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Ė ƔĔƓ �œƓ

1–1Ɠ ǀƭǉƾ 

�ƎƿÕKƾơƞƹƛókƮǏƜƻƞƟƩƻǀƘóìƻƬƹƿ�ŻƣšƞÜǉǏRƍ

ƿ�ƷƺƝǏƙ¼K�ÃƘ±¸ƿüzƾ�ƞƘdƥƿ�Żǀ%�ƺŹóƤƮǏƩƻƘ

ƮƽǒƵƛ�įŹwƜǓñ�ƻƬƹƤƳƙƱƿƩƻǀƘȅǬȁǭȃǖ±¸ƿǡȍǟȅǨȈH

�ŏƺőǍǐǏ�Ö�ÜƿµǋƘ�į�Öƿ�ĽǓÜǉƳČƿhÿ�ƾǆƷǒǏ�

Ċ�ŒƽƼƘ�øL[ƿ±¸ƾ,ŢƬƹŅǍǐǏƙĞ) Ɣ�ĞƪǑƿǛǩǾǳƾĕǓ

üƬƘƿƵƾȊȓȏǯǹƾ�ƣƶƳŷųŀǀƘ)ƚǀ@ų{ƢǍŗų{ǓóǇ/ƮƩ

ƻǓāþƻƬƳ£ŀƺƝƶƳƣƘ�n+ƽǊƿǓn+ƽǊƿƾƮǏƘƮƽǒƵ¼ſƽǊ

ƿƺƝǏĲ�ǋƒǓÛŪƿǊƿƾƮǏƩƻǊāþƿ�ƷƻƬƹüzƬƹƞƶƳƙÄâƾ

ơƞƹǊNÏƾƘ�į�ÖƿƆĽǓ�Ǐŷ�ŀƣŚƩƶƹƞǏƙƱƿŧĎƺƆĽƻƬ

ƹ�ǍǐƳÚŵ<MìǓ½õƬƳƩƻƣƘhÿ�ƽƼƿŃ°ƿÿ�ƿÖ
ńWƾƽ

ƶƳƻİƠǍǐƹƞǏƙð�ƾơƞƹƘŷųŀǋŷ�ŀƣāþƻƬƹƞƳ�į�Öǀ

ũ�ƫǐƹǀƞƽƞƣƘƩǐǍƿ£ŀƿšĒƣ�·ƿ<lƘ=lƘĽlƿüzƾī

ƣƶƹƞǏƻİƠǍǐǏƙ�ŻƿwRǀ�ƚƾ�ǂƹƤƹơǎƘíƾĂşƿ°�Ğƾ

ơƞƹǀċl£ŀƿüzƾ�ƞƘāƾŅƠƹ��ƬƳƙƱƿńWǀÇƏTƍǋóã

òaƿ¯UƘùúƿàû´áƿĈēƽƼd|ƾǒƳǏƣƘð�ƾơƧǏ»eƿ£ŀ

ƈ³ǀƘǦȑǻȈȓǭȓƿü¸ƾƝǏƻŉƠǌƟƙ 

ĽƻƞƟ0űƾơƞƹƞƠǁƘIÃǌǎ�ƚǀÀǋĺĹƽƼƿÌìǋƘľƘŴìƽ

ƼƿķêìǓĽƻƬƹ�õƬƹƤƳƙş�ƾơƧǏĽƾżƮǏćĒǀƘƱǐǍƿ�ħ

þƽ¼:�0ƿNoƘƝǏƞǀ+ƥƿ&êƿôìƽƼÏƚƽńWƾǌƶƹüzƬƹƤ

ƳƙƩǐƾvƬƹƘð�ƿ8ĽǀƘ0ióìlǋóñlƿŅ[ƢǍƿùúǋǖȎȍǡ
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ȓE�ƿÑÎƿň¸ǋƘƱƿŅ[ƺüŅƫǐƳĽƿí�ǓñňƮǏƩƻƺĿǒǐƹ

ƞǏƙƩƿǌƟƾċlƿüzƾǌƶƹ8Ľƿ£ŀǀŦÔƬƳƣƘǦȑǻȈȓǭȓǓ�õ

ƬƳǨȃȈȎȓǨȉȑƽƼƿŊęċlþ¡áƿx*ƾǌǎƘvŖƻƮǏìŘƿ�ŘǋE

��ƿ
åƽƼƿdƥƿǲȓǭƣ�ǍǐǏǌƟƾƽƶƳƙ 

ǲȓǭƾvƬƹ AIǋħŊňÅƽƼƿ�_lþ¡áǓūõƬƘĶeƽ°ƿǲȓǭ

ƢǍ�$ƿƝǏ�_ǓªĢƮǏ£ŀƿƩƻǓǲȓǭȂǘǶȑǣƻƞƟƙǖȅȌǞƿŊęÑ

ċlıƺƝǏ James Nicholas GrayǀƘǺǯǣǲȓǭƾvƮǏǲȓǭÍĢǋǲȓǭȂ

ǘǶȑǣƘÑËlĮƿ¡áƽƼǓõƞƹĿƟċlþćĒ¡áƿƩƻǓƛǲȓǭƃğ]

ċlƜƻoĭƬƘƛĤƐċlƜƘƛñœċlƜƘƛŊęċlƜƾĨƦƘƛĖ 4ƿċlƜƻčƬ

Ƴ[1]ƙƩƿ0űǀċl+�ƿÕKƢǍŅǐǁ³ƬƞǊƿƺƝǏƣƘş��ţƾüz

ƬƹƞǏ0űƺƝǎƘƩǐǍƿ£ŀƾ^ƸƞƳćĒźüƣĀǔƾĿǒǐƹƞǏƙíƾ

<lƿ0űƾơƞƹǀƘǦȑǻȈȓǭȓƻ�_<£ŀǓõƞƹĿƟƛǤȆǘȑǼǜȂǱ

ǗǢǪƜȔ�_<lƘ<l�_lȕƻƞƟćĒ¡áƣŚƶƹƞǏƙ1999�ƾŊę<lı

ƺƝǏ Frank Kenneth BrownǀǤȆǘȑǼǜȂǱǗǢǪǓ��ƿǌƟƾoĭƬƹƞǏ

[2]ƙ 

 

 “Chemoinformatics is the mixing of those information resources to 

transform data into information and information into knowledge for 

the intended purpose of making better decisions faster in the area of 

drug lead identification and optimization” 

 ȔǤȆǘȑǼǜȂǱǗǢǪƻǀƘĽ7ȌȓǴƿŔ3ơǌǂ»ū<ƿ0

űƾơƞƹǌǎĸƞÞoǓǌǎŞţƾĿƟƩƻǓāþƻƬƹƘǲȓǭ
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Ǔ�_ƾƘ�_ǓąŔƾb­ƮǏƳǉƾƱǐǍƿ�_æǓäM

ƮǏƩƻƺƝǏƙȕ 

 

ðZƺǀǤȆǘȑǼǜȂǱǗǢǪƿ£ŀǀÑĴ�Â²ƿźüƽƼƿ0űƺǊãõƫǐ

ƹƞǏƣƘǤȆǘȑǼǜȂǱǗǢǪƻ8Ľ<lƻƿĥǂƷƤǀ�ê�ƥƘÏƚƽ£ŀƣ

ãõƫǐƹƞǏƙ 

 

1–2Ɠ �_<l¡áƿ� 

Ɠ 8Ľƾơƞƹ�õƫǐƹƞǏ�_<l¡áǓƞƥƷƢĉƮƙ 

(a) ǲȓǭǿȓǪ 

Ɠ pƐėƺ�ǍǐƳ0iƾżƮǏ�_ǓÉĠƮǏāþƺŌŊƫǐƹơǎƘ<lǲȓǭ

ǿȓǪƻƬƹǀƱƿǲȓǭÎ�ƾǌǎƛ<lìŘǲȓǭǿȓǪƜƻƛ<lE�ǲȓǭǿ

ȓǪƜƿ�Ʒƾ0ƧǏƩƻƣ/ÃǏƙǲȓǭǿȓǪƿ�ƻƬƹǀƘǭȑǹǢŘǋÈŮƽ

ƼƿÎŤ�ÐǓļđƮǏYƂþƽǲȓǭǿȓǪƺƝǏ PDB[3]ǋƘǖȅȌǞƿYēó

ì~l�_ǫȑǭȓƿ PubChem[4]ƘÓ}ǸǘǝǘȑǼǜȂǱǗǢǪćĒ ƿ

ChEMBL[5]ƘǞȌǼǜȍǶǖelƿ ZINC[6]ƽƼƣ¨ƨǍǐǏƙ 

(b) ŋŠi 

Ɠ �_<lƾơƧǏŋŠiƻǀƘ<Mìƿ<l�_ƾ^ƸƞƹƘƱƿ<MìƿÎŤ

í�ǋ<lí�ƽƼƿLńġǓ°$<ƬƳǊƿƺƝǏƙ�ƥ�õƫǐƹƞǏŋŠiƻ

Ƭƹǀ fingerprintƣƝǏƙƩǐǀƘvŖƻƮǏ0i�ƾƘ
ǉoĭƫǐƹƞǏÎŤþí

�ǓOǈ`Mǀ“ 1 ”ƘOǆƽƞ`Mǀ“ 0 ”ƻƬƹƘƱƿ0iƿ<lÎŤǓ 1/0ƿǺǯǳ

1ƺŁðƮǏ´áƺƝǏƙƩƿ�ƾǊǤȆǘȑǼǜȂǱǗǢǪƿ0űƺǀ°dƥƿŋŠ
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iƣźüƫǐƹƞǏƙ 

(c) Ǝ��ō�¡á 

Ɠ �Ʒƿ0iƿƎ��Ǔę/ƮǏƳǉƿ¡áƻƬƹǀƘTanimoto  °Ǔ�õƬƳ�

ƷƿƃMŻƿƎ��ō�á[6]ƣƝǏƙ0i AȒBŻƿ Tanimoto ° ( !",$ ) ƿŊ

ę�ǀ��ƿ�ƺŁƫǐǏƙ 

!",$ =
&",$

&" + &$ − &",$
 

Ɠ Ʃƿ`MƘ�ƷƿƃMǓŁƮ$ǀƘ(b)ƺŒ¸ƬƳ fingerprintƿǺǯǳ1Ǔ�õƮǏƙ

&"ƻ&$ǀƱǐƲǐƿ0iƿǺǯǳ1ƺ“ 1 ”ƻƽƶƹƞǏǺǯǳƿ#°ƺƘ&",$ǀ0i

AȒBƺ,ƾ“ 1 ”ƻƽƶƹƞǏǺǯǳƿ#°ƺƝǏƙTanimoto °ǀƘ0i AȒBƣ+ƥ

Nƭ0iƺƝǐǁ 1 ƻƽǎƘ0i AȒBƿŻƾ,ŢƬƹ 1 ƻƽǏǺǯǳƣ�ƷǊƽƧǐǁ

0 ƻƽǏƙ 

(d) ǸȓǮȇȍǪǢȌȓǶȑǣ¡á 

Ɠ ǸȓǮȇȍǪǢȌȓǶȑǣƻǀƘǭȑǹǢŘGs�ǋŭġƽƼƿ=ĽSǭȓǥǯǳƻ»

ǊǌƥĥMƮǏ<lÎŤǓíoƮǏƳǉƾƘǦȑǻȈȓǭȓǓõƞƹƑţƾd°ƿì

ŘǓō�ƬƹǭȓǥǯǳǓĦǎŝǈ£ŀƺƝǏƙǸȓǮȇȍǪǢȌȓǶȑǣƾǀeƤƥ0

ƧƹȌǟȑǴáƻÎŤáƿȗƷƿ¡áƣƝǏƙȌǟȑǴáǀ¶ąȌǟȑǴǓǢǛȌȓƻƬƹ

Ǝ��ÍĢǓĿƞƘã�ǓǊƷƻİƠǍǐǏ<MìǓªĢƮǏ´áƺƘÎŤáǀǭȓ

ǥǯǳǭȑǹǢŘƿȆǲȍÎŤǓÎěƬƘȌǟȑǴĥMǧǘǳƽƼƿĽ7ǓĥMƫưƳƞ

Ŭ�ƾvƬƹ<MìȋǘǽȋȌ�ƿ<MìǓ�Ʒ�ƷƝƹǀǉƘƟǆƥūMƮǏ<M

ìǓªĢƮǏ´áƺƝǏƙȌǟȑǴáǀȌǟȑǴƿ�_ƿǇƺūõƮǏƩƻƣƺƤƘÎ

Ťáǀ�ńƽŊęŲƣdƞƣƘ¶ąã�<Mì�_ƾ�kƬƽƞ³Ƭƞ<lďǓ
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üŅƬǋƮƞƻƞƟí�ƣƝǏƙ 

(e) oŲþÎŤã�ăż ( Quantitative Structure-Activity Relationship: QSAR ) 

Ɠ <lìŘƿƘÎŤƻóìlþ (ĽñþƝǏƞǀØ�lþ) ƽã�ƻƿŻƾ�ǎēƷ

ăżż ƿƩƻƺƝǏƙƩǐǓňÅƮǏƩƻƺÎŤþƾƎ�ƬƳ<MìƿĽ:
åǓ

ĿƟƩƻƣƺƤǏƙǆƳƘ<lÎŤƻìñþ�Řƻƿż ǀoŲþÎŤì�ăż 

( Quantitative Structure-Property Relationship: QSPR ) ƻQǁǐǏƙƩǐǍǀƘƛÎŤ

ȖÑĴăżƜƻƞƟİƠ´ƾǌǏ[7]ƙ 

 

1–3Ɠ �_<l¡áƿ¼õ� 

Ɠ 6ŠƿÏƾƘş�ǆƺƿ8Ľƺǀ&êƿüŅǓƀƧǁ+ƹƣƛ�ƿ¡ƜƺĿǒǐƹ

ƤƳƙƩƿ´áƺǀƘāþƿĽ7ǓŤǏǆƺƾdƥƿųŶþȒºŻþǦǪǳƣƢƢǏƙƩ

ǐƾvƬƹƘǦȑǻȈȓǭȓǓ�õƮǏƩƻƺƘĶeƽ°ƿ<Mìƿ�ƢǍĽƻƬƹ¼

¾ƽǊƿǓĆºŻƺŅƷƧǏƩƻƣƺƤǏƙǆƳƘļƠǍǐƳĶeƽ�_ƢǍƘƱǐǍ

ƿ<MìƻÐþƻƿŻƿE��ƿ
åǊĿƟƩƻƣƺƤǏƙƩƿǌƟƾƘƛǦȑǻȈȓǭ

ȓǓõƞƹƜ8ĽǓĿƟƩƻǓƛǘȑǨȌǦ8ĽƜƻQǃƙǘȑǨȌǦ8ĽǀƘ�ÃƿpƐ

	�ƿ¡áƾÙǅƹñœþƽňůƣƺƤǏćĒ�ÆǓ/ƮƩƻƣƺƤƘ�_<l¡

áǀ8Ľ0űƾơƞƹƇ�ƾŰńƽ£ŀƺƝǏƻƞƟƩƻƣƺƤǏƙ 

 

1–4Ɠ ÁćĒƿāþ 

Ɠ ìŘƿÑĴǀ0iƿÎŤƾ�kƮǏƻƞƟƛÎŤȖÑĴăżƜƾ^ƸƞƳǘȑǼǜ

ȂǱǗǢǪňÅƣ�ƥĿǒǐƹƞǏƙƬƢƬƘìŘƿÎŤƻÑĴǀƞƯǐǊƱƿìŘƿ

ƅiî�ƾŚWƮǏǊƿƺǊƝǏƻİƠǍǐǏƳǉƘƅiî��_ƾ^ƸƞƳňÅǓ
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ĿƠǁƘÎŤþƾǀ�ƹƞƽƞƣ�ƳÑĴǓǊƷìŘǓ¬ÊƮǏƩƻƣƺƤǏJĴ�

ƣƝǏƻİƠǍǐǏƙÁćĒǀƘ�ƚƿǣȍȓǾƺźüƬƹƞǏƅiþŋŠiǓõƞ

ƹƘ=ĽSƽƼƿÑĴ�0iƣƱǐǍƿ�ŘǓĉƮƅiþƽńWǓ�ĝþƾ¸ǍƢ

ƾƬƘǌǎƑ�ĴƘƝǏƞǀƘǌǎm+ƽÑĴ�0iǓ¬ĉƮǏƳǉƿ´áǓźüƮǏ

ƩƻǓāþƻƬƹĿǒǐƳƙÁœ±ƿÎ�Ǔ��ƾĉƮƙĖ 2ĔƺǀÑĴ�0iƽƼ

ƿ<Mìƿ�_ǓļđƮǏƅiî�ǲȓǭǿȓǪƿ��ƻƘƱǐǍƿƅiî��_

ǓõƞƳ<Mìƿ0ƎƾƷƞƹŠǅƳƙĖ 3Ĕƺǀ¥ǟȑ7ƿźüǓ�ƋƾĬƞƹ

FASNžr7ƾƷƞƹƿoŲþV�ȆǲȍǓ��ƬƘFASNžrĴƣƑƞ0iƿí

�ƿň¸ǓŎǇƳĥÆƾƷƞƹŠǅƳƙĖ 4ĔƺǀǌǎƑã�ƽ¥Ļ�õƣƝǏ0

iƿªĢǓāþƻƬƹƘĜßƾOǆǐǏ0iƿã�ƾƷƞƹƿoŲþV�ȆǲȍǓ

��ƬƘƱƿ�ƿfê�0ƿ�_ǓūõƬƹĿƽƶƳã�
åƿĥÆƾƷƞƹŠǅ

ƳƙƱƬƹƘĖ 5Ĕƺǀ�ťƿćĒƺ�ǍǐƳ�ÆǓĩ§ƬƳƙ 

 

1–5Ɠ Cİ±ï 
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4977 (2014). 

Ɠ Ɠ



� ��

6
2� 71453�.����08�9��

2–1Ɠ ǀƭǉƾ 

<lƿ0űƾơƞƹŊę<lƿ¡áǀ�ǋƽƥƹǀƽǍƽƞŰńƽŨ-ƻƽƶƹ

ƞǏƙŊęĥÆǀş�þƽ$ƺǀƝǏƣƘƱǐǍƾǌǎ�ƚǀƘ0iƿÎŤƘE��Ƙ

Dǂí�ǓňÅƘñňƘDǂ
åƮǏƳǉƿƇ�ƾŕuƽ�_Ǔ�ǏƩƻƣƺƤǏƙ

ƅiǀĥMƿ��ȒźłƘDǂcŬǄƿ®;ƿ�ĘƾơƞƹÁŘþƾŰńƺƝǏƳ

ǉƘƅiî�ǓŅđǊǏ¡áǀŊę<lƾơƧǏ»ǊŰńƽ´áƿ�ƷƺƝǏƙ 

Ɠ ƅiî�ŊęǓpĿƮǏƻƘƱǐǍƿ0iǓŋŠƮǏd°ƿ°$ǲȓǭǓF�ƺƤ

ǏƙƩƿǌƟƽǲȓǭƣ0iǫǯǳƾƷƞƹļđƫǐǏƻƘ<MìƾżƮǏ¼õƽ�_

ǋŰńƽąŅƾīƣǎƟǏ�_Ǔ¦/ƮǏƩƻƣ¿�ƫǐǏƙƩǐǓpðƮǏƳǉƾǀƘ

ƞƥƷƢƿŊęǰȓȍƣǤȆǘȑǼǜȂǱǗǢǪȔ<l�_lȕ¡áƻ:ÆþƾģǇM

ǒưǏƩƻƣ�ńƺƝǏƙċlƘƝǏƞǀ~lƿ0űƺćĒǓĿƟƂƾǀƘ�Ěƽ�

_ÍĢǓ�ńƻƮǏƳǉƘƩƿŅ´ǀg�ƺƝǏƻ�ǒǐǏƙŊę<lDǂ<l�_

lǓõƞƳňÅƾơƞƹƘ�ťƿŊę¡ƊǓƳƴ�ƷƾſoƬƹĈēƮǏƩƻǀƄ

Ƭƞƙg�ƢƷMñþƽ´áƻƬƹǀƘÒƿ 3Ʒƿ£ŀǓģǇMǒưǏƩƻƺƝǏƻİ

ƠǍǐǏƙ 

Ȕiȕƅiî�ŊęƘ 

Ȕiiȕ0iǲȓǭǿȓǪơǌǂǲȓǭǿȓǪÍĢ£ŀƘ 

Ȕiiiȕǲȓǭċlƾ^ƸƥňÅȔ¼õƽ�_ǓŅƷƧǏƳǉƿħŊǲȓǭ0Åȕƙ 

ƩƿģǇMǒưƺǀƘļđƫǐƳ0iƾżƮǏąŔǓãõƬƹƘ³ƬƞąŔǓ�ǏƩ

ƻƣƺƤǏƙŊę<lĥÆƢǍ�ǍǐǏ°$ǲȓǭǀƘƱƿSŘƻƞƟŇèƺǀ\�

ƺƝǏƳǉƘpƐƢǍ�ǍǐǏ°$ƻÙśƬƹƘǲȓǭƿÙśƽƼƿFǎ¢ƞƣs¹ƺ
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ƝǏƩƻƣ4èƺƝǏƙ 

ÁćĒƺǀƘ�ŋƿ(i)-(iii)ƿǦȑǻȈȓǭȓǓõƞƳ£ŀƿģǇMǒưƾǌǏƘą

Ŕ�_ƾ^ƸƞƳ0iªĢƣ¼õƽ�_Ǔ¬�ƺƤǏƢƼƟƢƿĈŐǓāþƻƬƹ

ƞǏƙƱƿ�ƻƬƹƘ0iǲȓǭǿȓǪƾýŸƫǐƳƛǟȑƜżť0iƿǫǯǳƾéèǓ

�ƹƹňÅǓĿƽƶƳƙ 

 

2–2Ɠ ćĒ¡á 

2–2–1Ɠ Ŋę<lþ¡á 

Ɠ ǲȓǭǧǘǛȑǪƾ^ƸƥňÅǓĿƟƩƻǓāþƻƬƹƘ0iǲȓǭǿȓǪǓÎěƘ

Dǂ0iŻƿƎ��Ǔę/ƮǏƳǉƾƘL0iƿƅiî�ŊęǓpĿƬƳƙƩǐǍ

ƿŊęǀ Gaussian09 [1]Ǔ�õƬƹĿƽƶƳƙŊęƾǀ?ĤƐþ¡áƿ�ƷƺƝǏ

PM6 áƘDǂt�Ýż°ñœáȔDFTȕǓūõƬƳƙDFT ŊęƺǀƘM06-2X Ýż

°ƻ 6-31G(d,p)^�ż°Ǔ�õƬƳƙÎŤ»ū<ŊęǓĿƽƶƳƿƵƘ©;ȆȓǴ

ƻřcĪȔIRȕǪȀǢǳȍƾżƮǏ�_ǓF�ƮǏƳǉƾƘ^ç©;ňÅƿŊęǓp

ĿƬƳƙǆƳƘǪǻȑ�ŰƉ9Śî�ƻ9ŚǛǷȍǡȓǪȀǢǳȍƾżƮǏ�_ǓF

�ƮǏƳǉƾºŻ�kt�Ýż°áȔTDDFTȕƾǌǏŊęǓNƭǩǝȅǳȌƾvƬƹ

ĿƽƶƳƙ 

2–2–2Ɠ 0iǲȓǭǿȓǪ 

Ɠ American Chemical SocietyȔACSȕƣ¬�ƮǏƛMolecule of the WeekȔMOTWȕƜ[2]

ƿǖȓǞǘǽƿ�_ǓCëƬƳƙMOTWƿWebȀȓǩƿǪǵǯǾǨȉǯǳǓ Fig. 2–1

ƾĉƮƙÁćĒ.sǓ¤ĐƬƳºèȔ2015 �ȕƺ 377 ďƿ0iƣ«ŜƫǐƹƞƳƙ

�ƚƣƩǐǍƿǲȓǭƾĄāƬƳñöǀƘMOTW ƣƛ<lǲȓǭȔ0iÎŤȕƜƻƛą
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ŔǲȓǭȔƱǐǍƿ<MìƾżƮǏ°ĿƿňŒ±ȕƜƿ�´ǓOǔƺƞƳƢǍƺƝǏƙ

