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Relationship between structure 

with molecular orbit theory 

KEY W ORDS vitamin E；antioxidants；free 

radicals； fipid peroxides；molecular models； 

stmeture-activity relationship 

AIM ： To explore the relationship betwecn 

different structures oftocopherol(Toc)and some 
phenol compounds and their anti—oxidative 

activities． MErH0DS： Use the ab n／t／o 

calculation of rnolectdarmechanics and quantum 

themistry． RESU Is： 111e anti．oxidation of 

Toc WaS related to the ability to release active 

hyd~ n， ie， related to the 0-H deetron 

populations，frontier orbital energy(811)，and 
the decreased amount of energy at the reaction 

ending s诅 ． order of hydroxyl O-H 

deetron populations in different Toc model 

molecules we陀 n<-／≤日<8， which WaS 
consistent with their anti-oxidation reported． 

C0NCULSIoN：The moleeular orbit(M0) 
theory and the quantum chemical paranleters Carl 

be used to analyze the anti．oxidation of phenol 

compounds with different stnlclur~ ． 

There are two classes of vitamin E， ie， 

tocopherol and tocotrieno1． nle tocopherol 

(Toc)can be classified into a-， ，-／-，and占_ 
toeopherol hosed on theit"structures． nle 

toeopherol is the strongest in bioaetivity and is 

commonly called vitamin E． Besides action 

of promoting reproductive abilityL ．Toc has the 

function
，

s of anti-aging，preventing and inhibiting 
cancerL ， 

．  
Its important function of anti． 

oxidation， which Carl be used to prevent or 

decrease the injurv induced by the find 
peroxidation， was discovered with the 

development of free radieal biology and 

medicineL 一 ． So Toc has been widely used in 
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the elinic and animal Or celhdar experiments as 

an antioxidant． It was the pheno]structure to 

inhibit the lipid peroxidation，ie，it can release 

the active hydrogen in the hydroxyl group to 

combine the free radioals SO that it can inhibit 

their attack on the lipid． The lipid perorJdation 

is a chltln reactioninduced byfree radioal，which 

can be stopped when the free radlcal was 

eleaned． 

L1H旦  +H· I．1O0· 
Ilv 

~OOt-I 。 一 ⋯ ．1~
．

LnOOt-I + ‘ 

The production of free radical in small 

amount(L·)Carlleadtothe continuou~oxidation 
and comun~tion oflipid on the membrane，and 

result in a lot of lipid peroxides(LOOH)． 11le 

membrane恤 seriously injured． Ⅱthere is Toe 
interfering in， such chain reaction can be 

stooped． 

T is aⅡD陀 stabletoeopherolfree radica1． 

whichmltk~,the reaction carry ontothe product． 

A part ofToe can betransferredintothe qutinolle 

structure in the model of membrafie lipid 

peroxidationL ， which may be through the 

processinwhichthe bond13et'we~n C19—0l4WaS 

broken inthe chroman~ ring and combinedwith 

the·0H toform the quinone strueture． 

To examine the above l*esction process of 

Toc from the middle 8t4回e of tocopherol free 

radical T tothe quinone structure and exploreif 

different numbers ofthemethyl group onthe ring 

near the hydroxyl group w~ald~ffect the release 

of the~tive hydrogen and their anti．oxidation， 

related molecular roodds weIe designed and 

the accurate quantum themical calculation was 
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performed． The technique of electron spin 

l~$oflanee spee~seepy(ESR)has been used to 
detect tlle exist ofTac flee radicals in tlle middie 

Ⅱ H0Ds 

C~o．1,finll proceeding The sYBYI／ 

MA]嗍D42 mdecular meci~ cal proceeding was 

used to calc．1~te the o~mal structure J． If 
tlleIewas rotable bond．the SEARCH proceeding  

was used to search the rehted conformation．tlle 

search scope being 0—360~and the lerl ：tI1 of 
step be ing 10~． W1Ien the one with tlle lowest 

energywasfound．jtwas calculated wjtlltlleAM1 

semi-Ⅸpe珥e邶 d quantum chemical optimum 
calculation J． The molec~ar models weI'e then 

calculated for the dectron structllI~ witll the 

Gaussian 94 proceeding．oh ／n／t／o s】 ．3GL J． 

AⅡ tlle calc,,lmiom performed on tlle SGI 

computer w ng station in tlle State Key 

Laboratory of New Drug Research of Shanghai 

Institute of Materia Medica，Chinese Academy of 

Sciences． 

M odel molecules mT， mT， mT， 

占-InT：q。8，7，占_four difierent kinds of Toc 
mode1molecules with methyl groupinstead ofthe 

side chain on tlle original molecules． a．mT ． 

mT ，7．mT ，8．mT ：Toc free radical model 

molecales after dehydrogenation． a-mTQ，8． 
mTQ，y-mTQ，8-mTQ：Toc q1linone model 
molecules ． The atom number in Toc roodel 

