 175.8 Ǘʟġˈ<˼ȔŹÐûǠůȶ§ʳƪǍ�ȶʳ (α-aminoisobutyric 

acid)˼ȶ§ (amine) ¢ δH 7.58 (Aib5-NH) 	˼Ƀ δC 56.0 (Aib5-Cα) ǝˈ�δH 7.58 

(Aib5-NH) Ƀ δC 175.8 (Aib4-C′) ǝˈ˼ ĢƘ δH 7.58 (Aib5-NH) ġ¢ δC 175.8 (Aib4-

C′) 	 δ˿H 1.37 (Aib4-HβΜe1) Ƀ δC 55.9 (Aib4-Cα)�δC 175.8 (Aib4-C′) ǝˈ δ˼H 1.38 

(Aib4-HβΜe2) Ƀ δC 55.9 (Aib4-Cα)�δC 175.8 (Aib4-C′) ǝˈ˼ ĢƘ δC 55.9Ƀ δC 24.8�

δC 25.0� δC 175.8Ǘʟġˈ<˼ ȔŹÐûǠůȶ§ʳƪǍ�ȶʳ (α-aminoisobutyric 

acid)˼ȶ§ (amine) ¢ δH 7.64 (Aib4-NH) 	˼Ƀ δC 55.9 (Aib4-Cα) ǝˈ�δH 7.64 
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(Aib4-NH) Ƀ δC 175.2 (Aib3-C′) ǝˈ˼ ĢƘ δH 7.64 (Aib4-NH) ġ¢ δC 175.2 (Aib3-

C′) 	˿δH 1.28 (Aib3-HβΜe1) Ƀ δC 56.0 (Aib3-Cα) � δC 175.2 (Aib3-C′) ǝˈ˼δH 

1.37 (Aib3-HβΜe2) Ƀ δC 56.0 (Aib3-Cα) � δC 175.2 (Aib3-C′) ǝˈ˼ĢƘ δC 56.0Ƀ

δC 24.2�δC 24.7 � δC 175.2 Ǘʟġˈ<˼ȔŹÐûǠůȶ§ʳƪǍ�ȶʳ (α-

aminoisobutyric acid)˼ȶ§ (amine) ¢ δH 7.69 (Aib3-NH) 	˼Ƀ δC 56.0 (Aib3-Cα) 

ǝˈ�δH 7.69 (Aib3-NH) Ƀ δC 175.1 (Aib2-C′) ǝˈ˼ĢƘ δH 7.69 (Aib3-NH) ġ¢

δC 175.1 (Aib2-C′) 	˿δH 1.28 (Aib2-HβΜe1) Ƀ δC 55.9 (Aib2-Cα) � δC 175.1 (Aib2-

C′) ǝˈ˼δH 1.27 (Aib2-HβΜe2) Ƀ δC 55.9 (Aib2-Cα) � δC 175.1 (Aib2-C′) ǝˈ˼Ģ

Ƙ δC 55.9Ƀ δC 23.6�δC 25.4� δC 175.1Ǘʟġˈ<˼ȔŹÐûǠůȶ§ʳƪǍ�

ȶʳ (α-aminoisobutyric acid)˼ȶ§ (amine) ¢ δH 8.65 (Aib2-NH) 	˼Ƀ δC 55.9 

(Aib2-Cα) ǝˈ�δH 8.65 (Aib2-NH) Ƀ δC 172.5 (Phe1-C′) ǝˈ˼ĢƘ δH 8.65 (Aib2-

NH) ġ¢ δC 172.5 (Phe1-C′) 	�δH 2.83 (Phe1-Hβ) Ƀ δC 55.3 (Phe1-Cα)�δC 137.5 

(Phe1-Cγ) � δC 129.3 (Phe1-Cδ) ǝˈ˿δH 4.33 (Phe1-Hα) Ƀ δC 36.5 (Phe1-Cβ)�δC 

137.5 (Phe1-Cγ) � δC 172.5 (Phe1-C′) ǝˈ˼ʯ� COSYÌ˯˧ǧ δH 4.33 (Phe1-Hα) 

Ƀ δH 2.83 (Phe1-Hβ) � δH 8.34 (Phe1-NH) ǝˈ˼ĢƘ δC 55.3 (Phe1-Cα) Ƀ δC 36.5 

(Phe1-Cβ) � δC 137.5 (Phe1-Cγ) ŉʟġˈ<˼δC 137.5 (Phe1-Cγ) Ƀ δC 129.3 (Phe1-

Cδ)�δC 128.2 (Phe1-Cε) � δC 126.5 (Phe1-Cξ) ƪǝʟǗɊǁʈ½ɯɛ˼ȔŹÐûǠ

ůȶ§ʳƪɊ�ȶʳ (Phenylalanine)˼ȶ§ (amine) ¢ δH 8.34 (Phe1-NH) 	˼Ƀ

δC 55.3 (Phe1-Cα) ǝˈ�δH 8.34 (Phe1-NH) Ƀ δC 170.5 (Ac-C′) ǝˈ˼δH 1.83 (Ac-

HMe) Ƀ δC 170.5 (Ac-C′) ǝˈ˼ůÅȷ§ƪ�ʶ§  (acetyl)˼ɃɊ�ȶʳ 

(Phenylalanine) ǝʟ�ǛaȷĢƘl�ƴƳŴ��@ȶ§ʳȎĎ˾Ac-Phe-Aib-Aib-

Aib-Aib-Gly-Leu� 

    řĪ HMBCÌ˯˧ǧǉ§ (methyl) δH 0.73 (Iva8-HγMe) Ƀ δC 27.7 (Iva8-Cβ)�

δC 59.5 (Iva8-Cα) ǝˈ˼δH 1.26 (Iva8-HβMe) Ƀ δC 27.7 (Iva8-Cβ)�δC 59.5 (Iva8-Cα) 

ǝˈ˼ ĢƘ δC 7.4 (Iva8-CγMe) Ƀ δC 27.7 (Iva8-Cβ)�δC 59.5 (Iva8-Cα) � δC 22.1 (Iva8-
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CβMe) ŉʟġˈ<˼ʯ� COSYÌ˯˧ǧ δH 0.73 (Iva8-HγMe) Ƀ δH 1.67 (Iva8-Hβ) 

ǝˈ˼ĢƘ δC 7.4 (Iva8-CγMe) ġ¢ δC 27.7 (Iva8-Cβ) 	˼ȔŹÐûǠůȶ§ʳƪǍ

Ȟȶʳ (Isovaline)˼Ȥ§¢ δC 176.2 (Iva8-C′)�δH 7.58 (Aib9-NH) Ƀ δC 176.2 (Iva8-

C′) � δC 56.3 (Aib9-Cα) ǝˈ˼ĢƘ δH 7.58 (Aib9-NH) ġ¢ δC 176.2 (Iva8-C′) 	�

δH 1.48 (Aib9-HβΜe1) Ƀ δC 56.3 (Aib9-Cα) � δC 173.6 (Aib9-C′) ǝˈ δ˼H 1.38 (Aib9-

HβΜe2) Ƀ δC 56.3 (Aib3-Cα) � δC 173.6 (Aib9-C′) ǝˈ˼ĢƘ δC 56.3Ƀ δC 23.3�δC 

25.8 � δC 173.6 Ǘʟġˈ<˼ȔŹÐûǠůȶ§ʳƪǍ�ȶʳ (α-aminoisobutyric 

acid)˼ȶ§ (amine) ¢ δH 7.58 (Aib9-NH) 	�ůȶ§ʳƳŴƪ˾Iva-Aib� 

    COSY Ì˯˧ǧ δH 4.38 (Hyp10-Hα) Ƀ δH 2.16 (Hyp10-Hβ)�δH 4.29 (Hyp10-

Hγ)�δH 3.74 (Hyp10-Hδ) � δH 5.17 (Hyp10-OH) ǝˈ˼ʯ� HMBC Ì˯˧ǧ δH 

3.74 (Hyp10-Hδ) Ƀ δC 69.1 (Hyp10-Cγ) ǝˈ δ˿H 2.16 (Hyp10-Hβ) Ƀ δC 69.1 (Hyp10-

Cγ)�δC 61.1 (Hyp10-Cα) ǝˈ˼ĢƘ δC 61.1 (Hyp10-Cα) Ƀ δC 36.9 (Hyp10-Cβ)�δC 

69.1 (Hyp10-Cγ) � δC 56.2 (Hyp10-Cδ) ŉʟġˈ<˼δC 56.2 (Hyp10-Cδ) ĺʬ�ȷ

ġŉǍw½˼�ł HMBCÌ˯˧ǧ δH 4.38 (Hyp10-Hα) Ƀ δC 171.9 (Hyp10-C′) ǝ

ˈ˼ȔŹÐûǠůȶ§ʳƪȣȸȶʳ (Hydroxyproline)�δH 7.89 (Gln11-NH) Ƀ δC 

171.9 (Hyp10-C′) � δC 52.5 (Gln11-Cα)ǝˈ˼ĢƘ δH 7.89 (Gln11-NH) ġ¢ δC 171.9 

(Hyp10-C′) 	˿δH 4.16 (Gln11-Hα) Ƀ δC 172.2 (Gln11-C′) ǝˈ˿δH 2.08 (Gln11-Hγ) 

Ƀ δC 52.5 (Gln11-Cα)�δC 26.8 (Gln11-Cβ) � δC 173.3 (Gln11-Cδ)ǝˈ˿ δH 6.72 (Gln11-

NH2) Ƀ δH 2.08 (Gln11-Hγ) ǝˈ˼ʯ� COSYÌ˯˧ǧ δH 7.89 (Gln11-NH) Ƀ δH 

4.16 (Gln11-Hα)�δH 1.86 (Gln11-Hβ) � δH 2.08 (Gln11-Hγ) ǝˈ˼ ĢƘ δC 52.5 (Gln11-

Cα) Ƀ δC 26.8 (Gln11-Cβ)�δC 31.6 (Gln11-Cγ) Ƀ δC 173.3 (Gln11-Cδ) Ǘʟġˈ<˼

ȔŹÐûǠůȶ§ʳƪ˴ʶȶʳ (Glutamine)˼Ȥ§ (carbonyl) ¢ δC 172.2 (Gln11-

C′) 	�δH 7.46 (Iva12-NH) Ƀ δC 172.2 (Gln11-C′) ǝˈ˼ĢƘ δH 7.46 (Iva12-NH)

ġ¢ δC 172.2 (Gln11-C′) 	˿řĪ HMBC Ì˯˧ǧǉ§ (methyl) δH 0.73 (Iva12-

HγMe) Ƀ δC 28.1 (Iva12-Cβ)�δC 58.6 (Iva12-Cα) ǝˈ˼ δH 1.41 (Iva12-HβMe) Ƀ δC 28.1 
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(Iva12-Cβ)�δC 58.6 (Iva12-Cα) ǝˈ˼ĢƘ δC 7.1 (Iva12-CγMe) Ƀ δC 28.1 (Iva12-Cβ)�

δC 58.6 (Iva12-Cα) � δC 20.5 (Iva12-CβMe) ŉʟġˈ<˼ʯ� COSY Ì˯˧ǧ δH 

0.73 (Iva12-HγMe) Ƀ δH 1.78 (Iva12-Hβ) ǝˈ˼ĢƘ δC 7.1 (Iva12-CγMe) ġ¢ δC 28.1 

(Iva12-Cβ) 	˼ ȔŹÐûǠůȶ§ʳƪǍȞȶʳ (Isovaline)˼ Ȥ§¢ δC 172.9 (Iva12-

C′)�ůȶ§ʳƳŴƪ˾Hyp-Gln-Iva� 

    COSY Ì˯˧ǧ δH 4.52 (Hyp13-Hα) Ƀ δH 1.68 (Hyp13-Hβ)�δH 4.21 (Hyp13-

Hγ)�δH 3.38 (Hyp13-Hδ) � δH 5.14 (Hyp13-OH) ǝˈ˼ʯ� HMBC Ì˯˧ǧ δH 

3.38 (Hyp13-Hδ) Ƀ δC 69.2 (Hyp13-Cγ) ǝˈ δ˿H 1.68 (Hyp13-Hβ) Ƀ δC 69.2 (Hyp13-

Cγ)�δC 60.7 (Hyp13-Cα) ǝˈ˼ĢƘ δC 60.7 (Hyp13-Cα) Ƀ δC 37.5 (Hyp13-Cβ)�δC 

69.2 (Hyp13-Cγ) � δC 56.6 (Hyp13-Cδ) ŉʟġˈ<˼δC 56.6 (Hyp13-Cδ) ĺʬ�ȷ

ġŉǍw½˼�ł HMBCÌ˯˧ǧ δH 4.52 (Hyp13-Hα) Ƀ δC 173.0 (Hyp13-C′) ǝ

ˈ˼ȔŹÐûǠůȶ§ʳƪȣȸȶʳ (Hydroxyproline)�δH 7.94 (Aib14-NH) Ƀ δC 

173.0 (Hyp13-C′) � δC 55.8 (Aib14-Cα)ǝˈ˼ĢƘ δH 7.94 (Aib14-NH) ġ¢ δC 173.0 

(Hyp13-C′) 	 δ˿H 1.39 (Aib14-HβΜe1) Ƀ δC 55.8 (Aib14-Cα)�δC 171.9 (Aib14-C′) ǝ

ˈ˼δH 1.33 (Aib14-HβΜe2) Ƀ δC 55.8 (Aib14-Cα)�δC 171.9 (Aib14-C′) ǝˈ˼ĢƘ

δC 55.8Ƀ δC 23.6�δC 25.8� δC 171.9Ǘʟġˈ<˼ȔŹÐûǠůȶ§ʳƪǍ�ȶ

ʳ (α-aminoisobutyric acid)˼Ȥ§ (carbonyl) ¢ δC 171.9 (Aib14-C′) 	˼Ƀ δC 55.8 

(Aib14-Cα) ǝˈ�ůȶ§ʳƳŴƪ˾Hyp-Aib� 

    COSYÌ˯˧ǧ δH 4.13 (Pro15-Hα) Ƀ δH 1.14 (Pro15-Hβ)�δH 1.50 (Pro15-Hγ) 

� δH 3.49 (Pro15-Hδ) ǝˈ˼ʯ� HMBC Ì˯˧ǧ δH 1.50 (Pro15-Hγ) Ƀ δC 47.5 

(Pro15-Cδ)�δC 28.5 (Pro15-Cβ) ǝˈ˿δH 1.14 (Pro15-Hβ) Ƀ δC 24.9 (Pro15-Cγ)�δC 

61.9 (Pro15-Cα) ǝˈ˼ĢƘ δC 61.9 (Pro15-Cα) Ƀ δC 28.5 (Pro15-Cβ)�δC 24.9 (Pro15-

Cγ) � δC 47.5 (Pro15-Cδ) ŉʟġˈ<˼δC 47.5 (Pro15-Cδ) ĺʬ�ȷġŉǍw½˼

�ł HMBCÌ˯˧ǧ δH 4.13 (Pro15-Hα) Ƀ δC 170.9 (Pro15-C′) ǝˈ˼ȔŹÐûǠ

ůȶ§ʳƪȸȶʳ (Proline)�δH 7.16 (Phe16-NH) Ƀ δC 170.9 (Pro15-C′) � δC 52.8 
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(Phe16-Cα) ǝˈ˼ĢƘ δH 7.16 (Phe16-NH) ġ¢ δC 170.9 (Pro15-C′) 	˿δH 2.99 

(Phe16-Hβ) Ƀ δC 52.8 (Phe16-Cα)�δC 139.6 (Phe16-Cγ) � δC 129.5 (Phe16-Cδ) ǝˈ˿

δH 7.13 (Phe16-Hξ) Ƀ δC 128.1 (Phe16-Cε) � δC 129.5 (Phe1-Cδ) ǝˈ˼ʯ� COSY

Ì˯˧ǧ δH 7.16 (Phe16-NH) Ƀ δH 3.83 (Phe16-Hα)�δH 2.99 (Phe16-Hβ)�δH 3.24 

(Phe16-CH2) Ƀ δH 4.53 (Phe16-OH) ǝˈ˼ ĢƘ δC 52.8 (Phe16-Cα) Ƀ δC 36.5 (Phe16-

Cβ) � δC 139.6 (Phe16-Cγ) � δC 63.5 (Phe16-CH2) ŉʟġˈ< δ˼C 139.6 (Phe16-Cγ) 

Ƀ δC 129.5 (Phe16-Cδ)�δC 128.1 (Phe16-Cε) � δC 125.8 (Phe16-Cξ) ƪǝʟǗɊǁ

ʈ½ɯɛ˼ȔŹÐûǠůȶ§ʳƪ Phenylalaninol�ůȶ§ʳƳŴƪ˾Pro-Pheol� 

    ņùǈ HMBC ʟȏů 16 @ȶ§ʳǗȏţ¸�Ēǧ˼Ï$	ɭœĒûĳĪɷ

ZĹɢ 5˼ �ʑ$˱ɭœ˜Ʀ˜˙ʈʁ.ʀȶ§ʳƳŴȏţ˼TŹÐĴƹǥɹl�

ƴǗȏţƪáǠƴ cephaibol A [147]˼Rǳ˰ȎĉǗɭœ	ȔǈŹÐĴƹ [148]˼

ǥɹ�ȶ§ʳǗǝÐǳ˰� 

 

 

 

HMBC:
COSY:
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ɢ 5�l�ƴ 1�Ž�ǤʁĳĪ�[δ in ppm, mult. (J in Hz)]  

Amino acid Position 13C 
a 1H 

b,c  
Acetyl (Ac) CH3  22.4 1.83 (3H, s) 
 C' 170.5  
Phenylalanine (Phe1) NH  8.34 (1H, d, 5.8) 
 Cα (CH)  55.3 4.33 (1H, m) 
 Cβ (CH2)  36.5 2.83 (1H, m) 
   2.97 (1H, m) 
 Cγ (C)  137.5  

 Cδ (CH) 129.3 7.29 (1H, m) 
 Cε (CH) 128.2 7.25 (1H, m) 
 Cξ (CH) 126.5 7.22 (1H, m) 
 C' (C = O) 172.5  
α-Aminoisobutyric acid (Aib2) NH  8.65 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   23.6 1.28 (3H, s) 
 CβMe2 (CH3)  25.4 1.27 (3H, s) 
 C' (C = O) 175.1  
α-Aminoisobutyric acid (Aib3) NH  7.69 (1H, s) 
 Cα (C)   56.0  
 CβMe1 (CH3)   24.2 1.37 (3H, s) 
 CβMe2 (CH3)  24.7 1.28 (3H, s) 
 C' (C = O) 175.2  
α-Aminoisobutyric acid (Aib4) NH  7.64 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   24.8 1.37 (3H, s) 
 CβMe2 (CH3)  25.0 1.38 (3H, s) 
 C' (C = O) 175.8  
α-Aminoisobutyric acid (Aib5) NH  7.58 (1H, s) 
 Cα (C)   56.0  
 CβMe1 (CH3)   24.9 1.40 (3H, s) 
 CβMe2 (CH3)  24.5 1.37 (3H, s) 
 C' (C = O) 175.8  
Glycine (Gly6) NH  7.99 (1H, m) 
 Cα (CH2)   43.5 3.65 (1H, m) 
   3.72 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 C' (C = O) 170.9  
Leucine (Leu7) NH  7.74 (1H, m) 
 Cα (CH)  53.3 4.02 (1H, m) 
 Cβ (CH2)  39.5 1.52 (1H, m) 
   1.68 (1H, m) 
 Cγ (CH)   24.2 1.69 (1H, m) 
 Cδ (CH3)  22.8 0.91 (3H, d, 6.0) 
 Cδ' (CH3)  21.7 0.85 (3H, d, 6.0) 
 C' (C = O) 171.8  
Isovaline (Iva8) NH  7.49 (1H, s) 
 Cα (C)  59.5  
 CβMe (CH3)   22.1 1.26 (3H, s) 
 CγMe (CH3)   7.4 0.73 (3H, d, 7.4) 
 Cβ (CH2)  27.7 1.67 (1H, m) 
   2.17 (1H, m) 
 C' (C = O) 176.2  
α-Aminoisobutyric acid (Aib9) NH  7.58 (1H, s) 
 Cα (C)   56.3  
 CβMe1 (CH3)   23.3 1.48 (3H, s) 
 CβMe2 (CH3)  25.8 1.38 (3H, s) 
 C' (C = O) 173.6  
Hydroxyproline (Ηyp10) Cα (CH)   61.1 4.38 (1H, t, 8.8) 
 Cβ (CH2)   36.9 1.77 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH)  69.1 4.29 (1H, m) 
 Cδ (CH2)  56.2 3.49 (1H, m) 
   3.74 (1H, m) 
 C' (C = O) 171.9  
 γ-OH  5.17 (1Η, m) 
Glutamine (Gln11) NH  7.89 (1H, d, 8.7) 
 Cα (CH)   52.5 4.16 (1H, m) 
 Cβ (CH2)   26.8 1.86 (1H, m) 
   2.17 (1H, m) 
 Cγ (CH2)  31.6 2.08 (1H, m) 
   2.12 (1H, m) 
 Cδ (C = O) 173.3  
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Amino acid Position 13C 
a 1H 

b,c  
 ε-ΝΗ2  6.72 (2Η, s) 
   7.21 (1Η, m) 
 C' (C = O) 172.2  
Isovaline (Iva12) NH  7.46 (1H, s) 
 Cα (C)  58.6  
 CβMe (CH3)   20.5 1.41 (3H, s) 
 CγMe (CH3)   7.1 0.73 (3H, d, 7.4) 
 Cβ (CH2)  28.1 1.78 (1H, m) 
   2.13 (1H, m) 
 C' 172.9  
Hydroxyproline (Ηyp13) Cα (CH)   60.7 4.52 (1H, t, 8.9) 
 Cβ (CH2)   37.5 1.68 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH)  69.2 4.21 (1H, m) 
 Cδ (CH2)  56.6 3.38 (1H, m) 
   3.66 (1H, m) 
 C' 173.0  
 γ-OH  5.17 (1Η, m) 
α-Aminoisobutyric acid (Aib14) NH  7.94 (1H, s) 
 Cα (C)   55.8  
 CβMe1 (CH3)   23.6 1.39 (3H, s) 
 CβMe2 (CH3)  25.8 1.33 (3H, s) 
 C' (C = O) 171.9  
Proline (Pro15) Cα (CH)   61.9 4.13 (1H, m) 
 Cβ (CH2)   28.5 1.14 (1H, m) 
   1.84 (1H, m) 
 Cγ (CH2)  24.9 1.50 (1H, m) 
   1.57 (1H, m) 
 Cδ (CH2)  47.5 3.49 (1H, m) 
   3.79 (1H, m) 
 C' (C = O) 170.9  
Phenylalaninol (Phe-ol16) NH  7.16 (1H, s) 
 Cα (CH)   52.8 3.83 (1H, m) 
 Cβ (CH2)   36.5 2.59 (1H, m) 
   2.99 (1H, m) 
 Cγ (C)  139.6  
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Amino acid Position 13C 
a 1H 

b,c  
 Cδ (CH) 129.5 7.26 (1H, m) 
 Cε (CH) 128.1 7.23 (1H, m) 
 Cξ (CH) 125.8 7.13 (1H, m) 
Ηydroxy (-ol) CH2  63.5 3.24 (1H, m) 
   3.38 (1H, m) 
 OH  4.53 (1H, t, 8.9) 

aMeasured in dimethyl sulfoxide-d6 (150 MHz); bMeasured in dimethyl sulfoxide-d6 (600 MHz). 

cSignals without multiplicity were overlappled, and picked from COSY or HMBC spectra. 
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� 5���
 1���	������� 

[M + Na]+

[M + 2Na]2+
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� 6���
 1����� (ZnSe)� 

1 3284.18 86.3694 2 1645.95 77.3773

3 1540.85 81.6849 4 1456.96 88.9572

5 1435.74 89.4486 6 1418.39 88.3955

7 1386.57 89.1465 8 1364.39 89.737

9 1299.79 90.8294 10 1198.54 91.0592

11 1173.47 90.3184 12 1148.4 91.6644

13 1079.94 91.7091 14 801.278 91.1411

15 781.029 90.7498 16 748.245 89.288

17 702.926 87.1873 18 648.929 87.1009

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 4:51

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    
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Light Source Standard
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Accumulation 11
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Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]
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� 7���
 1�
� (Dimethyl sulfoxide-d6, 600 MHz)� 
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NAME     20160802-WXH1-20-2
EXPNO                 1
PROCNO                1
Date_          20160630
Time               9.40
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG              zg
TD                32768
SOLVENT            DMSO
NS                  128
DS                    0
SWH            8370.536 Hz
FIDRES         0.255448 Hz
AQ            1.9573919 sec
RG                   36
DW               59.733 usec
DE                21.00 usec
TE                298.1 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                 9.80 usec
PL1               -4.00 dB
PL1W        38.48839951 W
SFO1        600.1336009 MHz
SI                16384
SF          600.1300062 MHz
WDW                  EM
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

600 MHz 1H DMSO 1-22-3
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� 8���
 1��� (Dimethyl sulfoxide-d6, 150 MHz)� 
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NAME     20160802-WXH1-20-2
EXPNO                 9
PROCNO                1
Date_          20160701
Time              17.19
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD               131072
SOLVENT            DMSO
NS                10000
DS                    0
SWH           39062.500 Hz
FIDRES         0.298023 Hz
AQ            1.6777716 sec
RG                 2050
DW               12.800 usec
DE                21.00 usec
TE                297.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                  10

======== CHANNEL f1 ========
NUC1                13C
P1                10.70 usec
PL1                3.00 dB
PL1W        40.28561401 W
SFO1        150.9201543 MHz

======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             90.00 usec
PL2               -4.00 dB
PL12              14.40 dB
PL13              17.40 dB
PL2W        38.48839951 W
PL12W        0.55632669 W
PL13W        0.27882382 W
SFO2        600.1324005 MHz
SI                65536
SF          150.9028675 MHz
WDW                  EM
SSB                   0
LB                 2.00 Hz
GB                    0
PC                 1.00

600 MHz 13C DMSO 1-22-3
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NAME     20160802-WXH1-20-2
EXPNO                 5
PROCNO                1
Date_          20160630
Time              18.43
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG  hsqcetgpsisp2.2
TD                 2048
SOLVENT            DMSO
NS                    8
DS                   16
SWH            8370.536 Hz
FIDRES         4.087176 Hz
AQ            0.1223839 sec
RG                 2050
DW               59.733 usec
DE                21.00 usec
TE                298.1 K
CNST2       145.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00172414 sec
D11          0.03000000 sec
D16          0.00020000 sec
D24          0.00086207 sec
IN0          0.00002010 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 9.70 usec
P2                19.40 usec
P28             1000.00 usec
PL1               -4.00 dB
PL1W        38.48839951 W
SFO1        600.1336008 MHz

======== CHANNEL f2 ========
CPDPRG2            garp
NUC2                13C
P3                11.80 usec
P14              500.00 usec
P24             2000.00 usec
PCPD2             55.00 usec
PL0              120.00 dB
PL2                3.00 dB
PL12              16.60 dB
PL0W         0.00000000 W
PL2W        40.28561401 W
PL12W        1.75853062 W
SFO2        150.9148755 MHz
SP3                9.80 dB
SP7                9.80 dB
SPNAM3   Crp60,0.5,20.1
SPNAM7      Crp60comp.4
SPOAL3            0.500
SPOAL7            0.500
SPOFFS3            0.00 Hz
SPOFFS7            0.00 Hz

====== GRADIENT CHANNEL =====
GPNAM1       SMSQ10.100
GPNAM2       SMSQ10.100
GPNAM3       SMSQ10.100
GPNAM4       SMSQ10.100
GPZ1              80.00 %
GPZ2              20.10 %
GPZ3              11.00 %
GPZ4              -5.00 %
P16             1000.00 usec
P19              600.00 usec
ND0                   2
TD                  256
SFO1           150.9149 MHz
FIDRES        97.269356 Hz
SW              165.000 ppm
FnMODE    Echo-Antiecho
SI                 1024
SF          600.1299987 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2       echo-antiecho
SF          150.9028620 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

600 MHz HSQC DMSO 1-22-3
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ppm

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
9

8

7

6

5

4

3

2

1

NAME     20160802-WXH1-20-2
EXPNO                 2
PROCNO                1
Date_          20160630
Time               9.49
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG      cosygpppqf
TD                 2048
SOLVENT            DMSO
NS                    8
DS                   16
SWH            8370.536 Hz
FIDRES         4.087176 Hz
AQ            0.1223839 sec
RG                  161
DW               59.733 usec
DE                21.00 usec
TE                298.1 K
D0           0.00000300 sec
D1           1.50000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00011945 sec