ąŔǲȓǭƿňŒ±ƾOǆǐǏAőǀƘƱƿ0iƾżƮǏŰńƽǠȓȐȓǴƺƝǏ

ƻŅƽƮƩƻƣƺƤǏƙƬƳƣƶƹƘ0iÎŤƻƅiî�ƘDǂżťƮǏąŔ�_ƿ

ŻƿăżǓŅƷƧǏƩƻƣƺƤǏƻİƠǍǐǏƙ 

Ɠ MOTWƿ webǧǘǳƺǀL0iƿ0iÎŤǀ÷(��ƺ«ŜƫǐƹơǎƘƱǐǍ

ƿ÷(ǼǕǘȍǓǦȑǻȈȓǭȓ�ƾ!kƬƳƙB5ìǋ÷(ǼǕǘȍƽƼƢǍ0i

ƿÎŤ�Ǔ¦/ƮǏǬǼǳǙǚǖƛCLiDEƜ[3]Ǔ�õƬƹƘ÷(ǼǕǘȍ�ƿ<l�ƿ

XƢǍ0iÎŤǓ¦/ƬƹŐŔƬƹǼǕǘȍb­ǓĿƞƘƱǐǍƿ0iǓ SMILES

ŋá[4]ƺŁðƬƳ±j1ǓF�ƬƳƙÒƾƘ<lÎŤǼǕǘȍƿǼǜȓȂǯǳb­Ǔ

ĿƟƳǉƿǬǼǳǙǚǖƛOpen BabelƜ[5-7]Ǔ�õƬƹƘSMILES ƿǲȓǭǓ 3 Ò)ƿ

0iÎŤƿǼǕǘȍƾb­ƬƳƙƱǐǍƿǼǕǘȍǓƅiî�ŊęƿÎŤ»ū<ƿ

2¿ÎŤƻƬƹ�õƬƳƙÁćĒƿ2¿×Ɓƺǀ PM6 áƺĿƽƶƳŊęĥÆǓF

ǎ¢ƶƳƙƱƿñöǀ PM6áƣ?ĤƐþ¡áƺƝǏƳǉƘĆºŻƺĥÆƣ�ǍǐǏ

ƳǉƺƝǏƙƬƢƬƘpƂƾŊęĥÆǓǲȓǭǿȓǪƾýŸƮǏ×Ɓƺǀ DFT

ȔM06-2XȕáƿĥÆǓõƞƳƙƩƿñöǀƘ�ıƿ¡áƿĥÆƿ´ƣoŲþƺǌǎ

"ƌ�ƣƑƞƢǍƘDǂMOTWƿ0iǓŊęƮǏƿƾ�ńƽºŻƣ>0ƾyƽƞ

ƻİƠǍǐǏƢǍƺƝǏƙ 

Ɠ MOTW ƿ0iƿƅiî�ŊęĥÆƿ�_ƻąŔ�_ǓƘ�ƚƿćĒqƺźüƬ

ƹƞǏǲȓǭǿȓǪƺƝǏ“Intelligent Molecular Informatics System (IMIS)”[8]ƾý

ŸƬƳƙIMIS ǀǲȓǭǿȓǪƘÍĢǛȑǩȑƘ0iÎŤƿŽņƘȆǲȌȑǣǰȓȍǓ

'ƠƳ Web ǿȓǪƿǨǪǱȄƺƝǎƘÁ_Pƿºèƺǀ IMIS ǲȓǭǿȓǪƾ

MOTWƿǖȓǞǘǽƿ0iǫǯǳǓýŸƬƳƙ
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2–2–3È ĒĦď�<}Un 

È ĒĦď�<ì5æÖ£béÛçÉ�;îÄ�Gý©�Üúáôî¥�ÿĢĉġčĝ

ý´xÛáÊÙîÿĢĉġčĝïTËî��?èº{ÛáĚģćĠĝý�xÛá[9]ÊÙ

î]nèïÉ¿;uS¥��cÓøNøûáĂĕĢąĦČĜĆēĢì5æÖ�;îÄ

�Pý©�ÛáÊa��î_qèïÉÄ�Pî¦²;éÛç 8 åî¦²;ý=�Û

áÊ8åî¦²;ïßûàûÉħaĨUV/Vis ČĜĆēĢì¼ÜúÄ�GÉħbĨ!®ĂĕĢ

ąĦČĜĆēĢì¼ÜúÄ�GÉħcĨ°³ĂĕĢąĦČĜĆēĢì¼ÜúÄ�GÉħdĨ

`Ç�&°³ħHOMOĨîĂĕĢąĦp
ì¼ÜúÄ�GÉħeĨ`��°³ħLUMOĨ

îĂĕĢąĦp
ì¼ÜúÄ�GÉħfĨHOMO–LUMO »îĂĕĢąĦąğĐĚì¼

ÜúÄ�GÉħgĨIR ČĜĆēĢì¼ÜúÄ�GÉħhĨY"ĂĕĢąĦČĜĆēĢì¼Ü

úÄ�GÉèÎúÊ 

È UV/visČĜĆēĢÉ!®ĂĕĢąĦČĜĆēĢÉ°³ĂĕĢąĦČĜĆēĢÉIRČĜ

ĆēĢÉY"\ČĜĆēĢîÄ�Gï¥��cýuS@G¼\î÷ÐëKè�vÛÉ

ćĠę-7î·ëù�,ì÷äçÄ�GýkôáÊHħ1.1Ĩì¿;uS¥�î�cý

ćĠę#ÜúáôîHý�ÜÊ 

 !(#)Ĭ%&' ∙ )#* +− -. /. 123 (# − #4)356 (1.1) 

Hħ1.1Ĩî f(x)ïăāČ¼\î0ý�ÛçÏúÊaïăāČ¼\ìÒ×úĘĦĆîDè

ÎùÉbïĘĦĆîÇÚèÎúÊxiïĘĦĆî
�ým=ÜúáôîėĠĞĦďèÎúÊ

aÉbÉxiï¦²;ì÷äç	�Üú�ÔzëäçÏúÊ¦²;î�Äé	�ÛáėĠĞ

Ħďî�ò,üÞý Table 2–1ì�ÜÊaï	�Üú�ý�RìmôáMÉ�;ĎĐ

ēýxÏçÄ�Pî©�ý�Ð[�ý�ù±ÛÉ�Æ}ìm=ÛáÊbî�ïÉUV/vis
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ČĜĆēĢÉIRČĜĆēĢìÒÏçïÉßûàûîĘĦĆîIGÔ·�ìëúáôÉI

GÔĘĦĆîÇÚì)^Úûú÷ÐìÛçÏúÊ�]èÉ°³ĂĕĢąĦČĜĆēĢÉ!

®ĂĕĢąĦČĜĆēĢÉY"\ČĜĆēĢî6,ïÉt=îĂĕĢąĦÉõÛÖïo

\ìÒ×úuS\ýkôúÙéÔ·�èÎúé�ÑááôÉb ï�çîĘĦĆè�Lè

ÎúÊiìHħ1.1Ĩì÷ùNøûáČĜĆēĢý���ì÷äç¡d#ÛáÊ`Mì¡d

#ÛáćĠę-7ý·í,üÞÉ��ì÷äç·�¶�îÁ�ýkôÉÙûýÄ�G

éÛáÊÄ�G¥�îHýHħ1.2Ĩì�ÜÊ 

 

 

(1.2) 

HOMOîĂĕĢąĦp
ÉLUMOîĂĕĢąĦp
ÉHOMO-LUMOĂĕĢąĦ

ąğĐĚîÄ�GïßûàûHħ1.3Ĩì÷äçÉ¥�ÛáÊ 

 
 

(1.3) 

Hħ1.3Ĩîeìï HOMO îĂĕĢąĦp
ÉLUMO îĂĕĢąĦp
ÉHOMO-

LUMOĂĕĢąĦąğĐĚî�Ô�úÊerefï'rs­î�ý	�ÜúÊ 

 

 

ħaĨUV/Vis ČĜĆēĢ(ðħbĨ!®ĂĕĢąĦîČĜĆēĢïÉßûàû 0.3 (ð

! = ! !

! ! ! !"
!∙ ! ! !

! ! ! !"
!" ∙ !"" 

! = !"# !− ! !− !!"#
(!+ !!"#)/!

! ! ∙ !"" 

Table 2–1.È ČĜĆēĢî�2ì�xÛáėĠĞĦď 
descriptor xi a b 

rUV !®ĂĕĢąĦ[eV] 0.30 1 
rex !®ĂĕĢąĦ[eV] 0.15 	a�	p�
rorb °³ĂĕĢąĦ[hartree] 0.02 1 
rIR Y"\[cm-1] 20 	a�	p�

rfreq Y"\[cm-1] 20 1 
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0.15 eV îDħ%��DīFWHMĨîăāČĖĥĔý·í,üÞúÙéì÷äç=�Û

áÊħcĨ°³ĂĕĢąĦČĜĆēĢìåÏçî FWHMïÉ0.02 hartreeħ0.54 eVĨîă

āČĖĥĔéÛáÊÙûøîĖĥĔîDïÉ�;îÄ�PîČĈÿġĥćéĠĥĄĥćì

Ò×úFåÓîª�î�cì5æÏçm=ÛáÊħgĨIRČĜĆēĢ(ðħhĨY"Ăĕ

ĢąĦČĜĆēĢìåÏçïÉ20cm–1î FWHMè¥�ÛáÊUV/Vis ČĜĆēĢé IR

ČĜĆēĢìåÏçïÉ=�ÛáĖĥĔîÃ4ïÉDFT ¥�ìÒ×ú UV/Vis îY"

;IGé IR î/*IGìßûàû�ÛÏKuìëäáÊČĜĆēĢĒĦďì÷ú�

;îÄ�PïÉ'r�;éßû
9î�;éîČĜĆēĢýßûàûj¡#ÛÉß

ûàûîČĜĆēĢý·í,üÞçÉ��ÛáÁ�î ,è©�ÛáÊħdĨÓøħfĨî

ÀČĜĆēĢ�î¦²;ì¼ÜúÄ�GïÉ'r�;î\�éîCýX\¼\ì÷

úHýxÏç·òýå×á�B�ì8ZÛç��ÛáÊ 

È Ward nýxÏáĆĠČďĦ£bý�ëäá[10]Ê£bìï\H�wċČđĝ

ÌMathematicaÍý�xÛá[11]Ê 

£bB¬éÛá#,sïÉđĄČēe�ýÛá�cÉĄĦĤĦĔéÛçÌăĥ

ħcancerĨÍý.þâ#,sèÎùÉ�§ïÉ{ăĥPs­ħ2#,sÉFormaldehydeé

p–DichlorobenzeneĨÉ�ăĥîVăĥ�ħ6 #,sĨÉ���ăĥîVăĥ�ħ3 #,

sĨÉßî�îăĥîVăĥ�ħ14 #,sĨèÎúáôÉÙûøî#,s�ï 4 åî

ćĢĦĚì�×øûúÙéÔQ=ÚûúÊ£bý�ÐìÎáùÉÄ�Gý��Üú½

î'r�;éÛç“Tanshinone IIA”ýµWÛáÊÙî#,sï�ăĥé���ăĥî

�]îVăĥ�éÛçg�ÜúÊ¸;#<}Ä�Pý�xÛçÉ{ăĥPs­éV

ăĥ�î,w}ë�ÄÔNøûúñèÉ�Äý�ù±Û�ëäáÊ 
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2–3È �cé�A 

È ñÝÉMOTW î�;îÐãÉĄĦĤĦĔéÛçÌăĥħcancerĨÍý.ó�;ÔÏÖå

ÎúÓýe�ÛáÊe�B¬ï IMISĒĦďěĦČì|¹ÚûçÏúMOTWî�;

èÎúÊĄĦĤĦĔe�î�cÉFig. 2–3 ì�Ü 24 �î�;Ô åÓäáÊ¸;#

<}Ä�Gý©�ÜúáôìÉM06-2Xl¼\ì÷ú DFTÒ÷ð TDDFT¥�ýÙ

ûøî�;ìBÛç>�ÛáÊ 

Table 2–2ï Tanshinone IIAý'r�;éÛçÄ�Gý¥�Ûá6,î+�;î¿

;}Ä�Gî�èÎúÊ+�ï�åî�;é'r�;éîÄ�Gî�èÎùÉ+�

ïÄ�Gî©�ì�xÛáXféßûìBOÜú�èÎúÊ©�ì�xÛáÄ�G

ï 8 �ÄÎùÉßûàûîXfïÉ°³ĂĕĢąĦħrorbĨÉHOMO îĂĕĢąĦp


ħrHOMOĨÉLUMOîĂĕĢąĦp
ħrLUMOĨÉHOMO-LUMO»îĂĕĢąĦąğĐĚ

ħrDĨÉY"\ħrfreqĨÉIRČĜĆēĢħrIRĨÉ!®ĂĕĢąĦħrexĨÉUV/visČĜĆēĢħrUVĨ

èÎúÊßûø 8�îÄ�GîE3�ý��ÛÉ+�;ïßî�Ô:ÕÏ]ÓøÂy

ì�þèÏúÊ 

+Xfî�î�1ì�~ÜúéÉ`õ�Ï�;î�ïÉrorb èï 40%�MèÎùÉ

rHOMOèï 70%�MÉrLUMOèï 0%�MÉrDèï 60%�MÉrfreqèï 10%�MÉrIR

èï 0%�MÉrexèï 0%�MÉrUVèï 0%�MèÎúÊ 

È ��ÛáÄ�Gî\�ý¦²;éÛçÉWardnýxÏáĆĠČďĦ�bý�ëäáÊ

ñÝÉ=�ÛáĪ�Äî¦²;ý�ç�xÛç�ëäáĆĠČďġĥćî�cîĒĥĔ

ģćĠĝý Fig. 2–4 ì�ÜÊÙî�cèï{ăĥPs­îĩåÔ�ËîÉÓëù¾û

áĆĠČďĦì�ÄÚûçÏúáôÉ{ăĥPs­éVăĥ�ýÐñÖ$�èÕçÏë

ÏÙéÔüÓúÊÙûý¯ñÑçÉ�Äî�GýÎØúáôìÉ#,sîP­ý÷Ö�  
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Table 2–2. Tanshinone IIAý'r�;éÛá6,î+�;îÄ�Gî�éßî�;î

sPÊ+�;îsPìåÏçÉMOTW î web ĊĀē�è{ăĥPöVăĥ�ëêî

¦²ÔÎúõîï«JÜúhì�¨ýÉßû��ïVăĥ�èïëÏÔ�Å�éëù

ÑúëêéÛçăĥìåÏç¤(ÛçÏúõîïVăĥ�îhì�¢¨ýå×çÏúÊ 

�  Quantum Chemical Similarity �  
�� 

�  opt �  freq �   td 
avg. 

�  

�  orbital 
energy homo lumo homo-

lumo gap �  frequencies IR 
spectrum �  excitatio

n energy 
UV/vis 

spectrum �  ����
�� 

���

� 

Tanshinone IIA 100.00  100.00  100.00  100.00  �  100.00  100.00  �  100.00  100.00  100.00  �  × ○ 

Mifepristone 92.20  89.05  33.96  92.64   87.21  68.62   80.68  34.39  72.34   × ○ 

Bortezomib 90.28  92.31  49.41  78.43   80.89  44.17   78.24  61.64  71.92   × ○ 

Abyssinone II 90.84  99.96  21.41  78.36   81.62  39.72   84.95  60.24  69.64   × ○ 

Folic acid 88.48  94.52  85.98  89.19   73.23  13.45   51.63  55.81  69.04   × 
 

Curcumin 88.67  95.81  67.12  95.16   69.97  21.46   59.68  34.70  66.57   × ○ 

Methotrexate 90.64  98.69  60.93  90.13   80.03  18.93   42.08  45.84  65.91   × ○ 

Quercetin 85.34  94.48  26.59  84.64   60.20  26.47   84.65  60.67  65.38   × ○ 

Kaempferol 85.11  95.01  27.04  84.29   59.03  26.86   87.64  56.51  65.19   × ○ 

Pemetrexed 89.92  92.24  15.68  83.04   71.79  26.16   76.37  60.03  64.40   × ○ 

Tamoxifen 87.29  89.11  13.37  85.02   73.62  21.91   70.26  60.10  62.58   × ○ 

Proflavine 79.53  86.62  42.33  98.49   50.03  8.20   78.64  54.17  62.25   × ○ 

Amentoflavone 87.28  98.90  42.65  82.99   65.81  28.96   39.89  45.69  61.52   × ○ 

Crizotinib 89.40  86.47  29.77  94.13   77.87  22.89   47.78  41.85  61.27   × ○ 

Oroidin 81.06  90.10  12.81  83.85   64.44  22.89   75.44  50.25  60.10   × △ 

Finasteride 92.30  87.81  8.35  65.47   84.98  76.71   31.54  31.63  59.85   × ○ 

Atorvastatin 91.27  93.69  10.10  79.56   77.80  18.83   38.15  56.90  58.29   × ○ 

delta-Tocotrienol 91.21  90.85  0.05  72.46   81.68  33.73   53.36  30.21  56.69   × ○ 

Allicin 76.26  92.28  19.03  71.64   54.73  8.76   47.64  51.20  52.69   × ○ 

Propofol 86.05  98.14  0.00  66.51   81.00  35.78   19.20  22.82  51.19   × △ 

Betulinic acid 91.09  91.80  0.00  59.47   85.70  45.67   14.60  18.69  50.88   × ○ 

Nepetalactone 86.61  93.08  0.20  63.73   81.14  22.16   8.58  13.39  46.11   × △ 

p-Dichlorobenzene 66.72  89.61  7.51  66.45   39.94  7.25   39.38  49.93  45.85   ○ × 

Formaldehyde 46.05  78.91  4.56  58.19  �  9.18  3.82  �  2.33  0.00  25.38  �  ○ × 
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2–4ƿ ǵǧǸ 

×ĳǦǭǄŰĸBzǧȔȺȈɃȮȌȷȣȇȒȚǬ²õǪkǤǊǥĥžªlȃ¡ǿǟ

ǸǪȤɄȟ1Úȃ~ËǘǟńÛǪǣǊǥżǙǟǅ 

ǵǛǄȤɄȟȲɄȚǪĞƤǪ�ĔǚǿȤɄȟȃ¡ǿ²ìǧǘǥƢvBzŰĸȞȮȥ

ȉȊȆǁGaussian 09ǂȃ�ĔǘǟǅĞƤǘǟǊ1vǬƲvċ­ŰĸȃŠǊǄǝǬŰĸ

ńÛǬȮȅȈȿǎǽ(ȋȨȿȑɄǩǨǬ¤ŧǩ"ǬǶȃ¶0ǘǥȤɄȟȲɄȚǪĞƤ

ǦǐǿǼǋǪǚǿǕǧǦǄ1vǪƩǚǿƲvċ­ǬȤɄȟȲɄȚȃ�¯ǘǟǅȤɄȟȲ

ɄȚǪĞƤǚǿBVĉȤɄȟȜȢȥǧǘǥǭ ǁMolecule of the Week (MOTW)ǂǬȤɄ

ȟȜȢȥȃ�ĔǘǟǅȤɄȟȜȢȥǬªlȃkǪǝȀǽǬ1vǬƲvċ­ŰĸĔǬȈɃ

ȰȢȥȮȅȈȿȃ�¯ǘǥŰĸȃŠǊǄŰĸńÛȃ1vªlȤɄȟȲɄȚǪĞƤǘǟǅ 

êǪǄȐɄɂɄȦ»ľǪǼǢǥ1vȃŅǾƊǶǄƢvBzğƻ��ȃĔǊǥ1vè

ŖǬŮÚȃŠǢǟǅ²Ʒǧǘǥǭ MOTW Ǭ1vªlȃĞƤǘǟȤɄȟȲɄȚǪ�ǘ

ǥǄǁcancerǂȃȐɄɂɄȦǧǘǥĞƤǘǥǊǿ1vǬ»ľȃŠǢǥ�Ɓǧǚǿ1vȃŅ

ǾƊȄǠǅŅǾƊȄǠ1vǪǣǊǥǄǝȀǽǬªlȃkǪƢvBzğƻ��ǬŴ�

ȃŠǢǟǅÓǪǄǝǬƻ��ȃkǪ1vǬȒȽȚȟɄŮÚȃŠǢǟǅ 

ǝǬńÛǄ1vȤɄȟȲɄȚâľǦũǣǎǢǟȐɄɂɄȦƩƓBVĉǪǣǊǥǄ

Ʋvğűƍvȃ�Ĕǘǥ1ƻȃŠǋǕǧǏǦǐǿǕǧǏĨǖȀǟǅǕȀǭŰĸBzǧȔ

ȺȈɃȮȌȷȣȇȒȚȃłǶVȂǜǥ�ĔǚǿǧǄĦİŒǬƩ£Ǐǉǿ�ƓǬ1vǪ

ǣǊǥ~ĔğǪÕĔǩĥžȃ½�ǦǐǿSŖ©ǏǉǿǕǧȃĨǘǥǊǿǅ 
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ĵ ǀĳƿ ŗœƟV¯ƞĽǪ�ǚǿrĆĉǬƪ�ø©ǪƩǚǿa�ȺȤȿǬ�¯ƿ

3–1ƿ ǭǙǸǪ 

ƿ ŗœƟȘɃȟɄȝɅFASNɆǭǄȋȨȿȑɄƂŞǬǟǸǪǄē�,Ǭƕ:ǩĂðBĉ

ȃŗœƟɅFAɆǪn¾ǚǿƞĽǦǉǿ[1]ǅȏɃŀŕǬ\cǪqƢǬ FASNǏĝĐǘǥ

ǊǿǕǧǏĥǽȀǥǍǾǄFASNǪǼǿ FAǏȏɃŀŕ1ŤǬȋȨȿȑɄýǦǉǿǕǧȃ

Ĩ`ǘǥǊǿ[2]ǅǘǟǏǢǥǄFASN ƪ�9ǭ´ȏɃ9ǧǘǥ#ǒǕǧǏÖ�ǖȀǥǊ

ǿ[3]ǅ 

ƿ ÇĎǪǭǄ�êáĉ�ŽĉǏ FASN ƪ�9ǧǘǥ#ǒǕǧȃĲųǚǿl[Ǐǉǿ[4–

15]ǅǕȀǽǬBVĉǭǄ
ȏɃǄ8ĲřȏɃǄI�ȏɃǩǨǬæǆǩȏɃǪ�ǚǿÕ

@©ǎǽ÷ġǖȀǥǊǿ[16–19]ǅś]ùǊǕǧǪǄFASN ƪ�9ǧȘȚȰȽȡɃǬ�

Š³�ǭǄȘȚȰȽȡɃǬǶǬ³�ǼǾǹ@ÛğǦǉǿǕǧǏl[ǖȀǥǊǿ[20–21]ǅ

ǕȀǭǄFASN ƪ�9ǏȏɃôĜǬť{ğǩş9ǧǩǾǋǿǕǧȃ¬]ǚǿǅ&ěȡȊ

ȢȒȶȈɃȥƪ�9ǩǨǬƽ�ǩ´ȏɃ9[22]ǧǬ�ĔǭǄôĜǬ@ďȃƽǸǄȖȚȥ

ȃ7ûǘǟǾǦǐǿǟǸǄś]ùǊźƺǦǉǿǅ 

ƿ rĆĉ�Ǭƴ�Ǫƽø©ǩ FASN ƪ�9ȃ»ǚǕǧǭƠŧǩĦİ1ơǦǉǿǧő

ǌǽȀǿǏǄǕǬÊX©ǬĦİǺ Tian ǽǪǼǿĦİ[23–26]ȃƭǊǥǄǉǵǾĠȄǪŠ

ȂȀǥǊǩǊǅÕĔǩ FASN ƪ�9ȃũǣǓǿǹǢǧǹǽǘǊÊõǬ�ǣǭǄrĆĉ

ȤɄȟȲɄȚǎǽȈɃȘȾȖȚȒȾɄȧɃȓȃ~ËǚǿǕǧǦǉǿ[27]ǅTian ǽǭǄÌĥ

Ǭ FASN ƪ�9ǬåƒğĊ¢ǧƢvBzŰĸǪkǤǊǥǄ}Ƣğåƒø©ģƩ

ɅQSARɆĦİȃ~Ëǘǟǅ�ǽǬĦİǭǊǒǣǎǬȼȧɄȒǩĊ©ȃ¸ÀǚǿǕǧǪ

¯=ǘǟǏǄȤɄȟȲɄȚâľǬ}ƢğȺȤȿǭ�ǬǧǕȁ½ßǖȀǥǊǩǊǅ 

ƿ FASN ǭǄȗȈțǏqǐǒåƒğǪŦƱǩƞĽǄ*�ğǪǭ 7 ǣǬȦȹȈɃǦå¯ǖ
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ȀǿȴȺȠȈȷɄǦǉǿ[28–29]ǅ ǢǥǄæǆǩȾȏɃȦ1vǪ�ǘǥQǾǋǿ(ǥǬȦ

ȢȐɃȓȬȟɄɃǪǣǊǥŰĸǘǥŻÝǚǿ¤ŧǏǉǿǅǕǬĒĕǪǼǾǄ}Ƣğǩå

ƒø©ģƩȃĒŮǘǄĊ}Ǭ1vȾȚȥǎǽƽø©ǩ FASNƪ�9ȃĝũǚǿǟǸǪǄ

ȾȏɃȦȲɄȚǬ1ÚǧşĉŲŰȃ~ŠǚǿǕǧǏ~ĔğǦǉǿǧ¨ȂȀǿǅ 

ƿ ×ĦİǦǭǄ}Ƣ1ÚǬǟǸǬa�ȺȤȿȃ�ǐ0ǘǄFASN ƪ�9ǬEÆƪ�

ā�ɅIC50Ɇ"ȃ�üǘǟǅrĆĉǪƩǚǿ~ƼğĦİ[23–26]ȃLćǚǿǕǧǪǼǾǄ

ƢvBzŰĸǎǽ¡ǽȀǟÆ"ªlȃU1vǪƩǚǿűƍvɅŹÍnÆɆǧǘǥǄ

°ǆǬĦİ�ǦƧĝǘǟȔȺȈɃȮȌȷȣȇȒȚɅBzªlzɆ²õǪƗĔǘǥŮÚȃ

ŠǩǢǟǅ°ǆǭ×ĭǦůMǚǿŰĸ²ƷȃǇƲvċ­ȈɃȮȌȷȣȇȒȚǈǧ^ȄǦ

Ǌǿǅ�ÄǩǽǄǕǬŮÚ²õǬŔÐǧǩǢǥǊǿőǌÊǭǄƲvċ­ǪƩǚǿĦİ

ǦjȂȀǟĒżǧ×ƃğǪ)ƑǘǥǊǿǎǽǦǉǿǅ��ǦŹÍǚǿǼǋǪǄBzģ


�ĔǬȋȨȿȑɄnBǪƩƓǚǿűƍvȃ}ŏǘǥǊǿǅFASN ǬƞĽø©ǭǄȾ

ȏɃȦǬBzO¥ǍǼǰ1vƨģ
�ĔǪƩƓǘǥǊǿSŖ©ǏǉǿǟǸǄǕȀǽǬ

űƍvǭVĒğǦǉǿǅǕǬǼǋǩO¥ȰɁȜȚǦǭǄÞƔAǪƩǚǿƲvȋȨȿȑ

ɄǬnBǄǣǵǾÉĈƋ�Ǧ}ŏǖȀǟȶȣɃȘȻȿȋȨȿȑɄÒŉǏãǸǥƠŧ

ǩ�;ȃÛǟǚǧőǌǽȀǿǅǘǟǏǢǥǄȋȨȿȑɄǬnBǪƩƓǚǿűƍvɅǇȋ

ȨȿȑɄűƍvǈɆǭƠŧǦǉǿǧǊǋǕǧǏǦǐǿǅ 

ƿ ×ĦİǦǭǄȋȨȿȑɄűƍvȃYǷ1vǬűƍvȃ½ßǘǄǝǬƠŧ©ȃŶŀ

ǪŹÍǚǿǅêǪǄǕȀǽȃƗĔǘǥǄFASNƪ�9ǧǘǥèŖǚǿrĆĉǬ IC50"Ǭ

a�ȺȤȿȃ�¯ǘǟǅa�ȺȤȿǏ~ƼǧǬŜsǩģƩƩ ȃĨǚǕǧǪ¯=ǘ

ǥǊǿǧǊǋńÛǏ¡ǽȀǥǊǿǅǕȀǭǄƲvċ­Űĸȃ�ĔǘǥŴ�ǖȀǟűƍ

vǏÕ¬ǩǹǬǦǉǾǄBVĉǬĉ©ǬŴ�ǪƗĔǦǐǿSŖ©ǏǉǿǕǧȃĨǘǥ
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Ǌǿǅ 