moleculeswas shownin Fig1． 

ESR determination The determination 

w performed as the reference⋯ ，。 ] with the 

1B 

“”＼ 

∞H／  

improved reaction system and the determining 

condition for tlle Toc free radicals． Reaction 

system：a．Toc 0．1 mol·L～ ，CuSO4 0．5 mmol· 

L一，1％ ，95％ alcohol(AR)a8 the 

soIvent． Determining condition： mi crowave 

frequency(SF)：9．81 GHz；删  rIg frequ- 
ency (MF)：100 kHz；modala~g amplitude 
(MA)：0．1 mT；microwave power(SP)：20 
mW，sweeping width (SW )： 10 mT，Yoom 
ternperattLre： 25℃ ． AppaIa“ls： Braker 

ER20 0D-SRC elG：~3tron spin H narIce． 

REs【】I S 

After the a，8，7，and Toc moiec~ar 
models were calculated bY the moloc~ar 

mechanics and quantum chemistry to obtain the 

conformationwith thelowest energy，the electron 

struehlre of each molecale a8 accurately 

calculated bythe ohirdt／o SID．3G． 1e results 

were shown in 1． 

n1e energy 0f frontier orbital H协 IO ．m mT 

reed d molecules was decmnsed step bY stepfrom 

a．InT to占_In1、wjt}l ab／n／t／o s】 3G．while the 

energy difference with LUMD w∞ increased 

gradually，consistent with the determ ing result 

0f tlle T T reaction rate constant 

reposed L ．in which the chemical activity of 

InT w∞ the strongest． On tlle otller side．the 

Hi8 net positive charges in the hydroxyl group 

were all the biggest in their Toc molecules，the 

order arneng  them be ing a·mT>B—mT>7-mT> 

8_mT． Moreover，thePO databetween 08一Hl8 

were sⅡlaUer，the order being a<7≤0<占． 
The small PO data mearl$ the O-H bond was 
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easily broken to reiease the hydrogen． The 0一H 

b0nd in 12-mT was the weakest．meaning that it 

was the easiest oFie to reiease the active 

hydrogen， 鼢 ∞ the free radical计雹s combined 

with the active hydrogen．it would be cleaned 

( 1)． Whell Toc was turned into the mT 
after dehydrogen ation， the system energy in 

mT was higher than that in the original 

molecule，but the increased anmtmt△EmT 
一  T， 

includingthe energy in the active hydrogen(Eu 
= 0．466 hm~e)was not very big．meaningthat 
the system was still stable after dehydrogenation． 

The increased amount for mT was the smallest 

ot'l~，then the B-，T-，and 8一mT(Tab 2)． 

Both of the mT and mTQ。the main 
constitutes jnthefrontier orbitalwerethePz orbit 

formed by the carbon atom oH the benzene ring  

and two oxygen atoms(Tab 2)． 1heir dihedral 

angle data(177。一18oo)showed that they weI'e 
on the same plane basically and the electron in 

the Pz atomic orbit caIl produce conjugation by 
dispersion， be neficial to stable the system， 

ensuring the reaction to be carried on to the 

direction of forming the mT and mTQ． 

Although the△EmT 
一

mT incmased a little when 

themodel Tocmoleeulewas turnedintothemT 

after dehydrogenation，the energy in the ending 

stage would d~mase greatly when they were 

turned into the mTQ． The order of their 
decreased anmtmt was Ⅱ > 7≥ > 8． The 

moleeular structure ofmWQ has only one oxygen 
atom nloi'e than that of mT，in which the energy 

0fthe oxygen atom E0was 73．踟I42 hartree after 

calculation． The general energy in mTQ，Emm 
had only a little nloi'e than the addition of the 

energy in mT and the oxygen atom， the 

increassed amoant of a．mTQ being the smallest 
orie among them． 

It was shown in I 2 that HOM0 energy 

decreased from mT t0 8．mT when Toc was 

turned into the mT after dehydrogenation． 

meaning that chemical activityInⅡ一rnT wasthe 

strongest olle among them． The electron 

populafiom P0 in Cl9—014 ofmT were smaller 

thanthatin c6一O14，sbew~ thatthe C19一Ol4 
bond being weber comparatively． It would be 

possible that the Cl9一O14 bend was induced to 

breakwhenthe oxygenfree radical inthe system 

Tab2·Total b (E)，fl-emler orbital{~OMO-IXrMO) ％ cm)-∞础 Ⅱes(q 岫 ．O0，C-O electron 
p0 I删0∞ 删  net chn 0ftoco#m-ol-m ktrod m model椭 西 S'IX~3G． 

△  岍  
一 MT= 耵 一( 岍一 H)； △ Mm—m= Etctr~一( 岍+Eo) 