======== CHANNEL f1 ========
NUC1                 1H
P0                 9.80 usec
P1                 9.80 usec
P17             2500.00 usec
PL1               -4.00 dB
PL10               4.13 dB
PL1W        38.48839951 W
PL10W        5.91428089 W
SFO1        600.1336008 MHz

====== GRADIENT CHANNEL =====
GPNAM1       SMSQ10.100
GPZ1              10.00 %
P16             1000.00 usec
ND0                   1
TD                  256
SFO1           600.1336 MHz
FIDRES        32.697407 Hz
SW               13.948 ppm
FnMODE               QF
SI                 1024
SF          600.1300000 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2                  QF
SF          600.1300006 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0

600 MHz COSY DMSO 1-22-3
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� 11���
 1� HMBC��� 

ppm

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

160

140

120

100

80

60

40

20

NAME     20160802-WXH1-20-2
EXPNO                 6
PROCNO                1
Date_          20160701
Time              11.09
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG    hmbcgplpndqf
TD                 2048
SOLVENT            DMSO
NS                   16
DS                   16
SWH            8370.536 Hz
FIDRES         4.087176 Hz
AQ            0.1223839 sec
RG                 2050
DW               59.733 usec
DE                21.00 usec
TE                297.9 K
CNST2       145.0000000
CNST13       10.0000000
D0           0.00000300 sec
D1           1.50000000 sec
D2           0.00344828 sec
D6           0.05000000 sec
D16          0.00020000 sec
IN0          0.00001505 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                 9.80 usec
P2                19.60 usec
PL1               -4.00 dB
PL1W        38.48839951 W
SFO1        600.1336008 MHz

======== CHANNEL f2 ========
NUC2                13C
P3                11.80 usec
PL2                3.00 dB
PL2W        40.28561401 W
SFO2        150.9186486 MHz

====== GRADIENT CHANNEL =====
GPNAM1       SMSQ10.100
GPNAM2       SMSQ10.100
GPNAM3       SMSQ10.100
GPZ1              50.00 %
GPZ2              30.00 %
GPZ3              40.10 %
P16             1000.00 usec
ND0                   2
TD                  256
SFO1           150.9186 MHz
FIDRES       129.695709 Hz
SW              220.000 ppm
FnMODE               QF
SI                 1024
SF          600.1300036 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2                  QF
SF          150.9028466 MHz
WDW                SINE
SSB                   0
LB                 0.00 Hz
GB                    0

600 MHz HMBC DMSO 1-22-3
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3.2.2 Cephaibol B (2) 	gIxG 

 

Aib = α-aminoisobutyric acid, Iva = isovaline 

    ��S 2QZtdF�LB�3[α]28
D = + 1.2 (c 0.1, MeOH)��xG�PO�

~}  (HRESIMS) �a�  [M + Na]+ �+1  m/z 1706.9480 (calcd for 

C83H129N17O20Na, 1706.9497)�<N�+4Q C83H129N17O20 (# 12)�e(�} (IR) 

�aEk& (3280 cm-1) ��� (1650 cm-1) c-q&[,$ (# 13)� 

    M} (Dimethyl sulfoxide-d6, 500 MHz)�# 14��� HSQC�# 16�xG�

$��'�	yv δH 0.84 (3H, d, J = 6.1 Hz, Leu7-Hδ) " 0.90 (3H, d, J = 6.1 Hz, 

Leu7-Hδ′) Q�f�]n�	X& (methyl) ~+yv�δH 0.72 (3H, m, Iva8-HγMe) 

� δH 0.73 (3H, m, Iva12-HγMe) " δH 0.79 (3H, t, J = 7.4 Hz, Iva5-HγMe) <NQX& 

(methyl) ~+yv� 

    _} (Dimethyl sulfoxide-d6, 150 MHz)�# 15��a��S 2i�E 83�_�

�� δC 180.0 ~ 170.0E 16��pl& (amide carbonyl) yv� C$ δC 60.0 ~ 

40.0�%E]08[ Cα[yv�<N��S 2Q)o (polypepeide) gI�$ δC 

140.0 ~ 125.0[�%�E δC 137.5 (Phe1-Cγ)�129.3 (Phe1-Cδ)�128.2 (Phe1-Cε)�
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126.5 (Phe1-Cξ) s δC 139.6 (Phe16-Cγ)�129.5 (Phe16-Cδ)�128.1 (Phe16-Cε)�125.8 

(Phe16-Cξ) ��fuU[yv� 

    W HMBC�# 18�.���a δH 0.90 (Leu7-Hδ) s δC 21.7 (Leu7-Cδ′)�δC 24.3 

(Leu7-Cγ)�δC 39.5 (Leu7-Cβ) ]��δH 0.84 (Leu7-Hδ′) s δC 22.8 (Leu7-Cδ)�δC 24.3 

(Leu7-Cγ)�δC 39.5 (Leu7-Cβ) ]���� COSY�# 17�.� δH 0.90 (Leu7-Hδ) s 

δH 1.69 (Leu7-Hγ) ]��δH 0.84 (Leu7-Hδ′) s δH 1.69 (Leu7-Hγ) ]�m<N δC 22.8 

(Leu7-Cδ) " δC 21.7 (Leu7-Cδ′) ;$ δC 24.3 (Leu7-Cγ) ��δH 1.69 (Leu7-Hγ) s δH 

1.52 (Leu7-Hβ) ]��<N δC 24.3 (Leu7-Cγ) ;$ δC 39.5 (Leu7-Cβ)��δH 1.52 (Leu7-

Hβ) s δH 4.02 (Leu7-Hα) ]��δH 4.02 (Leu7-Hα) s δH 7.74 (Leu7-NH) ]��m

HMBC.��a δH 1.52 (Leu7-Hβ) s δC 53.2 (Leu7-Cα)�δC 24.3 (Leu7-Cγ)�δC 171.9 

(Leu7-C′) ]��<N δC 39.5 (Leu7-Cβ) ;$ δC 53.3 (Leu7-Cα)��l& (carbonyl) 

$ δC 171.9 (Leu7-C′)�p& (amine) $ δH 7.74 (Leu7-NH)�hL06^Jp&�Q

Zp� (Leucine)�δH 7.74 (Leu7-NH) s δC 170.8 (Gly6-C′) ]��δH 3.75 (Gly6-

Hα) s δC 170.8 (Gly6-C′) ]���� COSY .��a δH 7.96 (Gly6-NH) s δH 

3.72 (Gly6-Hα) ]��hL06^Jp&�QVp� (Glycine)�δH 7.96 (Gly6-NH) 

s δC 175.8 (Iva5-C′) ]��<N δH 7.96 (Gly6-NH) ;$ δC 175.8 (Iva5-C′) ��H

= HMBC.��aX& (methyl) δH 0.79 (Iva5-HγMe) s δC 28.5 (Iva5-Cβ)�δC 59.1 

(Iva5-Cα) ]��δH 1.33 (Iva5-HβMe) s δC 28.5 (Iva5-Cβ)�δC 59.1 (Iva5-Cα) ]��

<N δC 7.6 (Iva5-CγMe) s δC 28.5 (Iva5-Cβ)�δC 59.1 (Iva5-Cα) " δC 21.4 (Iva5-CβMe) 

E�;����� COSY.��a δH 0.79 (Iva5-HγMe) s δH 1.98 (Iva5-Hβ) ]��

<N δC 7.6 (Iva5-CγMe) ;$ δC 28.5 (Iva5-Cβ) ��hL06^Jp&�QYjp� 

(Isovaline)�p& (amine) $ δH 7.50 (Iva5-NH) ��s δC 59.1 (Iva5-Cα) ]��δH 

7.50 (Iva5-NH) s δC 175.7 (Aib4-C′) ]��<N δH 7.50 (Iva5-NH) ;$ δC 175.8 

(Aib4-C′) ��δH 1.37 (Aib4-HβΜe1) s δC 56.1 (Aib4-Cα)�δC 175.7 (Aib4-C′) ]��

δH 1.37 (Aib4-HβΜe2) s δC 56.1 (Aib4-Cα)�δC 175.7 (Aib4-C′) ]��<N δC 56.1s
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δC 24.8�δC 24.9 " δC 175.7 [�;���hL06^Jp&�QY�p� (α-

aminoisobutyric acid)�p& (amine) $ δH 7.72 (Aib4-NH) ��s δC 56.1 (Aib4-Cα) 

]��δH 7.72 (Aib4-NH) s δC 175.3 (Aib3-C′) ]��<N δH 7.72 (Aib4-NH) ;$

δC 175.3 (Aib3-C′) ��δH 1.31 (Aib3-HβΜe1) s δC 56.0 (Aib3-Cα) " δC 175.3 (Aib3-

C′) ]��δH 1.28 (Aib3-HβΜe2) s δC 56.0 (Aib3-Cα) " δC 175.3 (Aib3-C′) ]��<

N δC 56.0s δC 24.2�δC 24.6" δC 175.3[�;���hL06^Jp&�QY�

p� (α-aminoisobutyric acid)�p& (amine) $ δH 7.67 (Aib3-NH) ��s δC 56.0 

(Aib3-Cα) ]��δH 7.67 (Aib3-NH) s δC 175.0 (Aib2-C′) ]��<N δH 7.67 (Aib3-

NH) ;$ δC 175.0 (Aib2-C′) ��δH 1.28 (Aib2-HβΜe1) s δC 56.0 (Aib2-Cα) " δC 

175.0 (Aib2-C′) ]��δH 1.27 (Aib2-HβΜe2) s δC 56.0 (Aib2-Cα) " δC 175.0 (Aib2-

C′) ]��<N δC 56.0s δC 23.9�δC 25.3" δC 175.0[�;���hL06^J

p&�QY�p� (α-aminoisobutyric acid)�p& (amine) $ δH 8.62 (Aib2-NH) ��

s δC 56.0 (Aib2-Cα) ]��δH 8.62 (Aib2-NH) s δC 172.6 (Phe1-C′) ]��<N δH 

8.62 (Aib2-NH) ;$ δC 172.6 (Phe1-C′) ��δH 2.83 (Phe1-Hβ) s δC 55.3 (Phe1-Cα)�

δC 137.5 (Phe1-Cγ) " δC 129.3 (Phe1-Cδ) ]��δH 4.32 (Phe1-Hα) s δC 36.5 (Phe1-

Cβ)�δC 137.5 (Phe1-Cγ) " δC 172.6 (Phe1-C′) ]���� COSY.��a δH 4.32 

(Phe1-Hα) s δH 2.83 (Phe1-Hβ) " δH 8.33 (Phe1-NH) ]��<N δC 55.3 (Phe1-Cα) 

s δC 36.5 (Phe1-Cβ) " δC 137.5 (Phe1-Cγ) E�;���δC 137.5 (Phe1-Cγ) s δC 

129.3 (Phe1-Cδ)�δC 128.2 (Phe1-Cε) " δC 126.6 (Phe1-Cξ) Q]�[uU~+yv�

hL06^Jp&�Qu�p� (Phenylalanine)�p& (amine) $ δH 8.33 (Phe1-

NH) ��s δC 55.3 (Phe1-Cα) ]��δH 8.33 (Phe1-NH) s δC 170.6 (Ac-C′) ]��

δH 1.83 (Ac-HMe) s δC 170.6 (Ac-C′) ]��J-q&Q
�& (acetyl)�su�p

� (Phenylalanine) ]��\�q<N��SRK!��p&�f9�Ac-Phe-Aib-

Aib-Aib-Iva-Gly-Leu� 
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    H= HMBC.��aX& (methyl) δH 0.73 (Iva8-HγMe) s δC 28.0 (Iva8-Cβ)�

δC 59.5 (Iva8-Cα) ]��δH 1.26 (Iva8-HβMe) s δC 28.0 (Iva8-Cβ)�δC 59.5 (Iva8-Cα) 

]��<N δC 7.5 (Iva8-CγMe) s δC 28.0 (Iva8-Cβ)�δC 59.5 (Iva8-Cα) " δC 21.9 (Iva8-

CβMe) E�;����� COSY.��a δH 0.73 (Iva8-HγMe) s δH 1.67 (Iva8-Hβ) 

]��<N δC 7.4 (Iva8-CγMe) ;$ δC 28.0 (Iva8-Cβ) ��δH 7.42 (Iva8-NH) s δC 

171.9 (Leu7-C′) ]��<N δH 7.42 (Iva8-NH) ;$ δC 171.9 (Leu7-C′) ��hL0

6^Jp&�QYjp� (Isovaline)�l&$ δC 176.3 (Iva8-C′)�δH 7.58 (Aib9-NH) 

s δC 176.3 (Iva8-C′) " δC 56.4 (Aib9-Cα) ]��<N δH 7.58 (Aib9-NH) ;$ δC 

176.3 (Iva8-C′) ��δH 1.47 (Aib9-HβΜe1) s δC 56.4 (Aib9-Cα) " δC 173.6 (Aib9-C′) 

]��δH 1.33 (Aib9-HβΜe2) s δC 56.4 (Aib3-Cα) " δC 173.6 (Aib9-C′) ]��<N

δC 56.4s δC 23.3�δC 25.8" δC 173.6[�;���hL06^Jp&�QY�p

� (α-aminoisobutyric acid)�p& (amine) $ δH 7.58 (Aib9-NH) ��Jp&�RK

Q�Iva-Aib� 

    COSY .��a δH 4.38 (Hyp10-Hα) s δH 2.16 (Hyp10-Hβ)�δH 4.28 (Hyp10-

Hγ)�δH 3.75 (Hyp10-Hδ) " δH 5.16 (Hyp10-OH) ]���� HMBC .��a δH 

3.75 (Hyp10-Hδ) s δC 69.1 (Hyp10-Cγ) ]��δH 2.16 (Hyp10-Hβ) s δC 69.1 (Hyp10-

Cγ)�δC 61.1 (Hyp10-Cα) ]��<N δC 61.1 (Hyp10-Cα) s δC 36.9 (Hyp10-Cβ)�δC 

69.1 (Hyp10-Cγ) " δC 56.1 (Hyp10-Cδ) E�;���δC 56.1 (Hyp10-Cδ) A��q

;EY�+� C HMBC.��a δH 4.38 (Hyp10-Hα) s δC 172.0 (Hyp10-C′) ]

��hL06^Jp&�Qkrp� (Hydroxyproline)�δH 7.89 (Gln11-NH) s δC 

172.0 (Hyp10-C′) " δC 52.6 (Gln11-Cα) ]��<N δH 7.89 (Gln11-NH) ;$ δC 

172.0 (Hyp10-C′) ��δH 4.16 (Gln11-Hα) s δC 172.3 (Gln11-C′) ]��δH 1.86 

(Gln11-Hβ) s δC 52.6 (Gln11-Cα)�δC 31.6 (Gln11-Cγ) ]��δH 1.86 (Gln11-Hγ) s

δC 26.8 (Gln11-Cβ) " δC 173.3 (Gln11-Cδ) ]��δH 6.71 (Gln11-NH2) s δC 173.3 

(Gln11-Cδ) " δH 1.86 (Gln11-Hγ) ]���� COSY.��a δH 7.89 (Gln11-NH) 
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s δH 4.16 (Gln11-Hα)�δH 1.86 (Gln11-Hβ) " δH 1.86 (Gln11-Hγ) ]��<N δC 52.6 

(Gln11-Cα) s δC 26.8 (Gln11-Cβ)�δC 31.6 (Gln11-Cγ) s δC 173.3 (Gln11-Cδ) [�

;���hL06^Jp&�Q��p� (Glutamine)�l& (carbonyl) $ δC 172.3 

(Gln11-C′) ��δH 7.46 (Iva12-NH) s δC 172.3 (Gln11-C′) ]��<N δH 7.46 (Iva12-

NH);$ δC 172.3 (Gln11-C′) ��H=HMBC.��aX& (methyl) δH 0.74 (Iva12-

HγMe) s δC 28.2 (Iva12-Cβ)�δC 58.6 (Iva12-Cα) ]��δH 1.41 (Iva12-HβMe) s δC 28.2 

(Iva12-Cβ)�δC 58.6 (Iva12-Cα) ]��<N δC 7.1 (Iva12-CγMe) s δC 28.2 (Iva12-Cβ)�

δC 58.6 (Iva12-Cα) " δC 20.5 (Iva12-CβMe) E�;����� COSY .��a δH 

0.74 (Iva12-HγMe) s δH 1.77 (Iva12-Hβ) ]��<N δC 7.1 (Iva12-CγMe) ;$ δC 28.2 

(Iva12-Cβ) ��hL06^Jp&�QYjp� (Isovaline)�l&$ δC 173.0 (Iva12-

C′)�Jp&�RKQ�Hyp-Gln-Iva� 

    COSY .��a δH 4.52 (Hyp13-Hα) s δH 1.67 (Hyp13-Hβ)�δH 4.21 (Hyp13-

Hγ)�δH 3.37 (Hyp13-Hδ) " δH 5.12 (Hyp13-OH) ]���� HMBC .��a δH 

3.37 (Hyp13-Hδ) s δC 69.2 (Hyp13-Cγ) ]��δH 1.67 (Hyp13-Hβ) s δC 69.2 (Hyp13-

Cγ)�δC 60.7 (Hyp13-Cα) ]��<N δC 60.7 (Hyp13-Cα) s δC 37.5 (Hyp13-Cβ)�δC 

69.2 (Hyp13-Cγ) " δC 56.6 (Hyp13-Cδ) E�;���δC 56.6 (Hyp13-Cδ) A��q

;EY�+� C HMBC.��a δH 4.52 (Hyp13-Hα) s δC 173.0 (Hyp13-C′) ]

��hL06^Jp&�Qkrp� (Hydroxyproline)�δH 7.94 (Aib14-NH) s δC 

173.0 (Hyp13-C′) " δC 55.8 (Aib14-Cα)]��<N δH 7.94 (Aib14-NH) ;$ δC 173.0 

(Hyp13-C′) ��δH 1.39 (Aib14-HβΜe1) s δC 55.8 (Aib14-Cα)�δC 171.9 (Aib14-C′) ]

��δH 1.34 (Aib14-HβΜe2) s δC 55.8 (Aib14-Cα)�δC 171.9 (Aib14-C′) ]��<N

δC 55.8s δC 23.6�δC 25.8" δC 171.9[�;���hL06^Jp&�QY�p

� (α-aminoisobutyric acid)�l& (carbonyl) $ δC 171.9 (Aib14-C′) ��s δC 55.8 

(Aib14-Cα) ]��Jp&�RKQ�Hyp-Aib� 
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    COSY.��a δH 4.12 (Pro15-Hα) s δH 1.14 (Pro15-Hβ)�δH 1.47 (Pro15-Hγ) 

" δH 3.50 (Pro15-Hδ) ]���� HMBC .��a δH 3.50 (Pro15-Hδ) s δC 25.0 

(Pro15-Cγ)�δC 28.5 (Pro15-Cβ) ]��δH 1.47 (Pro15-Hγ) s δC 47.5 (Pro15-Cδ)�δC 

28.5 (Pro15-Cβ) ]��δH 1.14 (Pro15-Hβ) s δC 25.0 (Pro15-Cγ) ]��δH 4.12 (Pro15-

Hα) s δC 28.5 (Pro15-Cβ) " δC 25.0 (Pro15-Cγ) ]��<N δC 61.9 (Pro15-Cα) s δC 

28.5 (Pro15-Cβ)�δC 25.0 (Pro15-Cγ) " δC 47.5 (Pro15-Cδ) E�;���δC 47.5 (Pro15-

Cδ) A��q;EY�+� C HMBC .��a δH 4.12 (Pro15-Hα) s δC 171.0 

(Pro15-C′) ]��hL06^Jp&�Qrp� (Proline)�δH 7.17 (Phe16-NH) s

δC 171.0 (Pro15-C′) " δC 52.8 (Phe16-Cα) ]��<N δH 7.17 (Phe16-NH) ;$ δC 

171.0 (Pro15-C′) ��δH 2.57 (Phe16-Hβ) s δC 52.8 (Phe16-Cα)�δC 139.6 (Phe16-Cγ) 

" δC 129.5 (Phe16-Cδ) ]��δH 7.13 (Phe16-Hξ) s δC 128.1 (Phe16-Cε) " δC 129.5 

(Phe1-Cδ) ]���� COSY.��a δH 7.17 (Phe16-NH) s δH 3.83 (Phe16-Hα)�

δH 2.57 (Phe16-Hβ)�δH 3.25 (Phe16-CH2) s δH 4.64 (Phe16-OH) ]��<N δC 52.8 

(Phe16-Cα) s δC 36.5 (Phe16-Cβ) " δC 139.6 (Phe16-Cγ) " δC 63.6 (Phe16-CH2) E

�;���δC 139.6 (Phe16-Cγ) s δC 129.5 (Phe16-Cδ)�δC 128.1 (Phe16-Cε) " δC 

125.8 (Phe16-Cξ) Q]�[uU~+yv�hL06^Jp&�Q Phenylalaninol�

Jp&�RKQ�Pro-Pheol� 

    D5W HMBC �gJ 16 �p&�[gI*#:a�/��xG:6>=z

�@w 6�����xG�P��~}
|p&�RKgI��L0?T`{��

S[gIQ2^S cephaibol B [147]��b�f7[xG�hWL0?T [148]�

`{�p&�[]0b�� 
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HMBC:
COSY:

HMBC and COSY correlations of 2 



doi:10.6342/NTU201701983

 76 

w 6���S 2	M�_}>=�[δ in ppm, mult. (J in Hz)] 

Amino acid Position 13C 
a 1H 

b,c  
Acetyl (Ac) CH3  22.4 1.83 (3H, s) 
 C' 170.6  
Phenylalanine (Phe1) NH  8.33 (1H, d, 5.8) 
 Cα (CH)  55.3 4.32 (1H, m) 
 Cβ (CH2)  36.5 2.83 (1H, m) 
   2.97 (1H, m) 
 Cγ (C)  137.5  

 Cδ (CH) 129.3 7.28 (1H, m) 
 Cε (CH) 128.2 7.29 (1H, m) 
 Cξ (CH) 126.6 7.21 (1H, m) 
 C' (C = O) 172.6  
α-Aminoisobutyric acid (Aib2) NH  8.62 (1H, s) 
 Cα (C)   56.0  
 CβMe1 (CH3)   23.9 1.28 (3H, s) 
 CβMe2 (CH3)  25.3 1.27 (3H, s) 
 C' (C = O) 175.0  
α-Aminoisobutyric acid (Aib3) NH  7.67 (1H, s) 
 Cα (C)   56.0  
 CβMe1 (CH3)   24.2 1.31 (3H, s) 
 CβMe2 (CH3)  24.6 1.28 (3H, s) 
 C' (C = O) 175.3  
α-Aminoisobutyric acid (Aib4) NH  7.72 (1H, s) 
 Cα (C)   56.1  
 CβMe1 (CH3)   24.8 1.37 (3H, s) 
 CβMe2 (CH3)  24.9 1.37 (3H, s) 
 C' (C = O) 175.7  
Isovaline (Iva5) NH  7.50 (1H, s) 
 Cα (C)  59.1  
 CβMe (CH3)   21.4 1.33 (3H, s) 
 CγMe (CH3)   7.6 0.79 (3H, d, 7.5) 
 Cβ (CH2)  28.5 1.70 (1H, m) 
   1.98 (1H, m) 
 C' (C = O) 175.8  
Glycine (Gly6) NH  7.96 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 Cα (CH2)   43.5 3.65 (1H, m) 
   3.75 (1H, m) 
 C' (C = O) 170.9  
Leucine (Leu7) NH  7.74 (1H, m) 
 Cα (CH)  53.2 4.02 (1H, m) 
 Cβ (CH2)  39.5 1.52 (1H, m) 
   1.68 (1H, m) 
 Cγ (CH)   24.3 1.69 (1H, m) 
 Cδ (CH3)  22.8 0.90 (3H, d, 6.1) 
 Cδ' (CH3)  21.7 0.84 (3H, d, 6.1) 
 C' (C = O) 171.9  
Isovaline (Iva8) NH  7.42 (1H, s) 
 Cα (C)  59.5  
 CβMe (CH3)   21.9 1.26 (3H, s) 
 CγMe (CH3)   7.5 0.73 (3H, m) 
 Cβ (CH2)  28.0 1.67 (1H, m) 
   2.15 (1H, m) 
 C' (C = O) 176.3  
α-Aminoisobutyric acid (Aib9) NH  7.58 (1H, s) 
 Cα (C)   56.4  
 CβMe1 (CH3)   23.3 1.47 (3H, s) 
 CβMe2 (CH3)  25.8 1.33 (3H, s) 
 C' (C = O) 173.6  
Hydroxyproline (Ηyp10) Cα (CH)   61.1 4.38 (1H, t, 8.9) 
 Cβ (CH2)   36.9 1.77 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH)  69.1 4.28 (1H, m) 
 Cδ (CH2)  56.1 3.48 (1H, m) 
   3.75 (1H, m) 
 C' (C = O) 172.0  
 γ-OH  5.16 (1Η, m) 
Glutamine (Gln11) NH  7.89 (1H, d, 8.9) 
 Cα (CH)   52.6 4.16 (1H, m) 
 Cβ (CH2)   26.8 1.86 (1H, m) 
   2.15 (1H, m) 
 Cγ (CH2)  31.6 1.86 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
   2.14 (1H, m) 
 Cδ (C = O) 173.3  
 ε-ΝΗ2  6.71 (1Η, s) 
   7.22 (1Η, m) 
 C' (C = O) 172.3  
Isovaline (Iva12) NH  7.46 (1H, s) 
 Cα (C)  58.6  
 CβMe (CH3)   20.5 1.41 (3H, s) 
 CγMe (CH3)   7.1 0.73 (3H, m) 
 Cβ (CH2)  28.1 1.78 (1H, m) 
   2.13 (1H, m) 
 C' 172.9  
Hydroxyproline (Ηyp13) Cα (CH)   60.7 4.52 (1H, t, 8.9) 
 Cβ (CH2)   37.5 1.67 (1H, m) 
   2.17 (1H, m) 
 Cγ (CH)  69.2 4.21 (1H, m) 
 Cδ (CH2)  56.6 3.37 (1H, m) 
   3.67 (1H, m) 
 C' 173.0  
 γ-OH  5.12 (1Η, m) 
α-Aminoisobutyric acid (Aib14) NH  7.94 (1H, s) 
 Cα (C)   55.8  
 CβMe1 (CH3)   23.6 1.39 (3H, s) 
 CβMe2 (CH3)  25.8 1.34 (3H, s) 
 C' (C = O) 171.9  
Proline (Pro15) Cα (CH)   61.9 4.12 (1H, m) 
 Cβ (CH2)   28.5 1.14 (1H, m) 
   1.83 (1H, m) 
 Cγ (CH2)  25.0 1.47 (1H, m) 
   1.57 (1H, m) 
 Cδ (CH2)  47.5 3.50 (1H, m) 
   3.78 (1H, m) 
 C' (C = O) 170.9  
Phenylalaninol (Phe-ol16) NH  7.17 (1H, m) 
 Cα (CH)   52.8 3.83 (1H, m) 
 Cβ (CH2)   36.5 2.57 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
   2.97 (1H, m) 
 Cγ (C)  139.6  
 Cδ (CH) 129.5 7.25 (1H, m) 
 Cε (CH) 128.1 7.25 (1H, m) 
 Cξ (CH) 125.8 7.13 (1H, m) 
Ηydroxy (-ol) CH2  63.6 3.25 (1H, m) 
   3.38 (1H, m) 
 OH  4.64 (1H, m) 

aMeasured in dimethyl sulfoxide-d6 (125 MHz); bMeasured in dimethyl sulfoxide-d6 (500 MHz). 

cSignals without multiplicity were overlappled, and picked from COSY or HMBC spectra 
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� 12���
 2���	������� 

[M + Na]+

[M + 2Na]2+
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� 13���
 2����� (ZnSe)� 