 

3–2 Űĸ²õ 

3–2–1 Ʋvğűƍv 

ƿ ×ĦİǦ½ßǖȀǟ(ǥǬűƍvȃ Table 3–ɇǪĨǚǅ��ǦǭǄǝȀǞȀǬűƍ

vǏ FASNƪ�9Ǭ©ƃȃĨǚǟǸǪ¤ŧǩǹǬǦǉǿĒĕȃŹÍǚǿǅ 

ƿ U1vǬƪ�ø©ǭǄIC50"ȃ�Ĕǘǥ~ƼğǪŴ�ǖȀǥǊǿǅCheng ǧ Prusoff

ǭǄêǬ�ǪǼǢǥ IC50ǏńVŬ_©ɅKiɆǪƩƓǘǥǊǿǕǧȃĨǘǟǅ 

!" = $%&' ([*] ,%&'⁄ + 1)⁄   (1) 

��Ǭ[A]ǭkƃǬā�ǦǉǾǄEC50 ǭEÆ@Ûā�ǬǕǧȃŢǚǅ×ĦİǦǭǄ   

–log IC50ȃņŰ1ÚǬưǬġğnÆǧǘǟǅ–log IC50ǬÆ"ǭ�Ʌ2ɆǼǾ¡ǽȀǿǅ 

−234$%&' = −234!" + 53678 (2) 

ǼǒĥǽȀǥǊǿǼǋǪǄ�š}Æ KǭǄBzȰɁȜȚǪǍǓǿŚĕȋȨȿȑɄǬnB

ǪƩƓǚǿSŖ©Ǐǉǿǅ 

∆: = −;<26!   (3) 

K = KiǬmVǄ–log IC50ǭDGǪĢŉğǪî�ǚǿǕǧǏȂǎǿǅ ǘǟǏǢǥǄȾȏɃ

Ȧ–R��ģ
�ĔǬȋȨȿȑɄnBǧǝȀǪŇǒȾȏɃȦńVƜ�ǦǬBzn¾Ǫ

Ģ¼ƩƓǚǿűƍvȃ�ĔǘǥǄ–log IC50 ȃűƍǚǿǕǧǭt�ǦǉǿǧǊǋǕǧǏ

Ǧǐǿǅ 
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Table 3–1. űƍvǬűTǍǼǰ}ŏǅRCǄ RAǄ RT1ǭǝȀǞȀǄȎȡȍɃ (C)Ǆ Ȇ

ȧȍɃ(A)ǄÔ�ȚȭɃ�Ơƶċ­(T1)ǦåƒÔƗBǖȀǟåƒǦǉǿǅåƒǬűƇ

ǏǩǊűƍvǭȚȭɃ�ƠƶǬk�ċ­(S0) ǦÔƗBǖȀǟåƒǦǉǿǅr ǭȚȳ

ȒȥȿȤɄȟǦǉǿǕǧȃĨǚǅS ǭǄLć1v(HA-50)ǬȚȳȒȥȿǪ�ǚǿ�Ɓ1v

ǬȚȳȒȥȿƻ�©ǦǉǿǕǧȃĨǚǅ 

Descriptor Definition 

1 S(rUV) Similarity in UV/vis spectra 

2 S(rex) Similarity in density of electronically excited states (ex) 

3 S(rorb) Similarity in density of molecular orbitals (orb) 

4 S(rIR) Similarity in IR spectra 

5 S(rvib) Similarity in density of vibrational states (vib) 

6 IPv Vertical ionization potential from S0 

7 lS0→C Structural relaxation energy in C upon ionization 

8 lC→S0 Structural relaxation energy in S0 upon de-ionization at RC 

9 EAv Vertical electron affinity from S0 

10 lS0→A Structural relaxation energy in A upon anionization 

11 lA→S0 Structural relaxation energy in S0 upon de-anionization at RA 

12 DSTv Energy of vertical transition from S0 to T1 

13 lS0→T1 Structural relaxation energy in T1 after transition from S0 

14 lT1→S0 Structural relaxation energy in S0 after transition from T1 at RT1 

15 Vmol Molecular volume 

16 B1 Length of the longest edge of the cuboid box enclosing a molecule 

17 B2 Length of the second longest edge of the cuboid box enclosing a 

molecule 

18 B3 Length of the shortest edge of the cuboid box enclosing a molecule 

19 µ Dipole moment 

20 DEsolv Solvation energy at the optimized geometry in vacuum of S0 
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3–2–1–1ƿ ƲŝīAȰɁȜȚǪƩǚǿȋȨȿȑɄűƍv 

ƿ ē¯ĉǏÌĥǉǿǊǭ�üSŖǦǉȀǮƲvċ­Űĸȃ�ĔǘǥǄǝǬļǬȋȨ

ȿȑɄnBȃÆ"ğǪŴ�ǚǿǕǧǏSŖǦǉǿǏǄĊ}Ǭ1vȜȢȥǦǭ¤Ǜǘǹ

SŖǦǭǩǊǅ×ĳǦǭǄƲvċ­ǬƘīǪƩǚǿɉĬƻǬȋȨȿȑɄnBȃǄ–log 

IC50 ǬűƍvǧǘǥĔǊǿǕǧǧǘǟǅǝȀǽǭǄȈȍɃBȶȣɃȘȻȿɅIPɆǄƲvŬ_

<ɅEAɆǄǍǼǰS–TȑȻȢȰɅDESTɆǦǉǿǅÔ�ǬɇǣǭǄȚȭɃ�Ơƶk�ċ­ɅS0

ċ­ɆǧÔ�ǬȚȭɃ�ƠƶɅT1ċ­ɆǬȋȨȿȑɄ�Ǧǉǿǅ 

ƿ ǕȀǽǬȋȨȿȑɄűƍvǏƠŧǦǉǿǧőǌǽȀǿĒĕȃ��ǪĨǚǅǼǒĥǽȀ

ǥǊǿǼǋǪǄÕèBzǪǍǓǿpǒǬO¥ǭǄñÞÃÁǵǟǭñƲvÃÁǪǼǢǥ

§ǿǧőǌǽȀǥǊǿǅǕȀǽǬä¦ǭǄ�±ğǩƲv1�ǄǣǵǾkƃƨǬ�±ğ

ǩƟBƛ$O¥ȃő®Ǫ'ȀǥǊǿǅǘǟǏǢǥǄ1vǬBzO¥©ǭǄƟBƛ$

ȰɁȜȚǪƩƓǚǿĉĒğ©ƃǪ�ǒ�yǚǿǧ�«ǖȀǿǅ1vǬǕȀǽǬƟBƛ

$Ċ©ȃOÎǚǿ+hğǩĊ©ǭǄIP ǧ EA ǦǉǿǅǕȀǽǬƢǭǄǝȀǞȀÔƽţ

GƆƖɅHOMOɆǍǼǰÔ�ıƆƖɅLUMOɆǬȋȨȿȑɄɀȲȿǧ�ǊģƩƩ Ǐ

ǉǿǕǧǏĥǽȀǥǊǿǅǘǟǏǢǥǄǝȀǽǭĩ�ǬȮɁɃȣȇȆƆƖĒż[31]Ǭŭă

ǎǽǹƠŧǦǉǿǧőǌǽȀǥǊǿǅ 

ƿ DESTǬƠŧ©ǭǄT1ċ­ǏÔ�ǬȚȭɃ�Ơƶ?ƅċ­ɅS1ċ­ɆǧWǙƲvƝō

ȃǹǢǥǊǿǕǧǎǽĒŮǦǐǿǅǘǟǏǢǥǄDESTǭ S0ǃS1ǳǬ?ƅǬȋȨȿȑɄn

BȃOÎǚǿǕǧǏÖ�ǖȀǿǅǕǬȋȨȿȑɄ�ǭǄHOMO–LUMO ȑȻȢȰǪǹ�

¥ǘǥǊǿǅBzO¥ǬȶȣɃȘȻȿȋȨȿȑɄÒƵɅPSEɆǬƘīċ­ǪǍǊǥǄk

�ċ­ǧ?ƅċ­Ǭ PSEǬ��ȃƚǓǿǟǸǄ?ƅȋȨȿȑɄǭ�ǖǒǩǿǅ 
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ƿ )ÕńVȃ2ÉǚǿǧǄɈǣǬȽșȎȿ�£Ǐē¯ǖȀǄþŋƏǪǼǾǄk�ċ­Ǫ

ǉǿļǭƧíĊ©ȃǹǣǅǝǬǼǋǩmVǄDEST ǭǭǿǎǪ�ǖǒǩǾǄf�ńVƧŤ

ǪǍǓǿBzO¥©Ǭ��Ǫǩǿǅ 

ƿ IPǄEAǄDEST ǬǝȀǞȀǪǣǊǥǄɈǣǬ}ŏǏÇĎǦĥǽȀǥǊǿǅɇǣǭ1v

åƒǏň·ǖȀǿǇgĢǈƘīȋȨȿȑɄǦǄǹǋɇǣǭǇÉĈǈƘīǦǉǿǅ�ŒǭǄ

3Öċ­ǧÔŁċ­ǬĀeğǩŢƵ�ǬɈǣǬȋȨȿȑɄÔ�"ƨǬċ­ƘīǦ

ǉǿǅgĢƘīǪǍǓǿȋȨȿȑɄnBǭǄIPvǄEAvǄǍǼǰDEST,vǩǨǬǼǋǪǇvǈȃ

��ǐÇxǦƎ>ǚǿǕǧǦŢĐǘǟǅǕȀǽȃĸ0ǚǿưǪǭǄåƒÔƗBǖȀǟ

șȍȹȥȾǬ S0 ċ­ǎǽǬċ­ƘīǪ�ǘǥ}ŏǘǥǊǿǅWæǪǄÉĈȋȨȿȑɄ

ǬnBǭǄIPaǄEAaǄǍǼǰDEST,aǩǨǬǼǋǪǇaǈȃúǌǿǕǧǦĨǘǟǅ 

ƿ ǝȀǽǬ}ŏǪǼǾǄgĢƘīȋȨȿȑɄǧÉĈƘīȋȨȿȑɄǭ
ǊǪĶǘǒǩ

ǊǅǕȀǽǬȋȨȿȑɄȃ�ĔǘǥǄ�ǌǮ�ɅɊɆǪǼǢǥ¡ǽȀǿȋȨȿȑɄ�ɅlɆ

ȃ}ŏǦǐǿǅ 

λ = $>? − $>@   (4) 

ǕǬƢǭǄȷɄȎȚǬƲvīAǬĒż[32]ǪkǤǊǥǄ-ƝXȋȨȿȑɄǧ^ǮȀǿǅ

ǵǟǄŘ?ƅÏǪǹWæǬȋȨȿȑɄnBȃ}ŏǚǿǕǧǏSŖǦǉǿǅ 

ƿ -ƝXȋȨȿȑɄɅlɆǭǄƯȈȍɃǳǬ?ƅǧƯȈȍɃǎǽǬŘ?ƅǬ�ÊǪ�ǘ

ǥ��ǬǼǋǪ}ŏSŖǦǉǿǅ 

ABC→E = ,EFGBCH − ,E(GE)  (5) 

AE→BC = ,BC(GE) − ,BCFGBCH  (6) 

��ǬǄES0ǍǼǰ ECǭǄǝȀǞȀ S0ǍǼǰȈȍɃBɅȎȡȍɃɆċ­ǬƲvȋȨȿ

ȑɄȃ¬]ǚǿǅRS0ǍǼǰ RCǭǄǝȀǞȀ S0ǍǼǰȈȍɃBċ­ǬȶȣɃȘȻȿȋ
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ȨȿȑɄÒƵ�ǬȋȨȿȑɄÔ�"Ǫ�¥ǚǿU�çȃ¬]ǚǿǅWæǪǄ�ɅɋɆ

ǧ�ɅɌɆǦlS0®XǧlX®S0ȃ}ŏǘǟǅ 

ABC→I = ,IFGBCH − ,I(GI)  (7) 

AI→BC = ,BC(GI) − ,BCFGBCH  (8) 

��Ǭ Xǭ AǍǼǰ T1ǬǊǛȀǎǦǉǾǄǝȀǞȀƲvńVċ­ǍǼǰ T1ċ­Ǫ

�¥ǚǿǅǕȀǽǬ-ƝXȋȨȿȑɄǬƠŧ©ǭǄÕèëwƈƐØÈ[33]ǄÕèƣ

�O¥[34]ǄǍǼǰE��ǬéƮĉĒz[35]ǪƩǚǿżÇǦ½ßǖȀǥǊǿǅƀó

ǪǼǢǥ½ßǖȀǟƝ��çȺȤȿ[36]ǪǼǢǥǄǝȀǽǬǼǋǩ-ƝXȋȨȿȑɄ

ǭǄǖǵǗǵǩ1vǍǼǰØÈǬƠŧǩĊ©ǦǉǿNŉ�ǪńVǘǟǄƲv–ȮȌȩɃ

ɅǉǿǊǭƲv–ºAɆģ
�ĔǧǬƨǪģƩǏǉǿǕǧǏĨǖȀǿǅ 

ƿ ƆƖȋȨȿȑɄǦǭǩǒǄIPvǄEAvǄǍǼǰDEST,v ȃ�ĔǚǿĒĕǧǘǥɈǣǬĒĕ

Ǐ¹ǔǽȀǿǅ1ǣġǭǄ�ŒǬÆ"Ǐ~Ƽǎǽ}ƢğǪŭüSŖǦǉǿǕǧǄɈǣġ

ǭǄŚ�ąÂĤmŰĸǪǍǓǿƆƖŊ_[37]ȃő®Ǫ'ȀǿǟǸǦǉǿǅǕȀǽǬƢ

ȃ�ĔǚǿǋǌǦǬéăǭǄǝȀǽĸ0ǚǿĄǬŰĸȖȚȥǬƽǖǦǉǿǅ×ĦİǦǭǄ

pǒǬƲvļǬȋȨȿȑɄnBǧ�¥ǚǿÆ"ǦǉǿǄ-ƝXȋȨȿȑɄȃĸ0ǚ

ǿưǪWÏǪ}ŏǦǐǿ"ǦǉǿǟǸǄIPvǧ EAvȃĔǊǥŮÚȃŠǩǢǟǅ 

 

3–2–1–2ƿ 1vƨģ
�ĔǪƩǚǿȋȨȿȑɄűƍv 

ƿ Ʋvċ­ƘīǪƩƓǚǿȋȨȿȑɄűƍvǭǄ1vǬBzO¥©ȃűƍǚǿǬǪ

Ɨ2ǦǉǿǧőǌǽȀǥǊǿǏǄēĉļǬ1vƨģ
�ĔǧĢ¼ğǩƩ ǭǩǊǅǕ

ǬéƮǪ�/ǚǿǟǸǪǄ1vƨģ
�ĔǪƩƓǚǿűƍvȃƎ>ǘǟǅ�ǌǮǄ

ƳƲģ
�ĔǪƩǘǥǭǄƲvċ­ŰĸȃŠǩǢǟưǪĸ0ǖȀǟǄ1vǬNãv
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ȺɄȹɃȥǏYǵȀǿǅǕȀǭǄNãv–Nãvƨģ
�ĔǏã©ÿuǪǍǊǥƠŧ

ǩ�;ȃÛǟǚǎǽǦǉǿǅ 

ƿ ȮȅɃȤȿɂɄȿȚģ
�Ĕǹ1vƨģ
�ĔǪǍǊǥƠŧǧőǌǽȀǿǅǕǬȟȈ

ȰǬģ
�ĔǭǄLennard–Jones ȶȣɃȘȻȿȃ�ĔǚǿǕǧǦD1ǪŹÍǖȀǿǕǧ

ǏĥǽȀǥǊǿǅǕǬmVǄ1vǬĪūBȺȤȿǦǬȗȈțɅǣǵǾǄđ�Ƌ�ǦǬ1

vǬE�ɆǏƠŧǩȬȽȹɄȟǪǩǿǅǕǬǼǋǩ�ċǪƩǚǿűƍvǪǣǊǥő®ǚ

ǿǟǸǪǄ��ǪĨǚǼǋǩǊǒǣǎǬűƍvȃ}ŏǘǟǅ 

ƿ ȾȏɃȦǧR��Ǭģ
�ĔǬǇƥǧƥįȺȤȿǈǬŭăǎǽǄǟȄǯǒƃǬȾȏɃȦ

ńVƜ�ǬȥȶɁșȎȿǩĊ¢ǏƠŧǦǉǿǧ�«ǖȀǿǅ1vŷžȰɁȜȚǦǭǄ

	ǪȱȣɁJvǪǼǿȷȿȡȗȈȥģ
�ĔǏƠŧǪǩǿǅǝǬǼǋǩ�±ğǩģ


�Ĕȃő®ǚǿǟǸǪǄȋȨȿȑɄűƍvǼǾǹȥȶɁșɄűƍvǏèàzŐȃǚǿ

ǋǌǦǼǾÕĔǦǉǿǧőǌǽȀǿǅ 

ƿ ǕǬǼǋǩȥȶɁșȎȿǩĊ¢ǭǄðĽńVǺȪɁȕɃńVǩǨǬ�±ğǩƳƲģ


�ĔǎǽēǙǿǧőǌǿǬǏŚĆǦǉǿǧőǌǽȀǿǅǝȀǽǭǄȴȚȥ–ȕȚȥBzǪ

ǍǊǥƠŧǩ�;ȃÛǟǚǅȋȨȿȑɄűƍvǧǘǥǭǄƳƲģ
�ĔǪǼǿÿu

_ȋȨȿȑɄɅDEsolvɆǏt�ǦǉǿǧőǌǽȀǿǅǕǬ"ǭǄƲvċ­ŰĸǦ1ãƓ

Ň�ȺȤȿɅPolarizable continuum model: PCMɆŰĸȃŠǋǕǧǦĸ0Ǧǐǿǅ 

ƿ DEsolv ǭ4ǬŭăǎǽǹƠŧǦǉǿǧőǌǽȀǥǊǿǅē�ļ,ǬȾȏɃȦǧȟɃȬȒ

ƃǬȦȢȐɃȓȰɁȜȚǦǭǄȾȏɃȦ\ƉǬð1vǏƭKǖȀǿǅǕǬǇŘÿu_ǈȰ

ɁȜȚǭǄȾȏɃȦǏpǒǬð1vǧ�ǒńVǘǥǊǿmVǪǭǄǼǾqǐǩȋȨȿȑɄ

ȃŧǚǿǅǘǟǏǢǥǄȦȢȐɃȓȰɁȜȚǭDEsolvǧ�ǒƩ ǘǥǊǿSŖ©Ǐǉǿǅ 

ƿ 1vǬ�ċǪƩƓǚǿűƍvǧǘǥĥǽȀǥǊǿǹǬǧǘǥǭ1v�ĮǏ¹ǔǽȀ
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ǿǅǕǬűƍvǭǄȔȺȈɃȮȌȷȣȇȒȚǪƩǚǿpǒǬĦİǦ�ĔǖȀǥǊǿ[38]ǅ

×ĦİǦǭǄƲvċ­ŰĸǪǼǢǥĸ0ǖȀǟ1v�ĮǬÆ"ȃ�ĔǘǥǊǿǅǕǬ

űƍvǭȚȎȽɄƢǦǉǾǄ1vȗȈțǬ��ǧǩǿǟǸǄȦȢȐɃȓHǡ1vŷžǬ

ȰɁȜȚǪǍǊǥƠŧǦǉǿǧőǌǽȀǿǅ1vƢǭÕĔǦś]ùǊȥȶɁșȎȿǩ

űƍvǦǉǿǏǄ1vǬĊ©ǬĶÊğǩűƍǪǚǑǩǊǅůǊ¾ǌǿǧǄȥȶɁșɄ

ǭȚȎȽɄƢǦűƍǖȀǿǅ1våƒǬęÊ©ȃȬȽȹɄȟBǚǿǟǸǪǄ°ǆǭ1

vȃcǷĢÊ�ǬȗȈțȃűƍvǧǘǥøĔǚǿǕǧȃŵǶǟǅǕǬ²ƷȃǇȵȢȒȚ

ȬȢȐɃȓɅǉǿǊǭȵȒȘɃȓɆȹȞȢȦǈǧ^ǲǅǕǬÊõǦǭǄ1vȃǡǻǋǨǱǢǟ

ǾŨǋĢÊ�ȃ}ŏǘǥǄĢÊ�ǬUƉǬƦǖȃƫƷǪ B1ǄB2ǄB3 ǬǼǋǪȽȲȾɃȓ

ǘǥ}ŏǘǥǊǿǅșȍȹȥȾȃÔƗBǘǟ1vȃcǷĢÊ�ǬȗȈțǬŰĸǭǄ

Mathematica 11.0[39]ȃ�ĔǘǥŠǩǢǟǅ 

 

3–2–1–3ƿ Ʋv¥ķǧ1vºAȃŹÍǚǿȋȨȿȑɄűƍv 

ƿ �űǬűƍvǪ>ǌǥǄ1vǬƲvğĊ¢ȃŹÍǚǿƎ>Ǭ 5 ǣǬűƍvȃǖǽ

Ǫ�'ǘǟǅ 1 ǣġǭǄƲvåƒõȃ�ĔǘǥŰĸǖȀǟĿo/SūɅUV / VisɆȚȳ

ȒȥȿǦǉǿǅ ȚȳȒȥȿȤɄȟȃŰĸǚǿǟǸǪǄ?ƅȋȨȿȑɄǠǓǦǩǒƘīN

ãvȺɄȹɃȥǹŰĸǖȀǿǅ �ê¿AżǭǄƳƲĖǪ�ǚǿƲvǬÜǽǎǖȃOÎ

ǘǄƲï1ãďǪƩƓǚǿSŖ©ǏǉǿƲï1ãďǏǄêǬ�ǦĨǚǼǋǪǄǕȀǽ

2ǣǬĉĒğĊ©Ǫ�yǚǿǕǧȃĨǘǥǊǿǅ 

JKL 	∝ 	O
⟨Ψ'|∑ 8"" |ΨT⟩	⟨ΨT| ∑ V"" |Ψ'⟩

WT 	−	W'
																							(9)

T

 