1 3280.32 96.7287 2 1776.12 96.8998

3 1754.9 97.2959 4 1649.8 90.1105

5 1539.88 91.7112 6 1462.74 95.8086

7 1421.28 95.6974 8 1393.32 96.0975

9 1368.25 96.4595 10 1343.18 96.271

11 1313.29 96.6643 12 1174.44 96.881

13 1057.76 96.8574 14 1005.7 96.9757

15 927.593 97.1667 16 861.06 96.7074

17 744.388 95.8238 18 663.393 94.1035

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:27

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    
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4000 600100020003000
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9 1368.25 96.4595 10 1343.18 96.271
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[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:27
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� 14���
 2�
� (Dimethyl sulfoxide-d6, 500 MHz)� 
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NAME     20160719 WXH 1-22-4
EXPNO               100
PROCNO                1
Date_          20160721
Time               0.11
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zgps
TD                65536
SOLVENT            DMSO
NS                   80
DS                    0
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719923 sec
RG                 22.6
DW               48.400 usec
DE                22.00 usec
TE                298.0 K
D12          0.00002000 sec
L6                   20
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P18           100000.00 usec
SI                65536
SF          500.1700041 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

500 MHz 1H DMSO 1-22-4
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� 15���
 2��� (Dimethyl sulfoxide-d6, 125 MHz)� 
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NAME     20160719 WXH 1-22-4
EXPNO             40099
PROCNO                1
Date_          20160721
Time              13.09
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65400
SOLVENT            DMSO
NS                 1240
DS                    4
SWH           34090.910 Hz
FIDRES         0.521268 Hz
AQ            0.9592500 sec
RG                 2050
DW               14.667 usec
DE                32.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                 200

======== CHANNEL f1 ========
SFO1        125.7823103 MHz
NUC1                13C
P1                10.00 usec
SI                65536
SF          125.7678919 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.00

500MHz 13C DMSO 1-22-4
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� 16���
 2� HSQC��� 

ppm
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NAME     20160719 WXH 1-22-4
EXPNO                72
PROCNO                1
Date_          20160721
Time               5.54
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG  hsqcedetgpsisp2.3
TD                 1024
SOLVENT            DMSO
NS                    4
DS                   16
SWH            6009.615 Hz
FIDRES         5.868765 Hz
AQ            0.0852468 sec
RG                    8
DW               83.200 usec
DE                22.00 usec
TE                298.0 K
CNST2       150.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           2.00000000 sec
D4           0.00166667 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00322581 sec
D24          0.00080645 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P2                24.00 usec
P28                0.00 usec
ND0                   2
TD                 1024
SFO1           125.7792 MHz
FIDRES        29.414534 Hz
SW              239.471 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700037 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678848 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500 MHz HSQC DMSO 1-22-4
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� 17���
 2� COSY���

ppm
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NAME     20160719 WXH 1-22-4
EXPNO                73
PROCNO                1
Date_          20160721
Time               8.20
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    cosygpppqf45
TD                 2048
SOLVENT            DMSO
NS                    4
DS                   16
SWH            6510.417 Hz
FIDRES         3.178914 Hz
AQ            0.1573364 sec
RG                  228
DW               76.800 usec
DE                22.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00015360 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P0                 6.00 usec
P1                12.00 usec
P17             2500.00 usec
ND0                   1
TD                  512
SFO1            500.173 MHz
FIDRES        12.715657 Hz
SW               13.016 ppm
FnMODE               QF
SI                 2048
SF          500.1700034 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2                  QF
SF          500.1700090 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0

500 MHz  COSY DMSO 1-22-4
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� 18���
 2� HMBC���

ppm
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NAME     20160719 WXH 1-22-4
EXPNO                71
PROCNO                1
Date_          20160721
Time               0.12
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    hmbcetgpl3nd
TD                 2048
SOLVENT            DMSO
NS                   16
DS                   16
SWH            6250.000 Hz
FIDRES         3.051758 Hz
AQ            0.1638900 sec
RG                 2050
DW               80.000 usec
DE                22.00 usec
TE                298.0 K
CNST6       120.0000000
CNST7       170.0000000
CNST13        8.0000000
CNST30        0.5981125
D0           0.00000300 sec
D1           1.00000000 sec
D6           0.06250000 sec
D16          0.00020000 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P2                24.00 usec
ND0                   2
TD                 1024
SFO1           125.7817 MHz
FIDRES        29.414534 Hz
SW              239.466 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700041 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678832 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500 MHz HMBC DMSO 1-22-4



doi:10.6342/NTU201701983

 87 

3.2.3 Cephaibol C (3) 	gIxG 

 

Aib = α-aminoisobutyric acid, Iva = isovaline 

    ��S 3QZtdF�LB�3[α]28
D = + 3.0 (c 0.1, MeOH)��xG�PO�

~}  (HRESIMS) �a�  [M + Na]+ �+1  m/z 1678.9180 (calcd for 

C81H125N17O20Na, 1678.9184)�<N�+4Q C82H127N17O20 (# 19)�e(�} (IR) 

�aEk& (3280 cm-1) ��� (1647 cm-1) c-q&[,$ (# 20)� 

    M} (Dimethyl sulfoxide-d6, 500 MHz)�# 21��� HSQC�# 23�xG�

$��'�	yv δH 0.85 (3H, d, J = 6.1 Hz, Leu7-Hδ) " 0.91 (3H, d, J = 6.1 Hz, 

Leu7-Hδ′) Q�f�]n�	X& (methyl) ~+yv�δH 0.74 (3H, t, J = 7.4 Hz, 

Iva8-HγMe) <NQX& (methyl) ~+yv� 

    _} (Dimethyl sulfoxide-d6, 150 MHz)�# 22��a��S 3i�E 82�_�

�� δC 180.0 ~ 170.0E 16��pl& (amide carbonyl) yv� C$ δC 60.0 ~ 

40.0�%E]08[ Cα[yv�<N��S 3Q)o (polypepeide) gI�$ δC 

140.0 ~ 125.0[�%�E δC 137.5 (Phe1-Cγ)�129.2 (Phe1-Cδ)�128.1 (Phe1-Cε)�

126.5 (Phe1-Cξ) s δC 139.5 (Phe16-Cγ)�129.4 (Phe16-Cδ)�128.0 (Phe16-Cε)�125.7 

(Phe16-Cξ) ��fuU[yv� 
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    W HMBC�# 25�.���a δH 0.91 (Leu7-Hδ) s δC 21.6 (Leu7-Cδ′)�δC 24.2 

(Leu7-Cγ)�δC 39.4 (Leu7-Cβ) ]��δH 0.85 (Leu7-Hδ′) s δC 22.7 (Leu7-Cδ)�δC 24.2 

(Leu7-Cγ)�δC 39.4 (Leu7-Cβ) ]���� COSY�# 24�.� δH 0.91 (Leu7-Hδ) s 

δH 1.69 (Leu7-Hγ) ]��δH 0.85 (Leu7-Hδ′) s δH 1.69 (Leu7-Hγ) ]�m<N δC 22.7 

(Leu7-Cδ) " δC 21.6 (Leu7-Cδ′) ;$ δC 24.2 (Leu7-Cγ) ��δH 1.69 (Leu7-Hγ) s δH 

1.53 (Leu7-Hβ) ]��<N δC 24.2 (Leu7-Cγ) ;$ δC 39.4 (Leu7-Cβ)��δH 1.53 (Leu7-

Hβ) s δH 4.03 (Leu7-Hα) ]��δH 4.03 (Leu7-Hα) s δH 7.73 (Leu7-NH) ]��m

HMBC.��a δH 1.53 (Leu7-Hβ) s δC 53.1 (Leu7-Cα)�δC 24.2 (Leu7-Cγ)�δC 171.9 

(Leu7-C′) ]��<N δC 39.4 (Leu7-Cβ) ;$ δC 53.1 (Leu7-Cα)��l& (carbonyl) 

$ δC 171.9 (Leu7-C′)�p& (amine) $ δH 7.73 (Leu7-NH)�hL06^Jp&�Q

Zp� (Leucine)�δH 7.73 (Leu7-NH) s δC 170.7 (Gly6-C′) ]��δH 3.65 (Gly6-

Hα) s δC 170.7 (Gly6-C′) ]���� COSY .��a δH 7.97 (Gly6-NH) s δH 

3.65 (Gly6-Hα) ]��hL06^Jp&�QVp� (Glycine)�δH 7.97 (Gly6-NH) 

s δC 175.6 (Aib5-C′) ]��<N δH 7.97 (Gly6-NH) ;$ δC 175.6 (Aib5-C′) ��

δH 1.41 (Aib5-HβΜe1) s δC 55.9 (Aib5-Cα)�δC 175.6 (Aib5-C′) ]��δH 1.37 (Aib5-

HβΜe2) s δC 55.9 (Aib5-Cα)�δC 175.6 (Aib5-C′) ]��<N δC 55.9s δC 24.9�δC 

24.6 " δC 175.6 [�;���hL06^Jp&�QY�p� (α-aminoisobutyric 

acid)�p& (amine) $ δH 7.57 (Aib5-NH) ��s δC 55.9 (Aib5-Cα) ]��δH 7.57 

(Aib5-NH) s δC 175.7 (Aib4-C′) ]��<N δH 7.57 (Aib5-NH) ;$ δC 175.4 (Aib4-

C′) ��δH 1.38 (Aib4-HβΜe1) s δC 55.9 (Aib4-Cα)�δC 175.7 (Aib4-C′) ]��δH 1.38 

(Aib4-HβΜe2) s δC 55.9 (Aib4-Cα)�δC 175.7 (Aib4-C′) ]��<N δC 55.9s δC 24.9�

δC 24.4" δC 175.7[�;���hL06^Jp&�QY�p� (α-aminoisobutyric 

acid)�p& (amine) $ δH 7.69 (Aib4-NH) ��s δC 55.9 (Aib4-Cα) ]��δH 7.69 

(Aib4-NH) s δC 175.2 (Aib3-C′) ]��<N δH 7.69 (Aib4-NH) ;$ δC 175.2 (Aib3-

C′) ��δH 1.32 (Aib3-HβΜe1) s δC 55.9 (Aib3-Cα) " δC 175.2 (Aib3-C′) ]��δH 
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1.29 (Aib3-HβΜe2) s δC 55.9 (Aib3-Cα) " δC 175.2 (Aib3-C′) ]��<N δC 55.9s

δC 24.1�δC 24.6 " δC 175.2 [�;���hL06^Jp&�QY�p� (α-

aminoisobutyric acid)�p& (amine) $ δH 7.70 (Aib3-NH) ��s δC 55.9 (Aib3-Cα) 

]��δH 7.70 (Aib3-NH) s δC 175.1 (Aib2-C′) ]��<N δH 7.70 (Aib3-NH) ;$

δC 175.1 (Aib2-C′) ��δH 1.28 (Aib2-HβΜe1) s δC 55.8 (Aib2-Cα) " δC 175.1 (Aib2-

C′) ]��δH 1.27 (Aib2-HβΜe2) s δC 55.8 (Aib2-Cα) " δC 175.1 (Aib2-C′) ]��<

N δC 55.8s δC 23.6�δC 25.4" δC 175.1[�;���hL06^Jp&�QY�

p� (α-aminoisobutyric acid)�p& (amine) $ δH 8.68 (Aib2-NH) ��s δC 55.8 

(Aib2-Cα) ]��δH 8.68 (Aib2-NH) s δC 172.6 (Phe1-C′) ]��<N δH 8.68 (Aib2-

NH) ;$ δC 172.6 (Phe1-C′) ��δH 2.84 (Phe1-Hβ) s δC 55.3 (Phe1-Cα)�δC 137.5 

(Phe1-Cγ) " δC 172.6 (Phe1-C′) ]��δH 4.34 (Phe1-Hα) s δC 36.4 (Phe1-Cβ) " δC 

137.5 (Phe1-Cγ) ]���� COSY.��a δH 4.34 (Phe1-Hα) s δH 2.84 (Phe1-Hβ) 

" δH 8.36 (Phe1-NH) ]��<N δC 55.3 (Phe1-Cα) s δC 36.4 (Phe1-Cβ) " δC 137.5 

(Phe1-Cγ) E�;���δC 137.5 (Phe1-Cγ) s δC 129.2 (Phe1-Cδ)�δC 128.1 (Phe1-Cε) 

" δC 126.5 (Phe1-Cξ) Q]�[uU~+yv�hL06^Jp&�Qu�p� 

(Phenylalanine)�p& (amine) $ δH 8.36 (Phe1-NH) ��s δC 55.3 (Phe1-Cα) ]��

δH 8.36 (Phe1-NH) s δC 170.5 (Ac-C′) ]��δH 1.83 (Ac-HMe) s δC 170.5 (Ac-C′) 

]��J-q&Q
�& (acetyl)�su�p� (Phenylalanine) ]��\�q<N

��SRK!��p&�f9�Ac-Phe-Aib-Aib-Aib-Iva-Gly-Leu� 

    H= HMBC.��aX& (methyl) δH 0.73 (Iva8-HγMe) s δC 27.9 (Iva8-Cβ)�

δC 59.4 (Iva8-Cα) ]��δH 1.29 (Iva8-HβMe) s δC 27.9 (Iva8-Cβ)�δC 59.4 (Iva8-Cα) 

]��<N δC 7.3 (Iva8-CγMe) s δC 27.9 (Iva8-Cβ)�δC 59.4 (Iva8-Cα) " δC 22.0 (Iva8-

CβMe) E�;����� COSY.��a δH 0.73 (Iva8-HγMe) s δH 1.68 (Iva8-Hβ) 

]��<N δC 7.3 (Iva8-CγMe) ;$ δC 27.9 (Iva8-Cβ) ��δH 7.44 (Iva8-NH) s δC 

171.9 (Leu7-C′) ]��<N δH 7.44 (Iva8-NH) ;$ δC 171.9 (Leu7-C′) ��hL0
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6^Jp&�QYjp� (Isovaline)�l&$ δC 176.2 (Iva8-C′)�δH 7.56 (Aib9-NH) 

s δC 176.2 (Iva8-C′) " δC 56.3 (Aib9-Cα) ]��<N δH 7.56 (Aib9-NH) ;$ δC 

176.2 (Iva8-C′) ��δH 1.48 (Aib9-HβΜe1) s δC 56.3 (Aib9-Cα) " δC 173.7 (Aib9-C′) 

]��δH 1.36 (Aib9-HβΜe2) s δC 56.3 (Aib3-Cα) " δC 173.6 (Aib9-C′) ]��<N

δC 56.3s δC 23.4�δC 25.5" δC 173.7[�;���hL06^Jp&�QY�p

� (α-aminoisobutyric acid)�p& (amine) $ δH 7.56 (Aib9-NH) ��Jp&�RK

Q�Iva-Aib� 

    COSY .��a δH 4.39 (Hyp10-Hα) s δH 1.77 (Hyp10-Hβ)�δH 4.22 (Hyp10-

Hγ)�δH 3.50 (Hyp10-Hδ) " δH 5.15 (Hyp10-OH) ]���� HMBC .��a δH 

3.50 (Hyp10-Hδ) s δC 69.1 (Hyp10-Cγ) ]��δH 1.77 (Hyp10-Hβ) s δC 69.1 (Hyp10-

Cγ)�δC 61.2 (Hyp10-Cα) ]��<N δC 61.2 (Hyp10-Cα) s δC 36.8 (Hyp10-Cβ)�δC 

69.1 (Hyp10-Cγ) " δC 56.3 (Hyp10-Cδ) E�;���δC 56.3 (Hyp10-Cδ) A��q

;EY�+� C HMBC.��a δH 4.39 (Hyp10-Hα) s δC 171.9 (Hyp10-C′) ]

��hL06^Jp&�Qkrp� (Hydroxyproline)�δH 7.81 (Gln11-NH) s δC 

171.9 (Hyp10-C′) " δC 51.9 (Gln11-Cα) ]��<N δH 7.81 (Gln11-NH) ;$ δC 

171.9 (Hyp10-C′) ��δH 4.23 (Gln11-Hα) s δC 172.1 (Gln11-C′) ]��δH 1.82 

(Gln11-Hβ) s δC 51.9 (Gln11-Cα)�δC 31.3 (Gln11-Cγ) ]��δH 2.09 (Gln11-Hγ) s

δC 26.3 (Gln11-Cβ) " δC 173.3 (Gln11-Cδ) ]��δH 6.69 (Gln11-NH2) s δC 173.3 

(Gln11-Cδ) " δH 2.09 (Gln11-Hγ) ]���� COSY.��a δH 7.81 (Gln11-NH) 

s δH 4.23 (Gln11-Hα)�δH 1.82 (Gln11-Hβ) " δH 2.09 (Gln11-Hγ) ]��<N δC 51.9 

(Gln11-Cα) s δC 26.3 (Gln11-Cβ)�δC 31.3 (Gln11-Cγ) s δC 173.3 (Gln11-Cδ) [�

;���hL06^Jp&�Q��p� (Glutamine)�l& (carbonyl) $ δC 172.1 

(Gln11-C′) ��δH 7.75 (Aib12-NH) s δC 172.1 (Gln11-C′) ]��<N δH 7.75 (Aib12-

NH);$ δC 172.1 (Gln11-C′) ��δH 1.50 (Aib12-HβΜe1) s δC 56.0 (Aib12-Cα)�δC 

172.3 (Aib12-C′) ]��δH 1.38 (Aib12-HβΜe2) s  δC 56.0 (Aib12-Cα)�δC 172.3 
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(Aib12-C′) ]��<N δC 56.0s δC 23.8�δC 25.8" δC 172.3[�;���hL0

6^Jp&�QY�p� (α-aminoisobutyric acid)�l&$ δC 172.3 (Aib12-C′)�J

p&�RKQ�Hyp-Gln- Aib� 

    COSY .��a δH 4.51 (Hyp13-Hα) s δH 1.70 (Hyp13-Hβ)�δH 4.22 (Hyp13-

Hγ)�δH 3.35 (Hyp13-Hδ) " δH 5.11 (Hyp13-OH) ]���� HMBC .��a δH 

3.35 (Hyp13-Hδ) s δC 69.0 (Hyp13-Cγ) ]��δH 1.70 (Hyp13-Hβ) s δC 69.0 (Hyp13-

Cγ)�δC 60.7 (Hyp13-Cα) ]��<N δC 60.7 (Hyp13-Cα) s δC 37.4 (Hyp13-Cβ)�δC 

69.0 (Hyp13-Cγ) " δC 56.5 (Hyp13-Cδ) E�;���δC 56.5 (Hyp13-Cδ) A��q

;EY�+� C HMBC.��a δH 4.51 (Hyp13-Hα) s δC 172.8 (Hyp13-C′) ]

��hL06^Jp&�Qkrp� (Hydroxyproline)�δH 7.95 (Aib14-NH) s δC 

172.8 (Hyp13-C′) " δC 55.7 (Aib14-Cα) ]��<N δH 7.95 (Aib14-NH) ;$ δC 

172.8 (Hyp13-C′) ��δH 1.41 (Aib14-HβΜe1) s δC 55.7 (Aib14-Cα)�δC 171.9 (Aib14-

C′) ]��δH 1.34 (Aib14-HβΜe2) s δC 55.7 (Aib14-Cα)�δC 171.9 (Aib14-C′) ]��

<N δC 55.7s δC 23.5�δC 25.6" δC 171.9[�;���hL06^Jp&�QY

�p� (α-aminoisobutyric acid)�l& (carbonyl) $ δC 171.9 (Aib14-C′) ��s δC 

55.7 (Aib14-Cα) ]��Jp&�RKQ�Hyp-Aib� 

    COSY.��a δH 4.13 (Pro15-Hα) s δH 1.17 (Pro15-Hβ)�δH 1.50 (Pro15-Hγ) 

" δH 3.53 (Pro15-Hδ) ]���� HMBC .��a δH 1.14 (Pro15-Hβ) s δC 47.5 

(Pro15-Cδ) ]��δH 4.13 (Pro15-Hα) s δC 28.5 (Pro15-Cβ) " δC 24.9 (Pro15-Cγ) ]

��<N δC 61.9 (Pro15-Cα) s δC 28.5 (Pro15-Cβ)�δC 24.9 (Pro15-Cγ) " δC 47.5 

(Pro15-Cδ) E�;���δC 47.5 (Pro15-Cδ) A��q;EY�+� C HMBC.

��a δH 4.13 (Pro15-Hα) s δC 170.8 (Pro15-C′) ]��hL06^Jp&�Qr

p� (Proline)�δH 7.15 (Phe16-NH) s δC 170.8 (Pro15-C′) " δC 52.7 (Phe16-Cα) ]

��<N δH 7.15 (Phe16-NH) ;$ δC 170.8 (Pro15-C′) ��δH 2.58 (Phe16-Hβ) s δC 

52.7 (Phe16-Cα)�δC 139.5 (Phe16-Cγ) " δC 129.4 (Phe16-Cδ) ]��δH 7.14 (Phe16-
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Hξ) s δC 128.0 (Phe16-Cε) " δC 129.4 (Phe1-Cδ) ]���� COSY .��a δH 

7.15 (Phe16-NH) s δH 3.84 (Phe16-Hα)�δH 2.58 (Phe16-Hβ)�δH 3.26 (Phe16-CH2) s

δH 4.57 (Phe16-OH) ]��<N δC 52.7 (Phe16-Cα) s δC 36.5 (Phe16-Cβ) " δC 139.5 

(Phe16-Cγ) " δC 63.5 (Phe16-CH2) E�;���δC 139.5 (Phe16-Cγ) s δC 129.4 

(Phe16-Cδ)�δC 128.0 (Phe16-Cε) " δC 125.7 (Phe16-Cξ) Q]�[uU~+yv�h

L06^Jp&�Q Phenylalaninol�Jp&�RKQ�Pro-Pheol� 

    D5W HMBC �gJ 16 �p&�[gI*#:a�/��xG:6>=z

�@w 7�����xG�P��~}
|p&�RKgI��L0?T`{��

S[gIQ2^S cephaibol C [147]��b�f7[xG�hWL0?T [148]�

`{�p&�[]0b�� 

 

 

 

 

 

 

HMBC:
COSY:

HMBC and COSY correlations of 3 
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w 7���S 3	M�_}>=�[δ in ppm, mult. (J in Hz)] 

Amino acid Position 13C 
a 1H 

b,c  
Acetyl (Ac) CH3  22.4 1.83 (3H, s) 
 C' 170.5  
Phenylalanine (Phe1) NH  8.36 (1H, d, 5.9) 
 Cα (CH)  55.3 4.34 (1H, m) 
 Cβ (CH2)  36.4 2.84 (1H, m) 
   2.97 (1H, m) 
 Cγ (C)  137.5  

 Cδ (CH) 129.2 7.29 (1H, m) 
 Cε (CH) 128.1 7.29 (1H, m) 
 Cξ (CH) 126.5 7.22 (1H, m) 
 C' (C = O) 172.6  
α-Aminoisobutyric acid (Aib2) NH  8.68 (1H, s) 
 Cα (C)   55.8  
 CβMe1 (CH3)   23.6 1.28 (3H, s) 
 CβMe2 (CH3)  25.4 1.27 (3H, s) 
 C' (C = O) 175.1  
α-Aminoisobutyric acid (Aib3) NH  7.70 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   24.1 1.32 (3H, s) 
 CβMe2 (CH3)  24.6 1.29 (3H, s) 
 C' (C = O) 175.2  
α-Aminoisobutyric acid (Aib4) NH  7.69 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   24.4 1.38 (3H, s) 
 CβMe2 (CH3)  24.9 1.38 (3H, s) 
 C' (C = O) 175.7  
α-Aminoisobutyric acid (Aib5) NH  7.57 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   24.6 1.37 (3H, s) 
 CβMe2 (CH3)  24.9 1.41 (3H, s) 
 C' (C = O) 175.6  
Glycine (Gly6) NH  7.97 (1H, m) 
 Cα (CH2)   43.5 3.65 (1H, m) 
   3.75 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 C' (C = O) 170.9  
Leucine (Leu7) NH  7.73 (1H, m) 
 Cα (CH)  53.1 4.03 (1H, m) 
 Cβ (CH2)  39.4 1.53 (1H, m) 
   1.69 (1H, m) 
 Cγ (CH)   24.2 1.69 (1H, m) 
 Cδ (CH3)  22.7 0.91 (3H, d, 6.1) 
 Cδ' (CH3)  21.6 0.85 (3H, d, 6.1) 
 C' (C = O) 171.9  
Isovaline (Iva8) NH  7.44 (1H, s) 
 Cα (C)  59.4  
 CβMe (CH3)   22.0 1.29 (3H, s) 
 CγMe (CH3)   7.3 0.73 (3H, m) 
 Cβ (CH2)  27.9 1.68 (1H, m) 
   2.19 (1H, m) 
 C' (C = O) 176.2  
α-Aminoisobutyric acid (Aib9) NH  7.56 (1H, s) 
 Cα (C)   56.3  
 CβMe1 (CH3)   23.4 1.48 (3H, s) 
 CβMe2 (CH3)  25.5 1.36 (3H, s) 
 C' (C = O) 173.7  
Hydroxyproline (Ηyp10) Cα (CH)   61.2 4.39 (1H, m) 
 Cβ (CH2)   36.8 1.77 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH)  69.1 4.22 (1H, m) 
 Cδ (CH2)  56.3 3.50 (1H, m) 
   3.70 (1H, m) 
 C' (C = O) 171.9  
 γ-OH  5.15 (1Η, m) 
Glutamine (Gln11) NH  7.81 (1H, d, 8.9) 
 Cα (CH)   51.9 4.23 (1H, m) 
 Cβ (CH2)   26.3 1.82 (1H, m) 
   2.19 (1H, m) 
 Cγ (CH2)  31.3 2.09 (1H, m) 
   2.19 (1H, m) 
 Cδ (C = O) 173.3  
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Amino acid Position 13C 
a 1H 

b,c  
 ε-ΝΗ2  6.69 (1Η, s) 
   7.19 (1Η, m) 
 C' (C = O) 172.3  
α-Aminoisobutyric acid (Aib12) NH  7.75 (1H, s) 
 Cα (C)   56.0  
 CβMe1 (CH3)   23.8 1.50 (3H, s) 
 CβMe2 (CH3)  25.8 1.38 (3H, s) 
 C' (C = O) 172.3  
Hydroxyproline (Ηyp13) Cα (CH)   60.7 4.51 (1H, t, 8.8) 
 Cβ (CH2)   37.4 1.70 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH)  69.0 4.22 (1H, m) 
 Cδ (CH2)  56.5 3.35 (1H, m) 
   3.67 (1H, m) 
 C' 172.8  
 γ-OH  5.11 (1Η, m) 
α-Aminoisobutyric acid (Aib14) NH  7.95 (1H, s) 
 Cα (C)   55.7  
 CβMe1 (CH3)   23.5 1.41 (3H, s) 
 CβMe2 (CH3)  25.6 1.34 (3H, s) 
 C' (C = O) 171.9  
Proline (Pro15) Cα (CH)   61.9 4.13 (1H, m) 
 Cβ (CH2)   28.5 1.17 (1H, m) 
   1.85 (1H, m) 
 Cγ (CH2)  24.9 1.50 (1H, m) 
   1.58 (1H, m) 
 Cδ (CH2)  47.5 3.53 (1H, m) 
   3.80 (1H, m) 
 C' (C = O) 170.8  
Phenylalaninol (Phe-ol16) NH  7.15 (1H, m) 
 Cα (CH)   52.7 3.84 (1H, m) 
 Cβ (CH2)   36.5 2.58 (1H, m) 
   2.97 (1H, m) 
 Cγ (C)  139.5  
 Cδ (CH) 129.4 7.25 (1H, m) 
 Cε (CH) 128.0 7.25 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 Cξ (CH) 125.7 7.14 (1H, m) 
Ηydroxy (-ol) CH2  63.5 3.26 (1H, m) 
   3.39 (1H, m) 
 OH  4.57 (1H, m) 

aMeasured in dimethyl sulfoxide-d6 (125 MHz); bMeasured in dimethyl sulfoxide-d6 (500 MHz). 

cSignals without multiplicity were overlappled, and picked from COSY or HMBC spectra. 
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� 19���
 3���	������� 

[M + Na]+

[M + 2Na]2+
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� 20���
 3����� (ZnSe)� 

1 3280.32 91.5836 2 1646.91 78.5601

3 1539.88 81.903 4 1463.71 89.1474

5 1418.39 88.5691 6 1392.35 89.4703

7 1367.28 89.9256 8 1343.18 90.2614

9 1292.07 90.782 10 1176.36 90.3468

11 1055.84 90.978 12 1009.55 90.9888

13 869.739 91.1706 14 746.317 88.3395

15 664.357 84.7574 16 650.858 84.9952

17 616.145 84.1272

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:00

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

77

99

80

90

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3

4
5
6
78

9
10

1112 13

14

1516
17

1 3280.32 91.5836 2 1646.91 78.5601

3 1539.88 81.903 4 1463.71 89.1474

5 1418.39 88.5691 6 1392.35 89.4703

7 1367.28 89.9256 8 1343.18 90.2614

9 1292.07 90.782 10 1176.36 90.3468

11 1055.84 90.978 12 1009.55 90.9888

13 869.739 91.1706 14 746.317 88.3395

15 664.357 84.7574 16 650.858 84.9952

17 616.145 84.1272

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:00

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    
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90

4000 600100020003000
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Wavenumber [cm-1]
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5
6
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9
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1112 13
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 3�
� (Dimethyl sulfoxide-d6, 500 MHz)� 
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NAME     20160928 WXH-1-24-1
EXPNO               100
PROCNO                1
Date_          20160926
Time              20.52
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zgps
TD                65536
SOLVENT            DMSO
NS                   40
DS                    0
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719923 sec
RG                 45.2
DW               48.400 usec
DE                22.00 usec
TE                298.0 K
D12          0.00002000 sec
L6                   20
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.10 usec
P18           100000.00 usec
SI                65536
SF          500.1700036 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

500MHz 1H DMSO 1-24-1
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� 22���
 3��� (Dimethyl sulfoxide-d6, 125 MHz)�  
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NAME     20160928 WXH-1-24-1
EXPNO             40099
PROCNO                1
Date_          20160923
Time              14.52
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65400
SOLVENT            DMSO
NS                 1024
DS                    4
SWH           34090.910 Hz
FIDRES         0.521268 Hz
AQ            0.9592500 sec
RG                 2050
DW               14.667 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                 200

======== CHANNEL f1 ========
SFO1        125.7823103 MHz
NUC1                13C
P1                10.00 usec
SI                65536
SF          125.7679004 MHz
WDW                  EM
SSB                   0
LB                 2.00 Hz
GB                    0
PC                 1.00

500MHz 13C DMSO 1-24-1
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� 23���
 3� HSQC��� 

ppm
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NAME     20160928 WXH-1-24-1
EXPNO                72
PROCNO                1
Date_          20160927
Time               5.34
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG  hsqcedetgpsisp2.3
TD                 1024
SOLVENT            DMSO
NS                    4
DS                   16
SWH            6009.615 Hz
FIDRES         5.868765 Hz
AQ            0.0852468 sec
RG                    8
DW               83.200 usec
DE                22.00 usec
TE                298.0 K
CNST2       150.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           2.00000000 sec
D4           0.00166667 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00322581 sec
D24          0.00080645 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.10 usec
P2                24.20 usec
P28                0.00 usec
ND0                   2
TD                 1024
SFO1           125.7792 MHz
FIDRES        29.414534 Hz
SW              239.471 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700022 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678892 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500 MHz HSQC DMSO 1-24-1
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� 24���
 3� COSY���
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NAME     20160928 WXH-1-24-1
EXPNO                73
PROCNO                1
Date_          20160927
Time               7.59
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    cosygpppqf45
TD                 2048
SOLVENT            DMSO
NS                    4
DS                   16
SWH            6510.417 Hz
FIDRES         3.178914 Hz
AQ            0.1573364 sec
RG                  287
DW               76.800 usec
DE                22.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.50000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00015360 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P0                 6.05 usec
P1                12.10 usec
P17             2500.00 usec
ND0                   1
TD                 1536
SFO1            500.173 MHz
FIDRES         4.238553 Hz
SW               13.016 ppm
FnMODE               QF
SI                 2048
SF          500.1700047 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2                  QF
SF          500.1700040 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0

500 MHz  COSY DMSO 1-24-1
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� 25���
 3� HMBC��� 
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NAME     20160928 WXH-1-24-1
EXPNO                71
PROCNO                1
Date_          20160926
Time              20.58
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    hmbcetgpl3nd
TD                 2048
SOLVENT            DMSO
NS                   16
DS                   16
SWH            6250.000 Hz
FIDRES         3.051758 Hz
AQ            0.1638900 sec
RG                 2050
DW               80.000 usec
DE                22.00 usec
TE                298.0 K
CNST6       120.0000000
CNST7       170.0000000
CNST13        8.0000000
CNST30        0.5981125
D0           0.00000300 sec
D1           1.00000000 sec
D6           0.06250000 sec
D16          0.00020000 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.10 usec
P2                24.20 usec
ND0                   2
TD                 1536
SFO1           125.7817 MHz
FIDRES        19.609688 Hz
SW              239.466 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700019 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678944 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500 MHz HMBC DMSO 1-24-1
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3.2.4 Cephaibol E (4) 	gIxG 

 

Aib = α-aminoisobutyric acid, Iva = isovaline 

    ��S 4QZtdF�LB�3[α]28
D = − 2.1 (c 0.1, MeOH)��xG�PO�

~}  (HRESIMS) �a�  [M + Na]+ �+1  m/z 1678.9189 (calcd for 

C81H125N17O20Na, 1678.9184)�<N�+4Q C82H127N17O20 (# 26)�e(�} (IR) 

�aEk& (3279 cm-1) ��� (1646 cm-1) c-q&[,$ (# 27)� 

    M} (Dimethyl sulfoxide-d6, 500 MHz)�# 28��� HSQC�# 30�xG�

$��'�	yv δH 0.85 (3H, d, J = 6.2 Hz, Leu7-Hδ) " 0.91 (3H, d, J = 6.2 Hz, 

Leu7-Hδ′) Q�f�]n�	X& (methyl) ~+yv�δH 0.75 (3H, t, J = 7.5 Hz, 

Iva12-HγMe) <NQX& (methyl) ~+yv� 

    _} (Dimethyl sulfoxide-d6, 150 MHz)�# 29��a��S 4i�E 82�_�

�� δC 180.0 ~ 170.0E 16��pl& (amide carbonyl) yv� C$ δC 60.0 ~ 

40.0�%E]08[ Cα[yv�<N��S 4Q)o (polypepeide) gI�$ δC 

140.0 ~ 125.0[�%�E δC 137.6 (Phe1-Cγ)�129.2 (Phe1-Cδ)�128.1 (Phe1-Cε)�

126.4 (Phe1-Cξ) s δC 139.6 (Phe16-Cγ)�129.4 (Phe16-Cδ)�128.0 (Phe16-Cε)�125.7 

(Phe16-Cξ) ��fuU[yv� 



doi:10.6342/NTU201701983

 105 

    W HMBC�# 32�.���a δH 0.91 (Leu7-Hδ) s δC 21.7 (Leu7-Cδ′)�δC 24.1 

(Leu7-Cγ)�δC 39.3 (Leu7-Cβ) ]��δH 0.85 (Leu7-Hδ′) s δC 22.7 (Leu7-Cδ)�δC 24.1 

(Leu7-Cγ)�δC 39.3 (Leu7-Cβ) ]���� COSY�# 31�.� δH 0.91 (Leu7-Hδ) s 

δH 1.67 (Leu7-Hγ) ]��δH 0.85 (Leu7-Hδ′) s δH 1.67 (Leu7-Hγ) ]�m<N δC 22.7 

(Leu7-Cδ) " δC 21.7 (Leu7-Cδ′) ;$ δC 24.1 (Leu7-Cγ) ��δH 1.67 (Leu7-Hγ) s δH 

1.53 (Leu7-Hβ) ]��<N δC 24.1 (Leu7-Cγ) ;$ δC 39.3 (Leu7-Cβ)��δH 1.55 (Leu7-

Hβ) s δH 4.05 (Leu7-Hα) ]��δH 4.05 (Leu7-Hα) s δH 7.68 (Leu7-NH) ]��m

HMBC.��a δH 1.55 (Leu7-Hβ) s δC 52.7 (Leu7-Cα)�δC 24.1 (Leu7-Cγ)�δC 171.8 

(Leu7-C′) ]��<N δC 39.3 (Leu7-Cβ) ;$ δC 52.7 (Leu7-Cα)��l& (carbonyl) 

$ δC 171.8 (Leu7-C′)�p& (amine) $ δH 7.68 (Leu7-NH)�hL06^Jp&�Q

Zp� (Leucine)�δH 7.68 (Leu7-NH) s δC 170.5 (Gly6-C′) ]��δH 3.66 (Gly6-

Hα) s δC 170.5 (Gly6-C′) ]���� COSY .��a δH 7.98 (Gly6-NH) s δH 

3.66 (Gly6-Hα) ]��hL06^Jp&�QVp� (Glycine)�δH 7.98 (Gly6-NH) 

s δC 175.7 (Aib5-C′) ]��<N δH 7.98 (Gly6-NH) ;$ δC 175.7 (Aib5-C′) ��

δH 1.40 (Aib5-HβΜe1) s δC 55.9 (Aib5-Cα)�δC 175.7 (Aib5-C′) ]��δH 1.38 (Aib5-

HβΜe2) s δC 55.9 (Aib5-Cα)�δC 175.7 (Aib5-C′) ]��<N δC 55.9s δC 24.9�δC 

24.6 " δC 175.7 [�;���hL06^Jp&�QY�p� (α-aminoisobutyric 

acid)�p& (amine) $ δH 7.59 (Aib5-NH) ��s δC 55.9 (Aib5-Cα) ]��δH 7.59 

(Aib5-NH) s δC 175.7 (Aib4-C′) ]��<N δH 7.59 (Aib5-NH) ;$ δC 175.7 (Aib4-

C′) ��δH 1.38 (Aib4-HβΜe1) s δC 56.0 (Aib4-Cα)�δC 175.7 (Aib4-C′) ]��δH 1.38 

(Aib4-HβΜe2) s δC 56.0 (Aib4-Cα)�δC 175.7 (Aib4-C′) ]��<N δC 56.0s δC 25.1�

δC 24.9" δC 175.7[�;���hL06^Jp&�QY�p� (α-aminoisobutyric 

acid)�p& (amine) $ δH 7.69 (Aib4-NH) ��s δC 55.9 (Aib4-Cα) ]��δH 7.73 

(Aib4-NH) s δC 175.1 (Aib3-C′) ]��<N δH 7.73 (Aib4-NH) ;$ δC 175.1 (Aib3-

C′) ��δH 1.32 (Aib3-HβΜe1) s δC 55.9 (Aib3-Cα) " δC 175.2 (Aib3-C′) ]��δH 
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1.30 (Aib3-HβΜe2) s δC 55.9 (Aib3-Cα) " δC 175.2 (Aib3-C′) ]��<N δC 55.9s

δC 24.1�δC 24.7 " δC 175.2 [�;���hL06^Jp&�QY�p� (α-

aminoisobutyric acid)�p& (amine) $ δH 7.73 (Aib3-NH) ��s δC 55.9 (Aib3-Cα) 

]��δH 7.73 (Aib3-NH) s δC 175.1 (Aib2-C′) ]��<N δH 7.73 (Aib3-NH) ;$

δC 175.1 (Aib2-C′) ��δH 1.28 (Aib2-HβΜe1) s δC 55.9 (Aib2-Cα) " δC 175.1 (Aib2-

C′) ]��δH 1.27 (Aib2-HβΜe2) s δC 55.9 (Aib2-Cα) " δC 175.1 (Aib2-C′) ]��<

N δC 55.9s δC 23.7�δC 25.3" δC 175.1[�;���hL06^Jp&�QY�

p� (α-aminoisobutyric acid)�p& (amine) $ δH 8.72 (Aib2-NH) ��s δC 55.9 

(Aib2-Cα) ]��δH 8.72 (Aib2-NH) s δC 172.6 (Phe1-C′) ]��<N δH 8.72 (Aib2-

NH) ;$ δC 172.6 (Phe1-C′) ��δH 2.85 (Phe1-Hβ) s δC 55.3 (Phe1-Cα)�δC 137.6 

(Phe1-Cγ) " δC 172.6 (Phe1-C′) ]��δH 4.34 (Phe1-Hα) s δC 36.4 (Phe1-Cβ) " δC 

137.6 (Phe1-Cγ) ]���� COSY.��a δH 4.34 (Phe1-Hα) s δH 2.85 (Phe1-Hβ) 

" δH 8.39 (Phe1-NH) ]��<N δC 55.3 (Phe1-Cα) s δC 36.4 (Phe1-Cβ) " δC 137.6 

(Phe1-Cγ) E�;���δC 137.6 (Phe1-Cγ) s δC 129.2 (Phe1-Cδ)�δC 128.1 (Phe1-Cε) 

" δC 126.4 (Phe1-Cξ) Q]�[uU~+yv�hL06^Jp&�Qu�p� 

(Phenylalanine)�p& (amine) $ δH 8.39 (Phe1-NH) ��s δC 55.3 (Phe1-Cα) ]��

δH 8.39 (Phe1-NH) s δC 170.4 (Ac-C′) ]��δH 1.83 (Ac-HMe) s δC 170.4 (Ac-C′) 

]��J-q&Q
�& (acetyl)�su�p� (Phenylalanine) ]��\�q<N

��SRK!��p&�f9�Ac-Phe-Aib-Aib-Aib-Iva-Gly-Leu� 

    H= HMBC.��a δH 7.70 (Aib8-NH) s δC 171.8 (Leu7-C′) ]��<N δH 

7.70 (Aib8-NH) ;$ δC 171.8 (Leu7-C′) ��δH 1.45 (Aib8-HβΜe1) s δC 56.2 (Aib8-

Cα)�δC 175.9 (Aib8-C′) ]��δH 1.34 (Aib8-HβΜe2) s δC 56.2 (Aib8-Cα)�δC 175.9 

(Aib8-C′) ]��<N δC 56.2s δC 25.3�δC 25.7" δC 175.9[�;���hL0

6^Jp&�QY�p� (α-aminoisobutyric acid)�l&$ δC 175.9 (Aib8-C′)�δH 

7.56 (Aib9-NH) s δC 175.9 (Aib8-C′) " δC 56.3 (Aib9-Cα) ]��<N δH 7.56 (Aib9-
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NH) ;$ δC 175.9 (Aib8-C′) ��δH 1.46 (Aib9-HβΜe1) s δC 56.3 (Aib9-Cα) " δC 

173.5 (Aib9-C′) ]��δH 1.34 (Aib9-HβΜe2) s δC 56.3 (Aib3-Cα) " δC 173.5 (Aib9-

C′) ]��<N δC 56.3s δC 23.3�δC 25.7" δC 173.5[�;���hL06^J

p&�QY�p� (α-aminoisobutyric acid)�p& (amine) $ δH 7.56 (Aib9-NH) ��

Jp&�RKQ�Aib-Aib� 

    COSY .��a δH 4.39 (Hyp10-Hα) s δH 1.78 (Hyp10-Hβ)�δH 4.29 (Hyp10-

Hγ)�δH 3.48 (Hyp10-Hδ) " δH 5.09 (Hyp10-OH) ]���� HMBC .��a δH 

3.48 (Hyp10-Hδ) s δC 69.1 (Hyp10-Cγ) ]��δH 1.78 (Hyp10-Hβ) s δC 69.1 (Hyp10-

Cγ)�δC 61.0 (Hyp10-Cα) ]��<N δC 61.0 (Hyp10-Cα) s δC 36.8 (Hyp10-Cβ)�δC 

69.1 (Hyp10-Cγ) " δC 56.1 (Hyp10-Cδ) E�;���δC 56.1 (Hyp10-Cδ) A��q

;EY�+� C HMBC.��a δH 4.39 (Hyp10-Hα) s δC 171.8 (Hyp10-C′) ]

��hL06^Jp&�Qkrp� (Hydroxyproline)�δH 7.85 (Gln11-NH) s δC 

171.8 (Hyp10-C′) " δC 52.5 (Gln11-Cα) ]��<N δH 7.85 (Gln11-NH) ;$ δC 

171.8 (Hyp10-C′) ��δH 4.18 (Gln11-Hα) s δC 172.2 (Gln11-C′) ]��δH 1.87 

(Gln11-Hγ) s δC 26.6 (Gln11-Cβ) " δC 173.2 (Gln11-Cδ) ]��δH 6.66 (Gln11-NH2) 

s δC 173.2 (Gln11-Cδ) " δH 2.09 (Gln11-Hγ) ]���� COSY.��a δH 7.81 

(Gln11-NH) s δH 4.23 (Gln11-Hα)�δH 1.82 (Gln11-Hβ) " δH 1.87 (Gln11-Hγ) ]��

<N δC 52.5 (Gln11-Cα) s δC 26.6 (Gln11-Cβ)�δC 31.5 (Gln11-Cγ) s δC 173.2 (Gln11-

Cδ) [�;���hL06^Jp&�Q��p� (Glutamine)�l& (carbonyl) $

δC 172.2 (Gln11-C′) ��δH 7.75 (Aib12-NH) s δC 172.1 (Gln11-C′) ]��<N δH 

7.75 (Aib12-NH);$ δC 172.1 (Gln11-C′) ��δH 7.47 (Iva12-NH) s δC 172.1 (Gln11-

C′) ]��<N δH 7.47 (Iva12-NH);$ δC 172.1 (Gln11-C′) ��H= HMBC.�

�aX& (methyl) δH 0.75 (Iva12-HγMe) s δC 28.1 (Iva12-Cβ)�δC 58.5 (Iva12-Cα) ]

��δH 1.42 (Iva12-HβMe) s δC 28.1 (Iva12-Cβ)�δC 58.5 (Iva12-Cα) ]��<N δC 7.1 

(Iva12-CγMe) s δC 28.1 (Iva12-Cβ)�δC 58.5 (Iva12-Cα) " δC 20.4 (Iva12-CβMe) E�
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;����� COSY.��a δH 0.75 (Iva12-HγMe) s δH 1.78 (Iva12-Hβ) ]��<

N δC 7.1 (Iva12-CγMe) ;$ δC 28.1 (Iva12-Cβ) ��hL06^Jp&�QYjp� 

(Isovaline)�l&$ δC 172.9 (Iva12-C′)�Jp&�RKQ�Hyp-Gln- Iva� 

    COSY .��a δH 4.54 (Hyp13-Hα) s δH 1.68 (Hyp13-Hβ)�δH 4.22 (Hyp13-

Hγ)�δH 3.35 (Hyp13-Hδ) " δH 5.11 (Hyp13-OH) ]���� HMBC .��a δH 

3.37 (Hyp13-Hδ) s δC 69.1 (Hyp13-Cγ) ]��δH 1.68 (Hyp13-Hβ) s δC 69.1 (Hyp13-

Cγ)�δC 60.6 (Hyp13-Cα) ]��<N δC 60.6 (Hyp13-Cα) s δC 37.4 (Hyp13-Cβ)�δC 

69.1 (Hyp13-Cγ) " δC 56.5 (Hyp13-Cδ) E�;���δC 56.5 (Hyp13-Cδ) A��q

;EY�+� C HMBC.��a δH 4.54 (Hyp13-Hα) s δC 172.9 (Hyp13-C′) ]

��hL06^Jp&�Qkrp� (Hydroxyproline)�δH 7.94 (Aib14-NH) s δC 

172.9 (Hyp13-C′) " δC 55.7 (Aib14-Cα)]��<N δH 7.94 (Aib14-NH) ;$ δC 172.9 

(Hyp13-C′) ��δH 1.40 (Aib14-HβΜe1) s δC 55.7 (Aib14-Cα)�δC 171.8 (Aib14-C′) ]

��δH 1.35 (Aib14-HβΜe2) s δC 55.7 (Aib14-Cα)�δC 171.8 (Aib14-C′) ]��<N

δC 55.7s δC 23.5�δC 25.6" δC 171.8[�;���hL06^Jp&�QY�p

� (α-aminoisobutyric acid)�l& (carbonyl) $ δC 171.8 (Aib14-C′) ��s δC 55.7 

(Aib14-Cα) ]��Jp&�RKQ�Hyp-Aib� 

    COSY.��a δH 4.14 (Pro15-Hα) s δH 1.18 (Pro15-Hβ)�δH 1.49 (Pro15-Hγ) 

" δH 3.51 (Pro15-Hδ) ]���� HMBC .��a δH 1.18 (Pro15-Hβ) s δC 47.4 

(Pro15-Cδ) ]��δH 4.14 (Pro15-Hα) s δC 28.4 (Pro15-Cβ) " δC 24.9 (Pro15-Cγ) ]

��<N δC 61.9 (Pro15-Cα) s δC 28.4 (Pro15-Cβ)�δC 24.9 (Pro15-Cγ) " δC 47.4 

(Pro15-Cδ) E�;���δC 47.5 (Pro15-Cδ) A��q;EY�+� C HMBC.

��a δH 4.14 (Pro15-Hα) s δC 170.8 (Pro15-C′) ]��hL06^Jp&�Qr

p� (Proline)�δH 7.15 (Phe16-NH) s δC 170.8 (Pro15-C′) " δC 52.7 (Phe16-Cα) ]

��<N δH 7.15 (Phe16-NH) ;$ δC 170.8 (Pro15-C′) ��δH 2.59 (Phe16-Hβ) s δC 

52.7 (Phe16-Cα)�δC 139.6 (Phe16-Cγ) " δC 129.4 (Phe16-Cδ) ]��δH 7.14 (Phe16-
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Hξ) s δC 128.0 (Phe16-Cε) " δC 129.4 (Phe1-Cδ) ]���� COSY .��a δH 

7.15 (Phe16-NH) s δH 3.85 (Phe16-Hα)�δH 2.59 (Phe16-Hβ)�δH 3.26 (Phe16-CH2) s

δH 4.56 (Phe16-OH) ]��<N δC 52.7 (Phe16-Cα) s δC 36.5 (Phe16-Cβ) " δC 139.6 

(Phe16-Cγ) " δC 63.5 (Phe16-CH2) E�;���δC 139.6 (Phe16-Cγ) s δC 129.4 

(Phe16-Cδ)�δC 128.0 (Phe16-Cε) " δC 125.7 (Phe16-Cξ) Q]�[uU~+yv�h

L06^Jp&�Q Phenylalaninol�Jp&�RKQ�Pro-Pheol� 

    D5W HMBC �gJ 16 �p&�[gI*#:a�/��xG:6>=z

�@w 8�����xG�P��~}
|p&�RKgI��L0?T`{��

S[gIQ2^S cephaibol E [147]��b�f7[xG�hWL0?T [148]�

`{�p&�[]0b�� 

 

 

 

 

  

HMBC:
COSY:

HMBC and COSY correlations of 4 
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w 8���S 4	M�_}>=�[δ in ppm, mult. (J in Hz)] 

Amino acid Position 13C 
a 1H 

b,c  
Acetyl (Ac) CH3  22.3 1.83 (3H, s) 
 C' 170.4  
Phenylalanine (Phe1) NH  8.39 (1H, d, 5.9) 
 Cα (CH)  55.3 4.34 (1H, m) 
 Cβ (CH2)  36.4 2.85 (1H, m) 
   2.98 (1H, m) 
 Cγ (C)  137.6  

 Cδ (CH) 129.2 7.29 (1H, m) 
 Cε (CH) 128.1 7.29 (1H, m) 
 Cξ (CH) 126.4 7.22 (1H, m) 
 C' (C = O) 172.6  
α-Aminoisobutyric acid (Aib2) NH  8.72 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   23.7 1.27 (3H, s) 
 CβMe2 (CH3)  25.3 1.28 (3H, s) 
 C' (C = O) 175.1  
α-Aminoisobutyric acid (Aib3) NH  7.73 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   24.1 1.32 (3H, s) 
 CβMe2 (CH3)  24.7 1.30 (3H, s) 
 C' (C = O) 175.2  
α-Aminoisobutyric acid (Aib4) NH  7.69 (1H, s) 
 Cα (C)   56.0  
 CβMe1 (CH3)   24.9 1.38 (3H, s) 
 CβMe2 (CH3)  25.1 1.38 (3H, s) 
 C' (C = O) 175.7  
α-Aminoisobutyric acid (Aib5) NH  7.59 (1H, s) 
 Cα (C)   55.9  
 CβMe1 (CH3)   24.6 1.38 (3H, s) 
 CβMe2 (CH3)  24.9 1.40 (3H, s) 
 C' (C = O) 175.7  
Glycine (Gly6) NH  7.98 (1H, m) 
 Cα (CH2)   43.4 3.66 (1H, m) 
   3.72 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 C' (C = O) 170.5  
Leucine (Leu7) NH  7.68 (1H, m) 
 Cα (CH)  52.7 4.05 (1H, m) 
 Cβ (CH2)  39.3 1.55 (1H, m) 
   1.67 (1H, m) 
 Cγ (CH)   24.1 1.67 (1H, m) 
 Cδ (CH3)  22.7 0.91 (3H, d, 6.1) 
 Cδ' (CH3)  21.7 0.85 (3H, d, 6.1) 
 C' (C = O) 171.8  
α-Aminoisobutyric acid (Aib8) NH  7.70 (1H, s) 
 Cα (C)   56.2  
 CβMe1 (CH3)   25.3 1.45 (3H, s) 
 CβMe2 (CH3)  25.7 1.34 (3H, s) 
 C' (C = O) 175.9  
α-Aminoisobutyric acid (Aib9) NH  7.56 (1H, s) 
 Cα (C)   56.3  
 CβMe1 (CH3)   23.3 1.46 (3H, s) 
 CβMe2 (CH3)  25.7 1.34 (3H, s) 
 C' (C = O) 173.5  
Hydroxyproline (Ηyp10) Cα (CH)   61.0 4.39 (1H, m) 
 Cβ (CH2)   36.8 1.78 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH)  69.1 4.29 (1H, m) 
 Cδ (CH2)  56.1 3.48 (1H, m) 
   3.75 (1H, m) 
 C' (C = O) 171.8  
 γ-OH  5.09 (1Η, m) 
Glutamine (Gln11) NH  7.85 (1H, d, 8.9) 
 Cα (CH)   52.5 4.18 (1H, m) 
 Cβ (CH2)   26.3 1.89 (1H, m) 
   2.16 (1H, m) 
 Cγ (CH2)  31.3 1.89 (1H, m) 
   2.12 (1H, m) 
 Cδ (C = O) 173.2  
 ε-ΝΗ2  6.66 (1Η, s) 
   7.19 (1Η, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 C' (C = O) 172.2  
Isovaline (Iva12) NH  7.47 (1H, s) 
 Cα (C)  58.5  
 CβMe (CH3)   20.4 1.42 (3H, s) 
 CγMe (CH3)   7.1 0.75 (3H, m) 
 Cβ (CH2)  28.1 1.78 (1H, m) 
   2.15 (1H, m) 
 C' (C = O) 172.9  
Hydroxyproline (Ηyp13) Cα (CH)   60.6 4.54 (1H, t, 8.8) 
 Cβ (CH2)   37.4 1.68 (1H, m) 
   2.17 (1H, m) 
 Cγ (CH)  69.1 4.22 (1H, m) 
 Cδ (CH2)  56.5 3.37 (1H, m) 
   3.68 (1H, m) 
 C' 172.9  
 γ-OH  5.09 (1Η, m) 
α-Aminoisobutyric acid (Aib14) NH  7.94 (1H, s) 
 Cα (C)   55.7  
 CβMe1 (CH3)   23.5 1.40 (3H, s) 
 CβMe2 (CH3)  25.6 1.35 (3H, s) 
 C' (C = O) 171.8  
Proline (Pro15) Cα (CH)   61.8 4.14 (1H, m) 
 Cβ (CH2)   28.4 1.18 (1H, m) 
   1.84 (1H, m) 
 Cγ (CH2)  24.9 1.49 (1H, m) 
   1.59 (1H, m) 
 Cδ (CH2)  47.4 3.51 (1H, m) 
   3.79 (1H, m) 
 C' (C = O) 170.8  
Phenylalaninol (Phe-ol16) NH  7.15 (1H, m) 
 Cα (CH)   52.7 3.85 (1H, m) 
 Cβ (CH2)   36.5 2.59 (1H, m) 
   2.98 (1H, m) 
 Cγ (C)  139.6  
 Cδ (CH) 129.4 7.26 (1H, m) 
 Cε (CH) 128.0 7.26 (1H, m) 
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Amino acid Position 13C 
a 1H 

b,c  
 Cξ (CH) 125.7 7.14 (1H, m) 
Ηydroxy (-ol) CH2  63.5 3.26 (1H, m) 
   3.39 (1H, m) 
 OH  4.56 (1H, m) 

aMeasured in dimethyl sulfoxide-d6 (125 MHz); bMeasured in dimethyl sulfoxide-d6 (500 MHz). 