ǕǕǦǄYIǧ EIǭǄǝȀǞȀ IĘġǬċ­ǬƲvöAƩÆǧȋȨȿȑɄǦǉǾǄ I = 
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0ǭk�ċ­ȃ¬]ǚǿǅtiǧ uiǭǄ%ǪǼǿƲmǬȣȈȽɄ�ƧǬ	ŧƶǎǽēǙǿ

iĘġǬƲvǬȤȎȿȥ�çǬ¯1ǦǉǾǄƲvǧ%Ʌ%vɆǬģ
�ĔȃŢǚǅ ǕȀ

ǭǄűƍvǧǘǥǬ UV / VisȚȳȒȥȿǬő®ǏǄȮȅɃȤȿɂɄȿȚģ
�ĔǬƅ

ýǦǉǿ1Åģ
�ĔȃYǷǕǧǪÑƾğǪ�¥ǚǿǕǧȃ¬]ǘǥǊǿǅ 

ƿ UV / Vis ȚȳȒȥȿǭǄƲï1ãďǪƩƓǚǿś]ùǊĉĒğĊ©ǦǉǿǏǄȝɁ

�oǬƘīNãvȺɄȹɃȥȃ·ǣ?ƅċ­ǬǶȃOÎǚǿǅ ůǊ¾ǌȀǮǄƬǽ

ȀǟƲv?ƅċ­ǬǶǏȚȳȒȥȿȤɄȟǪYǵȀǿǅ (�ğǩ?ƅċ­ő®Ǧǐ

ǿǼǋǪǚǿǟǸǪǄ?ƅċ­Ǭ��ȃűƍvǧǘǥ}ŏǚǿǕǧǪǘǟǅǕǬȚȳȒȥ

ȿȤɄȟǭǄǇ?ƅċ­Ǭċ­��ǈǧǹůǊ¾ǌǿǕǧǏǦǐǿǟǸǄex-DOS ǧǘǥ

Ţǚǅ Ǉċ­��ǈǬ DOS ǬėŸǭǄd�ĉĒzǦ.ŋĉƃǬƲvĊ©ǬſżǪ

ǍǊǥǼǒĥǽȀǥǊǿǅǕǬȚȳȒȥȿȤɄȟǭǄȋȨȿȑɄF�ǉǟǾǬ?ƅċ­

ǬÆȃÆǌǿǕǧǦ¡ǽȀǿǅ~ưǪǭǕǬȚȳȒȥȿȤɄȟǭǄȏȉȚȫɃȦȃčǊȫ

ɃȦ�ǦƠǫVǜǿǕǧǦQ¡ǦǐǿǅǩǍǄǕǬưǬUȫɃȦ�ǭǄǝȀǞȀǬ1v

ǪǣǊǥŰĸǖȀǟ?ƅȋȨȿȑɄǬÆ"ȃOÎǘǥǊǿǅ 

ƿ ǕǕǦ÷¬ǚǴǐăǭǄd�ĉĒzǪǍǊǥǇċ­ǈǧǭǄƲvğǪ?ƅǖȀǟċ­

ǦǭǩǒǄČĲĺvƋ�ǬƆƖǬǕǧȃ¬]ǚǿǧǊǋǕǧǦǉǿǅƆƖǭpƲvöA

ƩÆǦǭǩǒǄ�ƲvöAƩÆǦǉǿǏǄd�ĉĒzǪǍǓǿ DOS ǹűƍvǧǘǥ

YǸǥǊǿǟǸǄC4ǬǟǸǪǝȀȃ orb-DOS ǧŢǘǥǊǿǅorb-DOS ǭ ex-DOS ǧ

WĶǦǉǿǏǄex-DOSǦǭǄŰĸǖȀǿƆƖǬÆǏ5ƬǖȀǄ×ĦİǦǭ 30!ǬƆ

ƖǏŰĸǖȀǿǅex-DOS Ǫ�¥ǚǿȋȨȿȑɄǬ�ǭčǊĹcǦǉǿǟǸǄǼǾ�

ǊĹcȃȎȫɄǚǿǟǸǪ orb-DOS ǹȋȨȿȑɄűƍvǧǘǥ�ĔǘǥǊǿǅ 

ĐeǬņŰ1ÚǬ 4 Ęġǧ 5 ĘġǬűƍvǭǄƄoŉɅIRɆȚȳȒȥȿǧºAċ­
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Ǭ��Ʌvib-DOSɆǦǉǿǅ �ŒǭǄex-DOS ǍǼǰ orb-DOS ǧWæǬÊõǦ}ŏǖ

Ȁǿǅ IR ȚȳȒȥȿǭǄIR %ǬZPǪ��ǚǿºAȺɄȦȃOÎǘǥǊǿǅ ǕǬƸ

iǬȺɄȦǭ1vǬ|ŖkȃOÎǘǥǊǿǟǸǄǕǬűƍvǬ�ĔǭǄȔȺȈɃȮȌ

ȷȣȇȒȚĦİǪǍǓǿ1vǬåƒȮȇɃȏɄȰȾɃȥǧWæǬ¬]ȃ·ǣ[40]ǅ 

Holstein ȺȤȿ[41]ǭǄºA\öÆǧƲv-ȮȌȩɃģ
�ĔǬ�ǖǬȫȽɃȚǏ1v

ǧ.ŋĉƃǬĊ©ǪǧǢǥƠŧǦǉǿǕǧȃĨ`ǘǥǊǿǟǸǄºAȺɄȦǬªlȃY

ǸǿǕǧǹ¬]ǏǉǿǧőǌǽȀǿǅ űƍvǧǘǥ vib-DOSȃ�'ǘǟĒĕǭǄIRȚȳ

ȒȥȿǪºAɀȲȿǬƙµŪ6ǉǿǎǽǦǉǿǅ 

ƿ Ʋvċ­ŰĸǦ¡ǽȀǿǬǭǄŉċǬȚȳȒȥȿŎǠǓǦǉǿǅ(�ğǩȚȳȒȥȿ

ȤɄȟȃē¯ǚǿǟǸǬĚǶƊǶǪǍǊǥǭǄêǬ�ȃ�ĔǘǥǄUȭɄȒǪȏȉȘ

ȆɃȯɁɄȦȧɃȓõȃƗĔǘǟǅ 

Y	 =	OZ"[\][−J(^ − _")`]																							(10)
"

 

J	 = 	 ln0.5 (Δ_)`⁄                  (11) 

��ǬDeǭȏȉȚȫɃȦǬE"(�ǦǉǾǄǝȀǽǬ"ǭ Table 3–2ǪǵǧǸǥǉǿǅ

ǩǍǄUV/VisǺ IRǬUȭɄȒǪǍǓǿƹ�bvɅbiɆǭǄǝȀǽǬÆ"ǬºAv�

�Ǻ IR��Ǭ"ȃȫɃȦƵĮǧǘǥ-ĐǚǿǼǋŃƼğǪò}ǘǟǅex-DOSǄorb-

DOSǄvib-DOSǪǣǊǥǭǄbiǭǊǛȀǹ 1.0ǪŲ}ǘǟǅ 

ƿ ȚȳȒȥȿȤɄȟǭ�ê$ğǩĊ©ȃǹǢǥǍǾűƍvǧǘǥĢ¼�ĔǚǿǕǧǭǦ

ǐǩǊǅ×ĦİǦǭǄǕȀǽȃȚȎȽɄnÆǪn¾ǚǿǟǸǪǄ��Ǭ�Ǧ}ŏǖȀǿ

ȟɄȕȢȥ1vǧLć1vǬȚȳȒȥȿǬƠǩǾȃŴ�ǘǄűƍvǧǘǥ�Ĕǘǟǅ 

g	 = 	∫ Y(_)
i
' Yj(_)k_  (12) 
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Table 3–2. BVĉǬ1%zğĊ¢ǪĕÙǚǿƲvğűƍvǬŰĸǪĔǊǿ}ÆǬ

}ŏǅfiǧ giǭǝȀǞȀǄiĘġǬċ­ǬºAv��ǧ IR��Ǧǉǿǅ 
Spectral 

data \" Δ\ Z"  

rUV electronic excitation energy 0.30 [eV] l"mJ/o 

rex electronic excitation energy 0.15 [eV] 1 

rorb molecular orbital energy 0.02 [hartree] 1 

rIR vibrational energy 20 [cm-1] 4"mJ/o 

rvib vibrational energy 20 [cm-1] 1 
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��Ǭrǧr rǭǝȀǞȀǄȟɄȕȢȥ1vǧLć1vǬëŪBǖȀǟȚȳȒȥȿƩÆǦ

ǉǿǅȈɃȣȓȽȿǬ�ĴǪǉǟǿǇwǈǭǄƻ��ȃŴ�ǚǿǟǸǬĹcǬȗȈțȃŢ

ǘǥǊǿǅĒ«ğǪǭąƬqǦǉǿ¤ŧǏǉǿǏǄ~ưǬŰĸǦǭÕƬǪŲ}ǘǥǉ

ǿǅ�ƫǄŰĸǖȀǟ UV/VisǄex-DOSǄorb-DOSǄIRǄǍǼǰ vib-DOS ȚȳȒȥȿǭǄ

ǝȀǞȀrUVǄrexǄrorbǄrIRǄǍǼǰrvibǧŢĐǚǿǅ 

 

3–2–2 ņŰŮÚǄǍǼǰèàzŐ 

ƿ ×ĦİǦǭǄFig. 3–1 ǪĨǚáĉĕÙǬ 45 ĬǬBVĉǪĤġǘǟǅǕȀǽǬBV

ĉǭ Tian ǽǪǼǢǥl[ǖȀǟǹǬǦǉǿ[23-26]ǅTable 3–3 Ǫǉǿ 50%ƪ�ā�

ɅIC50ɆǭǄ~ƼǪǼǢǥ¡ǽȀǟǄU1vǬşĒzğ@ÛǬ¸çǧǩǿÆ"Ǧǉǿǅ

ǕȀǽǬ IC50 Ǭ~Ƽ"ȃ-Đǚǿ�ü�ȃ�0ǚǿǟǸǪǄƠa�1Úȃ~Šǘǟǅ

ŮÚǪǭ�ƍǚǿƲvğűƍvȃŹÍnÆǧǘǥ�ĔǘǟǅƠa�1ÚǦǭǄǵǛ

ǚǴǥǬűƍvȃYǸǥ1Úȃ�Ĕǘǥ1ÚȃŠǊǄǚǴǥǬŹÍnÆǦ¡ǽȀǿ

Õ¬ħďɅp"ɆǏ 0.05��ǪǩǿǵǦǄŹÍnÆȃɇǣǛǣ7ƭǚǿ²ƷȃŌǾƌǘ

ŠǩǢǟǅ 

ƿ ǵǟǄȽɃȠȸȮȌɀȚȥa�ɅRFRɆ[42]ǹ~Šǘǟǅ~ŠǪưǘǥ Python3.7.1 Ǭ

Scikit-learn ȽȈȯȽȾȃ�Ĕǘǟǅ�a~ŠǘǟŮÚǦǭǄƠŧ�Ǐ�ǊűƍvǬ�

ǣȃ�ļğǪ7ƭǚǿǕǧǪǼǾǄƠŧǩűƍvǏƙµǘǟǅǕǬȰɁȜȚȃ 100aŌ

ǾƌǘǄǹǢǧǹƠŧǦǩǊǧőǌǽȀǿűƍvȃ7ƭǘǟǅ�üǬĻ�Ǐq�Ǫ��

ǚǿǵǦǄǕǬ²ƷȃŌǾƌǘŠǩǢǟǅ 

ƿ ǵǟǄWæǬȤɄȟȜȢȥȃ�ĔǘǥȗȶɄȥȲȒȟɄa�ɅSVRɆ[43]ǹ~Šǘǟǅ

SVRǦǹűƍvƙµȃŠǊǄűƍvȃ�ǣǛǣ7ƭǘǥǝǬ8�ǦR2"Ǐqǐǒn
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Table 3–3. FASNē[)ň 50%ē[¤g(IC50)ň�ħIC50 ň3�řMŇĶĦĤlog(IC50)ŇO�

ĶĽ�řÎêé�Ň²ĩĽħ 

Compound name Ref. 
Experimental value  Predicted value 
IC50 
(µM) –log(IC50)  IC50 

(µM) –log(IC50) 

HA-50 [26] 1.24 5.9066   1.89 5.7235 
HA-45a [26] 1.77 5.7520   2.70 5.5688 
HA-45c [26] 1.77 5.7520   1.01 5.9938 
HA-45b [26] 1.77 5.7520   1.47 5.8327 
HA-45d [26] 1.77 5.7520   5.50 5.2599 
Morin [24] 2.33 5.6326   1.31 5.8814 
Luteolin [24] 2.52 5.5986   18.21 4.7398 
HA-51 [26] 3.3 5.4815   4.82 5.3170 
Quercetin [24] 4.29 5.3675   6.73 5.1718 
HA-49 [26] 5.54 5.2565   3.90 5.4095 
HA-47 [26] 6.15 5.2111   9.78 5.0097 
HA-35 [26] 7.7 5.1135   19.41 4.7119 
Resveratrol [25] 8.5 5.0706   22.68 4.6444 
HA-48 [26] 8.59 5.0660   56.72 4.2463 
Isoliquirtigenin [25] 8.8 5.0555   19.15 4.7179 
NDGA [25] 9.3 5.0315   75.49 4.1221 
Kaempferol [24] 10.38 4.9838   9.02 5.0449 
HA-42 [26] 13 4.8861   5.18 5.2853 
HA-44 [26] 17 4.7696   23.61 4.6268 
Apigenin [25] 17.6 4.7545   24.69 4.6075 
Fisetin [24] 18.78 4.7263   35.41 4.4509 
Phloretin [25] 26.1 4.5834   22.01 4.6573 
Myricetin [24] 27.18 4.5658   21.48 4.6680 
Genistein [25] 28.7 4.5421   16.29 4.7881 
4,6,7-Trihydroxylisoflavone [25] 29.5 4.5302   38.97 4.4092 
(+)-Taxifolin [24] 41.16 4.3855   16.21 4.7901 
ECG [23] 42 4.3768   5.69 5.2447 
EGCG [23] 52 4.2840   6.37 5.1958 
Hesperetin [24] 68.86 4.1620   16.17 4.7913 
Daidzein [25] 73.2 4.1355   80.91 4.0920 
Galangin [24] 100 4.0000   37.00 4.4318 
Baicalein [24] 111.69 3.9520   66.38 4.1779 
Propyl gallate [23] 500 3.3010   1375.11 2.8617 
Flavone [25] 1000 3.0000   1174.43 2.9302 
Propyl p-hydroxylbenzoate [23] 1100 2.9586   2448.51 2.6111 
(+)-Catechin [23] 1600 2.7959   2798.41 2.5531 
(-)-Epicatechin [23] 3800 2.4202   1686.12 2.7731 
Catechol [23] 7400 2.1308   12618.40 1.8990 
3,4-Dihydroxylbenzoic acid [23] 9000 2.0458   6296.97 2.2009 
p-Cresol [23] 16000 1.7959   3063.66 2.5138 
Gallic acid [23] 21000 1.6778   3944.98 2.4040 
p-Hydroxylbenzoic acid [23] 22000 1.6576   13254.10 1.8776 
Phenol [23] 26000 1.5850   31610.30 1.5002 
Propyl benzoate [23] 30000 1.5229   36651.47 1.4359 
Propyl acetate [23] 30000 1.5229   20952.20 1.6788 
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1ĸŖŎŃĦìüVň'Ĕń R2 �ňî�řáĪĴńŃìüVňÍŕúŏřáŀĽħz

ĝŉ
�ň(i)-(iv)ŃĨŖħ 

(i) ųƏŮŬűŴř 4:1 ň�¬ŃŴƌƏŶƎŦųƏŮńŲŪŴųƏŮŇ$*ĶĽħĴň

ėň$*ŉƉƎůƅŇZáĶĽħ 

(ii) ŴƌƏŶƎŦųƏŮŇ SVR řĄ²ĶĦEcƇųƋř_#ĶĽħĻĶłĻňƇų

Ƌň R2�řî�ĶĽħ 

(iii)<ķEcƇųƋř�²ĶłŲŪŴųƏŮň¸đř»ðĶĦĻň R2�řî�ĶĽħ 

(iv) ŴƌƏŶƎŦųƏŮńŲŪŴųƏŮň R2�ňdJ�řêÆĶĽħ 

ĴňſƍŬŪř 100 EÒŕûĶĦ(iv)Ń±#ĵŗĽ R2ňdJ�ř4§ĶłĦŴƌƏŶƎ

ŦųƏŮńŲŪŴųƏŮň�Ąņ$*řĆ{ĶĽħ�EZáĶĽ SVR ňé�ŃŉĦ

RBFšƏŷƋ (radial basis function kernel; 0nLfđ�šƏŷƋ)ńĦāXÓřĒı

ĽőŇŦƊűŵŨƏŰř�²Ķłz0Ń�Ą1ĶĽŹŜŻƏŻƉƆƏŮř;Řĺłé

�řáŀĽħ�Eň SVR ňƇųƋŃ�ĄņŹŜŻƏŻƉƆƏŮŉĦC = 100.0Ħe = 

0.00100Ħg = 0.03125ŃĨŀĽħ 

 

3–2–3ģ ĘVªxêÆ 

ģ FASN ē[×ĮĨŖńM?ĵŗłĩŖ$Vř^óńĶłĦĘVªxêÆřZáĶĽħ

 łňĘVªxêÆŉ Gaussian 09 (Rev. D01) [44]ř�²ĶłZáĶĽħŎĸĦ:$

Vň�ÿ�Ą1ř DFT(M06-2X)/6-31G(d,p)�ŃáŀĽħ�uªxŇ-īłĦšŰŠ

ƎªxĦśŶŠƎªxĦŪŽƎ�ČĜªxň�ÿ�Ą1ŒZáĶĽħ$V}0Ňđĸ

ŖvMřpŖĽőŇĦ�uªxŃňL¡}0é�řáŀĽħ:ªxŋňą¾Ň�Ī

�ÿÑAŞŷƋŤƏňêÆŉĦą¾(ňdâ�ÿňŞŷƋŤƏńą¾oňdâ� 
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ÿňŞŷƋŤƏńňŞŷƋŤƏařêÆĸŖĴńŇœŀłî�ĶĽħ�uªxň$V

ŇŁĩłŉĦ$V�Áń¢UAŞŷƋŤƏŒêÆĶĽħĴŗŉē[)ƐƊŢƎŵƑĮŮƎ

ŻťôŇËŏúŎŗłÌ;ĶĽńįŇČåņåÉńæņĵŗŖĽőŃĨŖħ$Včň

êÆŉƇƎŲšƋƍÁ$ŃáĪĽőĦ5 EÒŕûĶáĩĦĻŗŔňdJ�ř$Včň

�Êµņ��ńĶĽħ��ň¢UAŞŷƋŤƏŉĦ$�ĀÏ�ƇųƋƐpolarizable 

continuum model, PCM Ƒ�ř�²ĶłêÆĶĽħĵŔŇĦĘV.õªxŉĦ

TDDFT(M06-2X)/6-31G(d,p)�ř�²ĶłêÆĶĽħĴňêÆŃŉĦŞŷƋŤƏµŇ

�ĩ 30ň.õªxřêÆĶĽħ 

 

3–3ģ Ì�ńÔ] 

ģ Fig. 3–1Ň¼ĸ 45ÀňR¦¨ŇŁĩłÎêé�řZáĶĽħĴŗŔň$VŉFASN

ē[)ńĶłM?ĵŗłĬŕĦIC50ň��ŉ�«ŇìøĵŗłĩŖ[23-26]ħFig. 3–1ň

$VŇŉĦžƉƂƎĦŜŭžƉƂƎĦžƉƂŸƏƋĦžƉźƎņŅňžƉƂŸŜŵĮPİ>Ŏ

ŗłĬŕĦ!C¯ĮP�>ŎŗłĩŖħĴĴŇìøĵŗłĩŖ1;¨ňPİŉĦä�ň

żŵƍţũƋLřŒŁƃƊžŝŸƏƋŇ$ğŃįŖħ 

ģ DFT êÆřĄ²ĶłĦ$V�ÿň�Ą1řZáĶĽħŎĽĦ$VňƃŲƎũƈƋŞ

ŷƋŤƏĚňŞŷƋŤƏ�`�ř©YĸŖĽőŇĦH�}0é�ŒáŀĽħêÆĵ

ŗĽŜŠƎ1ƃŲƎũƈƋĦ�ńĶłžŝŸƏƋńĈĊſƍŽƋň�ŉĻŗļŗ 8.49 ń

10.27 eVŃĨŀĽħĴŗŔŉZĠ�Ɛ8.50ĬœŊ 10.04 eVƑńœİ�ÚĶłĩŖ[45,46]ħ

ĶĽĮŀłĦDFT �ŉĦĴňM?Ń��ĵŗĽĘVµìüVřî�ĸŖĽőŇĄ²

8×ŃĨŖńÔīŖĴńŃŃįŖħĘVµìüVň��ŉĦTable 3–4 ĭŔ 3–10 ŇŎń

őłĨŖħ  
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Table 3–4. HOMO ń LUMOň÷ĂŞŷƋŤƏ¡�ĦĬœŊĻŗŔňĐňŞŷƋŤƏŤƈűſħ 

 

Compound Name HOMO 
(hartree) 

LUMO 
(hartree) 

HOMO-
LUMO gap 

(hartree) 
(-)-Epicatechin -0.25424  0.04438  0.29862  
(+)-Catechin -0.25103  0.04566  0.29669  
(+)-Taxifolin -0.25404  -0.01245  0.24159  
3,4-Dihydroxylbenzoic acid -0.27380  -0.00142  0.27238  
4,6,7-Trihydroxylisoflavone -0.25549  -0.01392  0.24157  
Apigenin -0.26410  -0.01638  0.24772  
Baicalein -0.27252  -0.02283  0.24969  
Catechol -0.25915  0.04358  0.30273  
HA-35 -0.26642  -0.01850  0.24792  
HA-42 -0.25931  -0.02518  0.23413  
HA-44 -0.28147  -0.04401  0.23746  
HA-45a -0.24113  -0.00783  0.23330  
HA-45b -0.23866  -0.01404  0.22462  
HA-45c -0.25009  -0.02921  0.22088  
HA-45d -0.25578  -0.03817  0.21761  
HA-47 -0.25854  -0.01761  0.24093  
HA-48 -0.26601  -0.02317  0.24284  
HA-49 -0.25870  -0.00795  0.25075  
HA-50 -0.25103  -0.00784  0.24319  
HA-51 -0.24924  -0.00637  0.24287  
Daidzein -0.25674  -0.01519  0.24155  
ECG -0.25301  -0.00645  0.24656  
EGCG -0.25243  -0.00597  0.24646  
Fisetin -0.24669  -0.02974  0.21695  
Flavone -0.28428  -0.03219  0.25209  
Galangin -0.25237  -0.02589  0.22648  
Gallic acid -0.27236  -0.00134  0.27102  
Genistein -0.25209  -0.00396  0.24813  
Hesperetin -0.25927  0.00089  0.26016  
Isoliquirtigenin -0.26212  -0.02374  0.23838  
Kaempferol -0.24311  -0.02191  0.22120  
Luteolin -0.26015  -0.01580  0.24435  
Morin -0.24855  -0.00413  0.24442  
Myricetin -0.24960  -0.02490  0.22470  
NDGA -0.25814  0.04383  0.30197  
p-Cresol -0.26239  0.03744  0.29983  
p-Hydroxylbenzoic acid -0.28643  -0.00003  0.28640  
Phenol -0.27159  0.03662  0.30821  
Phloretin -0.26120  0.01846  0.27966  
Propyl acetate -0.34190  0.06606  0.40796  
Propyl benzoate -0.30905  -0.00582  0.30323  
Propyl gallate -0.27484  -0.00299  0.27185  
Propyl p-hydroxylbenzoate -0.28271  0.00392  0.28663  
Quercetin -0.24150  -0.02125  0.22025  
Resveratrol -0.23969  -0.01137  0.22832  
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Table 3–5. $V�Á (Vmol) (5 EňêÆňdJ�)Ħ5�VƇƏƆƎŴ(µ)Ħ¢UAŞŷƋŤƏ 

(DEsolv)ħĻŗļŗ DFT�ř�²ĶłêÆĶĽħ¢U/�ňêÆŇŉ PCM�ř�²ĶĽħ 

 

Compound Name Vmol (cm3/mol)) µ 
(debye) 

DEsolv 
(eV) 

(-)-Epicatechin 178.34200  2.8899  0.590  
(+)-Catechin 204.62860  3.6427  0.577  
(+)-Taxifolin 197.20120  2.6374  0.669  
3,4-Dihydroxylbenzoic acid 99.83460  0.9588  0.329  
4,6,7-Trihydroxylisoflavone 176.59680  1.7883  0.482  
Apigenin 166.28440  4.8389  0.667  
Baicalein 178.31520  3.5513  0.552  
Catechol 77.37700  2.5523  0.230  
HA-35 202.31740  4.3781  0.591  
HA-42 322.95600  0.8751  1.235  
HA-44 238.47900  0.4767  0.782  
HA-45a 347.76580  5.9176  1.223  
HA-45b 445.89420  0.7095  1.330  
HA-45c 418.27680  2.9978  1.237  
HA-45d 487.70920  5.0510  1.240  
HA-47 270.71100  4.8633  1.057  
HA-48 170.93180  4.6158  0.627  
HA-49 307.40700  3.6335  0.467  
HA-50 304.71000  4.5303  0.483  
HA-51 359.15700  4.6605  0.494  
Daidzein 165.02740  2.9471  0.463  
ECG 285.49080  3.3727  0.716  
EGCG 282.32580  4.3058  0.744  
Fisetin 172.72140  0.9525  0.476  
Flavone 155.61920  4.0518  0.264  
Galangin 170.76560  4.4068  0.500  
Gallic acid 101.26080  4.5855  0.383  
Genistein 191.11600  3.7046  0.644  
Hesperetin 194.72220  2.2655  0.627  
Isoliquirtigenin 191.89100  2.5692  0.642  
Kaempferol 178.03200  5.3568  0.608  
Luteolin 185.06960  2.1563  0.714  
Morin 197.34560  6.1364  0.912  
Myricetin 198.33160  3.7121  0.728  
NDGA 224.48920  3.8477  0.596  
p-Cresol 83.44160  1.3400  0.184  
p-Hydroxylbenzoic acid 89.91100  1.6223  0.306  
Phenol 78.16560  1.3697  0.186  
Phloretin 194.08620  6.4322  0.710  
Propyl acetate 85.54180  1.6606  0.139  
Propyl benzoate 120.20480  1.6872  0.155  
Propyl gallate 157.48360  3.0702  0.386  
Propyl p-hydroxylbenzoate 131.13140  1.0477  0.261  
Quercetin 173.37940  1.7535  0.652  
Resveratrol 163.45540  2.2714  0.503  
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Table 3–6. S0ªxŃ�Ą1ĶĽ$V�ÿŃňK·ŜŠƎ1ƃŲƎũƈƋ(IPv)ħlS0→CńlC→S0ŉĦ

ĻŗļŗĖŜŠƎªxĬœŊ S0ªxŋňK·ą¾oň�ÿÑAŞŷƋŤƏň��ř¼ĸħ 

 