cSignals without multiplicity were overlappled, and picked from COSY or HMBC spectra. 
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� 26���
 4���	������� 

[M + Na]+

[M + 2Na]2+
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� 27���
 4����� (ZnSe)� 

1 3279.36 94.368 2 1645.95 76.2115

3 1539.88 80.1073 4 1460.81 90.3697

5 1417.42 89.4788 6 1391.39 90.329

7 1368.25 91.2226 8 1312.32 93.0257

9 1174.44 92.6074 10 1052.94 92.9164

11 1038.48 93.1585 12 1013.41 93.1958

13 923.736 95.141 14 745.352 88.9616

15 664.357 83.396 16 652.786 83.516

17 608.431 82.5907

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:03

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

70

110

80

90

100

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3

4
5
6
7

8 9 101112

13

14

1516
17

1 3279.36 94.368 2 1645.95 76.2115

3 1539.88 80.1073 4 1460.81 90.3697

5 1417.42 89.4788 6 1391.39 90.329

7 1368.25 91.2226 8 1312.32 93.0257

9 1174.44 92.6074 10 1052.94 92.9164

11 1038.48 93.1585 12 1013.41 93.1958

13 923.736 95.141 14 745.352 88.9616

15 664.357 83.396 16 652.786 83.516

17 608.431 82.5907

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:03

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

70

110

80

90

100

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3

4
5
6
7

8 9 101112

13

14

1516
17
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� 28���
 4�
� (Dimethyl sulfoxide-d6, 500 MHz)� 
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NAME     20160928 WXH-1-24-2
EXPNO               100
PROCNO                1
Date_          20160929
Time              20.32
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zgps
TD                65536
SOLVENT            DMSO
NS                   40
DS                    0
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719923 sec
RG                 45.2
DW               48.400 usec
DE                22.00 usec
TE                298.0 K
D12          0.00002000 sec
L6                   20
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.10 usec
P18           100000.00 usec
SI                65536
SF          500.1700039 MHz
WDW                  no
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

500MHz 1H DMSO 1-24-2
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� 29���
 4��� (Dimethyl sulfoxide-d6, 125 MHz)�  
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NAME     20160928 WXH-1-24-2
EXPNO             40099
PROCNO                1
Date_          20160923
Time              15.48
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65400
SOLVENT            DMSO
NS                 1560
DS                    4
SWH           34090.910 Hz
FIDRES         0.521268 Hz
AQ            0.9592500 sec
RG                 2050
DW               14.667 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                 200

======== CHANNEL f1 ========
SFO1        125.7823103 MHz
NUC1                13C
P1                10.00 usec
SI                65536
SF          125.7679042 MHz
WDW                  EM
SSB                   0
LB                 2.00 Hz
GB                    0
PC                 1.00

500MHz 13C DMSO 1-24-2
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� 30���
 4� HSQC��� 

ppm
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NAME     20160928 WXH-1-24-2
EXPNO                72
PROCNO                1
Date_          20160929
Time              10.33
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG  hsqcedetgpsisp2.3
TD                 1024
SOLVENT            DMSO
NS                    4
DS                   64
SWH            6009.615 Hz
FIDRES         5.868765 Hz
AQ            0.0852468 sec
RG                    4
DW               83.200 usec
DE                22.00 usec
TE                298.0 K
CNST2       150.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.50000000 sec
D4           0.00166667 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00322581 sec
D24          0.00080645 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P2                24.00 usec
P28                0.00 usec
ND0                   2
TD                 1024
SFO1           125.7792 MHz
FIDRES        29.414534 Hz
SW              239.471 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700002 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678980 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500 MHz HSQC DMSO 1-24-2
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� 31���
 4� COSY��� 
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NAME     20160928 WXH-1-24-2
EXPNO                73
PROCNO                1
Date_          20160929
Time               9.04
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    cosygpppqf45
TD                 2048
SOLVENT            DMSO
NS                    4
DS                   16
SWH            6510.417 Hz
FIDRES         3.178914 Hz
AQ            0.1573364 sec
RG                  575
DW               76.800 usec
DE                22.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00015360 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P0                 6.00 usec
P1                12.00 usec
P17             2500.00 usec
ND0                   1
TD                 1024
SFO1            500.173 MHz
FIDRES         6.357829 Hz
SW               13.016 ppm
FnMODE               QF
SI                 2048
SF          500.1700013 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2                  QF
SF          500.1700026 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0

500 MHz  COSY DMSO 1-24-2
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� 32���
 4� HMBC���  
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NAME     20160928 WXH-1-24-2
EXPNO                71
PROCNO                1
Date_          20160928
Time              22.36
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    hmbcetgpl3nd
TD                 2048
SOLVENT            DMSO
NS                   16
DS                   16
SWH            6250.000 Hz
FIDRES         3.051758 Hz
AQ            0.1638900 sec
RG                 2050
DW               80.000 usec
DE                22.00 usec
TE                298.0 K
CNST6       120.0000000
CNST7       170.0000000
CNST13        8.0000000
CNST30        0.5981125
D0           0.00000300 sec
D1           1.00000000 sec
D6           0.06250000 sec
D16          0.00020000 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P2                24.00 usec
ND0                   2
TD                 1536
SFO1           125.7817 MHz
FIDRES        19.609688 Hz
SW              239.466 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700012 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678951 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HMBC DMSO 1-24-2
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3.2.5 Glycocholic acid (5) �ǪļȾĪ 

 

    czƑ 5ƋƍȘƍĜǚĥ˃Ŏĕ;Ñ[α]27
D = + 4.8 (c 0.1, MeOH)˃ʸȾĪʡƈ

ŵʠɔɏ (HRESIMS) ʯǀF [M + H]+ ʠ¨Â m/z 466.3176 (calcd. for C26H44NO6, 

m/z 466.3169)˃ýŴL¨ÖƋ C26H43NO6 (� 33)�Ǡ�;ɏ (IR) ʯǀġǺ� 

(3361cm-1) ®ȋ�ƭª� (� 34)� 

 

 
1H-NMR data of 5 

 

    Ƥŕɏ (Dimethyl sulfoxide-d6, 500 MHz)ˁ � 35 ɳ˂z HSQCˁ � 37 Ⱦ˂Ī˃

ʯǀ�ʸ�e�
 δH 0.58 (3H, s, H3-18)�δH 0.80 (3H, s, H3-19) � δH 0.93 (3H, d, J 

= 6.5 Hz, H3-21) ġ�ǩƥ� (methyls) ɔ¨ɀȭ˃F
 δH 0.93 (3H, d, J = 6.8 Hz, 

H3-21) ýŴƋ�ǩüēńƥ� (methine) �ƥ� (methyl) ɔ¨ɀȭˆδH 0.84 (1H, 

m, H2-1)�δH 1.27 (1H, m, H2-2)�δH 1.44 (1H, m, H2-4)�δH 1.37 (1H, m, H2-6)�δH 

1.36 (1H, m, H2-11)�δH 0.95 (1H, m, H2-15)�δH 1.16 (2H, m, H2-16)�δH 1.18 (2H, m, 

H2-22)�δH 2.02 (2H, m, H2-23) � δH 3.69 (2H, d, J = 5.9 Hz, H2-25) fǩ�ƥ� 

(methylenes) ɔ¨ɀȭ˃F
 δH 2.02 (2H, m, H2-23) �ƥ� (methylenes) ɔ¨ɀ
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ȭ˃ĲăFc¬#ǄýŴȑɡüġǼ� (carbonyl) ɪíy|Ƨçĉì (anisotropic 

effect) ƭÙʩ˃Fŕɏc¬#ǄɜƋ$� (downfield)˃δH 3.69 (2H, d, J = 5.9 Hz, 

H2-25) ýŴFĔɱüġƧn¨ˆδH 3.18 (1H, m, H-3)�δH 1.23 (1H, m, H-5)�δH 3.60 

(1H, brs, H-7)�δH 1.33 (1H, m, H-8)�δH 2.14 (1H, m, H-9)�δH 3.78 (1H, brs, H-12)�

δH 1.98 (1H, m, H-14)�δH 1.78 (1H, m, H-17) � δH 1.29 (1H, m, H-20) Ƌ�ǩńƥ

� (methines) ɔ¨ɀȭ˃F
 δH 3.18 (1H, m, H-3)�δH 3.60 (1H, brs, H-7) � δH 

3.78 (1H, brs, H-12) ýŴĔɱüġƧn¨ˆ� δH 8.06 (1H, t, J = 5.8 Hz, NH) ýŴ

üġƧn¨� 

 
13C-NMR data of 5 

    Ƽɏ (Dimethyl sulfoxide-d6, 125 MHz)ˁ � 36 ʯ˂ǀczƑ 5ǶEġ 26/Ƽ˃

ɳz HSQC (� 37) ƭȾĪ˃~ġ�/ƥ� (methyls) ɀȭ#ē δC 12.4 (C-18)�δC 

22.7 (C-19) � δC 17.1 (C-21)ˆf/�ƥ� (methylenes) ɀȭ#ē δC 35.4 (C-1)�

δC 30.4 (C-2)�δC 39.5 (C-4)�δC 34.9 (C-6)�δC 28.6 (C-11)�δC 22.9 (C-15)�δC 27.3 

(C-16)�δC 31.6 (C-22)�δC 32.2 (C-23) � δC 40.7 (C-25)̂ �/ńƥ� (methines) #

ē δC 70.5 (C-3)�δC 41.6 (C-5)�δC 66.3 (C-7)�δC 39.6 (C-8)�δC 26.3 (C-9)�δC 71.1 

(C-12)�δC 41.4 (C-14)�δC 46.2 (C-17) � δC 35.2 (C-20)˃ F
 δC 70.5 (C-3)�δC 66.3 

(C-7) � δC 71.1 (C-12) �ǩɜƋ$� (downfield) ýŴüġƧn¨ˆ�/�ǣƼ 

(quaternary carbons) ɀȭ#ē δC 34.4 (C-10)�δC 45.8 (C-13)�δC 173.1 (C-24) � δC 

171.6 (C-26)˃F
 δC 73.9 (C-6) � δC 73.6 (C-11) AǩɜƋ$� (downfield) ýŴ

Ƌüġœn¨ƭƼ (carbinoyl carbon)˃δC 173.1 (C-24) � δC 171.6 (C-26) ɳzǠ�

;ɏ (1638 cm-1) ýŴƋǻɸqɻȊ�Ǽ�ɀȭ� 
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HMBC correlations of 5 

    Ĳă HMBCµʴʯǀ H3-1/C-2�C-3�C-5� C-10ˆH2-2/C-1� C-3ˆH-3/C-

C-5ˆH2-4/C-3�C-5� C-10ˆH-5/C-4�C-5�C-6� C-10ˆH2-6/C-5�C-7� C-8ˆ

H-7/C-8� C-14ˆH-8/C-7�C-9� C-14ˆH-9/C-7�C-8�C-10� C-11ˆH2-11/C-

8�C-9�C-12� C-13ˆH-12/C-9�C-11�C-13� C-14ˆH-14/C-7�C-8�C-13�

C-15ˆH2-15/C-2�C-3�C-5 � C-10ˆH2-16/C-13�C-14�C-15 � C-17ˆH-17/C-

13�C-16�C-20� C-22˃PňýŴczƑ 5ƭǪļ 3/D�ƞ� 1/��ƞ˃�

�ƞ�üġ4ʈ��ɹʮʶĭ�H3-18/C-12�C-13�C-14 � C-17ˆH3-19/C-1�C-

5�C-9� C-10ˆH3-21/C-17�C-20� C-22˃ýŴƥ� δH 0.58 (3H, s, H3-18) ü�

δC 45.8 (C-13) �˃δH 0.80 (3H, s, H3-19) ü� δC 34.4 (C-10) �˃δH 0.93 (3H, d, J = 

6.5 Hz, H3-21) ü� δC 35.2 (C-20) ��H-20/C-17�C-21� C-22ˆH2-22/C-17�C-

23� C-24ˆH2-25/C-24� C-26ˆH-NH/C-23�C-24�C-25� C-26˃ýŴ C-20�

C-22�C-23� C-24ġɫüʏ-˃NHɫü C-24ȕ C-25˃C-25ĥǐɫü�/ǻɸ 

(carboxylic acid)˃ŇǪļƏŊƋ�ǩƠȊɸ (glycine) ƭǪļ�    

    ĞÛczƑ 5¤�ïǀ˃·��ȾĪïÝČăɇOēȶ 9˃ 	ɞ�ʸȾĪʡƈ

ʡʠɔɏ%ɎǪļL¨ɿņƽç˃ǎʷ#|ɲLƭȾĪ�ǯƤŎ¹čƕ [149]˃ ƽ

¯czƑƭǫ¹ǎʷ˃czƑ 5ƭǪļƋÈƷƑ Glycocholic acid� 
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ȶ 9�czƑ 5�ŕ�ƼɏČă�[δ in ppm, mult. (J in Hz)] 

 5a 

No. 13C, type 13Cb 1Hc 1Hb HMBC 

1 35.4, CH2  38.2 0.84 (1H, m) 0.98 2, 3, 5, 9, 10 

   1.64 (1H, m) 1.81  

2 30.4, CH2  32.0 1.27 (1H, m) 1.42 1, 3, 4, 10 

   1.42 (1H, m) 1.69  

3 70.5, CH  74.2 3.18 (1H, m) 3.63 1, 5 

4 39.5, CH2  38.0 1.44 (1H, m) 1.54 2, 3, 5, 6, 10 

   2.22 (1H, m) 1.81  

5 41.6, CH  45.0 1.23 (1H, m) 1.44 1, 3, 4, 6, 7, 9, 10 

6 34.9, CH2  30.0 1.37 (1H, m) 1.34 4, 5, 7, 8, 10 

   1.79 (1H, m) 1.85  

7 66.3, CH  29.0 3.60 (1H, brs) 1.23 5, 6, 8, 9, 14 

8 39.6, CH  38.9 1.33 (1H, m) 1.44 6, 7, 9, 14 

9 26.3, CH  36.2 2.14 (1H, m) 1.85 5, 7, 8, 10, 11, 14 

10 34.4, C  36.8    

11 28.6, CH2  31.1 1.36 (1H, m) 1.55 8, 9, 10, 12 

   1.41 (1H, m) 1.55  

12 71.1, CH  75.9 3.78 (1H, brs) 4.05 9, 11, 13, 14 

13 45.8, C  49.1    

14 41.4, CH  50.6 1.98 (1H, m) 1.61 7, 8, 12, 13, 15 

15  22.9, CH2  26.6 0.95 (1H, m) 1.07 8, 13, 14, 16, 17 

   1.63 (1H, m) 1.67  

16  27.3, CH2  30.4 1.16 (1H, m) 1.27 13, 14, 15, 17 
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   1.73 (1H, m) 1.95  

17  46.2, CH  49.1 1.78 (1H, m) 1.77 12, 13, 14, 15, 16, 18, 20, 21, 22 

18  12.4, CH3  15.4 0.58 (3H, s) 0.72 12, 13, 14, 17 

19  22.7, CH3  25.8 0.80 (3H, s) 0.94 1, 5, 9, 10 

20  35.2, CH  38.4 1.29 (1H, m) 1.44 17, 21, 22, 23 

21  17.1, CH3  19.5 0.93 (3H, d, 6.8) 1.02 17, 20, 21, 22 

22  31.6, CH2  34.4 1.18 (1H, m) 1.46 17, 20, 23, 24 

   1.65 (1H, m) 1.74  

23  32.2, CH2  35.3 2.02 (1H, m) 2.21 20, 23, 24 

   2.14 (1H, m) 2.39  

24 173.1, C 179.7    

25  40.7, CH2  46.2 3.69 (2H, m) 3.75 24, 26 

26 171.6, C 179.4    

24′-NH   8.06 (1H, t, 5.8) 7.83 23, 24, 25, 26 

aMeasured in dimethyl sulfoxide-d6, (500 MHz ); b compared with reference [150] ; cSignals without multiplicity were overlappled, 

and picked from HSQC or HMBC spectra. 
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� 33�czƑ 5�ʸȾĪʡƈŵʠɔɏ� 

 

 

 

 

 

 

� 34�czƑ 5�Ǡ�;ɏ (ZnSe)� 

[M + H]+

1 3361.32 76.841 2 2935.13 89.2446

3 2868.59 93.1716 4 1743.33 96.6957

5 1638.23 81.5321 6 1588.09 75.4731

7 1458.89 91.0745 8 1394.28 86.6312

9 1345.11 91.5831 10 1311.36 92.2891

11 1196.61 96.8042 12 1078.01 93.7117

13 1039.44 92.5465 14 984.482 95.7285

15 914.093 96.2322 16 665.321 83.3639

17 616.145 83.6719

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:05

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

63

110

70

80

90

100

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3

4

5

6

7

8

910

11

12
13

1415

1617
1 3361.32 76.841 2 2935.13 89.2446

3 2868.59 93.1716 4 1743.33 96.6957

5 1638.23 81.5321 6 1588.09 75.4731

7 1458.89 91.0745 8 1394.28 86.6312

9 1345.11 91.5831 10 1311.36 92.2891

11 1196.61 96.8042 12 1078.01 93.7117

13 1039.44 92.5465 14 984.482 95.7285

15 914.093 96.2322 16 665.321 83.3639

17 616.145 83.6719

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:05

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    
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� 35�czƑ 5�ŕɏ (Dimethyl sulfoxide-d6, 500 MHz)� 

 

� 36�czƑ 5�Ƽɏ (Dimethyl sulfoxide-d6, 125 MHz)� 
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NAME     20160805-WXH-1-23-1
EXPNO               100
PROCNO                1
Date_          20160804
Time              19.42
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zgps
TD                65536
SOLVENT            DMSO
NS                   40
DS                    0
SWH           10330.578 Hz
FIDRES         0.157632 Hz
AQ            3.1719923 sec
RG                 22.6
DW               48.400 usec
DE                22.00 usec
TE                298.0 K
D12          0.00002000 sec
L6                   20
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P18           100000.00 usec
SI                65536
SF          500.1700039 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

500MHz 1H DMSO 1-23-1
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NAME     20160805-WXH-1-23-1
EXPNO             40099
PROCNO                1
Date_          20160804
Time              22.22
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65400
SOLVENT            DMSO
NS                  592
DS                    4
SWH           34090.910 Hz
FIDRES         0.521268 Hz
AQ            0.9592500 sec
RG                 2050
DW               14.667 usec
DE                32.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                 200

======== CHANNEL f1 ========
SFO1        125.7823103 MHz
NUC1                13C
P1                10.00 usec
SI                65536
SF          125.7678993 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.00

500MHz 13C DMSO 1-23-1
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� 37�czƑ 5� HSQC�ɏ� 

 

 

� 38�czƑ 5� HMBC�ɏ� 

ppm
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NAME     20160805-WXH-1-23-1
EXPNO                72
PROCNO                1
Date_          20160804
Time              19.44
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG  hsqcedetgpsisp2.3
TD                 1024
SOLVENT            DMSO
NS                    8
DS                   16
SWH            6009.615 Hz
FIDRES         5.868765 Hz
AQ            0.0852468 sec
RG                    8
DW               83.200 usec
DE                22.00 usec
TE                298.0 K
CNST2       150.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           2.00000000 sec
D4           0.00166667 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00322581 sec
D24          0.00080645 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P2                24.00 usec
P28                0.00 usec
ND0                   2
TD                  512
SFO1           125.7792 MHz
FIDRES        58.829067 Hz
SW              239.471 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700021 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2       echo-antiecho
SF          125.7678866 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HSQC DMSO 1-23-1
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NAME     20160805-WXH-1-23-1
EXPNO                71
PROCNO                1
Date_          20160804
Time              22.40
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    hmbcetgpl3nd
TD                 2048
SOLVENT            DMSO
NS                   32
DS                   16
SWH            6250.000 Hz
FIDRES         3.051758 Hz
AQ            0.1638900 sec
RG                 2050
DW               80.000 usec
DE                22.00 usec
TE                298.0 K
CNST6       120.0000000
CNST7       170.0000000
CNST13        8.0000000
CNST30        0.5981189
D0           0.00000300 sec
D1           1.00000000 sec
D6           0.06250000 sec
D16          0.00020000 sec
IN0          0.00002210 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                12.00 usec
P2                24.00 usec
ND0                   2
TD                  512
SFO1           125.7792 MHz
FIDRES        44.188347 Hz
SW              179.874 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700030 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2       echo-antiecho
SF          125.7678829 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HMBC DMSO  1-23-1
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3.2.6 Cholic acid (6) �ǪļȾĪ 

 

    czƑ 6ƋƍȘƍĜǚĥ˃Ŏĕ;Ñ[α]27
D = + 0.4 (c 0.1, MeOH)˃ʸȾĪʡƈ

ŵʠɔɏ  (HRESIMS) ʯǀF  [M + NH4]+ ʠ¨Â  m/z 426.3228 (calcd. for 

C24H44NO5, m/z 426.3219)˃ ýŴL¨ÖƋ C24H40O5 (� 39)�Ǡ�;ɏ (IR) ʯǀġ

Ǻ� (3333cm-1) qǻɸǼ� (1706 cm-1) Ǒ®ȋ�ƭª� (� 40)� 

  
1H-NMR data of 6 

    ŕɏ (Dimethyl sulfoxide-d6, 300 MHz)ˁ� 41˂µʴʯǀ˃�ʸ�e�
 δH 

0.58 (3H, s, H3-18)�δH 0.80 (3H, s, H3-19) � δH 0.91 (3H, d, J = 6.4 Hz, H3-21) ġ�

ǩƥ� (methyls) ɔ¨ɀȭˆδH 3.61 (1H, brs, H-7) � δH 3.79 (1H, brs, H-12) ýŴ

ĔɱüġƧn¨� 

    ƤŕɏPňQđ˃czƑ 6Ƌ glycocholic acid (5) ƭǪļʮ!Ƒ˃czƑ 6¼

�� δH 3.69 (2H, d, J = 5.9 Hz, H2-25) ȕ δH 8.06 (1H, t, J = 5.8 Hz, NH) ƭɔ¨ɀ

ȭ˃ýŴczƑ 6ǪļƋ�ɹʮ!Ƒ˃��ƞ�ƭ4ʈ¼�Ȋ� (amino)�ÞǠ�
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;µʴʯǀ˃czƑ 6ʯǀ¼�ɻȊǼ� (1638 cm-1) ƭ;ɏɀȭ˃��ǻɸǼ� 

(1706 cm-1) ƭ;ɏɀȭ˃HǯƤʸȾĪʡƈʡʠɔɏ%ɎǪļL¨ɿņƽç˃ǯ

ȕčƕ [149]Ŏ¹czƑ 6ƭǪļƋÈƷƑ Cholic acid� 

 

 

� 39�czƑ 6�ʸȾĪʡƈŵʠɔɏ� 

 

 

� 40�czƑ 6�Ǡ�;ɏ (ZnSe)� 

[M + NH4]+

1 3333.36 81.1145 2 2937.06 69.2442

3 2867.63 75.8105 4 1705.73 79.9772

5 1650.77 84.7483 6 1540.85 84.4374

7 1519.63 84.7654 8 1457.92 83.5258

9 1373.07 82.7007 10 1338.36 85.0781

11 1313.29 84.8843 12 1197.58 86.2594

13 1052.94 66.3266 14 1031.73 68.7875

15 1012.45 69.7905 16 914.093 89.4014

17 669.178 83.5799 18 614.217 83.9599

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 12

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 6:01

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

50

110

60

80

100

4000 600100020003000

%T

Wavenumber [cm-1]

1
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5 67 8 9
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1 3333.36 81.1145 2 2937.06 69.2442

3 2867.63 75.8105 4 1705.73 79.9772

5 1650.77 84.7483 6 1540.85 84.4374

7 1519.63 84.7654 8 1457.92 83.5258

9 1373.07 82.7007 10 1338.36 85.0781

11 1313.29 84.8843 12 1197.58 86.2594

13 1052.94 66.3266 14 1031.73 68.7875

15 1012.45 69.7905 16 914.093 89.4014

17 669.178 83.5799 18 614.217 83.9599

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 12

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 6:01

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    
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80
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4000 600100020003000

%T

Wavenumber [cm-1]
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� 41�czƑ 6�ŕɏ (Dimethyl sulfoxide-d6, 300 MHz)� 
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NAME     20160802-WXH 1-23-3
EXPNO                 1
PROCNO                1
Date_          20160802
Time              12.20
INSTRUM      FOURIER300
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                32768
SOLVENT            DMSO
NS                   16
DS                    0
SWH            6103.516 Hz
FIDRES         0.186265 Hz
AQ            2.6844046 sec
RG              20.0784
DW               81.920 usec
DE                 6.50 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        300.1818011 MHz
NUC1                 1H
P1                15.00 usec
SI                16384
SF          300.1800067 MHz
WDW                  no
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

300 MHz 1H DMSO 1-23-3



doi:10.6342/NTU201701983

 132 

3.2.7 Glycochenodeoxycholate (7) �ǪļȾĪ 

 

 

    czƑ 7ƋƍȘƍĜǚĥ˃Ŏĕ;Ñ[α]27
D = + 4.0 (c 0.1, MeOH)˃ʸȾĪʡƈ

ŵʠɔɏ (HRESIMS) ʯǀF [M + H]+ ʠ¨Â m/z 450.3224 (calcd. for C26H44NO6, 

m/z 450.3219)˃ýŴL¨ÖƋ C26H43NO5 (� 42)�Ǡ�;ɏ (IR) ʯǀġǺ� 

(3363cm-1) ®ȋ�ƭª� (� 43)� 

 

 
1H-NMR data of 7 

    ŕɏ (Dimethyl sulfoxide-d6, 300 MHz)ˁ� 44˂µʴʯǀ˃�ʸ�e�
 δH 

0.60 (3H, s, H3-18)�δH 0.83 (3H, s, H3-19) � δH 0.88 (3H, d, J = 6.4 Hz, H3-21) ġ�

ǩƥ� (methyls) ɔ¨ɀȭˆδH 3.62 (1H, brs, H-7) � δH 3.67 (2H, d, J = 5.8 Hz, H2-

25) ýŴĔɱüġƧn¨ˆ� δH 8.03 (1H, t, J = 5.7 Hz, NH) ýŴƋȊ� (amino) 

ɔ¨ɀȭ� 

    ƤŕɏPňQđ˃czƑ 7Ƌ glycocholic acid (5) ƭǪļʮ!Ƒ˃Ǡ�;ɏ


�ʯǀAǿGġƵ!ƭ;ɏɀȭ�ŎɜAǿƭŕɏƫƚ˃czƑ 7¼�� δH 3.78 

#Ǹ�ƭɀȭ˃ýŴczƑ 7� C-12�¼��ǩǺ� (hydroxyl)˃ǯƤʸȾĪʡ
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ƈʡʠɔɏ%ɎǪļL¨ɿņƽç˃ǯȕčƕ [149]Ŏ¹czƑ 7ƭǪļƋÈƷƑ

Glycochenodeoxycholate� 

 

� 42�czƑ 7�ʸȾĪʡƈŵʠɔɏ� 

 

 

 

 

� 43�czƑ 7�Ǡ�;ɏ (ZnSe)� 

[M + H]+

1 3363.25 92.3273 2 2932.23 84.2176

3 2867.63 88.7001 4 1701.87 87.3328

5 1648.84 83.8452 6 1541.81 83.7405

7 1458.89 88.5302 8 1396.21 89.1182

9 1373.07 89.1156 10 1339.32 91.0758

11 1220.72 91.269 12 1047.16 84.7185

13 1032.69 84.6173 14 1007.62 85.0718

15 898.666 94.8659 16 828.277 94.7082

17 669.178 87.9574 18 612.288 88.9997

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:52

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

75
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80

90

100

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3

4

5 6

7
89

10 11

121314
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1 3363.25 92.3273 2 2932.23 84.2176

3 2867.63 88.7001 4 1701.87 87.3328

5 1648.84 83.8452 6 1541.81 83.7405

7 1458.89 88.5302 8 1396.21 89.1182

9 1373.07 89.1156 10 1339.32 91.0758

11 1220.72 91.269 12 1047.16 84.7185

13 1032.69 84.6173 14 1007.62 85.0718

15 898.666 94.8659 16 828.277 94.7082

17 669.178 87.9574 18 612.288 88.9997

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 11

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 5:52

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    
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4000 600100020003000
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1

2

3

4

5 6

7
89

10 11

121314

1516

17
18



doi:10.6342/NTU201701983

 134 

 

� 44�czƑ 7�ŕɏ (Dimethyl sulfoxide-d6, 300 MHz)� 
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NAME     20160802-WXH 1-23-4
EXPNO                 1
PROCNO                1
Date_          20160802
Time              12.26
INSTRUM      FOURIER300
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                32768
SOLVENT            DMSO
NS                   16
DS                    0
SWH            6103.516 Hz
FIDRES         0.186265 Hz
AQ            2.6844046 sec
RG                   32
DW               81.920 usec
DE                 6.50 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        300.1818011 MHz
NUC1                 1H
P1                15.00 usec
SI                16384
SF          300.1800061 MHz
WDW                  no
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

300 MHz 1H DMSO 1-23-4
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3.2.8 Glycodeoxycholsaeure (8) �ǪļȾĪ 

 

    czƑ 8ƋƍȘƍĜǚĥ˃Ŏĕ;Ñ[α]27
D = + 1.3 (c 0.1, MeOH)˃ʸȾĪʡƈ

ŵʠɔɏ (HRESIMS) ʯǀF [M + H]+ ʠ¨Â m/z 450.3223 (calcd. for C26H44NO5, 

m/z 450.3219)˃ýŴL¨ÖƋ C26H43NO5 (� 45)�Ǡ�;ɏ (IR) ʯǀġǺ� 

(3329cm-1) ®ȋ�ƭª� (� 46)� 

 

 
1H-NMR data of 8 

    ŕɏ (Dimethyl sulfoxide-d6, 300 MHz)ˁ� 47˂µʴʯǀ˃�ʸ�e�
 δH 

0.59 (3H, s, H3-18)�δH 0.84 (3H, s, H3-19) � δH 0.91 (3H, d, J = 6.3 Hz, H3-21) ġ�

ǩƥ� (methyls) ɔ¨ɀȭˆδH 3.69 (2H, d, J = 5.8 Hz, H2-25) � δH 3.79 (1H, brs, 

H-12)ýŴĔɱüġƧn¨ˆ� δH 8.07 (1H, t, J = 5.8 Hz, NH) ýŴƋȊ� (amino) 

ɔ¨ɀȭ� 

    ƤŕɏPňQđ˃czƑ 8Ƌ glycocholic acid (5) ƭǪļʮ!Ƒ˃Ǡ�;ɏ


�ʯǀAǿGġƵ!ƭ;ɏɀȭ�ŎɜAǿƭŕɏƫƚ˃czƑ 8¼�� δH 3.60 

#Ǹ�ƭɀȭ˃ýŴczƑ 8� C-7�¼��ǩǺ� (hydroxyl)˃ ǯƤʸȾĪʡƈ 
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ʡʠɔɏ%ɎǪļL¨ɿņƽç˃ǯȕčƕ [149], [151]Ŏ¹czƑ 8ƭǪļƋÈ

ƷƑ Glycochenodeoxycholate� 

 

� 45�czƑ 8�ʸȾĪʡƈŵʠɔɏ� 

 

 

 

 

� 46�czƑ 8�Ǡ�;ɏ (ZnSe)� 

[M + H]+

1 3329.5 88.5463 2 2932.23 77.9732

3 2866.67 83.6023 4 1739.48 84.972

5 1724.05 84.2441 6 1707.66 83.4202

7 1693.19 84.4509 8 1645.95 79.1068

9 1547.59 79.466 10 1517.7 81.2284

11 1462.74 85.1776 12 1427.07 86.999

13 1385.6 86.082 14 1372.1 85.9915

15 1218.79 86.5238 16 1038.48 79.0916

17 677.856 86.0252 18 621.931 87.9773

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 12

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 6:23

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

60

110

70

80

90

100

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3
456
7

8 9
10

11
121314 15

16

17
18

1 3329.5 88.5463 2 2932.23 77.9732

3 2866.67 83.6023 4 1739.48 84.972

5 1724.05 84.2441 6 1707.66 83.4202

7 1693.19 84.4509 8 1645.95 79.1068

9 1547.59 79.466 10 1517.7 81.2284

11 1462.74 85.1776 12 1427.07 86.999

13 1385.6 86.082 14 1372.1 85.9915

15 1218.79 86.5238 16 1038.48 79.0916

17 677.856 86.0252 18 621.931 87.9773

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 12

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 6:23

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

60

110

70

80

90

100

4000 600100020003000

%T

Wavenumber [cm-1]

1

2

3
456
7

8 9
10

11
121314 15
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� 47�czƑ 8�ŕɏ (Dimethyl sulfoxide-d6, 300 MHz)� 
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NAME     20160802-WXH 1-23-5
EXPNO                 1
PROCNO                1
Date_          20160802
Time              12.01
INSTRUM      FOURIER300
PROBHD   5 mm DUL 13C-1
PULPROG            zg30
TD                32768
SOLVENT            DMSO
NS                   16
DS                    0
SWH            6103.516 Hz
FIDRES         0.186265 Hz
AQ            2.6844046 sec
RG              13.8534
DW               81.920 usec
DE                 6.50 usec
TE                298.0 K
D1           2.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        300.1818011 MHz
NUC1                 1H
P1                15.00 usec
SI                16384
SF          300.1800063 MHz
WDW                  no
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

300 MHz 1H DMSO 1-23-5
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3.2.9 Helvolic acid (9) �ǪļȾĪ 

 

 

    czƑ 9ƋƬȘǚĥ˃Ŏĕ;Ñ[α]27
D = −4.8 (c 0.1, MeOH)˃ʸȾĪʡƈŵʠ

ɔɏ (HRESIMS) ʯǀF [M + Na]+ ʠ¨Â m/z 591.2932 (calcd. for C33H44O8Na, 

m/z 591.2934)˃ ýŴL¨ÖƋC33H44O8 (� 48)�Ǡ�;ɏ (IR) ʯǀġɵǼ� (1722 

cm-1) ȕEɚǻ� (1676 cm-1) Ǒ®ȋ�ƭª� (� 49)� 

 

1H-NMR data of 9 

    ŕɏ (Chloroform-d, 500 MHz)ˁ� 50˂ɳz HSQCˁ� 52˂ȾĪ˃ýŴ� δH  

0.89 (3H, s, H3-23) � δH 1.15 (3H, s, H3-22)�δH 1.23 (3H, d, J = 6.8 Hz, H3-19)�δH 

1.41 (3H, s, H3-18)�δH 1.57 (3H, s, H3-33)�δH 1.65 (3H, s, H3-32)�δH 1.90 (3H, s, H3-
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25)�δH 2.08 (3H, s, H3-21) ġBǩƥ� (methyls) ɔ¨ɀȭ˃F
 δH 1.23 (3H, d, J 

= 6.8 Hz, H3-19) ýŴƋ�ǩüēńƥ� (methine) �ƥ� (methyl) ɔ¨ɀȭ˃δH 

5.07 (1H, t, J = 7.2 Hz, H-30) ȕ δH 7.27 (1H, d, J = 10.1 Hz, H-1)Ƌʟʇ�ɔ¨ 

(olefinic protons) ɀȭ�ýŴ δH 5.20 (1H, d, J = 0.8 Hz, H-6) ȕ δH 5.82 (1H, m, H-

11) ĔɱüġƧn¨� 

 
13C-NMR data of 9 

    Ƽɏ (Chloroform-d, 125 MHz)ˁ� 51˂ʯǀczƑ 9ǶEġ 33/Ƽ˃ɳz

HSQC (� 52) ƭȾĪ˃~ġB/ƥ� (methyls) ɀȭ#ē δC 27.7 (C-18)�δC 13.3 

(C-19)�δC 20.9 (C-21)�δC 18.5 (C-22)�δC 18.1 (C-23)�δC 20.6 (C-25)�δC 25.9 (C-

32) � δC 17.9 (C-33)ˆ�/�ƥ� (methylenes) ɀȭ#ē δC 40.8 (C-10)�δC 26.1 

(C-14)�δC 24.1 (C-15) � δC 28.7 (C-28)ˆ�/ńƥ� (methines) #ē δC 157.5 (C-

1)�δC 128.0 (C-2)�δC 40.6 (C-4)�δC 47.4 (C-5)�δC 73.9 (C-6)�δC 73.6 (C-11)�δC 

49.6 (C-13)�δC 41.9 (C-16) � δC 122.9 (C-30)ˆf�/�ǣƼ (quaternary carbons) 

ɀȭ#ē δC 201.6 (C-3)�δC 208.9 (C-7)�δC 52.8 (C-8)�δC 46.7 (C-9)�δC 148.0 (C-

12)�δC 38.3 (C-17)�δC 169.1 (C-20)�δC 170.3 (C-24)�δC 130.5 (C-26)�δC 174.9 (C-

27) � δC 133.1 (C-31)�F
 δC 73.9 (C-6) � δC 73.6 (C-11) AǩɜƋ$� 

(downfield) ýŴƋüġœn¨ƭƼ (carbnoyl carbon)ˆδC 122.9 (C-30) ȕ δC 133.1 

(C-31) ýŴƋʟʇƭɀȭ δ̂C 169.1 (C-20) � δC 170.3 (C-24) ɳzǠ�;ɏ (1718 
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HMBC:
COSY:

cm-1) ýŴƋ acetoxyl carbonylƭɀȭ�δC 201.6 (C-3)�δC 208.9 (C-7)�δC 169.1 (C-

20) � δC 170.3 (C-24) ɳzǠ�;ɏ (1676 cm-1) ýŴƋEɚǻ� (conjugated 

carbonyl) ƭɀȭ� 

 

 

 

 

 

 

 

 

HMBC and COSY correlations of 9 

    Ĳă�ɢŕ�ƼɏƭPňQɐ˃ɳz COSYˁ � 53˂ƭƵʏɀȭbõ˅H-1/H-

2ˆH3-19/H-4ˆH-4/H-5ˆH-5/H-6ˆH-6/H-7ˆH2-10/H-11ˆH-13/H2-14ˆH2-14/ H2-

15ˆH2-15/H-16ˆH2-28/H2-29ˆH2-29/H-30�q HMBCˁ � 54˂ƭƵʏɀȭbõ˅

H-1/C-2� C-3ˆH-2/C-4ˆH-4/C-3ˆH-5/C-4� C-17ˆH-6/C-5� C-7ˆH2-10/C-9

� C-11 q C-12ˆH-11/C-12 � C-24ˆH-13/C-9 � C-14ˆH-16/C-15 � C-8 q C-

17ˆH3-18/C-17� C-1q C-16ˆH3-19/C-3� C-4�PňýŴczƑ 9ƭǪļ 3/

D�ƞ� 1/��ƞq��ƞ�üġ4ʈ��ɹʮʶĭ� 

    HMBCµʴʯǀ H3-18/C-17� C-1q C-16ˆH3-19/C-3� C-4ˆH3-21/C-20ˆ

H3-22/C-8� C-9q C-16ˆH3-23/C-8� C-9�C-10q C-13ˆH3-25/C-24ˆH2-28/C-

26� C-27q C-29ˆH2-29/C-28� C-30ˆH3-32/C-30� C-31q C-33ˆH3-33/C-30

� C-31q C-32ˆOH/C-26� C-27�v�ýŴ� C-4�C-8�C-9�C-17�C-20�C-

24� C-31�üġƥ� (methyls)˃ � C-26�üġǻɸ (carboxylic acid)˃ � C-6ȕ
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C-11�üġ
ɻœ� (acetoxys)˃δC 148.0 (C-12)�δC 130.5 (C-26) ȕ δC 122.9 (C-

30)�δC 133.1 (C-31) ƋAǩʟʇ� 

    ĞÛczƑ 9¤�ïǀ˃·��ȾĪïÝČăɇOēȶ 9˃ 	ɞ�ʸȾĪʡƈ

ʡʠɔɏ%ɎǪļL¨ɿņƽç˃HŎ¹čƕƽɈczƑƭǪļƋÈƷƑ Helvolic 

acid [56]˃ǎʷ#|ɲLƭȾĪ�ǯƤŎ¹čƕ [56]˃ƽ¯czƑƭƵ¹ǎʷ� 

 

  



doi:10.6342/NTU201701983

 142 

ȶ 10�czƑ 9�ŕ�ƼɏČă�[δ in ppm, mult. (J in Hz)] 

 9a 

No. 13Cb, type 1H COSY HMBC 

1 157.5, CH 7.27 (1H, d, 10.1) 2 3 

2 128.0, CH 5.84 (1H, d, 10.1) 1 4 

3 201.6, C=O    

4  40.6, CH 2.74 (1H, m) 5, 19 3 

5  47.4, CH 2.24 (1H, m) 4, 6 1, 4, 17 

6  73.9, CH 5.20 (1H, d, 0.9) 5 5, 7, 8, 17, 20 

7 208.9, C=O    

8  52.8, C    

9  46.7, C    

10  40.8, CH2 1.88 (1H, m) 11 9, 11, 12, 13, 23 

  2.21 (1H, m)   

11  73.6, CH 5.82 (1H, m) 10 9, 12, 13, 24 

12 148.0, C    

13  49.6, CH 2.55 (1H, m) 14 9, 14 

14  26.1, CH2 1.79 (1H, m) 13, 15 13, 15, 16 

  2.39 (1H, m)   

15  24.1, CH2 1.56 (1H, m) 14, 16 13, 14, 16 

  1.94 (1H, m)   

16  41.9, CH 2.58 (1H, m) 15 1, 5, 18, 22 

17  38.3, C    

18  27.7, CH3 1.41 (1H, s)  1, 5, 16 

19  13.3, CH3 1.23 (1H, s) 4 3, 4, 5 
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No. 13Cb, type 1H COSY HMBC 

20 169.1, C=O    

21  20.9, CH3 2.08 (1H, s)  20 

22  18.5, CH3 1.15 (1H, s)  7, 8, 9, 16, 22 

23  18.1, CH3 0.89 (1H, s)  8, 9, 10, 13, 23 

24 170.3, C=O    

25  20.6, CH3 1.90 (1H, s)  24 

26 130.5, C    

27 174.9, C=O    

28  28.7, CH2 2.42 (1H, m) 29 12, 26, 27, 29, 30 

  2.48 (1H, m)   

29  28.5, CH2 2.05 (1H, m) 28, 30 26, 28, 30, 31 

  2.11 (1H, m)   

30 122.9, CH 5.07 (1H, d, 7.2) 29 29, 32, 33 

31 133.1, C    

32  25.9, CH3 1.65 (1H, s)  30, 31, 33 

33  17.9, CH3 1.57 (1H, s)   

27′-OH   5.84 (1H, s)  26, 27 

aMeasured in chloroform-d (500 MHz ); bSignals without multiplicity were overlappled, and picked from COSY or HMBC spectra. 
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� 48�czƑ 9�ʸȾĪʡƈŵʠɔɏ� 

 

 

 

 

 

� 49�czƑ 9�Ǡ�;ɏ (ZnSe)� 

[M + Na]+

1 2972.73 66.1175 2 2936.09 65.4271

3 2876.31 66.2423 4 1722.12 52.7931

5 1675.84 57.6889 6 1444.42 68.6949

7 1373.07 59.0143 8 1214.93 42.9417

9 1144.55 64.3267 10 1028.84 58.8119

11 961.341 66.9233 12 921.807 71.1877

13 823.455 76.8422 14 737.639 80.8775

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 12

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/17 12:55

Modification Date  2017/6/17 12:56

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

40

100

60

80

4000 600100020003000

%T

Wavenumber [cm-1]

123

4

5

6

7

8

9

10

11

12

13

14

1 2972.73 66.1175 2 2936.09 65.4271

3 2876.31 66.2423 4 1722.12 52.7931

5 1675.84 57.6889 6 1444.42 68.6949

7 1373.07 59.0143 8 1214.93 42.9417

9 1144.55 64.3267 10 1028.84 58.8119

11 961.341 66.9233 12 921.807 71.1877

13 823.455 76.8422 14 737.639 80.8775

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Accessory ATR PRO410-S

Accessory S/N A039061044

Light Source Standard

Detector TGS

Accumulation 12

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain Auto (4)

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/17 12:55

Modification Date  2017/6/17 12:56

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 399.193 cm-1

End 4000.6 cm-1

Data pitch 0.964233 cm-1

Data points 3736    

40

100

60

80

4000 600100020003000

%T

Wavenumber [cm-1]
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4
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6
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8
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10
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� 50�czƑ 9�ŕɏ (Chloroform-d, 500 MHz)� 

 

 

� 51�czƑ 9�Ƽɏ (Chloroform-d, 125 MHz)� 
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NAME     20170309WXH-1-38-2
EXPNO               100
PROCNO                1
Date_          20170308
Time              20.41
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                   40
DS                    0
SWH           10000.000 Hz
FIDRES         0.305176 Hz
AQ            1.6384500 sec
RG                 20.2
DW               50.000 usec
DE                25.60 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                11.90 usec
SI                65536
SF          500.1700220 MHz
WDW                  EM
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

500 MHz 1H CDCL3 1-38-2
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NAME     20170309WXH-1-38-2
EXPNO             40099
PROCNO                1
Date_          20170309
Time               8.13
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65400
SOLVENT           CDCl3
NS                  512
DS                    4
SWH           34090.910 Hz
FIDRES         0.521268 Hz
AQ            0.9592500 sec
RG                 2050
DW               14.667 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   2

======== CHANNEL f1 ========
SFO1        125.7823103 MHz
NUC1                13C
P1                10.00 usec
SI                65536
SF          125.7678259 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.00

125 MHz 13C CDCL3 1-38-2
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� 52�czƑ 9� HSQC�ɏ� 

 

 

� 53�czƑ 9� COSY�ɏ� 

ppm
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NAME     20170309WXH-1-38-2
EXPNO                72
PROCNO                1
Date_          20170309
Time               1.01
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG  hsqcedetgpsisp2.3
TD                 1024
SOLVENT           CDCl3
NS                    4
DS                  128
SWH            6009.615 Hz
FIDRES         5.868765 Hz
AQ            0.0852468 sec
RG                    4
DW               83.200 usec
DE                22.00 usec
TE                298.0 K
CNST2       150.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.20000005 sec
D4           0.00166667 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00322581 sec
D24          0.00080645 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                11.90 usec
P2                23.80 usec
P28                0.00 usec
ND0                   2
TD                  512
SFO1           125.7792 MHz
FIDRES        58.829067 Hz
SW              239.471 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700200 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2       echo-antiecho
SF          125.7678065 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HSQC CDCL3 1-38-2
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NAME     20170309WXH-1-38-2
EXPNO                74
PROCNO                1
Date_          20170309
Time               7.18
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    cosygpppqf45
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            6510.417 Hz
FIDRES         3.178914 Hz
AQ            0.1573364 sec
RG                  456
DW               76.800 usec
DE                22.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00015360 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P0                 5.95 usec
P1                11.90 usec
P17             2500.00 usec
ND0                   1
TD                  512
SFO1            500.173 MHz
FIDRES        12.715657 Hz
SW               13.016 ppm
FnMODE               QF
SI                 2048
SF          500.1700202 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2                  QF
SF          500.1700203 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0

500MHz  COSY CDCL3 1-38-2
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� 54�czƑ 9� HMBC�ɏ� 

 

  

ppm
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NAME     20170309WXH-1-38-2
EXPNO                71
PROCNO                1
Date_          20170308
Time              20.43
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    hmbcetgpl3nd
TD                 2048
SOLVENT           CDCl3
NS                   24
DS                   32
SWH            6250.000 Hz
FIDRES         3.051758 Hz
AQ            0.1638900 sec
RG                 2050
DW               80.000 usec
DE                22.00 usec
TE                298.0 K
CNST6       120.0000000
CNST7       170.0000000
CNST13        8.0000000
CNST30        0.5981125
D0           0.00000300 sec
D1           1.00000000 sec
D6           0.06250000 sec
D16          0.00020000 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                11.90 usec
P2                23.80 usec
ND0                   2
TD                  512
SFO1           125.7817 MHz
FIDRES        58.829067 Hz
SW              239.466 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700206 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 1024
MC2       echo-antiecho
SF          125.7678151 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HMBC CDCL3 1-38-2
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3.2.10 1-Linoleoyl glycerol (10) �ǪļȾĪ 

 

    czƑ 10ƋʾȘşƓƑ˃Ŏĕ;Ñ[α]27
D = −3.7 (c 0.1, MeOH)˃ʸȾĪʡƈŵ

ʠɔɏ (HRESIMS) ʯǀF [M + Na]+ ʠ¨Â m/z 377.2663 (calcd. for C21H38O4Na, 

m/z 377.2668)˃ýŴL¨ÖƋ C21H38O4 (� 55)�Ǡ�;ɏ (IR) ʯǀġǺ� (3388 

cm-1) ȕǻ� (1730 cm-1) Ǒ®ȋ�ƭª� (� 56)� 

 

 

1H-NMR data of 10 

    ŕɏ (Chloroform-d, 500 MHz)ˁ� 57˂ýŴ� δH 0.87 (3H, t, J = 6.9 Hz, H3-18) 

Ƌ�ǩƥ� (methyl) ɔ¨ɀȭˆδH 1.23˄1.33 (16H, H2-3, -4, -5, -6, -7, -15, -16, -17) 

ƋBǩ�ƥ� (methylenes) ɔ¨ɀȭˆδH 2.32 (2H, t, J = 6.6 Hz, H2-2) Ƌ�ǩ�ƥ

� (methylenes) ɔ¨ɀȭ˃ĲăFc¬#ǄýŴȑɡüġǼ� (carbonyl) ɪíy

|Ƨçĉì (anisotropic effect) ƭÙʩ˃Fŕɏc¬#ǄɜƋ$� (downfield)̂ δH 

3.58 (2H, dd, J = 11.5, 5.8 Hz, H2-3′) ȕ δH 4.14 (2H, dd, J = 11.7, 6.2 Hz, H2-1′) ƋA

ǩüēńƥ� (methine) ��üœ�ƥ� (oxymethylenes) ɔ¨ɀȭˆδH 5.31 (1H, 

m, H-9)�δH 5.34 (1H, m, H-10) ȕ δH 5.31 (1H, m, H-12)�δH 5.34 (1H, m, H-13) Ƌ

Aǩʟʇ�ɔ¨ (olefinic protons) ɀȭ� 
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HMBC:
COSY:

 
13C-NMR data of 10 

    Ƽɏ (Chloroform-d, 500 MHz)ˁ � 58 ʯ˂ǀczƑ 10ġ 21/Ƽ˃ɳz HSQC 

ˁ� 59˂ƭȾĪ˃~ġ�/ƥ� (methyl) ɀȭ#ē δC 14.3 (C-18)ˆf�/�ƥ� 

(methylenes) ɀȭ#ē δC 34.4 (C-2)�δC 25.1 (C-3)�δC 29.3 (C-4)�δC 29.4 (C-5)�

δC 29.3 (C-6)�δC 29.8 (C-7)�δC 27.4 (C-8)�δC 25.8 (C-11)�δC 27.7 (C-14)�δC 29.6 

(C-15)�δC 31.7 (C-16)�δC 22.8 (C-17)�δC 65.4 (C-1′) � δC 63.5 (C-3′)ˆ�/ńƥ

� (methines) ɀȭ#ē δC 130.5 (C-9)�δC 128.1 (C-10)�δC 128.3 (C-12)�δC 130.2 

(C-13) � δC 70.5 (C-2′)̂ �/�ǣƼ (quaternary carbon) ɀȭ#ē δC 174.5 (C-1)�

F
 δC 65.4 (C-1′) ȕ δC 70.5 (C-2′) � δC 63.5 (C-3′) ɜƋ$�ýŴƋüġœn¨

ƭƼ (quaternary carbons)̂ δC 130.5 (C-9)�δC 128.1 (C-10)�δC 128.3 (C-12)�δC 130.2 

(C-13) ýŴƋʟʇƭɀȭ� 

 

 

 

 

 

HMBC and COSY correlations of 10 

    Ĳă�ɢŕ�ƼɏƭPňQɐ˃ɳz COSYˁ � 60 ƭ˂Ƶʏɀȭbõ H˅2-2/H2-

3ˆH2-3/H2-4ˆH2-4/H2-5ˆH2-5/H2-6ˆH2-6/H2-7ˆH2-7/H2-8ˆH2-8/H-9ˆH-9/H-10ˆ

H-10/H2-11ˆH2-11/H-12ˆH-12/H-13ˆH-13/H2-14ˆH2-14/H2-15ˆH2-15/H2-16ˆH2-

16/H2-17ˆH2-17/H2-18ˆH2-1′/H2-2′� H2-2′/H2-3′˃v�PňýđczƑ 10ƋȌȆ
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ɸ (fatty acid) Ǫļʮ!Ƒ�ɳz HMBCˁ� 61˂µʴʯǀ H2-3′/ C-1′� C-2′̂ H2-

2′/ C-1′ˆH2-1′/ C-2′�C-3′� C-1˃ýŴƋƠş�ǪļƏŊü�czƑ C-1�� 

    HMBCµʴʯǀ δC 130.5 (C-9)�δC 128.1 (C-10) ȕ δC 128.3 (C-12)�δC 130.2 

(C-13) ġɫüʏ-ýŴƋAǩʟʇƭɀȭ˃	ȕčƕ [152]ƼɏɬȴŎɜ˃v�ƽ

Ɉʟʇ Δ9,12ƮƋ Z form��ǎʷ#|ɲL˃pǾčƕ [153]v�ƽɈczƑƭǫ¹

ǎʷ�ĞÛczƑ 10¤�ïǀ˃·��ȾĪïÝČăɇOēȶ 11˃	ɞ�ʸȾĪ

ʡƈʡʠɔɏ%ɎǪļL¨ɿņƽç˃HŎ¹čƕ [154]ƽɈczƑƭǪļƋÈƷ

Ƒ 1-Linoleoyl glycerol� 
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ȶ 11�czƑ 10�ŕ�ƼɏČă�[δ in ppm, mult. (J in Hz)] 

 10a 

No. 13C, type 1H 

1 174.5, C  

2 34.4, CH2 2.32 (2H, t, 6.6) 

3 25.1, CH2 1.61 (2H, m) 

4 29.3, CH2 1.29 (2H, m) 

5 29.4, CH2 1.29 (2H, m) 

6 29.3, CH2 1.29 (2H, m) 

7 29.8, CH2 1.23 (2H, m) 

8 27.4, CH2 2.03 (2H, m) 

9 130.5, CH 5.34 (1H, m) 

10 128.1, CH 5.31 (1H, m) 

11 25.8, CH2 2.75 (2H, m) 

12 128.3, CH 5.31 (1H, m) 

13 130.2, CH 5.34 (1H, m) 

14 27.4, CH2 2.03 (2H, m) 

15  29.6, CH2 1.33 (2H, m) 

16  31.7, CH2 1.27 (2H, m) 

17  22.8, CH2 1.28 (2H, m) 

18  14.3, CH3 0.87 (3H, t, 6.9) 

1′  65.4, CH2 4.14 (1H, m) 

  4.17 (1H, m) 

2′  70.5, CH 3.91 (1H, m) 

3′  63.5, CH2 3.58 (1H, m) 

  3.67 (1H, m) 
aMeasured in chloroform-d (500 MHz )  
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� 55�czƑ 10�ʸȾĪʡƈŵʠɔɏ� 

 

 

 

 

 

 

� 56�czƑ 10�Ǡ�;ɏ (ZnSe)� 

[M + Na]+

1 3390.24 94.2111 2 3009.37 96.5206

3 2925.48 90.5341 4 2854.13 93.257

5 1736.58 93.5055 6 1650.77 97.1011

7 1459.85 96.2274 8 1392.35 97.0533

9 1243.86 96.8622 10 1179.26 95.4353

11 1119.48 96.6633

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Light Source Standard

Detector TGS

Accumulation 15

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain 1

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 6:37

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 349.053 cm-1

End 7800.65 cm-1

Data pitch 0.964233 cm-1

Data points 7729    
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4000 600100020003000
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Wavenumber [cm-1]
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1 3390.24 94.2111 2 3009.37 96.5206

3 2925.48 90.5341 4 2854.13 93.257

5 1736.58 93.5055 6 1650.77 97.1011

7 1459.85 96.2274 8 1392.35 97.0533

9 1243.86 96.8622 10 1179.26 95.4353

11 1119.48 96.6633

[ Result of Peak Picking ]

No. Position Intensity No. Position Intensity

[Measurement Information]

Model Name FT/IR-4100typeA

Serial Number B016661016

Light Source Standard

Detector TGS

Accumulation 15

Resolution 4 cm-1

Zero Filling On

Apodization Cosine

Gain 1

Aperture Auto (7.1 mm)