Compound Name IPv (eV) lS0→C (eV) lC→S0 (eV) 
(-)-Epicatechin 7.707  0.318  0.282  
(+)-Catechin 7.676  0.323  0.320  
(+)-Taxifolin 7.771  0.328  0.321  
3,4-Dihydroxylbenzoic acid 8.438  0.302  0.310  
4,6,7-Trihydroxylisoflavone 7.697  0.320  0.327  
Apigenin 7.916  0.252  0.271  
Baicalein 8.182  0.188  0.241  
Catechol 8.132  0.288  0.292  
HA-35 7.943  0.302  0.329  
HA-42 7.614  0.255  0.264  
HA-44 8.340  0.464  0.423  
HA-45a 7.174  0.668  0.103  
HA-45b 7.075  0.408  0.387  
HA-45c 7.348  0.351  0.365  
HA-45d 7.469  0.490  0.273  
HA-47 7.660  0.961  0.446  
HA-48 8.063  0.312  0.347  
HA-49 7.662  0.279  0.542  
HA-50 7.471  0.272  0.311  
HA-51 7.352  0.295  0.313  
Daidzein 7.747  0.341  0.333  
ECG 7.637  0.351  0.402  
EGCG 7.624  0.357  0.386  
Fisetin 7.415  0.279  0.287  
Flavone 8.461  0.220  0.252  
Galangin 7.564  0.286  0.300  
Gallic acid 8.373  0.330  0.337  
Genistein 7.609  0.331  0.334  
Hesperetin 7.849  0.360  0.325  
Isoliquirtigenin 7.898  0.307  0.457  
Kaempferol 7.303  0.299  0.311  
Luteolin 7.827  0.241  0.236  
Morin 7.456  0.370  0.405  
Myricetin 7.474  0.638  0.168  
NDGA 7.760  0.153  0.155  
p-Cresol 8.159  0.245  0.248  
p-Hydroxylbenzoic acid 8.799  0.249  0.253  
Phenol 8.489  0.234  0.235  
Phloretin 7.957  0.439  0.244  
Propyl acetate 10.267  1.182  4.086  
Propyl benzoate 9.355  0.226  0.229  
Propyl gallate 8.414  0.317  0.326  
Propyl p-hydroxylbenzoate 8.635  0.253  0.259  
Quercetin 7.267  0.285  0.296  
Resveratrol 7.244  0.234  0.234  
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Table 3–7. S0ªxŃ�Ą1ĶĽ$V�ÿŃňK·ĘVçA+(EAv)ħlS0→A ńlA→S0ŉĦĻŗ

ļŗĕŜŠƎªxĬœŊ S0ªxŋňK·ą¾oň�ÿÑAŞŷƋŤƏň��ř¼ĸħ 

 

Compound Name EAv (eV) lS0→A (eV) lA→S0 (eV) 
(-)-Epicatechin -2.024 2.166 2.705 
(+)-Catechin -2.016 1.682 2.772 
(+)-Taxifolin -0.446 0.349 0.372 
3,4-Dihydroxylbenzoic acid -0.968 0.374 0.371 
4,6,7-Trihydroxylisoflavone -0.397 0.278 0.476 
Apigenin -0.268 0.333 0.306 
Baicalein -0.105 0.358 0.308 
Catechol -2.348 0.475 0.620 
HA-35 -0.231 0.277 0.507 
HA-42 0.062 0.351 0.360 
HA-44 0.476 0.295 0.298 
HA-45a -0.436 1.148 0.403 
HA-45b -0.186 1.003 0.683 
HA-45c 0.224 0.456 0.477 
HA-45d 0.499 1.170 0.595 
HA-47 -0.147 0.435 0.493 
HA-48 -0.082 0.462 0.461 
HA-49 -0.393 0.236 0.257 
HA-50 -0.411 0.293 0.281 
HA-51 -0.401 0.291 0.283 
Daidzein -0.373 0.278 0.497 
ECG -0.596 0.514 0.518 
EGCG -0.609 0.522 0.527 
Fisetin 0.097 0.246 0.309 
Flavone 0.127 0.300 0.270 
Galangin -0.003 0.260 0.257 
Gallic acid -0.952 0.405 0.410 
Genistein -0.649 0.346 0.623 
Hesperetin -0.815 0.283 0.360 
Isoliquirtigenin -0.074 0.327 0.313 
Kaempferol -0.102 0.241 0.251 
Luteolin -0.274 0.392 0.407 
Morin -0.595 0.382 0.405 
Myricetin -0.007 0.272 0.286 
NDGA -1.927 0.272 0.649 
p-Cresol -2.140 0.262 0.434 
p-Hydroxylbenzoic acid -1.022 0.352 0.351 
Phenol -2.190 0.257 0.460 
Phloretin -1.292 0.622 0.375 
Propyl acetate -3.010 1.018 1.569 
Propyl benzoate -0.790 0.365 0.362 
Propyl gallate -0.804 0.428 0.440 
Propyl p-hydroxylbenzoate -1.023 0.380 0.377 
Quercetin -0.114 0.277 0.337 
Resveratrol -0.417 0.269 0.265 
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Table 3–8. S0 ªxŃ�Ą1ĶĽ$V�ÿŃň S0 ªxĭŔ T1 ªxŋňK·ą¾ŞŷƋŤƏ

(DEST,v)ħlS0→T1ńlT1→S0ŉĦĻŗļŗ T1ªxĬœŊ S0ªxŋňK·ą¾oň�ÿÑAŞŷƋŤ

Əň��ř¼ĸħ 

 

Compound Name DEST,v (eV) lS0→T1 (eV) lT1→S0 (eV) 
(-)-Epicatechin 4.326  0.672  1.818  
(+)-Catechin 4.304  0.666  1.811  
(+)-Taxifolin 3.953  0.399  0.551  
3,4-Dihydroxylbenzoic acid 3.818  0.449  0.439  
4,6,7-Trihydroxylisoflavone 3.598  0.747  1.496  
Apigenin 3.529  0.639  0.703  
Baicalein 3.563  0.677  1.004  
Catechol 4.600  0.901  1.984  
HA-35 3.900  0.979  1.930  
HA-42 3.438  0.565  0.740  
HA-44 3.518  0.357  0.350  
HA-45a 3.237  1.546  1.515  
HA-45b 2.969  1.648  0.708  
HA-45c 2.821  0.891  1.118  
HA-45d 2.780  1.034  0.974  
HA-47 3.386  0.989  1.279  
HA-48 3.767  0.627  0.713  
HA-49 3.931  0.490  0.734  
HA-50 3.735  0.370  0.391  
HA-51 3.747  0.379  0.387  
Daidzein 3.595  0.786  1.405  
ECG 4.848  1.619  0.782  
EGCG 4.872  1.357  2.050  
Fisetin 2.891  0.483  0.657  
Flavone 3.526  0.614  0.592  
Galangin 2.961  0.547  0.855  
Gallic acid 3.814  0.509  0.718  
Genistein 3.667  0.851  1.966  
Hesperetin 4.060  0.444  0.489  
Isoliquirtigenin 3.204  0.910  2.211  
Kaempferol 2.928  0.518  0.856  
Luteolin 3.526  0.659  0.592  
Morin 3.349  0.850  1.388  
Myricetin 2.948  0.538  0.900  
NDGA 5.875  2.055  2.015  
p-Cresol 4.550  0.701  1.781  
p-Hydroxylbenzoic acid 4.065  0.469  0.465  
Phenol 4.727  0.240  0.238  
Phloretin 3.752  0.722  0.668  
Propyl acetate 5.596  1.217  2.143  
Propyl benzoate 4.301  0.594  0.589  
Propyl gallate 4.055  0.556  0.545  
Propyl p-hydroxylbenzoate 4.080  0.477  0.476  
Quercetin 2.936  0.528  0.870  
Resveratrol 3.111  0.929  2.794  
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Table 3–9. �uLfªxŃ�Ą1ĵŗĽ$VřFŐ·��ňĦ:ùňďĵ(Å3�)ħ  

 

Compound Name B1 B2 B3 
(-)-Epicatechin 13.8559 8.1845 6.4718 
(+)-Catechin 14.1309 8.6840 5.3985 
(+)-Taxifolin 14.4014 8.5761 5.4348 
3,4-Dihydroxylbenzoic acid 10.0364 7.4114 3.3968 
4,6,7-Trihydroxylisoflavone 15.2980 7.3140 4.3665 
Apigenin 14.1347 8.7515 3.8601 
Baicalein 14.1654 8.6908 4.0166 
Catechol 7.6456 7.2869 3.3924 
HA-35 15.0784 8.1836 4.6230 
HA-42 17.0230 14.2738 7.1366 
HA-44 17.0141 9.3198 5.7182 
HA-45a 15.6477 12.2098 7.5901 
HA-45b 14.4828 13.5498 10.0704 
HA-45c 15.3198 12.1233 8.2901 
HA-45d 15.3778 11.2011 10.4080 
HA-47 14.2369 13.3016 5.9819 
HA-48 12.5254 8.1087 5.6129 
HA-49 16.7582 11.3213 6.6068 
HA-50 15.7289 10.8868 6.2997 
HA-51 15.6006 12.5251 7.0625 
Daidzein 15.3379 7.0368 4.3531 
ECG 14.3376 9.5411 8.5444 
EGCG 14.3868 10.1388 8.5115 
Fisetin 14.4336 9.1358 3.6463 
Flavone 13.5786 8.3800 3.9514 
Galangin 13.5316 8.8311 3.6955 
Gallic acid 9.5733 8.0244 3.3982 
Genistein 15.2854 7.7784 4.4744 
Hesperetin 15.7595 8.3532 5.7069 
Isoliquirtigenin 14.9956 8.0289 5.4546 
Kaempferol 14.1266 8.8561 3.5135 
Luteolin 14.4053 8.9263 3.9394 
Morin 14.1889 8.4235 5.2428 
Myricetin 14.1915 9.1587 3.7164 
NDGA 11.1430 10.5504 7.7159 
p-Cresol 8.9249 6.5440 4.0556 
p-Hydroxylbenzoic acid 9.9136 6.6733 3.3967 
Phenol 7.3279 7.2459 3.3946 
Phloretin 14.4200 7.5650 6.4525 
Propyl acetate 9.4919 5.1767 4.8530 
Propyl benzoate 12.4641 5.8666 5.4411 
Propyl gallate 13.1102 7.6950 4.9474 
Propyl p-hydroxylbenzoate 13.2310 5.8472 5.4840 
Quercetin 14.4187 9.1708 3.6403 
Resveratrol 14.6514 7.8360 3.4567 
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  Table 3–10. ŪƁťŴƋųƏŮňğ�għ�Œ�uĮ HA-50ř4§$VńĶĽħ 

 

Compound Name S(rUV) S(rex) S(rorb) S(rIR) S(rvib) 
(%) (%) (%) (%) (%) 

(-)-Epicatechin 43.7  60.0  89.2  62.8  73.6  
(+)-Catechin 45.4  56.5  89.9  57.5  71.5  
(+)-Taxifolin 53.6  54.6  91.3  67.8  77.6  
3,4-Dihydroxylbenzoic acid 62.9  18.1  80.7  35.2  54.0  
4,6,7-Trihydroxylisoflavone 60.5  72.0  89.5  47.7  67.1  
Apigenin 60.9  54.9  90.1  46.1  73.2  
Baicalein 82.0  76.6  89.0  42.2  64.7  
Catechol 46.9  20.7  72.9  26.1  47.8  
HA-35 77.9  89.1  89.0  54.7  71.0  
HA-42 60.1  37.0  91.5  47.8  71.8  
HA-44 80.5  80.1  91.1  26.2  72.1  
HA-45a 46.1  47.0  93.5  63.4  78.2  
HA-45b 46.8  31.1  93.7  59.1  81.4  
HA-45c 60.9  28.5  93.5  60.2  80.1  
HA-45d 28.1  17.9  93.9  56.1  77.4  
HA-47 72.2  92.8  92.4  55.4  78.1  
HA-48 55.7  67.0  85.3  61.4  65.0  
HA-49 96.2  93.1  97.5  88.0  95.3  
HA-50 100.0  100.0  100.0  100.0  100.0  
HA-51 92.6  89.3  98.2  84.8  95.6  
Daidzein 63.0  66.1  88.2  62.5  62.8  
ECG 45.9  87.8  92.3  54.9  75.3  
EGCG 42.9  89.3  91.9  52.2  73.8  
Fisetin 71.8  71.6  88.3  48.1  63.8  
Flavone 79.2  66.7  84.3  40.0  61.1  
Galangin 72.9  66.2  88.1  61.5  65.5  
Gallic acid 43.1  21.9  81.6  23.9  56.5  
Genistein 72.8  75.9  88.6  60.1  67.0  
Hesperetin 54.5  65.0  91.2  65.4  78.7  
Isoliquirtigenin 51.0  66.7  87.0  57.1  66.7  
Kaempferol 69.6  72.6  88.1  60.3  65.2  
Luteolin 72.2  71.7  89.3  49.8  66.4  
Morin 82.5  81.7  89.7  70.8  68.8  
Myricetin 68.7  79.5  88.9  63.0  65.5  
NDGA 38.6  47.0  86.6  52.2  78.7  
p-Cresol 48.9  17.7  80.2  22.7  65.7  
p-Hydroxylbenzoic acid 80.7  15.8  79.2  27.5  53.0  
Phenol 45.0  18.7  71.7  34.0  45.5  
Phloretin 59.8  59.4  89.0  58.8  75.5  
Propyl acetate 0.1  1.4  81.7  16.1  63.7  
Propyl benzoate 49.3  25.8  84.1  12.6  68.7  
Propyl gallate 52.5  30.9  88.4  36.8  67.4  
Propyl p-hydroxylbenzoate 82.7  19.9  86.9  25.7  71.1  
Quercetin 74.1  74.8  88.4  58.0  66.8  
Resveratrol 31.3  55.9  85.5  44.9  62.4  

 



����

 

3–3–1ģ ČEc$� 

ģ FASN ē[)ň IC50 �ř"­ĸŖĽőňYčµņƇųƋhř_#ĸŖĽőŇĦČ

EcƐmultiple linear regressionĦMLRƑƇųƋňĄ²řïŏĽħ�EňM?ŃáŀĽ

é�ŃŉĦ–log IC50ř¶µO�ńĶł�²ĶĦ3Ĥ2–2Ńñ�ĵŗłĩŖœĪŇÐlƇų

ƊƎŦřĄ²ĶĽħĴĴŃĦĩİŁĭňìüVŉŞŷƋŤƏňO1Ňŉđ�ĮņĩĽ

őĦÐlƇųƊƎŦŇ�Ġµņ�kuĮņĩńĩĪĴńŇ�wĮqåŃĨŖħ 

ģ MLRŃň�%ňé�ŃŉĦ łƐ20ÀƑňìüVř�²ĶĽħĴňé�ňėň
�

�ň R2�ŉ 0.933ŃĨŀĽħĴňé�ŉy,ĶłĩŖœĪŇæīŖĮĦōńŚŅňìü

VƐñ�O�Ƒňģ p �ŉ 0.05 řöīłĩĽħMLR é�ň&gř=�ĵĺŖĽőŇĦ

ĸŌłň p�Į 0.05� ŇņŖŎŃĦ�Qň p�řŒŁìüVř'ĔĶłþ�é�

řáŀĽħ 

ģ O�Ć{řáŀĽÌ�Ħ�Ň¼ĸEcƇųƋĮpŔŗĽħ 

– log(&'())+,-..

= 4.15225 + (0.387532):(;-<) + (0.327216):(;>?@)

+ (– 0.291392)BC + (0.814166)ΔEFGH> + (– 0.560680)&I>

+ (– 0.249938)JKL→N + (0.488313)JN→KL + (– 0.417311)JO→KL 			 (13) 

 

Ĵňėň R2�ŉ 0.910 ŃĨŀĽħFig. 3–2 Ň�bGř¼ĸħ�ºÃŃňé�ŃŉĦ2

ŁňìüVř�wŇËŏ;ŘĺĽėň¸đƐ�Y��Ƒŉ 0.8 � ŃĨŕĦMLR ň

é�Ì�ŉĭņŕÜSŃĨŖĴńř¼ĶłĩŖħĴŗŉĦ�ÄŃ��ĵŗłĩŖìüV

ř�²ĶĽÐlƇųƊƎŦňz�Į�²ŃĨŖĴńř¼ĶłĩŖħ$VňlªŇđĀ
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ĸŖìüVľĲŃņİĦ$VňŞŷƋŤƏŇđ�ĸŖìüVŒÎêµŇČåņO�

ńĶł>ŎŗłĩŖĴńř¼DĶłĩŖňŉÛ@�ĩĴńŃĨŖħĴŗŉĦFASN ŋňÌ

;ľĲŃņİĦē[)ň1XµO�Œ IC50ŇńŀłČåŃĨŖĴńřw@ĶłĩŖħ(

Õŉ2àB½XňL��sŃĨŖĎńĎÂƇųƋń�ÚĶłĩŖħ��ŃoÕŉ�

8ýµē[ĮR¦¨ŇĬĲŖ FASN ē[)ňē[�²ň£IµņƆšŶūƅŃĨŖ

ĴńĮ¹ŔŗłĩŖĽőĦ;®µŃĨŖħ 

ģ hƐ13ƑŇŁĩłéċĸŖńĦ$Vň IC50Įœŕ`ĵņ�ńņŖ��ř¼DĶłĩŖħ 

(i) �ã$Vň ex-DOSĬœŊ vib-DOSŉĦ4§$VňŒňńğ�ĶłĩŖqå

ĮĨŖħ 

(ii) B2�Į`ĵĩĦĸņŘĿßĩ$VĮ�ŗłĩŖħ 

(iii) ¢UńjİęĘµŇ¸��²ĸŖƐDEsolvĮQįĩƑ$VĮ�ŗłĩŖħ 

(iv) IPvĮ`ĵĩ$Vň�Į�ŗłĩŖħ 

(v) "ć=ŞŷƋŤƏŒČåŃĨŕĦ:åÉň\�ŉĻŗļŗňªxą¾ňu

ôŇ�WĸŖħĸņŘĿŜŠƎ1ńÙśŶŠƎ1Ňŉ`ĵĩ"ć=ĮœŕSŎ

ĶİĦÙŜŠƎ1ŇŉœŕQįņ"ć=ĮœŕÜĩħ 

hƐ13Ƒň 8 ŁňìüVňĪĿ 3 ŁŉĦ$VňĖŜŠƎªxŇđĀĶĽŒňŃĨŕĦĊ

1ſƍŬŪĮē[6rŇČåŃĨŖĴńřw@ĶłĩŖħĻňſƍŬŪŇÝĘÀĮ>

ŎŗŖN;Ħ¢UAƐDEsolvƑĮČåľńĸŖ��ƐiiiƑŉTkņŒňŃĨŖńÔīŔŗŖħ 

ģ ��ƐivƑńƐvƑŉĦ1X6rŇđĀĸŖŻƉƆƏŮĮČåŃĨŖĴńř¼DĶłĬŕĦ

IC50 �Į FASN ŇœŀłiįõĴĵŗĽĊ16rŇměř7ĲŖ8×uĮĨŖĴńř

¼DĶłĩŖħFASNŉØÖĊř°yĸŖ1XO�ňĽőňĉÉŃĨŖĽőĦĴŗ 
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Figure 3–2. –log IC50ňZĠ�ń
��ň¸đGħ
��ŉĦO�'��ŃĆ{ĵŗĽìüVř

�²ĶĽEcƇųƋř�²ĶłÆ#ĶĽħĢĩ�ŉ MLR ňŴƌƏŶƎŦųƏŮř¼ĶĦ´ĩ�ŉ

ŲŪŴ$VňųƏŮŃĨŖƐ$V�ÿŉ Figure 3–3ř4§Ƒħ 



����
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g¸đĮĨŖœĪŇÔīŔŗŖħ 

ģ EcƇųƋňĄ²uřò�ĸŖĽőŇĦFig. 3–3Ň|ĳŔŗłĩŖ 5Łň1;¨ň

ìüVřêÆĶĽ[26,47]ħĴŗŔ1;¨ŇđĸŖ łň��ųƏŮŉ Table 3–11 Ň

ŎńőłĨŖħĻŗŔň$Vň�ŃĦCG ńMullen–01ň
�ŉZĠń;®µŇ�ÚĶ

ĽĮĦ2Łň1;¨ƐMullen–02 ńMullen04Ƒň
��ŉZĠ�ĭŔĭņŕĹŗĽŒň

ŃĨŀĽħMullen–03ň
��ň�aŒĞÞņŒňŃĨŀĽħĴŗŔň�aŉĦ�Eň

EcƇųƋĮ	Ň OH LřŒŁ1;¨ŇĄĶłĩŖĴńřw@ĶłĩŖħĻŗŔŉĦƊ

ŢƎŵň�ÿňăĩŇœŕē[�uňƆšŶūƅňăĩĭŔ°ķŖ8×uŒĨŖħ�a

ň®³ř�»ŇĸŖĽőŇĦœŕPİňZĠųƏŮř MLR é�ňŴƌƏŶƎŦųƏŮ

Ň�²ĸŖqåĮĨŖħ 
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ģ Fig. 3–2 Ň¼ĵŗŖ MLR ňé�Ì�ƐIC50ň
��ńĻŗŔň$Vň IC50ňZĠ
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Ĳ Ƶ ıƬ ¯ŕö¡ȕĤǫmĄĆǻƕǫȑ[�ɇȲɍǽ�¨ǝȎȁȺɒȯɈɍȪȣɌ

ɒȶɐȤƬ

4–1 ǾǪȊǻ 

âÚrŃǽĢįǾǔ=rǽǧȇǨȇǺ,ƎǷĴ�ǻřȔȒǶǠǰ[1]ǕâÚrŃɇ

ȲɌɐȤǻǝǚǶǔƍŞǺZƦǽ�ǴǾǔŦŽpɓŬÄi½ɔǽƈ°ǷǙȑ[2]ǕǥȒ

ǾǔǚȔȍȑǗȼȰȤȲɒȭǘǸVĨǧȒȑȎǛǺŐlǺ½ǽȲɒȭȕ/đǫȑǥǸǟǷ

ǠǺǚfOǻ�ǶǾȇȑZƦǷǙȑǕuƜǻǾǔ/đJŉǺ=rȲɒȭǽ½ǾǔȆǸ

ȖǹǽuƪǷƀ� 100 ÎýǷǙȑǕǥǽȎǛǺȲɒȭǾǗȪɇɒɍȲɒȭǘǻ,ƧǷǠ

ȑǕ 

ȥɇȚɐȾȝɃȱșȣȪǽ,ƎǷǾǔǧȇǨȇǺŦŽpǟƓĘǧȒǔtƏęÝƂö¡

ĞƕɓQSARɔĢįǻƆđǧȒǶǚȑǕǮǽ�śęǺ�ǸǩǶǔ500 ȕŵǜȑŦŽpȕ

Rȉǔ�ŲǽǗalvaDescǘǸǚǛŦŽpȬȰȳǟµǤȏȒȑ[3]ǕǥǽȎǛǺlŠàǺŦŽ

pǽȬȰȳǾǔŗĎö¡ǽȎǛǺǗȼȰȤȲɒȭǘǻ{ǫȑ QSAR ĢįǻǝǚǶǾƠ�

ǻ�7ǷÖŷ¡ǟǙȑǟǔuƜǻ/đǫȑȎǛǺǗȪɇɒɍȲɒȭǘǷǽâÚrŃǻ

ƆđǫȑǸǔƄ5ƆOɓƄrŃɛȞɒȺɒȾșȰȱșɐȤɔǽZƦǟĘĐǫȑJŉ¡ǟ

Ǚȑ[4]Ǖ 

©ǖǽȤɍɒɀǷǾ=ręǺĞ��đȌE�ǻƕƃǫȑ,pć¡ǻƕƃǫȑ�

ƃǽŦŽpȕ¹ÙǩǶǚȑǕ©ǖǽ«ôǷǾǔǮȒȏǽ½!ǾƞpĈ¦ťĳȕ�đ

ǩǶŨ�ǩǶǚȑ[5–8]Ǖǥǽ«ôǾǔGȐ¬ǛŦŽpǟǧȇǨȇǺ=rę¡ų[9–11]Ǹ

E�¡[12]ǻƕǫȑƏp=r,ÓǷƤĿǻůŮǧȒȑƍŞǺȻɋɆɒȭǷǙȑǰȊǔ

ǗƞpĈ¦ȚɐȾȝɃȱșȣȪǘɓElectronic-structure informatics: ESIɔ[6–8]ǸVȃǥǸǟ

ǷǠȑǕ 
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ÏıǷǾǔmĄĆǽ¯ŕö¡ȕ
üǫȑǰȊǽ�ƃǽ ESI ŦŽpǽƆđ¡ȕŭ