Scanning Speed Auto (2 mm/sec)

Filter Auto (30000 Hz)

[Data Information]

Creation Date  2017/6/8 6:37

Data array type Linear data array

Horizontal Wavenumber [cm-1]

Vertical %T

Start 349.053 cm-1

End 7800.65 cm-1

Data pitch 0.964233 cm-1

Data points 7729    
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� 57�czƑ 10�ŕɏ (Chloroform-d, 500 MHz)� 

 

 

� 58�czƑ 10�Ƽɏ (Chloroform-d, 125 MHz)� 
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NAME     20170311WXH-1-38-4
EXPNO               101
PROCNO                1
Date_          20170310
Time              18.00
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG            zg30
TD                32768
SOLVENT           CDCl3
NS                    1
DS                    0
SWH           10000.000 Hz
FIDRES         0.305176 Hz
AQ            1.6384500 sec
RG                  101
DW               50.000 usec
DE                25.73 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                11.30 usec
SI                65536
SF          500.1700216 MHz
WDW                  no
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00

500MHz 1H CDCL3 1-38-4
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NAME     20170311WXH-1-38-4
EXPNO             40099
PROCNO                1
Date_          20170303
Time              16.52
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65400
SOLVENT           CDCl3
NS                  256
DS                    4
SWH           34090.910 Hz
FIDRES         0.521268 Hz
AQ            0.9592500 sec
RG                 2050
DW               14.667 usec
DE                18.00 usec
TE                298.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                 200

======== CHANNEL f1 ========
SFO1        125.7823103 MHz
NUC1                13C
P1                10.00 usec
SI                65536
SF          125.7678216 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.00

500MHz 13C CDCL3 1-38-4
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NAME     20170311WXH-1-38-4
EXPNO                73
PROCNO                1
Date_          20170308
Time              15.27
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    cosygpppqf45
TD                 2048
SOLVENT           CDCl3
NS                    4
DS                   16
SWH            6510.417 Hz
FIDRES         3.178914 Hz
AQ            0.1573364 sec
RG                 1150
DW               76.800 usec
DE                22.00 usec
TE                298.0 K
D0           0.00000300 sec
D1           1.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
D16          0.00020000 sec
IN0          0.00015360 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P0                 5.95 usec
P1                11.90 usec
P17             2500.00 usec
ND0                   1
TD                  512
SFO1            500.173 MHz
FIDRES        12.715657 Hz
SW               13.016 ppm
FnMODE               QF
SI                 2048
SF          500.1700216 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2                  QF
SF          500.1700224 MHz
WDW               QSINE
SSB                   0
LB                 0.00 Hz
GB                    0

500MHz  COSY CDCL3 1-38-4

 

� 59�czƑ 10� HSQC�ɏ� 

  

ppm

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

160

140

120

100

80

60

40

20

NAME     20170311WXH-1-38-4
EXPNO                72
PROCNO                1
Date_          20170308
Time              14.42
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG  hsqcedetgpsisp2.3
TD                 1024
SOLVENT           CDCl3
NS                    4
DS                  128
SWH            6009.615 Hz
FIDRES         5.868765 Hz
AQ            0.0852468 sec
RG                   10
DW               83.200 usec
DE                22.00 usec
TE                298.0 K
CNST2       150.0000000
CNST17       -0.5000000
D0           0.00000300 sec
D1           1.20000005 sec
D4           0.00166667 sec
D11          0.03000000 sec
D16          0.00020000 sec
D21          0.00322581 sec
D24          0.00080645 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                11.90 usec
P2                23.80 usec
P28                0.00 usec
ND0                   2
TD                  512
SFO1           125.7792 MHz
FIDRES        58.829067 Hz
SW              239.471 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700198 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678124 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HSQC CDCL3 1-38-4

� 60���� 10� COSY��� 
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� 61�czƑ 10� HMBC�ɏ� 

  

ppm

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

160

140

120

100

80

60

40

20

NAME     20170311WXH-1-38-4
EXPNO                71
PROCNO                1
Date_          20170310
Time              18.02
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG    hmbcetgpl3nd
TD                 2048
SOLVENT           CDCl3
NS                   16
DS                   32
SWH            6250.000 Hz
FIDRES         3.051758 Hz
AQ            0.1638900 sec
RG                 2050
DW               80.000 usec
DE                22.00 usec
TE                298.0 K
CNST6       120.0000000
CNST7       170.0000000
CNST13        8.0000000
CNST30        0.5981125
D0           0.00000300 sec
D1           1.20000005 sec
D6           0.06250000 sec
D16          0.00020000 sec
IN0          0.00001660 sec

======== CHANNEL f1 ========
SFO1        500.1730010 MHz
NUC1                 1H
P1                11.90 usec
P2                23.80 usec
ND0                   2
TD                  512
SFO1           125.7817 MHz
FIDRES        58.829067 Hz
SW              239.466 ppm
FnMODE    Echo-Antiecho
SI                 2048
SF          500.1700214 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.00
SI                 2048
MC2       echo-antiecho
SF          125.7678125 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0

500MHz HMBC CDCL3 1-38-4
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3.3 czƑŨçÍȔŴɆ 

 

3.3.1 �œcŖòVȕǧȉªŨƗ�µʴǪī     

 

    Sƣ Griess reagent assay LĪ�œcŖƭƅÑ˃*Ʌ�ƶȜ
ïƢơƭńǣ 

�ɍƑĚ}¹»ˀ»Ȑɔǧȉİ (murine microglial cell line; BV-2) ǧȉƢơƭ 

NO GġòV'ƣ [155]˃ Ħµʴ�Ȕdɺ¬ ¬ȩƜ¬ƹǋïȥ�ãĊúz'ɬ

ȴ� 

    Ƥ� 62ʯǀ˃� 20 µMƅÑ�˃czƑ 1�2�3�4ȕ 9ġėʯ�œcŖƢ

ơƭòV˃F
 RƋ�ȖƓë�ǧȉ~ġƭ NOɿ˃VƋǯƤ LPS (150 ng/ml) W

ƄÛǧȉïƢơƭ NOɿ� 

    � 63 ʯǀ˃czƑ 1�2� 9GġØƭǧȉōç˃výŴF¹ē BV-2 ǧȉ

��œcŖơíòV˃vȋĚczƑĦəƭǧȉōŋ'ƣ�czƑ 3ȕ 4¹ē BV-

2 ǧȉ��œcŖơíòVĉīʥ*Ȓēǧȉōŋ'ƣ˃vȋƋ¹�œcŖzí

ɷ�òV˃ɇǧłV�ʫɬ�ňɎµ� 
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###P < 0.001, **P < 0.01, ***P < 0.001 

� 62�czƑ 1˄4ȕ 9¹ BV-2Ƣơ�œcŖ�òVǪī� 

 
 
 
 

 
*P < 0.05, **P < 0.01, ***P < 0.001 

� 63�czƑ 1˄4ȕ 9¹ē BV-2ǧȉ�ªŨƗÙʩ� 

20 µM

LPS (150ng/ml)

20 µM
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3.3.2 òȜɆʴǪī 

 

    ĦµʴȕȔ ĸƑƩƜȕàơƑ¬ǞʗǊǴǽÊz'ɬȴ˃·czƑɬȴó

ǧȜȕƶȜƩnƭŴɆ˃Ǫī¤ȶ 12ïO�µʴʯǀczƑ 1�2�3� 4ġ¹ē

Đ�ʝƛȜ (Cryptococcus neoformans) ƭòVŨç˃ƋY�ĤƹǋŨç˃F
�

czƑ 1ĉīĞƋǍK�czƑ 1�2� 9GġòVʀʾȘȣȟƛȜ (Staphylococcus 

aureus) ƭŨç˃�czƑ 9 ĉīĞØ�czƑ 1�2 XȶƚKòVƬȘåƙȜƭ

Ũç�czƑ 1�2�4� 9LRȋòVĐ�ʝƛȜ (Cryptococcus neoformans) ȕ

ʀʾȘȣȟƛȜ (Staphylococcus aureus)˃ȋ�ì�ȜİPǗěƭǪī˃ƽɈLʠ

KGġŨçƀ\ƭczƑ� 

 
 
 
 
 

ȶ 12�czƑ 1˄4ȕ 9¹ēƩnȜƭòȜŴɆǪī 

Compounds 
MICd (µg/mL) MFCe / MBCf (µg/mL) 

C.a.a C.n.b S.a.c C.a.a C.n.b S.a.c 

Cephaibol A (1) 32 8 32 64 16 32 

Cephaibol B (2) 32 16 16 64 16 32 

Cephaibol C (3) >64 32 >64 >64 64 >64 

Cephaibol E (4) >64 32 >64 >64 64 >64 

Helvolic acid (9) >64 >64 4 >64 >64 32 
aCandida albicans SC5314, bCryptococcus neformans H99, cStaphylococcus aureus YC981, dminimum inhibitory concentration, 

eminimal fungicidal concentration, fminimum bactericidal concentration  
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3.3.3ǧȉōçɆʴ  

 

    ǧȉōŨçŴɆ� Sulforhodamine B colorimetric assay *Ʌ� Acremonium 

tubakii NTU60 ïLʠUƭczƑ 1˄4 ȕ 9 ¹ēƪǧȉĚ}GġòVǧȉ�ơî

Ěōŋǧȉ�'ƣ�Ħµʴȕʲ3ɺ¬ʔɺ¬ǞƘ�ǰǽÊz'ɬȴ˃)ƣǧȉİ

Ƌ�ʮóȩçlÃƪǧȉ (Paclitaxel-resistant ovarian cancer cells; TOV-21G-RT) 

ȕ�ʮȄǧȉƪǧȉ (Hepatocellular carcinoma cells; SK-Hep-1)� 

    µʴʯǀˁȶ 13˂� 10 µMȕ 30 µMƭƅÑ�˃czƑ 1� 2Gġƪǧȉİ

ōŋŨç˃czƑ 3�4�9ŝġōŋƪǧȉŨçȶƚ� 

    czƑ 1¹ TOV-21G-RT� SK-Hep-1ǧȉİġōŋŨç˃F IC50LRƋ 7.3

ȕ 5.9 µMˁȶ 14˂ˆczƑ 2¹ TOV-21G-RT� SK-Hep-1ǧȉİġōŋŨç˃

F IC50LRƋ 6.2ȕ 3.1 µMˁȶ 14˂� 

 

ȶ 13�czƑ 1˄4ȕ 9¹ƪǧȉİōŋŨç 

Compounds 

Cell survival (%) 

TOV-21G-RTa SK-Hep-1b 

10 µM 30 µM 10 µM 30 µM 

Cephaibol A (1) 14±8 0 21±1 0 

Cephaibol B (2) 0 0 0 0 

Cephaibol C (3) 105±7 101±2 98±3 44±6 

Cephaibol E (4) 105±6 94±4 103±1 75±4 

Helvolic acid (9) 106±5 79±11 98±5 95±8 
aPaclitaxel-resistant ovarian cancer cells, bHepatocellular carcinoma cells, cpostive control 

 

ȶ 14�czƑ 1ȕ 2¹ēƪǧȉİ�hòVƅÑ 

Compounds 
IC50 (µM) 

TOV-21G-RTa SK-Hep-1b 

Cephaibol A (1) 7.3±0.4  5.9±0.1  

Cephaibol B (2) 6.2±0.1  3.1±0.5  

8-Deoxy-trichothecinc 1.8±0.1  2.1±0.1  
aPaclitaxel-resistant ovarian cancer cells, bHepatocellular carcinoma cells, cpostive control  
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ȃ�µʴɲL (Experimental) 

 

4.19�Ƀ7ȕɆ[ 

 

4.1.1czƑ�ƑƜçɔŴ¯9� 

IR: JASCO FT/IR 4100 spectrometer (JASCO, Tokyo, Japan) 

UV: Thermo UV-Visible Heλios α Spectrophotometer (Thermo Scientific,       

Waltham, MA, USA) 

HRESIMS: Thermo Scientific™ Q Exactive™ Hybrid Quadrupole-Orbitrap Mass 

Spectrometer and THERMO Q Exactive Plus (Thermo Fisher Scientific, Bremen, 

Germany)   

NMR: Bruker Fourier 300 and DPX-400 and AVIII-500 and AV600_L spectrometer 

(Bruker, Ettlingen, Germany) 

Optical rotation: JASCO P-2000 Digital Polarimeter (JASCO, Tokyo, Japan) 
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4.1.2ʸĉůƵ¿ĪǞǭ 

5Ń9˅ 

UV: Hitachi L-7400 (Tokyo, Japan)  

RI: Bischoff (Leonberg, Germany) 

Ìū˅ 

Hitachi L-7100 (Tokyo, Japan) 

Ǔį˅ 

Thermo Hypersil HS C18, 5µ, 10 × 250 mm (Bellefonte, PA, USA) 

Phenomenex Luna PFP, 5µ, 10 × 250 mm (Torrance, CA, USA) 

 

4.1.3ǓįȘ¿¿ĪȐʷ 

Silica gel 60 (0.063 - 0.200 mm) (Merck, Darmstadt, Germany) 

Sephadex LH-20 (Amersham Biosciences, Filial Sverige, Sweden) 

 

4.1.4Ȧ¿¿ĪǞǭ 

¿ĪƏ˅ 

TLC aluminum sheets, silica gel 60 F254 plates (0.2 mm, Merck, Darmstadt, Germany) 

¾ʍŹ§ǩí˅ 

A: Chloroform/Methanol (15:1, v/v) 

B: Chloroform/Methanol (10:1, v/v) 

C: Dichloromethane/Methanol (20:1, v/v) 

ʯȘ[˅ 

Vanillin (0.5 g) in 250 mL H2SO4/MeOH (1:4, v/v) 
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4.1.5Ɇ[ȁħȕŹ[ 

Methanol (ACS, Merck, Darmstadt, Germany) 

Chloroform (Reag. Ph. Eur., SIGMA-ALDRICH, St. Louis, MO, USA) 

Dichloromethane (ACS, Avantor Performance Materials Inc., PA, USA)  

Acetonitrile (L.C., Merck, Darmstadt, Germany) 

Methanol (L.C., Avantor Performance Materials Inc., PA, USA) 

n-hexane (ACS, Avantor Performance Materials Inc., NJ, USA) 

Ethyl acetate (ACS, Avantor Performance Materials Inc., PA, USA)  

Trifluoroacetic acid (HPLC Grade, Alfa Aesar, Heysham, Lancs, UK) 

Chloroform-d (Cambridge Isotope Laboratories Inc., Andover, MA, USA) 

DMSO-d6 (SIGMA-ALDRICH, St. Louis, MO, USA) 
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4.2 ƶȜ�ʠ 

 

4.2.1ƶȜ*Ŷ 

    Ħµʴē 2016Î 4ĠȓȔƉĩdȽŬǁʱʑɡ (25°08'52.3"N 121°47'44.3"E) 

ŬÁɬȴȪʷûŀ˃�ȎƸʹ (Ulva intestinalis) 
�ʠKȜİ Acremonium 

tubakii NTU60� 

 

4.2.2ƶȜ�ʰ� 

BactoTM Peptone (Becton, Dickinson and Company, Sparks, MD, USA)  

BactoTM Malt Extract (Becton, Dickinson and Company, Sparks, MD, USA)  

BactoTM Yeast Extract (Becton, Dickinson and Company, Sparks, MD, USA)  

DifcoTM Agar (Becton, Dickinson and Company, Sparks, MD, USA)  

DifcoTM Dextrose (Becton, Dickinson and Company, Sparks, MD, USA) 

DifcoTM YPD Broth (Becton, Dickinson and Company, Sparks, MD, USA)  

DifcoTM Saccharose Sucrose (Becton, Dickinson and Company, Sparks, MD, USA) 

DifcoTM Potato Dextrose Agar (Becton, Dickinson and Company, Sparks, MD, USA)  

DifcoTM Potato Dextrose Broth (Becton, Dickinson and Company, Sparks, MD, USA)  

DifcoTM LB Broth, Miller (Luria-Bertani) (Becton, Dickinson and Company, Sparks, 

MD, USA)  

Starch (SIGMA-ALDRICH, St. Louis, MO, USA) 

Calcium Carbonate, Powder (ACS, Avantor Performance Materials Inc., PA, USA) 

Maltodextrin (DE10-12) (Ř.ȩ�ÄĹȅ�ġʓCx) 

ĖÖġłƫȚƖǙ (Ȃáǁď, �ŧƝæơƑǁðȅ�ġʓCx) 
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ȶ 15�ƶȜůëɼɶǇŶíL 

Composition (g/L)  
NaCl 30 

Peptone 1 

Yeast extract 4 

Dextrose 20 

Starch 10 

Soybean flour 40 

Calcium Carbonate 5  

Element solutiona 1 (mL) 

a 0.5% MnSO4, 0.5% ZnSO4, 5% CuSO4 

 

ȶ 16�yǇ�ʰ�ɳĒ 

Composition (g/L) YES YPD MEA MDS 1/2 PDB MY 

Yeast extract 10 10 ˄ ˄ ˄ 5 

Malt extract ˄ ˄ 30 ˄ ˄ 20 

Sucrose 30 ˄ ˄ ˄ ˄ ˄ 

Peptone ˄ 20 5 ˄ ˄ ˄ 

Dextrose ˄ 20 ˄ ˄ ˄ ˄ 

Maltodextrin ˄ ˄ ˄ 30 ˄ ˄ 

Soybean flour ˄ ˄ ˄ 10 ˄ ˄ 

Potato Dextrose Broth ˄ ˄ ˄ ˄ 12 ˄ 

 

 

4.2.3Ȫʷ�ʠȜİ 

    ƣźȜɭƭŬŗŞŦûŀ�*ƭȪʷ [156]˃ �oʕȪʷȶʦƭàơƑ˃üȢ

·ȪʷMí»�  (0.5 cm2) ÛɒUɯĂç�ʰ�  (1/2 PDA + 100 ppm 

chloramphenicol) �˃ ģĢòV	ʒ$ǧȜƭÙʩ˃ )FʌKƭȜȡ�ƋƶȜȜǮ˃

ɧĖȼ³�ʰ�˃·ʌKƭȜǮüǇȓĐƭ�ʰ� (1/2 PDA) �� 
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4.2.4Ȝİ�ʰȕȞs 

    ·�ʠÛƭƶȜ�ʰƯ�ƸȲȏ¶u˃ ćǸē 35°CèŸǕ�ʰ˃ Ƌģf�¡�

� 20 mL ƭǓƓ»ƟƭƟȤʦǉƋ�#˃·ǑʦǉȜ�ø>»Ɵ	^>ƥɹɬȴ

Ȟs˃^>ɿƋŌȜ� 1 mLƥɹ� 

4.2.5ǛȞƑóȜŨçɅ� 

    SƣǢʆĄċŠ (disk-diffusion method)˃v�äɩɅ�yƶȜǛȞƑ¹ēƩ

nȜƭòVȋ\�ŷ7ƩnȜȜůqv+ƩnȜơʌƭ�ʰ�˃·Aǿű�ĀaÛ

0>�ʰƯ˃ÚFImJ��·ÚŴȜůǛȞƑ (40 µL) Ž�Ǣʆ (8 mm) �˃)

Fʖ�˃ɰ=�ġłŹ[ŉƦȀÙʩµʴǪī˃ñǢʆćǸēŇ�ʰ��˃� 37°C

�ʰ 24»ě˃ȼ³FòVŨç�ƶȜǛȞƑʜěʎżɦ>�ʰ�˃ț~ġòVƩ

nȜơʌ�czƑ˃Ǣʆ��ğƢơ�ƞòȜ� (zone of inhibition)˃vƣŇòȜ

�ƴÜ'ƋɅ�ǛȞƑ÷ľ˃ĦƹǋɯƣȜǇƋʧȫŐʙçʀʾȘȣȟƛȜ 

(Staphylococcus aureus) ȕʧȫŐʖç ȎĳȜ (Escherichia coli) qĐ�ʝƛȜ 

(Cryptococcus neoformans) �ƬȘåƙȜ (Candida albicans)� 
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4.2.6ȜİʋǇ 

    ƶȜȜİ� DNA ʋ¯Ǫī¦ɋȔƉ ¬ĸƑƩƜȕàơƑƹǋï&Ūǰj

�i_Ȝİ ITS (Internal Transcribed Spacer) ÐOL¨ʋ¯ȕNCBI (National Center 

for Biotechnology Information) ɓĎÒŎ¹ˁ� 64˂qʯà�ëʋ¯ˁ� 65˂� 

     

4.2.6.1Ȝİ NTU60� DNAȞsȕ¯Ð  

    ·È�ʰēPDA�ʰ���Acremonium tubakii NTU60Ts¼ɿ«¨ȕȜǮ˃

Ǹ> 1.5 mL�ʠâǓ	^> 50 µL�ŕœcʂ (0.5 N)˃ƣźȜɭ��ɔķ·«¨

ȕȜǮƾƻ�ɔc˃ȀÛ·ʠâǓć>ʠâł˃ɟɩƋ 16000 g˃öǷ�Lʊ�s

�/Đƭ 1.5 mL�ʠâǓ^> 255 µLƭ Tris buffer˃	·Zʠâ­ƭ�Ųůs 5 

µL ^>È~ġ 255 µL ƭ Tris buffer ƭ 1.5 mL �ʠâǓ
˃ŇɲLƋĦµʴ�

template˃��·� templateǈ���)ƣē PCR machineƭŀ�?±ƑƋ 10 mM

ƭ Forward Internal Transcribed SpacerƋ ITS5 (5’-GGAAGTAAAAGTCAAGG-3’) 1 

µL � 10 mM ƭ Reverse Internal Transcribed Spacer Ƌ ITS4 (5’-

TCCTCCGCTTATTGATATGC-3’) 1 µL�template 1 µL�2X Taq 25 µL� ddH2O 23 

µL˃E 50 µL�ć>ĵ�Ƌ 1. ɑç˅94��20ǂ 2. üz˅55��20ǂ 3. Ô ˅

72��60ǂ˃ßƞ 25ń�PCRǪĨÛ·ŀ�s 3 µLɝ> Agarose	ćǸēƞ�

Ƌ 2 % TAEƭʡŤĽ
ɘȐ˃ƽɈ PCRňʵĚ}í]˃țí]½· PCRƢƑɤ

ȓŶɓ�ʛơƑǁðȅ�ġʓCx (Tri-I Biotech, Inc.) ɬȴ DNAÐO¯Ð� 

 

4.2.6.2Ȝİ NTU60ÐOŎ¹ȕʯàʉŃ 

    ·Ȝİ NTU60 ¯ÐǪī�8ȓ NCBI (National Center for Biotechnology 

Information) ǱǏ˃ȕɓĎÒɬȴ ITSÐOŎ¹˃	�)ƣMEGA 6.0.6ɛʷȹ'

ƶȜȻǳžcŁ˃ƫƚ NTU60 ȕÈɂʄȜİ Acremonium tubakii ƭƵ!Ñ 
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(identities) ɮ 99%�NTU60 ǯʯàʉŃȼ³˃FƢ«ļɪ��ùÉƓȀƋ�GƟ

Ĵˁphialide˂ƭLơ«¨Ĭ˃ʋ¯ NTU60 Ƌ Acremonium ÀȀʥ Penicillium À 

[157]� 

 

 

Acremonium tubakii NTU60FɲLÐO¤�˅ 

 

1 CCGTTTGGGT GACGGCGGAG GGACATTACT GAGTTATCCA 

41 ACTCCCAAAC CCCTGTGAAC ATACCTATGT TGCTTCGGCG 

81 GACCGTCCCG CGGCGCGCCC TCGTGGCGTG ACCCGGATCC 

121 AGGCGCCCGC CGGGGAACCA AACTCTTGTT TTCTAGTGTC 

161 TCCTCTGAGT GGCATAAGCA AAAATAAACA AAACTTTCAG 

201 CAACGGATCT CTTGGTTCTG GCATCGATGA AGAACGCAGC 

241 GAAATGCGAT AAGTAATGTG AATTGCAGAA TTCAGTGAAT 

281 CATCGAATCT TTGAACGCAC ATTGCGCCCG CCAGTATTCT 

321 GGCGGGCATG CCTGTCTGAG CGTCATTTCA ACCCTCAGCC 

361 CCCGTTCGCG GGGCGCTGGC GTTGGGGCCC GGCCGTCCTC 

401 GCGGCGGCCG TCCCCGAAAC ACAGTGGCGG TCTCCCACAG 

441 ACTCCCCTGC GTAGTAACAC TACCTCGCAG AAGGGACGAG 

481 CGGGCTGGCC ACGCCGTAAA ACACCCCACT TCTCAAGGTT 

521 GACCTCAGAT CAGGTAGGAA TACCCGCTGA ACTTAAGCAT 

561 ATCAAAAGCC GGAGGAAGA   
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� 64�ƶȜȻǳʏ-žcŁ� 

  

ǔʬƋʪ«ʿȜÀ (Acremonium) Ƣ«ļɪ 

� 65�Acremonium tubakii NTU60�Ƣ«ļɪʯà�ë� 

 Emericellopsis minima F277843
 Emericellopsis minima CBS 871.
 Emericellopsis minima CBS 1113
 Emericellopsis terricola NRRL5

 Emericellopsis terricola CCF38
 Emericellopsis terricola NZD-m

 Emericellopsis donezkii CBS 48
 NTU60
 Acremonium tubakii PAV-M 1.141
 Penicillium janthinellum
 Emericellopsis humicola EDT12-

 Acremonium tubakii UOA/HCPF ve
 Stilbella fimetaria MH178
 Stilbella fimetaria D99026

 Emericellopsis synnematicola C
 Acremonium exuviarum TYPE

 Acremonium dichromosporum CBS 
 Stanjemonium grisellum CBS 655

 Acremonium fuci KUC21244
 Acremonium fuci KUC21233

 Acremonium zonatum AUMC11001
 Acremonium zonatum AUMC11003

 Stilbella fimetaria SES201
 Emericellopsis pallida XJURML-
 Acremonium zonatum KNU14-15
 Acremonium sclerotigenum CCTU1

 Emericellopsis pallida DM12
 Acremonium

 Acremonium zonatum AUMC 11017
 Emericella nidulans DM9

99

100

90

94

79

65

70

74

72

78

66

0.005

NTU60
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4.3ƶȜ�ʰ 

 

4.3.1�Ǉ�ʰ�ŴɆ  

    �ʰ�?ƼŶ�ŖŶƭĆɑ˃ƶȜƢơƭ�ń�ɍƢƑ��ưƵ{˃ȨƤ�{

ƭ�ʰ�ɬȴƫɶ�ʰ˃v�ć Ũç�ɍƑƭƢɿ˃ų¼íĦ	þʸĉƗ� 

 

4.3.2ůëĝŒ�ʰ 

4.3.2.1�ʰ�ɳǸ 

    ŌCgoʠ¨ŗ
~ 30 C<ʽȚôKƑ (BactoTM Malt Extract) ȕ 5 C<Ȯ

Ƭȍ(BactoTM Peptone)˃ üȢēŌ/ 5CgȳŲƟ
ţ> 2.5Cg�ʰ�˃� 121°C

źȜ 30Lʊ˃ÚImÛ˃kv'Ƌ�ʰƶȜƭǘĘɼɶĽ� 

     

4.3.2.2ȜůɼɶȕȞs 

    Ȝİ Acremonium tubakii NTU60 üǇU�ʰ�
Ōg~ 2 C<ʲʃȧôKƑ

q 10C<ȣȟǜȕ 15C<ťȝȐ (1/2 PDA) ƭ�ʰƯ
˃ÚFȜǮơʌ ǟ�

ęģÛ˃ƽɈŝġF�àơƑqȱȰƭŚĮ˃H·ʌġȜǮƭťȝȐ�˃ɟǄU~

50ŏgǇŶˁȶ 15˂ƭ 250ŏg�ȽʅƟ?˃Ǹēɟɩ 180 rpmƭɣɟÖʣƲ�

��ǯ 4 ¡Ûɟ>�ɢ 5 CgȳŲƟĝŒ�ʰ˃	ȨƤȼ³ȜǮɿƭ�´qɼɶ

ůƂŲÑ'ƋýŴ�ʰěʎƭ,ă� 

 