×ǫȑǥǸȕĜęǸǩǶǚȑǕȇǰǔĐĎö¡ȕĤǫ=OĆǽȺɒȯɈɍȪȣɌɒȶɐ

ȤǽuČJŉ¡ǻǴǚǶȋŭ×ȕřǺǳǰǕ©ǖǽĠȑƙȐǷǾǔǥǽȎǛǺ¯ŕö

¡ǽtƏę
üǻƕǫȑĢįǾeTǧȒǶǚǺǚǕǥȒǾǝǮȏǡǔÃĠǽ¯ŕ¡

=OĆǟ,pÝƂǻ��ǚkÞ¡ȕȋǳǶǝȐǔǮǽǰȊǻÝƂɁɒȪǽŦŽpȬ

Ȱȳǟö¡
üǻǝǚǶ:ċǟ�ǚǔǙȑǚǾ�ƥ¡ǟ�ǚǸǚǛǥǸǻŴ\ǫȑȋǽ

Ǹ ȔȒȑǕ©ǖǟ¹Ùǫȑ ESI ŦŽpǾǔÝƂęć¡ǻăĂȕ�ǶȑǽǷǾǺǡǔ

=rĞ��đÇǽȜȷɍȢɒi=ȌĞ��đȜȷɍȢɒȕŦŽǫȑȋǽǷǙȐǔȲ

ɒȭȬȰȳǽȧȚȫǟ|ǧǚfOǷȋĐĆręć¡ȕȦɐȻȣȳǻŦŽǫȑǽǻ�İ

ǴǥǸǟÌ�ǧȒȑǕ 

¼�ǙȐâÚrŃɇȲɍǽ�ǴǷǙȑɋɐȮɅȾȝɎȪȳôȕƆđǩǶǔ¯ŕö¡

ǽ[�ɇȲɍȕ�¨ǩǰǕǥǽö¡Ǿ¯�ĐĆö¡ǽ�īǷǙȑǕ¯ĐĆųǔ¯ĸ

ŕ4ǔ¯țȚɍȪ4ȕRȉ¯ŕũŗǽĘşǾǔ>rǻǝǣȑÉȋ]ƝǺZƦǽ�Ǵ

ǷǙȑǕk4ņ¡ȕȋǴÁǩǚĸŕ[13]ȌǔCOVID–19[14]ȕ�ǠŴǥǫ SARS–CoV–

2 ǺǹǽÁǩǚțȚɍȪǽ+ČǺǹǟǮǽ��ǷǙȐǔČaǻǝǚǶ©ǖǽ"�ZƦ

ȕŋǞǩǶǚȑƠ�ǻú1ǺZƦǷǙȑǕƨXħrǻǝǚǶȋǔĕB�ǻ{ǫȑ¯ŕ

ö¡ǽȚɐȨɌȦ
üǾƠ�ǻ]ƝǷǙȐǔƟŞǟǸǶȋlǠǚ[15]Ǖ 

�[ǔ¯ŕ�đȕĤǫ=rĆųǸǩǶĴòǻğĜǩǰǕĴòǾñĂǟ�ǡ»Ę¡

ǟƫǚƠíÿ¡ǽûOĆǷǙȐǔœƩ¡ÛĆǽÞǖǺƊ,ɓŒ�ǔŖǔÔuǔ�Ðǔ

ØǔīpǔáĚǔáŊǺǹɔǞȏ±+ǧȒǰmĄ¨,ǷǙȑǕÞǖǺÛĆǞȏ·GǧȒ

ǰĴòǻǾǔIǡǞȏéŕɑ¯ŕ�đǟǙȑǥǸǟĹƪęǻĠȏȒǶǝȐǔÊK�Òǔ

¥ÕĖǻ{ǫȑ
ƖŗǔǙȑǚǾ0ŕ�đȕĜęǸǩǶƖō4ǸǩǶđǚȏȒǶǠǰǕ
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'��ǸǩǶǾǔI�ȜȩɀȳǷǾŝ½īƧǽȹɒȿȕľȐOȔǭǰƩÀɑƩíǷǙ

ȑȡȾșɒǟå�ȾȗɋȞȌĦsǺǹǻȎǳǶǔfǽø=ȌĕìǽóėǺǹǔ>ŗę

Ǻ�ȔȒÂȕǩǶǚǰǕȇǰǔɄɍɋǔȨȵɇɐǔȣɏɒȿǔȟȨȘǔɏɒȫɃɌɒǔǺǹ

ǽÞǖǺĴòǟɄȚɋǽ�qÀǔAǲƖō4ǸǩǶđǚȏȒǶǚǰǸǚǛŦƐǟǙȑǕ

	�ɊɒɏȰȻǷǾɂȪȳǟ÷řǩǰƜǻȣɏɒȿȕ
ƖŗǸǩǶđǚȑǺǹƒǡŗǸ

ǩǶđǚȏȒǶǚǰǕǮǩǶŻ��ƘǔɂȶȨɌɐǻnȇȑ¯ŕ4ǽƓĘǻȎǳǶkǡ

ǽ¥ÕĖǟ%ËǧȒǔĴòǾ¥ÕĖǽ
ƖȌóėǽĜęǷ�đǧȒȑǥǸǾ}Ǻǡ

ǺȑǸǚǛȎǛǺ÷ȒǻǙǳǰǕ 

ǩǞǩǔŻ�¯ŕ4ȕ�đǩǰǥǸǷǔƉ�pǽiĔȌǔ.ǽĸŕǞȏ¯ŕ4ǻ{

ǫȑņ¡Ɖ�pȕĊ�ǩǰŗ4ņ¡ŕǟ+ČǩǔǮȒȏǻȎȑ¥ÕĖǟZƦǸǺǳǰ

ǥǸǷǔŗǸǩǶǽĴòǟ)ȁõĜǧȒȑȎǛǻǺǳǶǠǶǚȑ[13]Ǖ¯ŕ4ǽ
Ǻ�

đâ�ǾǔĸňhO¨Ɨw�đǔDNA O¨Ɨw�đǔȭɐȻȣųO¨Ɨw�đǷ

ǙȐǔćtǽHx�ȕ³ǴǰȊǔŕƧǾǮȒȏǽȋǴȘɄȸƌȕȀǸǴiĔǧǭȑǱǣ

ǷxÅǻ¯ŕ4ǽņ¡ȕ�ǶǩȇǛJŉ¡ǟǙȑǕǮǽǰȊǔÁǰǺ¯ŕ4ȕƓĘǩ

ǶȋǫǢǻǮǽŗǻņ¡ȕ³Ǵņ¡ŕǟ+ČǫȑȚȭȯǦǳǥǽȎǛǺ�ǻǺǳǶǚ

ȑǕ�ÂǔĴòǾĸŕǽĸňŏǻƠćĔęǻSğǫȑǥǸǷ¯ŕ�đȕĘ»ǫȑǰ

Ȋǔņ¡=ǩǻǡǡǔŗ4ņ¡ŕǻȋ:ÔȕĘ»ǫȑ[16]ǕǥǽǥǸǞȏǔĴòȕđǚǰ

ŗ4ņ¡ŕǻȎȑ¥ÕĖǽƖäǟÌ�ǧȒǶǚȑǕ¥ÕĖǽ
Ɩǻ�ȔȒȑǽǾù

êŗȌƚŕȪɀɎɒǺǹǟǙȐǔȎȐ:ÔǽƫǚȋǽǽƓĘǽǰȊǻǾ¯ŕö¡ǽƫ

ǚĴò¨,,pǽ¸ķȕřǛ�ŞǟǙȑǕǥǽ¸ķȕřǛǰȊǻǾǔĴòǽǹǽȎǛǺ

=rę¡ųǟ¯ŕö¡ǻ�Ƣȕ�ǜǶǚȑǞȕŭȅȑ�ŞǟǙȑǸńǜȏȒȑǕǮǥ

ǷÏĢįǷǾǔƞpĈ¦ťĳǞȏ�ȏȒȑīǖǽ½!¢eȕŦŽpǸǩǶtłǩ¯
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ŕö¡Ǹǽƕ�ȕŭ×ǫȑǥǸǔǝȎȁǮǥǞȏ�ȏȒǰĠşȕȋǸǻ¯ŕö¡ǽƫ

ǚ,pȕ
üǫȑǥǸȕĜęǸǩǶĢįȕřǺǳǰǕ  

 

4–2Ƭ ťĳÂô 

¯ŕ4ǽ¯ŕ7ǝȎȁ¥H¡ǽ´ßǸǩǶǔuƪǻȎǳǶütǧȒȑǗÉ|ĘŇƗ

äā�ɓMICɔǘǻõĜǩǰǕǥȒǾǔĸŕǽgèȕƗäǫȑǽǻ�ŞǺĐ�jǷǽ¯

ŕ4ǽÉ|ā�ǷǙȐǔ¯ŕö¡ǟƫǚȆǹ|ǧǺ!ȕǸȑǕÏĢįǷǾǔƞpęŦ

Žpȕ�đǩǶǔE.coli ǻ{ǫȑ MIC !ǟeTǧȒǶǚȑ,pǻõĜǩǶǔǮȒȏǻ

ǴǚǶǽŤÓȕřǺǳǰǕǺǝǔÏıǷǾǔ=rE�Ɓ�ĎŮȌ=r�ŚĎŮǟĤ

YǫȑȎǛǻǔ=OĆǽö¡ǟőĒȜȷɍȢɒǽi=ǻƕƃǩǶǚȑJŉ¡ǟǙȑǰ

Ȋǔ#ǽMICǷǾǺǡMICǽ{½ɓlog MICɔȕĜęi½Ǹǩǰ[17]ǕǥǽiºǾǔESI

ŦŽpǻǴǚǶ�3řǺǳǰ.ǽŤÓǷuƜǻÊěǺiºǷǙȑ[6,7]Ǖ 

 

4–2–1Ƭ ƞpęŦŽp 

©ǖǽĢįvǷǾ,pŮęǺńzǞȏ 21īƧǽƞpęŦŽpȕ¹ÙǩǶǝȐǔǥ

ȒȏǾǔ�ŦǽńzȎȐĴòǽ�đâ�ǻƕǩǶƍŞǺŦŽpǸǺȐǛȑǕ 

Ĵòǽ¯ŕ�đǾ��ǽÞǺƄĪǷǙȑǕȇǬĸŕǽĸňŏȄǽSğǻȎǳǶŏ

âŉǟ��ǩǶĸňǽgèǟ­0ǧȒȑǰȊǔĸŕǽĘŇɑgèȕƗäǫȑ�đɓ0

ŕ�đɔǟČȒȑǕǧȏǻĴò¨,ǟSğǫȑǸĸňŏǻļȁǟĐǪǔƫ`Ǻ(Ɗȕ

�ŰǩǶǚǰĸňhǽO¨ǟäȇǳǶƛƔǟǷǠȑǥǸǻȎǳǶĸňų¨,ǟ÷+ǩǔ

ŕǟæĀǫȑɓéŕ�đɔǕǥȒȏǽĴòǽ¯ŕ�đâ�Ǟȏ,pƔĞ��đǟƍ

ŞǸńǜȏȒȑǕǥǽţĂǞȏǔ¯ŕ�đǽ,pƔĞ��đǻƕ�ǫȑŦŽpǸǩǶǔ
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ÿoWȜȷɍȢɒɓDEsolvɔǔDÜpɇɒɆɐȳɓµɔǔ&ǶǽBpčȕ<²ǫȑĝÂ�

ǽlǠǧ Bnɓn = 1-3ɔǻõĜǫȑǥǸǸǩǰǕȇǰǔsŉdǽīƧȌ,p¶;ǽć�ȕ

EÆǩǔƞp,~ǽlǠǧǸȋƕ�ǵǣȏȒȑŦŽpǸǩǶNīȪɂȣȳɍȲɒȭȕŦ

ŽpǸǩǶtłǩǰǕŤÓǻđǚǰȪɂȣȳɍȲɒȭǾǔŶƅȜȷɍȢɒǽĈ¦y�

ȪɂȣȳɍǔUV/VisȪɂȣȳɍǔ9ŴȜȷɍȢɒǽĈ¦y�ȪɂȣȳɍǔIRȪɂȣȳɍǔ

¶;½ǽĈ¦y�ȪɂȣȳɍǷǙȑǕǰǱǩǔǥȒȏǽȪɂȣȳɍȲɒȭǾǔö¡ǽƫ

ǚ,pȕCą,pǸǩǰǔȪɂȣȳɍƔǽƧ��ȕuƜǽŦŽpǸǩǰǕ 

�[ǽŤÓǻ�đǩǰŦŽpǽ�šȕ Table 4–ɕǻĤǫǕȪɂȣȳɍĵǽŦŽpǟ

5 īǔȪȟɋɒĵǽŦŽpǟ 16 īǔƞpĈ¦ťĳ�jǽȲɒȭǞȏ�ȏȒȑŦŽp

ǟ 1īƧǙȑǕȪȟɋɒĵǽǛǲǔ9īǟƞŔĩ;ǻƕƃǫȑȋǽǷǔ7īǟ,pƔĞ

��đǻƕƃǫȑȋǽǷǙȑǕȪɂȣȳɍĵǽŦŽpǻƕǩǶǾǔ,pǦǸǻ@�ǽ

!ȕtłǫȑǥǸǟǷǠǺǚǰȊǔ,pǦǸǻȤɋȾȕ�¨ǩǶCą,pǽȤɋȾǸƍ

ǼOȔǭǶ½!ĭ,ȕřǚǔƍǺȐOǛƊ,ǽơĭȕĳ+ǩǶǔǮȒȏȕN,pǽC

ą,pǻ{ǫȑƧ��ǸǩǶtłǩǰǕCą,pǻǾŤÓǻ�đǫȑ,pǽ	ǷÉ

ȋö¡ǟƫǚ,pȕ�đǩǰǕǥȒȏǽ½rę*ĎǻǾ Wolfram ĥǽ

“Mathematica11”[18]ȕ�đǩǰǕȪɂȣȳɍǽŦŽpǽĳ+ǽƜǻǾŦŽpǦǸǻt

½ȕ�đǩǶǚȑǕǥȒȏǽ!ǾǹǽÞǺ?!�ǻŧtǫȒǿǔGaussView ǷśĤǩ

ǰÇǽȪɂȣȳɍǽ�ĈǻŻǚ�ǷN,pǽȪɂȣȳɍǽȤɋȾȕ�_ǷǠȑǞǸǚǛ

ţĂǞȏĹƪęǻðtǩǰǕȪȟɋɒĵǽŦŽpǽǛǲǔȚȞɐ=ȜȷɍȢɒɑƞpŢ

W7ɑS0–T1 ȪɀɌȰȱșɐȤǸəīƧǽÝƂĽWȜȷɍȢɒǻǴǚǶǾǔ	¡d

�Ĉ¦ǷÝƂÉƆ=ǩǰ&ȜȷɍȢɒǽ!ȌǔǮȒȕ-ÌÝƂǸǩǰȟȯȞɐĈ¦
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Table 4–1. ŤÓǻ�đǩǰŦŽpǽ�š 

ŦMƬ tłƬ

ƿƭr
ǁǂ
ƮƬ Ƨ��ɓǁǂưǎǈǍ ȪɂȣȳɍǽƍǺȐɔƬ

ƿƭr
ǆǏ
ƮƬ Ƨ��ɓƞp9ŴĈ¦ǽĈ¦y�ȪɂȣȳɍǽƍǺȐɔƬ

ƿƭr
ǋǌǅ
ƮƬ Ƨ��ɓ,pŶƅǽĈ¦y�ȪɂȣȳɍǽƍǺȐɔƬ

ƿƭr
ƺƾ
ƮƬ Ƨ��ɓƺƾ ȪɂȣȳɍǽƍǺȐɔƬ

ƿƭr
ǎǈǅ
ƮƬ Ƨ��ɓ¶;Ĉ¦y�ȪɂȣȳɍǽƍǺȐɔƬ

ƺƽ
ǎ
Ƭ 	¡d�Ĉ¦ǞȏȟȯȞɐĈ¦ȄǽcĝȚȞɐ=ǽȜȷɍȢɒƬ

l
ƿƱǓƸ
Ƭ 	¡d�Ĉ¦ǞȏȟȯȞɐĈ¦ȄǽƇĩ�ǽÝƂĽWȜȷɍȢɒƬ

l
ƸǓƿƱ
Ƭ ȟȯȞɐĈ¦Ǟȏ	¡d�Ĉ¦ȄǽƇĩ�ǽÝƂĽWȜȷɍȢɒƬ

ƹƶ
ǎ
Ƭ 	¡d�Ĉ¦ǞȏȘȶȞɐĈ¦ȄǽcĝȚȞɐ=ǽȜȷɍȢɒƬ

l
ƿƱǓƶ
Ƭ 	¡d�Ĉ¦ǞȏȘȶȞɐĈ¦ȄǽƇĩ�ǽÝƂĽWȜȷɍȢɒƬ

l
ƶǓƿƱ
Ƭ ȘȶȞɐĈ¦Ǟȏ	¡d�Ĉ¦ȄǽƇĩ�ǽÝƂĽWȜȷɍȢɒƬ

Dƿǀ
ǎ
Ƭ 	¡d�Ĉ¦Ǟȏ ǀ

Ʋ
Ĉ¦ȄǽcĝƇĩǽȜȷɍȢɒƬ

l
ƿƱǓǀƲ
Ƭ 	¡d�Ĉ¦Ǟȏ ǀ

Ʋ
Ĉ¦ȄǽƇĩ�ǽÝƂĽWȜȷɍȢɒƬ

l
ǀƲǓƿƱ
Ƭ ǀ

Ʋ
Ĉ¦Ǟȏ	¡d�Ĉ¦ȄǽƇĩ�ǽÝƂĽWȜȷɍȢɒƬ

ǂ
Ǌǋǉ
Ƭ ,p�ĭƬ

Ʒ
Ʋ
Ƭ ,pȕ^ȉĝÂ�ǽÉȋƒǚźǽƒǧƬ

Ʒ
Ƴ
Ƭ ,pȕ^ȉĝÂ�ǽɖēĜǻƒǚźǽƒǧƬ

Ʒ
ƴ
Ƭ ,pȕ^ȉĝÂ�ǽÉȋġǚźǽƒǧƬ

µƬ DÜpɇɒɆɐȳƬ

Dƹ
Ǎǋǉǎ
Ƭ ÿoWȜȷɍȢɒƬ

ƼǃƬ ,pƏƬ

ǄƻǋǇƽƴƯƶƶƬ ȞȣȭȸɒɍưíƬ,Ƌ�½Ƭ
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Ƿǽ�ĂťĳɑÝƂÉƆ=ťĳǺǹǞȏ�ȏȒǰ&ȜȷɍȢɒǽ!ǺǹǽȜȷɍȢ

ɒ�Ǟȏ�ȏȒȑǕB1ǔB2ǔB3Ǿ	¡d�Ĉ¦ǷÝƂÉƆ=ǧȒǰ,pȕ CPK ɇȲ

ɍǷśČǩǰƜǻǔ,pǟȂǳǰȐFȇȑȎǛǺĝÂ�ȕtłǩǰƜǽNźǽƒǧȕ

Ƙƣǻ�ȅǰȋǽǷǙȑǕǥȒȏǽŦŽpǾȭɐȻȣųǸɌȠɐȴƔǽƑǸƑĮǔAǲ

ǮȒǯȒǽlǠǧǟ=rE�ǻǝǚǶƍŞǺŞĶǻǺǳǶǚȑǥǸǟĠȏȒǶǚȑǰ

ȊǔǮȒȏȕń§ǷǠȑȎǛǻŦŽpǸǩǶ·đǩǶǚȑǕȇǰǔ�[ǽ{űǸǩǰ,p

ŁǷǙȑĴòǻƕǩǶǾ0ŕ�đȌéŕ�đǺǹǽ�đâ�ǽţĂǞȏǔĸňŏȄ

ǽSğ¡ɑſƄ¡ǟƍŞǺŞĶǷǙȑǸńǜȏȒȑǰȊǔĐĎö¡Ćųǽ QSAR Ť

ÓǷđǚȏȒȑǥǸǟkǚ XLogP ȕŦŽpǸǩǶž8ǩǰǕXLogPǾí/Ȟȣȭȸɒɍ

,Ƌ�½ǽťĳ!ǷǙȐ[19]ǔPubChem[20]ǻŦŹǩǶǙȑ¢eȕCąǩǶŦŽpǸ

ǩǶ�đǩǰǕǺǝǔPubChem ǻŦŹǩǶǙȑ XLogP Ǿ,pǻȎǳǶŝ½ǽīƧǟ

Ǚȑǟǔ�[GȐ¬ǳǰ,pǻƕǩǶǾǔǚǬȒǽ,pǷȋ XLogP3-AA ǟŦŹǧȒ

ǶǚǰǕ 

 

4–2–2Ƭ ƞpĈ¦ťĳ 

ƞpĈ¦ťĳǻǾïđƏp=rťĳɀɏȤɋɅǷǙȑ“Gaussian 16”[21]ȕ�đǩ

ǰǕťĳÑ�ǾǔÝƂÉƆ=ɑdþ¶;ŤÓɑNī�ĂťĳǷǾǔDFTɓM06–2Xɔ

/6–31Gɓd,pɔǸǩǰǕ9ŴĈ¦ťĳǷǾǔTDDFTɓM06–2Xɔ/6–31Gɓd,pɔǸǩǔîȊȑ

9ŴĈ¦ǽŤǽ½Ǿ 30  ǸǩǰǕťĳ«ƣǸǩǶǾǔȇǬǔ	¡Ĉ¦ǷǽÝƂÉƆ

=ȕřǚǔǮǽȩȞɆȳɌȕ�đǩǶdþ¶;ŤÓȕřǳǰǕŤÓĺÔǻŘ½¶;ǟ

ǺǚǥǸȕģŪǩǔ9ŴĈ¦ťĳȕřǺǳǰǕȇǰǔPÞǽȩȞɆȳɌȕ�đǩǶƞŔȌ

ȪȽɐkƍ�ǺǹȕiÈǩǔȟȯȞɐɑȘȶȞɐɑT1Ĉ¦ǷǮȒǯȒ�ĂťĳȕřǺǳ
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ǰǕǮǥǞȏǧȏǻNĈ¦ǷÝƂÉƆ=ȕřǚǔǮǽÝƂȕđǚǶǔ$ȆǹiÈǩǰ

ƞŔȌȪȽɐkƍ�ȕ#ǻªǩǰĈ¦Ƿǽ�ĂťĳȕřǺǳǰǕǥȒȏǽťĳȕřǺ

ǳǰĎĒǸǩǶǾǔuƜǽ=rE�ȕ£tǩǰfOǻE�¡ǻƕȔǳǶǡȑǸńǜȏ

Ȓȑ!ȕǥȒȏǽťĳĺÔǞȏĳ+ǷǠȑȎǛǻǫȑǰȊǷǙȑǕȇǰǔÿoǸǩǶíȕ

£tǩǰ PCM ťĳǔǝȎȁN,pǽ,p�ĭǽťĳȕřǺǳǰǕGaussian ǽ�ĭ

ťĳǻǾɇɐȱȟɍɏĭ,ǟ�đǧȒǶǚȑǰȊǔPÞǽťĳȕɘ[řǚǔǮǽ�b

!ȕ,p�ĭǸǩǰǕǥȒȏǽ DFT ƕ½ǝȎȁǮǽȆǞǽťĳÑ�ȕǥǽȎǛǻƈ°

ǩǰĎĒǾǔ©ǖǽȤɍɒɀǟÊǫȑǔÊâ=OĆ[5–7]ǸƋ�=OĆ[8]ǽ�ÂȕR

ȉƞpĈ¦ȲɒȭɁɒȪǸǽ¾O¡ȕǸȑǰȊǷǙȑǕ��ǽNīťĳĺÔǞȏ�ȏ

ȒǰȲɒȭǞȏ 21 īƧǽ½!¢eȕƈ°ǩǔN,pǽƞpęŦŽpǸǩǶtłǩǰǕ

Ǻǝǔ�ŽǽâÚrŃǷǾǔ4–2ǐ1 ǷĤǩǰƀȐǥȒȏǽƞpęŦŽpǻ XLogP3-

AAȕ8ǜǰ 22īǽŦŽpȕ�đǩǰǕ 

 

4–2–3Ƭ âÚrŃ«ô 

ɋɐȮɅȾȝɎȪȳǻȎȑ[�,Óǽ÷Ȓȕ��ǻĤǫǕǺǝǔ[�,Óǻ�đǩ

ǰɀɏȤɋɅǾ Python [22]ǽâÚrŃǽɋȚȿɋɌǷǙȑ scikit–learn[23]ȕđǚǶu

ŜǩǰǕȇǬǔĜęi½ȕŬÄǫȑǰȊǽÊ¤ǺŬÄi½ȕƈ+ǫȑǰȊǻć�Ə

ǽƍŞ�ǻdǵǚǰi½ƈ°ȕřǺǳǰǕ«ƣǸǩǶǾǔǫȅǶǽŦŽpȕ�đǩǶ

Ĝęi½ȕŬÄǩǰƜǻǔƍŞ�ǟÉȋ|ǧǚŦŽpȕ2ƚǩǶǔ)�NŦŽpǽ

Ĝęi½ǻƕǫȑƍŞ�ȕģŪǩǰǕNȪȱȰɀǷƍŞ�ǟÉȋ|ǧǞǳǰŦŽpȕ

ƚjǩǶNŦŽpǽƍŞ�ǟ 0.1��ǻǺȑȇǷŀȐżǩřǚǔçǳǰŦŽpȕŬÄ

7ǟƫǚŦŽpǸǩǶƈ°ǩǰǕãǻǔȲɒȭǽ,6ȕřǺǳǰǕ&Ȳɒȭȕ 4:1 ǻɋ
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ɐȮɅǻ,6ǩǰǕǮǽǛǲ3ŅȕȳɎɒȶɐȤȲɒȭǔ�ŅȕȺɌȲɒȨɉɐȲɒȭǸ

ǩǔǥȒȕOť 10 Ȼȭɒɐ�¨ǩǰǕǮǩǶǔȹȚȻɒȻɋɆɒȭǽðtȕřǺǳǰǕ

NȬȰȳǽȳɎɒȶɐȤȲɒȭǻǴǚǶǧȏǻ 5 ,6ȣɏȪȺɌȲɒȨɉɐȕřǚǔN,

6Ƿǽ�b��ū�ɓMSE: Mean square errorɔȕĳ+ǩǰǕɁȚȫÉƆ=ǽ«ôȕđ

ǚǶ MSE ǽ�b!ǟÉ|ǸǺȑȎǛǻȹȚȻɒȻɋɆɒȭȕðtǩǰǕǥǽ«ôǻǝ

ǣȑȹȚȻɒȻɋɆɒȭǾǔðtÍǽ½ǸÉlǽ,�½ǷǙȑǕĻǚǶǔƈ°ǧȒǰŦ

ŽpǸȹȚȻɒȻɋɆɒȭȕđǚǶɋɐȮɅȾȝɎȪȳǽ[�ɇȲɍȕ�¨ǩǔNȬȰȳ

ǷÉ-ǻ,6ǩǶǝǚǰȺɌȲɒȨɉɐȲɒȭȕ[�ɇȲɍǻƆđǩǔɇȲɍǽ¡ŉ

ȕŨ�ǩǰǕNɇȲɍǽ
ü¡ŉȕëŸǩǔȺɌȲɒȨɉɐȲɒȭǽ
ü!ǽðt�

½ǟÉlǸǺǳǰɇȲɍȕǔ
üɇȲɍǸǩǶðtǩǰǕ 

 

4–3Ƭ ĺÔǸńz 

Ƭ Ƭ ȇǬŤÓ{űǸǩǰ,pǽ,pÝƂǽ Fig. 4–ɕǻĤǫǕǥȒȏǽ,pǾ Griffin ȏ

ǟ®ĬǩǰŮ¿ǻŦŹǧȒǶǚȑ,pǷǔ¿ĉ	ǻǾ&ƊǷ 60,pǽŦŹǟǙǳǰ

[24]ǕǮǽ¿ĉ	ǻǾŝ½ǽ{űǻ{ǩǶǽÉ|ĘŇƗäā�ɓMICɔǽ½!ǟȇǸ

ȊǶǙȐǔ�[ǽĘśǷǾǮȒȏǽ(ǔlŎŕɓE. coliɔǻ{ǫȑ½!ȕǥȒȏǽ,p

ǽ¯ŕö¡ȕśǫĜęi½ǸǩǶ�đǩǰǕ_	ǽ²�(ǽ½!ǟN,pǽ E.coli

ǻ{ǫȑMICǽ!ǷǙȑǕŤÓǽƜǻǾMICǽ{½ȕǸǳǰ log(MIC)ȕĜęi½Ǹ

ǩǶ�đǩǶǚȑǕ60  ǽ,pǽÝƂ�ȕ�¨ǩǶ�ȅǶȈǰǸǥȓǔlǠǡ,ǣǶ 3

īƧǽÝƂǻ,ǣȏȒǮǛǱǸńǜȏȒǰǽǷǔǮȒǯȒÝƂǦǸǻ,ǣǶśĤǩǰǕ 

ɕȤɍɒɀĜǾ,p(ǻďȕŝ½ȋǴŝď�=OĆǷǔ&ƊǷ 21,pǙȑǕ�� 
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Figure 4–1. ŤÓ{űǸǩǰĴò¨,ǽ,pÝƂǕ²�ǽ	ǽ½!ǾǮȒǯȒǽ,pǽ MIC ǽ!
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H3C CH2

OH

Dihydrocarvone

(2800)

CH3

H3C CH2

O

g-Terpinene

(16600)

CH3

H3C CH3
p-Cymene

(16900)

CH3

H3C CH3

Terpinen-4-ol

(1900)

CH3

H3C CH3

OH

(+)-Pulegone

(2800)

CH3

H3C CH3

O

p-Menth-6-ene-2,8-diol

(9500)

CH3

H3C CH3

OH

OH

Piperitone

(1800)

CH3

H3C CH3

O

Thymol

(1000)

CH3

H3C CH3

OH

Menthyl acetate

(18100)

CH3

H3C CH3

O CH3

O

Methyl eugenol

(20300)

O

O
H3C

CH2

H3C

Eugenol 

(2100)

HO

O
H3C

CH2

trans-Isoeugenol

(1100)

HO

O
H3C

CH3

a-Ionone

(2800)

CH3

CH3

OH3C CH3

b-Ionone

(2800)

CH3

CH3

OH3C CH3

���	: (c) 
�����

CH3

H3C

CH3

O

(R)-(+)-Citronellal
(16700)

CH3

H3C

CH3

OH

b-Citronellol
(16800)

CH3

H3C

CH3

OH

Geraniol
(1800)

CH3

H3C

CH3

O

O

CH3

Geranyl acetate
(18000)

CH3

H3C CH2
HO CH3

Linalool
(1700)

CH3

H3C CH2
O CH3

O
H3C

Linalyl acetate 
(19300)

H3C

CH3 CH3

OH

Nerol
(880)

H3C

CH3 CH3

O CH3

O

Neryl acetate
(17800)

S. G. Griffin, S. G. Wylie, J. L. Markham and D. N. Leach , Flavour Fragr. J., 14, 322-332 (1999)

(    )�MIC for E.coli [ppm]
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ǷǙȐǔǮǥǞȏLǻQǞǳǶǻMICǽ!ǟlǠǡǺȑƣǻ�ȅǶǚȑǕ 

ɖǴĜǽȤɍɒɀǾǔ,p(ǻďȕȀǸǴǱǣȋǴ@ď�=OĆǷǔ&ƊǷ 31 ,

pǙȑǕ 

ɗǴȊǽȤɍɒɀǾǔ,p(ǻďȕȀǸǴȋȋǰǺǚƠďĈ=OĆǷǙȐǔ&ƊǷ

ɚ,pǙǳǰǕ��ǽOť 60 īǽ,pǻǴǚǶN,pǽ�ã#ÝƂȕÃqǽ=O

ĆȲɒȭɁɒȪɓPubChemɔȎȐG�ǔǙȑǚǾ�¨ǩǔƞpĈ¦ťĳȕuřǩǰǕ 

Ƭ Ƭ ƞpĈ¦ťĳǽĺÔǞȏNŦŽpȕ±+ǩǰǕǮȒǯȒǽ,pǻǴǚǶîȊǰ

ŦŽpǽ½!ȕ Table 4–2Ǟȏ Table 4–4ǻĤǫǕ�Ǟȏŝď�ǔ@ď�ǔƠďĈ=

OĆǽ½!ǽƣēǻ�ȖǷǚȑǕ1 řĜǽ,pǟCą,pǸǩǰ “(–)-cis-Myrtanyl 

amine”ǷǙȐǔǮǽŦŽpǽƧ��ǽ½!Ǿ 100 ǸǺǳǶǚȑǕǥȒȏǽ½!ȕ�đ

ǩǶǔɋɐȮɅȾȝɎȪȳǻȎȑŤÓȕřǺǳǰǕ 

ȇǬĜęi½ǻ{ǫȑNŦŽpǽć�ƏǽƍŞ�ǽŨ�ȕŀȐżǩřǳǰǕƍŞ

�ǽƈ°ǽƄĪȕ Table 4–5 ǻĤǫǕ-ȊǶǫȅǶǽŦŽpǷƍŞ�ǟ 0.1 ȕ�[

ǳǰǽǾ 17 ȪȱȰɀĜǷǔǮǽƜǻçǳǶǚǰŦŽpǾ 6 īƧǷǔć�ƏǽƍŞ�

ɓfeature importance: FIɔǽƘƣǷǮȒǯȒǔDEsolv ɓPCM ôǻȎȑÿoWȜȷɍȢ

ɒɔǔXLogP3-AA ɓȞȣȭȸɒɍ/í,Ƌ�½ɔǔlAǓS0 ɓȘȶȞɐĈ¦Ǟȏ	¡Ĉ¦

ȄǽŌ9ŴÇǽÝƂĽWȜȷɍȢɒɔǔMW ɓ,p�ĭɔǔB1 ɓ{űǽ,pȕ^ȉĝ

Â�ǽÉȋƒǚźǽƒǧɔǔS(rUV) ɓUV/Vis ȪɂȣȳɍǽƧ��ɔǽ 6 īƧǽŦŽp

ǷǙǳǰǕ
Ǻć�ƏǾDEsolv ǷǙȐǔć�ƏǽƍŞ�ǾǔFI = 0.322 ǷǙǳǰǕǥǽ

ŦŽpǾ XLogP3–AA ɓFI = 0.154ɔǸǸȋǻǔ=OĆǽĸňſƄ¡ȌíĶĺOǽx

Əǟ¯ŕö¡ȕðtǫȑƍŞǺŞ\ǷǙȑǥǸȕ¤UǩǶǚȑǕǥȒǾ¿ĉǷ¹Ùǧ 
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ȄȈǖȈȧȬȋȪǴȇȬȁǔ}ǃǏ 507ǳȨǼȐȥȇȬǺȣȪǨŝƶưO07ǖ�d�


ű�ȭMSEȮǨŧİǃǉƱðwÍǖ¼Ǒ0�ǖÉl¼ǐƵǥȏǫȑȬȑȤȞȬȁǗư

ȘǫǽÉƉ=ǔǢǌǏưÉ�ǖ MSE Ǩ�ƸǥǢƷǔðwǃǉƱ10 #ǖȇȬȁǾȄȈǖ

+Ǐǖ R2$ǨŞ Table 4–6 ǔĥǄƱǀǖ Table ǐ DS4 ǑǃǏƶǥǾȄȈǨÉŖǖ_�

ȟȇȦǑǃǏÉĺęǔðwǃǉƱDS4ǖ log(MIC)ǖ�÷$Ǒ log(MIC)ǖxƩ$ǖĞ

ƖƖ!Ǩ Fig. 4–2ǔĥǄƱǀǀǐȈȧȬȋȪǴǾȄȈǑȐȥȇȬǺȣȪǾȄȈǖ R2$ǗǇ

ǦǈǦư0.9111 Ǒ 0.9073ǐƵǥƱ10#ǖȇȬȁǾȄȈǖĞƖƖ!Ǩ Fig. 4–3ǔĥǄƱ

DS4ǖ_�ȟȇȦǨ�čǃǉȐȥȇȬǺȣȪǾȄȈǖ log(MIC)ǖ$ǨŞTable 4–7ǔĥ

ǄƱǜǉưGňǑǃǏȈȧȬȋȪǴǾȄȈǖȇȬȁǨ Table 4–8ǔĥǄƱTable 4–7ƻĥǄ

ǢƷǔ�÷ǗPĉęǔ�ŔǃǏƶǥƱǀǖƳǼȟȬȦȇȬȁƴǨ�čǃǉåÛtŇǐǠ

Él%�Ǘ 10%ÎùǐƵǤư�dŀ}ű�Ǘ 3.2%ǑµwǂǦǥƱǉǊǃưĈąǐǗ

MIC ǖ�dŀ}ű�ǗlƼƽưȈȧȬȋȪǴǾȄȈǑȐȥȇȬǺȣȪǾȄȈǐǇǦǈǦ

27.9%Ǒ 28.2%ǐƵǥǉǟư�÷ķ�Ǩl�ǔ¹^Ǆǥ�ŢƻƵǥǑŦǌǏǠƈŦǐ

ǗǓƶƱǂǣǓǥ¹^Ǘģxǔ�ŢǐǗƵǥƻưFig. 4–2 ǔƹƾǥéǖĞƖǗŖnǐ

ƵǥǉǟưĈąǖ_�ȟȇȦǗ=PăǖǼǳȥȬȋȪǴǔxƛǔ�ĭǍǑĽŵǎƾǥ

ǀǑƻǐƼǥƱǀǦǗ�ƂǖƏŢǓũƂrǖƊ©ƺǣǠé�ǓǠǖǐƵǥǑŦƷǀǑƻ

ǐƼǥƱ 

_�ȟȇȦǖ�¥ǗAwƑęǔ¥9ǃǏƶǥǢƷǔĽŵǎƾǣǦǥǉǟưǇǖ�

÷ȟȇȦǔ}ǃǏưÁǉǓ0rǔǍƶǏOũƂrǖ¼$ǨƉčǃǏ¨ř5ǖ³ĸǨ
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Table 4–6. OȇȬȁǾȄȈǔƹƶǏ 4ȱ1ǖìćǐ07ǂǦǉȈȧȬȋȪǴƹǢǙȐȥȇ

ȬǺȣȪȇȬȁ�čǃǏ�¥ǃǉưȤȪȂȝȔǮȧǼȈ_�ȟȇȦǔǍƶǏǖxƩ$Ǒ

�÷$ǖĞƖȭR2ȮƱǀǖƛư10 #ǖȇȬȁǾȄȈǗ)ǖǄǛǏǖȇȬȁǖ�ƺǣǖȤ

ȪȂȝǔǹȪȖȥȪǴǄǥǀǑǐċ¥ǂǦǉƱ 

 

Data set R2 
Training data Validation data 

DS1 0.7943 0.5186 
DS2 0.9058 0.4007 
DS3 0.8428 0.5471 
DS4 0.9111 0.9073 
DS5 0.9137 0.3073 
DS6 0.9122 0.3363 
DS7 0.7973 -0.2626 
DS8 0.7993 0.5380 
DS9 0.9143 0.3421 
DS10 0.8151 0.3434 
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Figure 4–2. log(MIC)ǔǍƶǏǖ�÷$ǑxƩ$ǑǖĞƖaƱ�÷$ǗưÉŖǖȟȇȦǑǃǉ DS4

ǖ_�ȟȇȦǨ�čǃǏū ǃǉ¼$ǐƵǥƱƫ�ǑĘ�ǗưǇǦǈǦȈȧȬȋȪǴǾȄȈǑȐȐȥ

ȇȬǺȣȪǾȄȈǖ0rǨĥǃǏƶǥƱ 
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Figure 4–3. +ȇȬȁǾȄȈǔǍƶǏǖMIC$ǖ�÷$ƹǢǙxƩ$ǖ»�aƱƫ�ǑĘ�ǗưǇǦǈ

ǦȈȧȬȋȪǴȇȬȁǑȐȥȇȬǺȣȪȇȬȁǨĥǃǏƶǥƱ 60 0rǨUǞ+ȇȬȁǗưȈȧȬȋȪǴȭ48

ȇȬȁȮǑȐȥȇȬǺȣȪȭ12 ȇȬȁȮǾȄȈǔ 10 _07ǂǦǜǃǉƱ ƳDSnƴȭn = 1-10ȮǗưnĒĜǖŬŝ

ǐǖȇȬȁ07ǨĥǃǏƶǥƱ R2$ǨGĀǃǏư�÷ǔÉƉǓ_�ȟȇȦǨƊ©ǃǉƱ 
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Table 4–7. ���������
����	 log(MIC)	�������	���MIC 	

��
 ppm���� 

 

Compound Log (MICpred.) Log (MICexptl.) Absolute Error 

Nerol 3.213 2.944 9.1% 

Terpinen-4-ol 3.412 3.279 4.1% 

(s)-cis-Verbenol 3.468 3.301 5.1% 

Dihydrocarvone 3.361 3.447 2.5% 

(+)-Pulegone 3.375 3.447 2.1% 

a-Ionone 3.555 3.447 3.1% 

(±)-Camphor 3.402 3.653 6.9% 

(+)-Limonene 4.182 4.217 0.8% 

g-Terpinene 4.075 4.220 3.4% 

Car-2-ene 4.220 4.228 0.2% 

Geranyl acetate 4.220 4.255 0.8% 

(-)-Menthol 4.194 4.283 2.1% 
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 Table 4–8. ȇȬȁǾȄȈ DS4ǔƖǄǥưȈȧȬȋȪǴǾȄȈǖǄǛǏǖ0rǖ MIC ǖ�÷$H

ǙxƩ$ȭppmB�ȮƱ 

 

Compound Name MICpred. MICexptl. 

(-)-cis-Myrtanyl amine 1146 460 

Dihydrocarveol 2836 930 

(1R)-(-)-Myrtenol 1542 950 

(s)-(-)-Perilla alcohol 1147 960 

(-)-Perilla aldehyde 1160 970 

Carvacrol 1203 980 

Thymol 1205 1000 

trans-Isoeugenol 1541 1100 

(-)-Carveol 1839 1500 

Linalol 2188 1700 

Piperitone 1738 1800 

Geraniol 2478 1800 

(R)-(-)-Carvone 1737 1900 

a-Terpineol 2229 1900 

Limonene oxide 2455 1900 

(1s2s5s)-(-)-Myrtanol 2822 1900 

(+)-Fenchol 2524 2000 

Eugenol 1875 2100 

Car-3-en-2-one 2354 2500 

b-Ionone 3857 2800 

(1s)-(-)-Verbenone 2708 2900 

(1R)-(-)-Myrtenal 2530 3000 

(1R)-(-)-Fenchone 3721 4700 

1,8-Cineole 9446 9100 

Linalol oxide 9510 9400 
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Table 4–8. (Continued) 

 

Compound Name MICpred. MICexptl. 

p-Menth-6-ene-2,8-diol 8424 9500 

(-)-Isoborneol 8796 9600 

(+)-Isomenthol 11492 9600 

(+)-Camphene 12168 9600 

a-Terpinene 15890 16400 

(-)-Limonene 15197 16500 

(R)-(+)-Citronellal 7866 16700 

b-Citronellol 12724 16800 

(s)-(-)-b-Pinene 14661 16800 

Car-3-ene 15610 16800 

(+)-a-Pinene 16413 16800 

(-)-a-Pinene 16503 16800 

p-Cymene 12806 16900 

a-Terpinolene 15552 16900 

(-)-Menthone 7535 17500 

1,4-Cineole 12027 17500 

Neryl acetate 16254 17800 

Menthyl acetate 15797 18100 

a-Terpinylacetate 14305 18900 

(-)-Borneol 11423 19000 

(+)-Menthol 15628 19100 

Linalyl acetate 15496 19300 

Methyleugenol 9381 20300 
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Table 4–9. Ą�ƑƏŢ�ǖ0ÕǔǢǌǏƊ©ǂǦǉ ESI ũƂrǨ�čǃǉưȤȪȂȝȔǮȧǼȈ_�

ȟȇȦƺǣ�ǣǦǉ MICǖ�÷$Ʊ �÷Ǘưķñǖ¥0ǑǃǏĠǣǦǏƶǥ 175ǖmÿăǔ}ǃǏ

xŝǃǉƱ 

 

Ranki

ng 
Compound Name MICpred. �  

Rank

ing 
Compound Name MICpred. 

1 Methyl salicylate 1854  34 2,6-Dimethylpyridine 3594 

2 Ethyl benzoate 1859  35 Benzyl alcohol 3610 
3 Methyl anthranilate 1884  36 Maltol 3670 

4 L-Carvone 1918  37 trans-2-Methyl-2-butenal 3690 
5 Piperitenone 1979  38 5-Ethyl-2-methylpyridine 3696 

6 Cinnamic acid 2191  39 3-Ethylpyridine 3788 
7 5-Methylquinoxaline 2263  40 Butylamine 3790 

8 Piperonal 2302  41 Methyl angelate 3793 
9 Geranial 2311  42 1-Penten-3-ol 3795 

10 Vanillin 2325  43 Benzaldehyde 3801 
11 Pinocarvone 2439  44 Acetaldehyde 3802 

12 Neral 2553  45 2,3-Dimethylpyrazine 3805 
13 Lavandulol 2644  46 Cinnamaldehyde 3872 

14 2,3-Diethyl-5-methylpyrazine 2658  47 2,3,5-Trimethylpyrazine 3873 
15 Methyl cis-cinnamate 2721  48 Pyrazine 3944 

16 Methyl trans-cinnamate 2850  49 Hexanoic acid 3953 
17 Hinokitiol 2892  50 Valeraldehyde 3956 

18 Benzyl acetate 2917  51 Butyraldehyde 3957 
19 d-Terpineol 2986  52 Furfural 3971 

20 Mequinol 3014  53 3,4-Dihydroxycinnamicacid 3979 

21 b-terpineol 3153  54 
5,6,7,8-

Tetrahydroquinoxaline 
4001 

22 Acetophenone 3157  55 2-Ethyl-3-methylpyrazine 4003 

23 Isoquinoline 3210  56 Methylparaben 4053 
24 Methyl chavicol 3300  57 2-Methylpyrazine 4068 

25 6-Methyl-5-hepten-2-ol 3328  58 Propionic acid 4119 
26 Phenylethylamine 3369  59 Butyric acid 4124 

27 Phenethyl alcohol 3386  60 5-Methylfurfural 4128 
28 Phenylacetaldehyde 3400  61 Isopentylamine 4132 

29 Safrole 3415  62 2,5-Dimethylpyrazine 4135 
30 3-Methyl-2-buten-1-ol 3418  63 Ethyl acetoacetate 4146 

31 2,3,5,6-Tetramethylpyrazine 3495  64 2,6-Dimethylpyrazine 4157 
32 p-Anisaldehyde 3546  65 Pyrrolidine 4167 

33 Pyrrole 3567  66 2,3-Diethylpyrazine 4175 
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Table 4–9. (Continued: Ranking 67-133) 

 

Ranki

ng 
Compound Name MICpred. �  

Rank

ing 
Compound Name MICpred. 

67 Ethylisovalerate 4228  100 Benzoic acid 6727 

68 Isovaleraldehyde 4240  101 Cinnamyl alcohol 6733 
69 2-Ethylpyrazine 4267  102 Bisabolol oxide A 6734 

70 Isoamyl alcohol 4273  103 Nonanal 6772 
71 Isopentyl formate 4306  104 Sorbic acid 6857 

72 2-Ethyl-5-methylpyrazine 4309  105 Isomenthone 7014 
73 Ethylcis-cinnamate 4347  106 Patchoulol 7016 

74 2-Pentanol 4359  107 Decanal 7067 
75 2-Ethyl-6-methylpyrazine 4437  108 b-Atlantone 7070 

76 Farnesol 4576  109 cis-b-epi-Santalol 7106 
77 S-Methylmethionine 4677  110 Isobutyl angelate 7192 

78 3-Methyl-2-butanol 4734  111 Citropten 7204 
79 Isopulegol 4736  112 b-Santalol 7225 

80 Isobutyl alcohol 4793  113 a-Santalol 7365 
81 Ethyl propionate 4836  114 b-Farnesene 7399 

82 Ethyl trans-cinnamate 4843  115 a-Curcumene 7470 
83 Benzyl benzoate 5214  116 Trimethylamine 7488 

84 trans-Cinnamicanhydride 5483  117 Osthol 7602 
85 Nootkatone 5558  118 trans-Nerolidol 7603 

86 Columbianetin 5676  119 Bergamottin 7682 
87 Piperidine 5743  120 Bergapten 7760 

88 4-Methylanisole 5767  121 Eugenol acetate 7842 
89 Vetiverol 5779  122 Ethyl acetate 7860 

90 Octanal 5829  123 b-Bisabolene 7868 
91 Hydroquinone 5882  124 Propylparaben 7909 

92 Hydroxycitronellal 6162  125 b-Elemene 7981 
93 Curzerene 6191  126 Leptospermone 8093 

94 Bisabolol oxide B 6255  127 d-Elemene 8166 
95 Acetylsalicylic acid 6399  128 Chamazulene 8332 

96 a-Atlantone 6504  129 Lindestrene 8390 
97 Isoamyl angelate 6506  130 Cedrol 8416 

98 1-Octanol 6622  131 g-Elemene 8434 
99 Salicylic acid 6712  132 Zingiberene 8593 
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Table 4–9. (Continued: Ranking 133-175) 

 

Ranki

ng 
Compound Name MICpred. �  

Rank

ing 
Compound Name MICpred. 

Ranki

ng 
Compound Name MICpred. �  

Rank

ing 
Compound Name MICpred. 