    �ʰ 6 ¡ƭȜǮʷɼɶů˃�ôŒɭƇLʍɼɶůqȜǮʷ�F
ɼɶů�


ɸ
ɵɬȴǑʷǉLɳȞs�ńÛ˃ǯų�ƅǵÛǃɾÝ 4.3C<˃�7ÛǷc

zƑƭLʠǡc� 
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4.3.3�ëǝǙɼɶ 

4.3.3.1ǝǙȬƜ     

    ǝǙɯȒȂáǁďƭĖÖġłƫȚƖǙ�� 500ŏgƭ�ȽʅƟȸ 50C<ƭ

ǝǙ˃	^> 20 ŏgƭ MEAˁȶ 15˂�ʰů˃)FŭšČ»ěȓǝǙ·�ʰů

­@�ą˃� 121°CźȜ 30Lʊ˃ÚImÛ˃kv'Ƌ�ʰƶȜƭɼɶƟ˃Ħµ

ʴE�ʰ� 900C<ƭǝǙ� 

 

4.3.3.2ĻƑ�ʰȕȞs     

    Ȝİ Acremonium tubakii NTU60 üǇU�ʰ�
Ōg~ 2 C<ʲʃȧôKƑ

q 10C<ȣȟǜȕ 15C<ťȝȐ (1/2 PDA) ƭ�ʰƯ
˃ÚFȜǮơʌ ǟ�

ęģÛ˃ƽɈŝġF�àơƑqȱȰƭŚĮ˃H·ʌġȜǮƭťȝȐ�˃ɟǄU~

50 ŏgǇŶˁȶ 15˂ƭ 250ŏg�ȽʅƟ?˃Ǹēɟɩ 180 rpmƭɣɟÖʣƲ�

��ǯ 4¡Ûɟ>�ɢ�ȽʅƟ?˃	ȕǝǙ:LĀaűz˃ʤȓA¡ÛHń·ǝ

ǙȜ�Āʺ˃ćǸēǢǕ?ɰ;°Ÿ�ʰ 21¡� 

 

    · 100ŏgƭƥɹ0>�ȽʅƟ?˃�ɗʨŢʣƲ 15Lʊ˃ɬȴ�ńȞs˃

ƣôŒɭƇ·ȜůȕȜ�Lʠ˃ǯų�ƅǵÛ·ǛȞů^�¼Ʉ�ńoʠ¨ŗ˃L

R�ņÇƌq
ɸ
ɵǑʷǉLɳȞs�ń˃HLRǯų�ƅǵǃɾÛ˃ÝUņÇ

ƌȞsƑ 5.4C<ȕ
ɸ
ɵȞsƑ 6.1C<˃�7ü�*ƭczƑLʠǡc� 
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� 66�ƶȜɼɶɭǆǀê�� 
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4.4 Acremonium tubakii NTU60�íLLʠ�ǡc 

 

4.4.1ůëɼɶȞsƑLʠũǆ 

    s Acremonium tubakii NTU60ůë�ʰ�
ɸ
ɵȞKƑ 4.3 g˃�ȐƇǓį 

(Sephadex LH-20, 2.5 cm i.d. × 66 cm) ɬȴLʠ˃ũ`ƵƋƥɹ˃ũɩ 2.5 mL/min˃

Ō 30 mLąʞƋ�Ǔ˃Eąʞ 42Ǔ��ņƵȦ¿¿Īˁ¾ʍŹ§ A˂ŃŴ˃,F

ǩíƭƵ!çz(Ƌ 11/LůˁFr. 1˄Fr. 11˃¤ȶ 17ïǀ˂��Û Fr. 2ȕ Fr. 5

ǯ HPLC��{Şþĵ�LʠÛÝUczƑ 1˄8˃ FLʠ�ǡc�ňʵLɢ¤Û� 

 

 

 

ȶ 17�Acremonium tubakii NTU60ůë�ʰ�
ɸ
ɵȞKƑ�ȐƇǓį¿ĪLʠƭǪī 

Fr.a Tube (No.) Contents 
1 1˄11 - 

2 12˄16 1, 2, 3, 4 

3 17˄19 - 

4 20 - 

5 21˄22 5, 6, 7, 8 

6 23 - 

7 24˄26 - 

8 27˄31 - 

9 32˄34 - 

10 35˄38 - 

11 39˄42 - 

a
 Fractions obtained from Sephadex LH-20 column separation.  
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Cephaibol A (1) 

    s Fr. 2�ɥƵ HPLCɬȴǡc˃)ƣ Thermo Hypersil HS C18hȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 60% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ēŻƦěʎƋ 12.47 min˃ÝUczƑ 1 (44.6 mg)� 

 

Cephaibol B (2) 

    s Fr. 2�ɥƵ HPLCɬȴǡc˃)ƣ Thermo Hypersil HS C18hȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 60% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ēŻƦěʎƋ 14.48 min˃ÝUczƑ 2 (17.2 mg)� 

 

Cephaibol C (3) 

    s Fr. 2�ɥƵ HPLCɬȴǡc˃)ƣ Thermo Hypersil HS C18hȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 60% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ąʞŻƦěʎƋ 10.80 minƭ�Â˃üȢĆ)ƣ Thermo Hypersil HS C18

hȹ7Ǔį (10 × 250 mm)˃ũ`ƵƋ 75% MeOH˃ũɩƋ 2 mL/min˃ēŻƦěʎ

Ƌ 33.64 min˃ÝUczƑ 3 (17.8 mg)� 

 

Cephaibol E (4) 

    s Fr. 2�ɥƵ HPLCɬȴǡc˃)ƣ Thermo Hypersil HS C18hȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 60% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ąʞŻƦěʎƋ 10.80 minƭ�Â˃üȢĆ)ƣ Thermo Hypersil HS C18

hȹ7Ǔį (10 × 250 mm)˃ũ`ƵƋ 75% MeOH˃ũɩƋ 2 mL/min˃ēŻƦěʎ

Ƌ 37.01 min˃ÝUczƑ 4 (9.3 mg)� 
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Glycocholic acid (5) 

    s Fr. 5�ɥƵ HPLCɬȴǡc˃)ƣ Phenomenex Luna PFPhȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 45% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ēŻƦěʎƋ 9.09 min˃ÝUczƑ 5 (21.1 mg)� 

 

 

Cholic acid (6) 

    s Fr. 5�ɥƵ HPLCɬȴǡc˃)ƣ Phenomenex Luna PFPhȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 45% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ēŻƦěʎƋ 13.34 min˃ÝUczƑ 6 (8.6 mg)� 

 

Glycochenodeoxycholate (7) 

    s Fr. 5�ɥƵ HPLCɬȴǡc˃)ƣ Phenomenex Luna PFPhȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 45% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ēŻƦěʎƋ 14.35 min˃ÝUczƑ 7 (5.8 mg)� 

 

Glycodeoxycholsaeure (8) 

    s Fr. 5�ɥƵ HPLCɬȴǡc˃)ƣ Phenomenex Luna PFPhȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 45% ACN + 0.03% TFA˃ũɩƋ

2 mL/min˃ēŻƦěʎƋ 15.57 min˃ÝUczƑ 8 (16.3 mg)� 
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4.4.2�ëǝǙȞsƑLʠũǆ 

    s Acremonium tubakii NTU60�ëǝǙɼɶ�
ɸ
ɵȞKƑ 4.3 g˃� Silica

Ǔį ( 4.5 cm i.d. × 30 cm) ɬȴLʠ˃ũ`ƵƋ 100% Dichloromethane (DCM)U

100% MeOHƭĶÑŞþ˃ũɩ 5 mL/min˃Ō 100 mLąʞƋ�Ɵ˃Eąʞ 30Ɵ

¤ȶ 18ïǀ�)ƣņƵȦ¿¿Īˁ¾ʍŹ§ C˂ŃŴ˃,FǩíƭƵ!çz(Ƌ

5/LůˁFr. 1˄Fr. 5˃¤ȶ 19ïǀ˂��Û Fr. 3ǯ HPLC��{Şþĵ�Lʠ

ÛÝUczƑ 9-10˃FLʠ�ǡc�ňʵLɢ¤Û� 

 

 

ȶ 18�Acremonium tubakii NTU60ǝǙȞKƑǯ Silica gelǓį¿ĪŞþƭĵ� 

Tube (No.) a  Flask (DCM-MeOH) 
1˄3  100%DCM 

4˄6  99%DCM, 1%MeOH 

7˄9  98%DCM, 2%MeOH 

10˄12  95%DCM, 5%MeOH 

13˄15  90%DCM, 10%MeOH 

16˄18  85%DCM, 15%MeOH 

19˄21  80%DCM, 20%MeOH 

22˄24  75%DCM, 25%MeOH 

25˄27  70%DCM, 30%MeOH 

28˄30  50%DCM, 50%MeOH 

a
 Fractions obtained from Silica gel column separation.  

 

 

ȶ 19�NTU60ǝǙ�ʰȞKƑǯ Silica gelǓį¿ĪŞþ(ǓǪī 

    Fr.  Contents 
1 (No.1˄12)  - 

2 (No.13˄18)  - 

3 (No.19˄22)  9, 10 

4 (No.23˄28)  - 

5 (No.29˄30)  - 
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Helvolic acid (9) 

    s Fr. 3�ɥƵ HPLCɬȴǡc˃)ƣ Phenomenex Luna PFPhȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 85% MeOH + 0.03% TFA˃ũɩ

Ƌ 2 mL/min˃ēŻƦěʎƋ 16.71 min˃ÝUczƑ 9 (37.1 mg)� 

 

1-Linoleoyl glycerol (10) 

    s Fr. 3�ɥƵ HPLCɬȴǡc˃)ƣ Phenomenex Luna PFPhȹ7Ǔį (10 

× 250 mm)˃ɳz RI5Ŵ9ɬȴŃŴ˃ũ`ƵƋ 85% MeOH + 0.03% TFA˃ũɩ

Ƌ 2 mL/min˃ēŻƦěʎƋ 27.77 min˃ÝUczƑ 10 (9.9 mg)� 
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4.5�œcŖòVɆʴ (NO production inhibitory activity) 

 

    Sƣ Griess reagent assayLĪ�œcŖƭƅÑ˃*Ʌ�ƶȜ
ïơƢƭńǣ�

ɍƑĚ}¹ʠʷ BV-2ǧȉƢơƭ NOGġòV'ƣ�Ħµʴ�Ȕdɺ¬ ¬ȩƜ

¬ƹǋïȥ�ãĊúz'ɬȴ� 

 

4.4.1ǧȉ�ʰ 

    ·»ˀ»Ȑɔǧȉİ (murine microglial cell line; BV-2) ǧȉ�ʰ� 6 well 

plate�˃Ō/ well~ġ 6 × 105/2 mLƭǧȉɿ˃��ʰē~ġ 0.5%ȈƐȳŲ(fetal 

bovine serum, FBS) � DMEM (Dullbecco’s modified Eagle medium) ?�ʤǸ 17»

ě1Hÿ�ń~ġ 0.5% FBS�DMEM˃ �ʰĵ�ǰö� 37°Cȕ 5%�œcƼ/95%

ǌŒ
� 

15 LʊÛ�Ō/ well 
LR^>czƑ 1˄4 � 9˃~ġ 10% � L-glutamine�

penicillin�streptomycin�HEPESȕ NaHCO3ƭ DMEM (Dullbecco’s modified Eagle 

medium) �ʰů
˃ 

     

4.4.2 Griess reagent assay 

    �œcŖ (nitric oxide, NO) Ě�ǇɀéL¨˃�óƫƊrìġʏ˃FvSƣ

Escherichia coli lipopolysaccharide (LPS) ɉº BV-2ǧȉƢơ�NO�ȳů
ğǯ

Ƥœ�ȳǠǤ (oxyhemoglobin) ɟÿí�ƺɸʼ (nitrite, NO2
-) qƺɸʼ (nitrate, 

NO3
-)˃Ȁ Griess reagent assayvƣ*LĪŗŹů
 NO2

-ƭɿ˃ɬȀ¯ɿ NO˃F

ɆʴĚ,ă NO2
- � sulphanilamide q N-(1-naphthyl)ethylene-diamine rìơí 

ǦǠȘƭ6ŖczƑ (azo-dye product)˃	vǯƤL;;ÑȿŃŴ (� 67) [158]� 

 



doi:10.6342/NTU201701983

 178 

 

� 67�Griess reagent assay�rìũǆ� 

 

    ·¯ɿ£ƭ BV-2 ǧȉ (5 × 105 cells/well) LǸē 24 wells �ʰƱ
˃ēè 

ŸǕ?�ʰ 16 »ěÛ˃Ǆʕ�ʰůÛ˃^>�~ɴǠƭ DMEM Đ�ʰů˃	 

^>Źē  DMSO 
ƭczƑb~: ǌƬ¹Ǝǩ  (dimethyl sulfoxide; 0.1%) � 

compounds (1˄4 and 9)˃30LʊÛǬ� LPS 150 ng/mL˃rì 24»ě�sKǧȉ

�ʰů��Ųů˃H^>{ʷǉƭ Griess reagent (1% sulfanilamide üȢ 0.1% 

naphthyl-ethylenediamine dihydrochloride)˃ �°Ÿ�rì 10Lʊ˃ Sƣ ELISA reader

ēȯ;Ţʌ 548 nm�˃ŴF�;ØÑ (Optical density: O.D.)˃	ȿǒczƑ¹ē

ʠʷ BV-2ǧȉƢơ�œcŖ�òVØÑ� 
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4.6 òȜɆʴ (Antimicrobial activity) 

 

    )ƣƶȜ�ƩnȜAİ˅ƬȘåƙȜ (Candida albicans SC5314)�Đ�ʝƛȜ 

(Cryptococcus neoformans H99) ȕǧȜ�ƩnȜ�İ˅ʀʾȘȣȟƛȜ 

(Staphylococcus aureus YC981)˃ �ǇƩnȜ'ƋczƑƭŨçǗɯÍȔ˃��Ȝİ

ƤȔƉ ¬ĸƑƩƜȕàơƑ¬ǞìƣơƑ¬µʴ°þ+˃ĦµʴȕʗǊǴǽÊ

z'ɬȴ� 

     

4.6.1 ǧȉ�ʰ 

    )ƣ Nutrient agar or broth (Biocorp Polska Ltd.) 'ƋʀʾȘȣȟƛȜ 

(Staphylococcus aureus YC981) ƭ�ʰ��ƬȘåƙȜ (Candida albicans SC5314) 

ȕĐ�ʝƛȜ (Cryptococcus neoformans H99) ƭ�ʰ�˅ YPD (1% yeast extract, 2% 

peptone, 2% glucose)�defined medium 199 (Invitrogen) ȕ yeast carbon base-bovine 

serum albumin���ȜİƮǰö� 37°C ɬȴ 24 »ě�ʰ˃·ƩȜƅÑɊí 0.5 

McFarland Standard +ÛǷµʴïƣ [159]� 

 

4.6.2 Ğ»òVƅÑɆʴ (Minimal inhibition concentration)  

    ·ÚŴŀ�ƣ Mueller-Hinton �ʰ�ɬȴàɿǅɽ (microdilution method) 

[160]˃ĞǨƅÑǖ�Ƌ 19˄2500 µg cm-3�ȀÛñƩnȜů (20˄180 µL, 0.5 

McFarland) ţ>ǅɽÛƭŀ�˃ȀǌƬ¹ƎǩƋMueller-Hinton�ʰ�˃ņ¹Ǝǩ

)ƣ^ŗƭƩnȜů�·ŀ�ǰö 37°CʤǸ 24»ě˃� 600 nmŢʌŴɆF�;

ØÑ (Optical density: O.D.)˃	ȿǒFĞ»òVƅÑ (MIC)� 
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4.7 ǧȉōçɆʴ (Cytotoxic activity) 

 

    Sƣ sulforhodamine B (SRB) ȮƬɔLĪŠ [161]*Ʌ� Acremonium tubakii 

NTU60 ïLʠUƭczƑ¹ēƪǧȉİĚ}GġòVǧȉ�ơîōŋǧȉ�'ƣ�

Ħµʴ�ʲ3ɺ¬ʔɺ¬ǞƘ�ǰǽÊz'ɬȴ� 

 

4.7.1 nƜȕƳƭ 

    sulforhodamine B (SRB) ȮƬɔLĪŠȨƤŴɿǧȉ?ȮƬɔƭ~ɿ*Ŵ¯ǧ

ȉƭ²Ñ˃vȶǀǧȉƭ�ơȕªŨƗ˃FnƜĚSƣĮ[ sulforhodamine B (� 

68) 
ƭƿɸ�˃ē×ɸçƞ��ȕǧȉ?ȮƬɔƭʻçŔ�ɸǪz˃�Û)ƣ×

ʻŹůȞsǧȉ?ƭ SRB 	ŴɿF�;2˃ȨƤ SRB ƭ~ɿkvÝƷǧȉ?Ȯ

Ƭɔƭ~ɿ˃�Ň�ȶǧȉªŨƗ� 

 

 

 

 
� 68�Sulforhodamine B (SRB) Ǫļ� 
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4.7.2 ǧȉ�ʰ 

    Ħµʴï)ƣƭǧȉİȄƪǧȉ (human liver cancer cells, SK-Hep-1)˃ɕȒǹ

�ĿÖȜǇąʞ
â (American Type Culture Collection, ATCC)�ȀóȩçlÃƪ

ǧȉ (human paclitaxel-resistant ovarian cancer cells, TOV-21G-Tx) XĚƤƘ�ǰǽ

Êµʴ°ǯʳcƔÝ˃s TOV-21Gǧȉİ� paclitaxel 2 nMƭɖ¥ƅÑɬȴȬƜ

q�ʰ˃ǗɯªŨƭǧȉ	ɧſ�^ paclitaxel ƭƅÑȓ 20 nM Ƌ TOV-21G-Tx 

ǧȉ��ʰƅÑ�TOV-21G-Tx q SK-Hep-1 ǧȉİƮ�ʰē~ 10%ȈƐȳŲ 

(fetalbovine serum, FBS) qóơǤ (100 U/mL penicillin�10 µg/mL streptomycin � 

0.025 µg/mL amphotericin B) ƭ DMEM �ʰů�ïġǧȉİ�ʰēèŸǕ˃�ʰ

ĵ�ǰö� 37°C ȕ 5%�œcƼ/95%ƁƆǌŒ
�µʴ
ǧȉ�ʰïʢ�ȁħƮ

ûɕȒ Gibco BRL life technologies (Grand Island, NY, USA)� 

 

4.7.3 Sulforhodamine B (SRB) assay 

    ·�ɢǧȉİ� 5 × 103 cells/well ƭ²ÑLǸē 96©Ʊ
˃Úʚ�ǧȉɒʑ

Û˃� 10% trichloroacetic acid (TCA) �¯ǧȉ˃·ȮƬɔŜƃ˃Ň�ȶȩƑȬ Ɯ

ě (T0) ǧȉ�ČƳ��ȩƑȬƜ 48»ěÛ^> 10 % TCA�¯ǧȉ	
Ņµʴ˃

üȢ^>~ġ 0.4% SRB (w/v) � 1% acetic acidĮ[Źůē 96©Ʊ
˃ē°Ÿ


ʤǸ 15LʊÛ˃·ĤǪzȓǧȉƭĮĎSƣ 1% acetic acid ŞŦ	ʖ�˃ÈǪz

ĮĎƭǧȉX� 10 mM trizma base ŹȾ˃Sƣ ELISA readerɐs 515 nm�;2˃

ǯÿǒLĪÛřshòVƅÑ (IC50)� 
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��ɁɌ (Discussions) 

 

    �ɯĂç 1/2 PDA �ʰ��ʠK 198 İȪŶƶȜİ˃ǯɼɶ�ʰ�Û˃Ȟs

ůPň�ƩnȜŨçÍȔɬȴŴɆ˃ǗɯK 11İˁȶ 1˂GġŨçƶȜ NTU59�

NTU60�NTU64�NTU172�NTU183�NTU185�NTU187�NTU189�NTU200�

NTU220˃F
 NTU59ȕ NTU60ƭòȜ�ĞʯȢ˃òȜ�ƭ »ʕ�tczƑƭ

òȜȋ\Ø×Ùʩ��˃ýŴȕczƑŗŹçƵʏ˃��ʰ�~ŗ˃ğÙʩczƑ

��ʰ�?ĄċƭɩÑ�NTU59 òȜ�ʜěʎɑŰÏȓŮ¢˃�ɦɭ�ȼ�ëȕ

ʯàʉʉŃFƢ«ļɪ˃Qđ NTU59�NTU60�NTU183�NTU185�NTU186 �

NTU187ƮƋ{ÀƶȜ˃Ĉʁ¹GġėʯòVŨçƭ NTU60ɬȴÛǷĄ �ʰ˃

ɬȴ�ǞOƭLĪ�Lʠ�ǡcȕļɪȾĪ˃ȿLʠKf/ÈƷczƑ˃bõ˅�

/ǲ�ȇʮ (linear peptide) ƭ Cephaibol A (1)�Cephaibol B (2)�Cephaibol C (3)�

Cephaibol E (4)ˆ�/ʮ�ɹ  (steroids) Glycocholic acid (5)�Cholic acid (6)�

Glycochenodeoxycholate (7)�Glycodeoxycholsaeure (8)ˆ�/ʮ�Ƞ(triterpenoid) 

Helvolic acid (9)ˆ�/Ȍɔ (lipid) 1-Linoleoyl glycerol (10)�F
ƭczƑ 1�2�

3�4ȕ 9ǯòȜɆʴɎµġòȜŨçˆczƑ 1ȕ 2�ǧȉōçɆʴ
ȶƚʯȢ

ƭƪǧȉōŋŨç˃ŇǪīv¹ìFǛȞƑïGġòȜȕƪǧȉōŋĉī� 

    Cephaibol A-C (1-3) � Cephaibol E (4) ɨʮǲ�ȇczƑ� 2001 Îȷƫȶ

[139]˃ ɨʮczƑǪļʥËƵ!˃"ĚŨçĉīmġÅ ÆƧ�ȼ³ɨ�/czƑ

ƫƚ˃GġɜØǧȉōçƭczƑ Cephaibol A (1) ȕ Cephaibol B (2)˃ ĺçɜ$˃

Ȁ Cephaibol C (3) ȕ Cephaibol E (4)˃ĺçƵɜēYAǿʸ˃ǧȉōç�ɜ×˃ý

Ŵ�/ǲ�ȇczƑƭŨçØ×vȋ*ȒēĺçƭÆƧ� 

    Cephaibol A˄C (1˄3) � Cephaibol E (4) �ȶƚK¹ǯ LPSWƄ� BV-2ǧ

ȉİƢơ�œcŖġòVĉī˃F
 Cephaibol E (4) �ǧȉōçɆʴ
ǧȉªŨ
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ƗɮU 98.6%˃ȀŇʮczƑĚ Acremonium tubakii NTU60�ůë�ʰƭ�Ⱥí�

��˃ġFÛǷìƣƭƀ\�    

    òȜɆʴǪīʯǀ Cephaibol A (1) � Cephaibol B (2) GġòVʀʾȘȣȟƛ

Ȝ (Staphylococcus aureus YC981)�ƬȘåƙȜ (Candida albicans SC5314) ȕĐ�

ʝƛȜ (Cryptococcus neoformans H99) ƭŨç˃ƋÓĉ�ƭóơǤˆµʴʯǀ

Helvolic acid (9) ¹ēʀʾȘȣȟƛȜ (Staphylococcus aureus YC981) ġʯȢƭŨ

ç˃{ěǯƤɓĎāǥ˃čƕ÷KF¹ēóȩçʀʾȘȣȟƛȜ (Methicillin-

Resistant Staphylococcus aureus, MRSA) ġʯȢƭĉīMIC = 4 µg mL-1 [56]���

ëĻƑɼɶ�ʰǛȞƑ
Ě�Ⱥí���˃ġć ơƢƭvȋ˃vɬȴF�ŨçÍ

ȔìƣqȩƜłVƹǋ� 
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ʘ�yíL�ƑƜČă (Physical data) 

 

Cephaibol A (1) 

White powder 

[α]28
D = + 1.5 (c 0.1, MeOH) 

IR νmax: 3284, 1646, 1541, 1457, 1436, 1418, 1387, 1364, 1300, 1199, 1173, 1148, 

1080, 801, 781, 748, 702, 649  

UV (MeOH) λmax (log ε): 258 (2.6) nm 

1H-NMRq 13C-NMR¤ȶ 5 

HRESIMS: m/z 1692.9373 [M + Na]+  

calcd for C82H127N17O20Na, 1692.9341 

 

Cephaibol B (2) 

White powder 

[α]28
D = + 1.2 (c 0.1, MeOH) 

IR νmax: 3280, 1776, 1755, 1650, 1540, 1463, 1421, 1393, 1313, 1174, 1058, 1006, 928, 

861, 744, 633 

UV (MeOH) λmax (log ε): 258 (2.6) nm 

1H-NMRq 13C-NMR¤ȶ 6 
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HRESIMS: m/z 1706.9480 [M + Na]+  

calcd for C83H129N17O20Na, 1706.9497 

 

Cephaibol C (3) 

White powder 

[α]28
D = + 3.0 (c 0.1, MeOH) 

IR νmax: 3280, 1647, 1540, 1464, 1418, 1392, 1367, 1343, 1292, 1176, 1056, 1010, 870, 

746, 664, 651, 616 

UV (MeOH) λmax (log ε): 258 (2.5) nm 

1H-NMRq 13C-NMR¤ȶ 7 

HRESIMS: m/z 1678.9180 [M + Na]+  

calcd for C81H125N17O20Na, 1678.9184 

 

Cephaibol E (4) 

White powder 

[α]28
D = − 2.1 (c 0.1, MeOH) 

IR νmax: 3279, 1646, 1540, 1391, 1368, 1312, 1174, 1053, 1038, 1013, 923, 745, 664, 

653, 608 

UV (MeOH) λmax (log ε): 258 (2.4) nm 
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1H-NMRq 13C-NMR¤ȶ 8 

HRESIMS: m/z 1678.9194 [M + Na]+  

calcd for C81H125N17O20Na, 1678.9184 

 

Glycocholic acid (5) 

Colorless solid 

[α]28
D = + 4.8 (c 0.1, MeOH) 

IR νmax: 3361, 2935, 2868, 1743, 1638, 1588, 1459, 1394, 1345, 1311, 1197, 1078, 

1039, 984, 914, 665, 616 

1H-NMRq 13C-NMR¤ȶ 9 

HRESIMS: m/z 466.3176 [M + H]+  

calcd for C26H44NO6, 466.3169 

 

Cholic acid (6) 

Colorless solid 

[α]28
D = + 0.4 (c 0.1, MeOH) 

IR νmax: 3333, 2937, 2867, 1705, 1651, 1541, 1520, 1458, 1373, 1338, 1313, 1197, 

1053, 1031, 1012, 914, 669, 614 

HRESIMS: m/z 426.3228 [M + NH4]+   
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calcd for C24H44NO5, 426.3219 

 

Glycochenodeoxycholate (7) 

Colorless solid 

[α]28
D = + 4.0 (c 0.1, MeOH) 

IR νmax: 3363, 2932, 2867, 1702, 1649, 1542, 1459, 1396, 1373, 1339, 1221, 1047, 

1033, 1008, 899, 828, 669, 612 

HRESIMS: m/z 450.3224 [M + H]+  

calcd for C26H44NO5, 450.3219 

 

Glycodeoxycholsaeure (8) 

Colorless solid 

[α]28
D = + 1.3 (c 0.1, MeOH) 

IR νmax: 3330, 2932, 2867, 1739, 1724, 1708, 1693, 1646, 1548, 1518, 1463, 1427, 

1386, 1372, 1219, 1038, 678, 622 

HRESIMS: m/z 450.3223 [M + H]+   

calcd for C26H44NO5, 450.3219 

 

 



doi:10.6342/NTU201701983

 188 

Helvolic acid (9) 

Colorless solid 

[α]28
D = − 4.8 (c 0.1, MeOH) 

IR νmax: 2972, 2936, 2876, 1722, 1676, 1444, 1373, 1215, 1145, 1029, 961, 922, 823, 

738 

UV (MeOH) λmax (log ε): 225 (2.1) nm 

HRESIMS: m/z 591.2932 [M + Na]+   

calcd for C33H44O8Na, 591.2934 

 

1-Linoleoyl glycerol (10) 

Yellow oil 

[α]28
D = − 3.7 (c 0.1, MeOH) 

IR νmax: 3390, 3009, 2925, 2854, 1737, 1651, 1460, 1392, 1243, 1179, 1119 

HRESIMS: m/z 377.2663 [M + Na]+  

calcd for C21H38O4Na, 377.2668 
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