133 Germacrene D 8642  155 Caryophyllene 10442 

134 a-Farnesene 8703  156 a-Selinene 10481 
135 Caryophyllene oxide 8750  157 d-Cadinene 10540 

136 Rose oxide 8940  158 g-Cadinene 10540 
137 Isoamyl acetate 8951  159 e-Muurolene 10554 

138 g-Bisabolene 9005  160 b-Cadinene 10644 
139 Globulol 9395  161 b-trans-Ocimene 10681 

140 Myrcene 9405  162 b-cis-Ocimene 10719 
141 a-Himachalene 9629  163 Fernene 10729 

142 Bisabolene oxide 9673  164 b-Citronellene 11239 
143 Spathulenol 9675  165 a-Cadinene 11366 

144 Citronellyl formate 9681  166 a-Copaene 12258 
145 Humulene 9718  167 Alloaromadendrene 12363 

146 b-Selinene 9765  168 b-Phellandrene 12415 
147 b-Myrcene 9960  169 Thujopsene 12427 

148 Phytol 10000  170 Bornyl acetate 12430 
149 b-Himachalene 10196  171 a-Thujene 12548 

150 g-Himachalene 10302  172 a-Cubebene 12582 
151 a-Phellandrene 10322  173 b-Cubebene 12707 

152 Sclareol 10341  174 a-Gurjunene 13095 
153 b-Cymene 10427  175 Sabinene 14517 

154 b-Caryophyllene 10442     
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ŬǝǉƱĢĬyǐŧİǃǏƶǉ=PăȇȬȁȘȬǼǖƷǋư175 Īǖ0rǖȇȬȁǔ

ǍƶǏ�÷ȟȇȦǨčƶǏư¨řô�ǖ�÷ǨŬǝǉƱǀǦǣǖ0rǔǍƶǏư�

÷ȟȇȦǖ�¥ǔ�čǃǉũƂrǖŧİǨŝƶưǇǦǣǖ¼$Ǩ�÷ȟȇȦǔƉč

ǃǏ�÷$Ǩİ/ǃǉƱ�÷ǂǦǉO0rǖ MICǖ$Ǩ Table 4–9ǔĥǄƱŁƶǏư

�÷ǂǦǉMICǖ$ǨGĀǃǏ=PăǖȤȪǲȪǴǨŝǓǌǉƱ 

ƪô�ǐƵǥưǄǓǧǋ MIC $ƻ�ǂƶǑ�÷ǂǦǥ0rǨ Table 4–10 ǔǜǑǟ

ǉƱFig.4–4 ǔǇǦǣǖ0ràƄǨĥǄƱǀǦǣǖ=PăƊ©ǖo��ǨģůǄǥǉ

ǟǔưScopus ȇȬȁȘȬǼǨ�čǃǏ¾ĆÞĸǨŝǓǌǉ[25]Ʊ=PăSǨ�čǃǉ

ÞĸǗư2020� 8ÊÏǜǐńǤƁǃŝƶưÉĺęǔ 274�ǖGň¾ĆƻJƜǂǦǉƱ

O0rǖŮĹǔǍƶǏǗ�ƂǄǥƻưǀǖŴØƺǣ 2 ĪƤǖŲÅǔǢǌǏ�÷ǖé

��ƻŞĈǐƼǥǀǑƻǧƺǌǉƱ1 ǍǗ=Păǖ¨řô�Ǩş�ƾǥĝ´ęǓŪ¬

ǐƵǤưǠƷ 1ǍǗ�÷ǂǦǉ=PăǨUǞķñǖ¨řô�ǨĥǄŪ¬ǐƵǥƱ 

 

Table 4–10ǔǜǑǟǉ=PăǔǍƶǏŴØǃǉ,|Ǩ1°ǄǥƱ 

�÷}ŷǑǃǉ0rǖ�ǐưÉǠô�ƻƪƺǌǉǖǗǹȥȃȦƎȞȃȦȭMethyl 

salicylateȮǐưMICǖ�÷$Ǘ 1853.96 ppmǐƵǥƱǀǖ0rƻkƽUǜǦǥÝăǑǃ

ǏǗưȅȅǻĨǖ��ÍǐưȍȑȬȦFČǖ Gaultheria fragrantissimaǡ>ǩȞȥǰF

Čǖ Gaultheria procumbens L.ƻ°ƿǣǦǥƱǀǦǣǖÝăǗ�ĿęǓśčÝăǑǃǏ

ĠǣǦǏƹǤưƨÀǡƒĕčǖh�5ǑǃǏ�čǂǦǏƶǥƱǀǦǣǖÝăƺǣª/ǂ

ǦǥķñǔDǟǥǹȥȃȦƎȞȃȦǖ7PǗ 95%ǨŻƸǏƶǥǉǟ[26,27]ưǀǦǣǖ

ķñǖś<Ǘǀǖ¥0ǔź`ǃǏƶǥǠǖǑňƸǣǦǥƱ 

æǔô�ƻƪƶǖǗv�ƨƎǭȃȦȭEthyl benzoateȮǐưMICǖ�÷$Ǘ 1858.92  
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Table 4–10. ƪƶ¨řô�ǨĥǄǑ�÷ǂǦǉ�� 20�ǖ0rǑưǇǦǣǖ MICǖ�÷$ȭB�Ǘ

ppmȮƱ0rSǖN'ǔƵǥȯǗư=PăǜǉǗǇǦǨUǞķñǖƶǅǦƺƻ¨řô�ǨËǄǥǀǑ

ƻ¾ĆǐfWǂǦǏƶǥ0rǐƵǥǀǑǨĥǄƱ 

 

Compound name MICpred. Log(MICpred.) 

Methyl salicylate 1854 3.268 

Ethyl benzoate 1859 3.269 

Methyl anthranilate 1884 3.275 

L-Carvone* 1918 3.283 

Piperitenone* 1979 3.296 

Cinnamic acid* 2191 3.341 

5-Methylquinoxaline 2263 3.355 

Piperonal* 2302 3.362 

Geranial* 2311 3.364 

Vanillin* 2325 3.366 

Pinocarvone* 2439 3.387 

Neral* 2553 3.407 

Lavandulol* 2644 3.422 

2,3-Diethyl-5-methylpyrazine 2658 3.425 

Methyl cis-cinnamate* 2721 3.435 

Methyl trans-cinnamate* 2850 3.455 

Hinokitiol* 2892 3.461 

Benzyl acetate 2917 3.465 

d-Terpineol 2986 3.475 

Mequinol* 3014 3.479 
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Figure 4–4. �÷ȟȇȦǔǢǥū ǐưô�ƻƪƶȭMIC ƻ�ǂƶȮǑ�÷ǂǦǉ0rƱ­�ǖ�

ǖ¼$ǗǇǦǈǦǖ0rǖMICǖ�÷$ǐƵǥȭB�ȱppmȮƱ 
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(2311)

O

Piperonal
(2302)

O

O

O

5-Methylquinoxaline
(2263)

N

N

Cinnamic acid
(2191)

OH

O

Piperitenone
(1979)
O

L-Carvone
(1918)

O

Methyl anthranilate
(1884)

O

O

NH2

Ethyl benzoate
(1859)

O

O

OH

O

O

Methyl salicylate
(1854)

d–Terpineol
(2985)

OH
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ppmǐƵǥƱǀǖ0rǗƨïǖ¥0ǡÖxǖƨǤǖ��ƨÀǑǃǏčƶǣǦǏƶǥƱ 

æǔô�ƻƪƶǖǗǩȪȈȤȋȦƎȞȃȦȭMethyl anthranilateȮǐưMIC ǖ�÷$Ǘ

1884.00 ppm ǐƵǥƱǀǖ0rǗǻȠǼȜȪǡȕȉǬǓǒǔUǜǦǏƹǤưȕȉǬƥXǖ

ƨÀǑǃǏčƶǣǦǏƶǥƱ 

æǔô�ƻƪƶǖǗ L–ǰȦȚȪȭL–CarvoneȮǐưMICǖ�÷$Ǘ 1918.23 ppmǐ

ƵǥƱǀǖ0rƻkƽUǜǦǥÝăǑǃǏǗȏȄǰ�ǖǼșǩȜȪȈȭMentha spicata L.Ȯ

ƻ°ƿǣǦǥƱǀǖÝăǗLƽƺǣȏȬȕǖ�ĪǑǃǏčƶǣǦǏƹǤư	ǔƨÀǑǃ

ǏčƶǣǦǏƶǥƱǇǖķñǔDǟǥ L-ǰȦȚȪǖ7PǗ 50%ǨŻƸǏƶǥƱǜǉư

ķñƺǣBƝǂǦǉL-ǰȦȚȪǖ¨řô�Ǘª/)ǖķñǖ¨řô�ǔ?½Ǆǥǀ

ǑƻfWǂǦǏƹǤ[28]ưǀǖķñǖś<Ǘǀǖ¥0ǔź`ǃǏƶǥǠǖǑňƸǣǦǥƱ 

æǔô�ƻƪƶǖǗȓșȥȆȎȪȭPiperitenoneȮǐưMIC ǖ�÷$Ǘ 1979.06 ppm

ǐƵǥƱǀǖ0rƻkƽUǜǦǥÝăǑǃǏǗưǺȀĨǖ
�ÍǐȏȬȕǑǃǏ�čǂ

ǦǏƶǥǻǻȔǮȤ�ƻ°ƿǣǦǥƱǀǦǣǖÝăǖķñő�ǑȞȁȎȬȦª/ăǔ¨

řô�ƻƵǥǀǑƻfWǂǦǏƶǥ[29–31]Ʊ 

æǔô�ƻƪƶǖǗǵǫĚƎȭÚĚƎưCinnamic acidȮǐưMIC ǖ�÷$Ǘ

2191.09 ppmǐƵǥƱǀǖ0rǗÝăđǔ�ƽsbǃưǵǫĚƎȞȃȦǡǵǫĚƎǭȃ

Ȧư3,4–ǻȒȉȨǲǺǵǫĚƎȭǷȬȒȬƎưCaffeic acidȮǓǒưkƽǖŰ~�ƻĠǣǦǏ

ƶǥƱÚĚƎHǙǇǖŰ~�ȭǭǼȆȦȫŅ¶Ű~�ȫǩȜȉȮǔǍƶǏǖĢĬǐưƶ

ǅǦǖ0rǐǠ�ŕęǓ¨ř0rǖâú$ǔ?½Ǆǥ¨řô�Ǩ®ǍǀǑƻfWǂ

ǦǏƶǥ[32–35]Ʊ 

æǔô�ƻƪƶǖǗ 5ƮȞȃȦǲȎǲǹȥȪȭ5ƮMethylquinoxalineȮǐưMIC ǖ�÷

$Ǘ 2262.77 ppm ǐƵǥƱǀǖ0rǗȨȬǼȈŒưƵǥƶǗǷȬȒȬǖǢƷǓ:Ăƨî
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ǨËǃǏƶǥƱƦ\�ǔmÿǔsbǄǥƻ:ĂǔǢǤċ¥ǄǥgPǠƵǥƱçĴǐǗư

ŊŠ\ǡȀȔȈǲȠȪȇǪǓǒưáƲǓ:�Ʀ\ǔƹƶǏƨǤǨ-ĈǄǥǉǟǔö:ǂ

ǦǏƶǥƱ 

æǔô�ƻƪƶǖǗȓșȨȊȬȦȭPiperonalȮǐưMICǖ�÷$Ǘ 2302.24 ppmǐ

ƵǥƱǀǖ0rǗǼȜȧǡǷǺȣǬǓǒưáƲǓÝăǔUǜǦǏƹǤưƦ\Ǩq�ǄǥĹ

ř � Ĕ F � ȭ Yersinia enterocolitica, Listeria monocytogenes and Salmonella 

typhimuriumȮǖô�ǨƗzǄǥǀǑƻfWǂǦǏƶǥ[36]ƱǜǉưǷǺȣǬĨǖȏǫǸǺ

ȣǬďÓǖķñƺǣBƝǂǦǉȓșȨȊȬȦǔǍƶǏŴØǃǉĽÖưǫȍÒ¿ĹřĔ

řǔ}ǃǏ�ƶƗzōǨǠǍǀǑƻfWǂǦǏƶǥ[37]Ʊ 

æǔô�ƻƪƶǖǗǶȤȋǩȬȦȭGeranialȮǐưMIC ǖ�÷$Ǘ 2310.84 ppm ǐ

ƵǥƱǀǖ0rǗ�}ǖǺǼ–ȈȤȪǼē��ǨǠǍǩȦȇȒȉǐƵǥǺȈȤȬȦȭCitralȮ

ǖƷǋưtransȭEȮ�ǔ�ǉǥ0rǐƵǥƱȧȟȪǴȤǼǓǒƺǣ²Ǧǥķñǖ	¥0ǐ

ƵǤư�ƶȧȟȪŒǨǠǍƱȧȟȪǓǒǖ×äƤǔǠUǜǦưƨïǡƨXÀǓǒǔčƶ

ǣǦǏƶǥƱȧȟȪȐȬȝǑƶƷǺȀĨǖȏȬȕǔǍƶǏǖĢĬǐưª/ǂǦǥķñƻ

lŏřǔ}ǄǥƗzô�ǨǠǍǀǑǑưķñǔDǟǥ¥0ǖ�ǐÉǠkƶǖƻǶȤȋ

ǩȬȦǐưæǔkƶǖƻ cisȭZȮ�ǔ�ǉǥȍȤȬȦǐƵǥǀǑƻfWǂǦǏƶǥ[38]Ʊ 

æǔô�ƻƪƶǖǗȐȋȥȪȭVanillinȮǐưMIC ǖ�÷$Ǘ 2324.72 ppm ǐƵǥƱ

ǀǖ0rǗȐȋȤǖƨǤǖ	ŢǓ¥0ǐƵǤưǩǫǼǳȥȬȝǡȃȣǷȧȬȈưȁȐǷǡ

ƨïǓǒǔƨÀǑǃǏ�čǂǦǥƱȐȋȥȪǖ¨řô�ǔƖǄǥĢĬǐưȐȋȥȪǗ	

ǔŐǔ}ǃǏô�Ǩ®Ǎ=PăǐƵǤưlŏřǡȥǼȆȥǩřǓǒǖYVļżǨƗz

ǄǥǀǑƻfWǂǦǏƶǥ[39]Ʊ 

æǔô�ƻƪƶǖǗȓȎǰȦȚȪȭPinocarvoneȮǐưMIC ǖ�÷$Ǘ 2438.55 ppm



�  ���

ǐƵǥƱǀǖ0rǗǰȦȚȪǖàƄē��ǐƵǤưȓȍȪǔƤ�ǃǉàƄǨǠǍƱǀǖ

0rǨUǞÝăǖ��ǑǃǏưȜȨȁȝȌǼȫȔȤȘȥȔǮȥǩȭMyrothamnus 

flabellifoliusȮƻ°ƿǣǦǥƱǀǖÝăǗǩȔȥǰǖġüc�ǔőċǃǏƶǏưǇǖ(

ǦǉVï�Ǒ"ø�ƺǣƳ�ôǖÍƴǑYǘǦưǩȔȥǰǐǗ�ĿęǔƹŘǡǼȑǫǼư

śǓǒǑǃǏ�čǂǦǏƶǥƱǀǖÝăǖķñǔƖǄǥĢĬǐǗưķñǔ¨řô�ƻ

ƵǤưķñǔUǜǦǥ 85 Īǖ=PăǖƷǋưȓȎǰȦȚȪƻDǟǥ7PǗ�ĒĜǔk

ƶ 10%ǐƵǥǀǑƻfWǂǦǏƶǥ[40]Ʊ 

æǔô�ƻƪƶǖǗȍȤȬȦȭNeralȮǐưMIC ǖ�÷$Ǘ 2553.29 ppm ǐƵǥƱǀ

ǖ0rǗ*ƂǖǺȈȤȬȦǖǺǼ–ȈȤȪǼē��ǖ cisȭZȮ�ǔ�ǉǥ0rǐƵǥƱȕ

ȨȬȉȥȬȔȁǫȝǡǷǬǼǫǱȡǓǒǖķñǔUǜǦư¨ř�čƻƵǥǀǑƻfWǂǦ

Ǐƶǥ[41,42]ƱǺȈȤȬȦƻUǜǦǥÝăǔǗRĩ�ǖ7PǐǶȤȋǩȬȦƻUǜǦ

ǏƶǥǀǑƻkƶƱ 

æǔô�ƻƪƶǖǗȤȐȪǻȢȨȬȦȭLavandulolȮǐưMIC ǖ�÷$Ǘ 2643.69 

ppm ǐƵǥƱǀǖ0rǗȤȘȪȂȬñǔUǜǦǥƱȤȘȪȂȬñǔǗ¨ř�čƻƵǥ

ǀǑƻfWǂǦǏƶǥ[43]ƱķñǔDǟǥÉǠkƶ¥0ǗȥȊȨȬȦǐưȤȐȪǻȢȨ

ȬȦǗ 3 ĒĜǔkƶ¥0ǐƵǥ[44]ƱǜǉưȥȊȨȬȦǑȤȐȪǻȢȨȬȦǗàƄē�

�ǐƵǥƱ 

æǔô�ƻƪƶǖǗ 2,3–ǻǭȃȦ –5– ȞȃȦȓȤǻȪ ȭ 2,3–Diethyl–5–

methylpyrazineȮǐưMIC ǖ�÷$Ǘ 2658.28 ppm ǐƵǥƱǀǖ0rǗ2SȗȬǿȦ

ȊȄȅȓȤǻȪǑYǘǦưȨȬǼȈŒǨËǄǥăŹǐƵǥƱ 

æǔô�ƻƪƶǖǗ cis–ǵǫĚƎȞȃȦȭMethyl cis–cinnamateȮǐưMICǖ�÷$

Ǘ 2720.57 ppmǐƵǥƱǀǖ0rǗ*ƂǖǵǫĚƎǨǭǼȆȦ=ǃǉŰ~�ǖ�Īǐ
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ƵǥƱOcimum americanum ǑƶƷȐǻȦǖ�Īƺǣ²KǂǦǥķñǖ	¥0ǐƵǤưǀ

ǖķñǔǗš¼ĪƤǖǰȪǻȂřǔ}Ǆǥ¨ğř�čƻƵǥǀǑƻfWǂǦǏƶǥ

[45]Ʊ 

æǔô�ƻƪƶǖǗ trans–ǵǫĚƎȞȃȦȭMethyl trans–cinnamateȮǐưMIC ǖ�

÷$Ǘ 2849.71 ppmǐƵǥƱǀǖ0rǠ*ƂǖǵǫĚƎǨǭǼȆȦ=ǃǉŰ~�ǖ�

ĪǐƵǥƱSenecio nutans ǑƶƷǲǳĨǖkŊÝăǖ	¥0ǐƵǤưǷȧȤřǔ}ǃǏ¨

ř�čƻƵǥǀǑƻfWǂǦǏƶǥ[46]Ʊ 

æǔô�ƻƪƶǖǗȒȎǲȃǯȬȦȭHinokitiolȮǐưMIC ǖ�÷$Ǘ 2891.94 ppm

ǐƵǥƱǀǖ0rǗȒȎǲĨǖÝăǔĄËǐƵǤư�ƧZ�]ĊàƄǨËǄǥȈȨțȨ

ȪǖŰ~�ǖ�ǍǐƵǥƱƨÀǑǃǏêĤƼĵǡȗǩȈȋȄǳǓǒǔ�čǂǦǏƶǥƱ

ƟÜȒȐƺǣ²KǂǦǉȒȎǲȃǯȬȦǑǇǖƤŃĪǔǍƶǏ¨ğřȫ¨ř�čƻƵ

ǥǀǑƻfWǂǦǏƶǥ[47, 48]Ʊ 

æǔô�ƻƪƶǖǗƍƎȘȪǻȦȭBenzyl acetateȮǐưMIC ǖ�÷$Ǘ 2917.36 

ppm ǐƵǥƱǀǖ0rǗkƽǖÝăǖŗǔUǜǦǏƹǤưǻȠǼȜȪǡǫȤȪǫȤȪǓǒ

ǖķñǖ	¥0ǑǃǏĠǣǦǏƶǥƱǀǖ0rő�ƻǻȠǼȜȪǖƨǤǨËǃǏƹǤư

ƨïǡ=ĶïǔčƶǣǦǏƶǥƱ 

æǔô�ƻƪƶǖǗd–ȆȦȓȍǯȬȦȭd –TerpineolȮǐưMICǖ�÷$Ǘ 2985.86 

ppmǐƵǥƱǀǖ0rǗÔÙñǡÊÚãǖķñǓǒǔUǜǦǥƱē��ǑǃǏ�ǔaư

bưg–ȆȦȓȍǯȬȦƻţǣǦư	¥0Ǘa–ȆȦȓȍǯȬȦǐƵǥƱaưƹǢǙdƮȆȦ

ȓȍǯȬȦǗǺȣǬǱĨǖȕȤȄǳǰȦȂȟȪȭAmomum subulatumȮƺǣ²KǂǦǥķ

ñǔUǜǦưķñő�ǔ¨ğřô�ưëŜô�ƻƵǥǀǑƻfWǂǦǏƶǥ[49]Ʊ 

æǔô�ƻƪƶǖǗȞǲȎȬȦȭMequinolȮǐưMICǖ�÷$Ǘ 3013.98 ppmǐƵ



�  ���

ǥƱǀǖ0rƻUǜǦǥÝăǖ��ǔǳȩĨǖ Dorstenia turbinata ƻ°ƿǣǦǥƱǀǖ

ÝăǖķñƺǣBƝǂǦǉ0rǔǍƶǏǖ¨řô�ǔǍƶǏĢĬǂǦǏƹǤưȞǲȎ

ȬȦǔǠ�ĩ�ǖƊ©ęô�ƻƵǥǑfWǂǦǏƶǥ[50]Ʊ 

 

��ǖǢƷǔưTable 4–10ǔũŽǂǦǏƶǥ=PăǖƷǋưǀǦǜǐǔ¨řô�ƻx

ƩęǔfWǂǦǏƶǥǖǗư¦ƲǖĠǥƘǤǐǗưL–ǰȦȚȪưȓșȥȆȎȪưǵǫĚ

ƎưȓșȨȊȬȦưȒȎǲȃǯȬȦưƹǢǙȞǲȎȬȦǐƵǥƱǜǉưǶȤȋǩȬȦưȐ

ȋȥȪưȓȎǰȦȚȪưȍȤȬȦưȤȐȪǻȢȨȬȦưcis–ǵǫĚƎȞȃȦưtrans–ǵǫĚ

ƎȞȃȦǨUǞķñǔǗ¨řô�ƻƵǥǀǑƻĠǣǦǏƶǥƱǀǦǣǖxƩ�fǗư

�_ŝǓǌǉťÕ§óǔǢǥ=PăǼǳȥȬȋȪǴǖé��ǨĥǃǏƶǥǑňƸǣǦǥƱ

ǀǦǗưESI ũƂrƻ¨řô�Ǩ·Ǆǥ=Păǖ� ǼǳȥȬȋȪǴǔƹƶǏǠËč

ǐƵǥǀǑǨ¡XǃǏƶǥƱ 

 

4–4Ƭ ǜǑǟ 

ƞrą¤ŧİƺǣ�ǣǦǥ¼$ǨčƶǏưlŏřǖƗzô�ǖ�÷ȟȇȦǨ�¥

ǄǥǉǟǔȤȪȂȝȔǮȧǼȈǔǢǥ_�0ÕǨŝǓǌǉƱ 

ǜǅư¨ř�čǨǠǍ0rǔǍƶǏƞrą¤ŧİǨŝǌǉƱǇǦǣǖŧİĽÖƺ

ǣ�ǣǦǥ¼$�fǨƞręũƂrǑǃǏwņǃǉƱO0rǖlŏřǔ}ǄǥÉ�

ėŋƗèþ�ȭMICȮǖ$ǨĜęj¼ưOũƂrǖ$ǨŲÅj¼ǑǃǏưȤȪȂȝȔǮ

ȧǼȈǔǢǥ_�0ÕǨŝǓǌǉƱťÕǔƛǃǏưǜǅ 60 #ǖ0rǨȤȪȂȝǔȈȧȬ

ȋȪǴȇȬȁǑȐȥȇȬǺȣȪȇȬȁǐ 4ȱ1ǔ07ǃưǇǦǨ 10ǾȄȈ�¥ǃǉƱæǔư

Ĝęj¼ǔƖǄǥƏŢ�ƻ 0.1 ÎùǖũƂrǨƃæ3ƚǃǏj¼Ɗ©ǨŝǓǌǉƱ
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ǇǃǏưOǾȄȈǐȈȧȬȋȪǴȇȬȁǨǂǣǔ 507ǃư5 07ňØÞŪǨčƶǏưO

07ǐǖ�d�
ű�ȭMSEȮǨİ/ǃǉƱȘǫǽÉƉ=Ǩ�čǃǏưMSE ǖ�d$

ƻÉ�ǑǓǥȏǫȑȬȑȤȞȬȁȭðwÍǖ¼ưÉlǖ0�¼ȮǨðwǃǉƱƊ©ǂǦ

ǉũƂrǑȏǫȑȬȑȤȞȬȁǨčƶǏȤȪȂȝȔǮȧǼȈǖ_�ȟȇȦǨ�¥ǃǉƱ

OǾȄȈǖȐȥȇȬǺȣȪȇȬȁǨǇǦǈǦǖ_�ȟȇȦǔƉčǃưOȟȇȦǖ�ō

Ǩū ǃǉƱOǾȄȈǐ�¥ǃǉ_�ȟȇȦǖƷǋưȐȥȇȬǺȣȪȇȬȁǖ�÷$ǖ

R2 ƻÉlǖǠǖǨư�÷ȟȇȦǑǃǏðwǃǉƱǇǖȟȇȦǐǖȈȧȬȋȪǴȇȬȁǑ

ȐȥȇȬǺȣȪȇȬȁǖ R2$ǗǇǦǈǦ 0.911 Ǒ 0.907 ǐƵǌǉƱƊ©ǂǦǉũƂr

Ǘ6ĪȭS(rUV)ưlAƯS0ưBȰưDEsolvưMWưXLogP3-AAȮǐƵǌǉƱƊ©ǂǦǉũƂrǗư

ß�ûq�ǐǖûqZǖ�ǂǑư0rǖlƼǂǔƖǄǥǠǖǐƵǥƱǀǦǣǗưŎŹ�

Ə�ƺǣǓǥĹŌŐǚǖKǤƀǝǔĝ´Ɩ!ǄǥǑ�ǧǦǥũƂrǐƵǤưķñ¥0

ƻĹŌŐǔKǤƀǜǦǏ¨ř�čǨėĈǄǥǑǖĠţǑPŔǄǥǠǖǐƵǥƱ 

�ǣǦǉȤȪȂȝȔǮȧǼȈǔǢǥ_�ȟȇȦǨčƶǏưķñ¥0ƹǢǙƦ\ƨÀ

ƺǣǓǥPŧ 1750rǖ MICǖ�÷ǨŝǌǉƱǇǖ�ǐ¨řô�ǖƪƶȭMICǖ�

ǂƶȮ0rǑǃǏư�÷ǂǦǉ 20 #ǖ0rǔǍƶǏŵ¾ÞĸǨŝǓǌǉƱǇǖĽÖư

O0rưƹǢǙǇǦǣǨUǞķñƻxƛǔ¨řô�ǨǠǍǑƶƷ�fƻũŽǂǦǏƶ

ǉƱ��ǖǀǑƺǣưǀǖĢĬǐčƶǉũƂrǖǾȄȈƻưķñǖ¨řô�ǔƖǄǥw

ƑęũƂǔËčǐƵǥǑƶƷǀǑƻǐƼǥƱ 
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