御 啪 4 4 4 4 0 0 0 0 ∞" 

2  2  2  2  

0  0  0  0  
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was accumulated to a certain concentration，and 

then it would combine with Ct9 to form the mTQ 

(Tab 3)． 
n main di腩 rcnce ofthe four Tcc in their 

sta'uctoreswasthe difierent numbers ofthemethyl 

on the ring． It was shown from Tab 3 that the 

dectron charge oil the methyl group would be 

changed with the increase ofthe methyl nuII1ber． 

and it w0uld produce 8一'c supePco~ugafion 
effect by connectingwith carbon atom in benzene 

血 due to the inducing effect of methyl group． 

When forming the mT and mTQ stl-uotul~．a 
part of the elect~n on the methyl would be 

tmngerred into inside of the ring ，which made 

the electrDn cloud density in the conjugation 
system iIlcre~ed including that on the Os． 

the n．mT hasthreeme thyl groups which produce 

stronger inducing  effect． it made the electmn 

cloud density on the conjugation s3，stem and Os 

increased somuchwhenformingthemTQthatthe 
system be came more stable with lower general 

energy． n1e8-nathad only oneme thyl sothatit 

produced w~ker inducing effect and weaker 

conjugation effectthan otherthree Toc． 
It was found that there was DanicIllar 

absorption signal of free radlcal for a-Tee in the 

O2 and C reaction system bv EsR 

determination．which presented in hepto．splitted 

peak with binomial ratio(Fig 2)． 
This 8i 叫 was declined to halfin 10 min， 

showingthatitwa8 a stablerfree radica1． Based 

on the calculation for the 6-rat ， the hepto- 

splitted peak was alla】 for the distribufion of 

the el(~--,t1'oil spin densities (C】0．8931， c2 
一 O．8664，q —O．韶65，G O．8854， 0．8018， 

C12一O．8473， O．9679)，that inOsbeingthe 

biggest(O．9679)，thenthe Cl(0．8931)and 

(O-8854)． And血e six protons in the R2 and 
R3 methyl groups were ileal"the same becailse the 

R2 and R3 were oil the both side of Os and the 

spin density on C1 and Q were Ileor the s{lme． 

If determined by E讯 ．it should have seven lines 

oil the speetnml acc0】 to the role of(2nI+ 
1)， which was consistent with the result of 
practical determination． Although there weI℃ 

electron n demifies on the C12，c3，and ， 
there w鹊 no hydrogen atom Ile出 or with 

opposite sp-m direcfion for Os，80 that the R 

partio,lar spectrum was not affected． 

DIsCU _0N 

Tccs are phenol compounds，of which the 

anti-oxidation is related to the phenol hydroxyl 

numbercontained． A1though Tcc contains only 

one phenol hydroxyl group，the electroniudueing 

effects by the methyl group o1"1 the hydroxyl group 

aIe not the 8anle du e to their dm rent numbers 

and position， presenting oil their different 

d~tron distribution， the different electron 

populations and the ab ility to release active 

hyaro~n． After dehydr~o,enation，the Tcc was 

turnedintomT an dthe electronmightmoveto 

呦 3．Tim岫 or-咖  ( ，珏m， ， ． l囊nd 妇 ek帅  (皿 =曩i+ + 1 协 
m”∞ mOdel 

△ 殂lm —Mr 
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o8．increasingthe dispersing area duetothe 8一 

super conjugation by the methyl group，which 
was helpfoJ to stabilize the system． ∞．Toc has 

three methyl groups， otrexing more electron 

cloud．so that the system became more stable。 

presenting that less active energy was needed to 

fo1TI1themT andthe dehydrogenation w日s easily 

carried on． e mT WaS only present in the 

middle stage． Itw舾 moleiml~rlantthatthe014 

一 Clo bond 011 the chromanoxyl ofthe mT w且8 

weakened and easily broken due to the induction 

of methyl’8． Moreover．the system energy had 

nO obvious change after the bond broken bv 

calculation，but the system energy was decreased 

greatly when forming mTQ on Cj9 with。0H． 
offering the stable energy to the system． The 

stable energy repre~nts the e．asine~ to complete 

the anti．o~ddation finally． e order of the 

stable energyforthefourToemoleculesWaS a> 

≥ B> 8，consistent with their anti—oxidation 
reportedinthe referenceL J． I1Iismeansthatit 

was reasonable to use the ealetdating n'odel with 

the methyl groupinstead ofthe side chain andthe 

step by step comprehensive analysis． By the 

analysis of the quantum chemical parametel's 

combined with the ESR determination，there were 

two possiblemechanismsforthe anti．o．,ddation of 

Toe：fimdy．it can release the active hydrogen to 

combine the Ro0·free radicals．then inhibit the 

chain reaction of the lipid pero~ddation； 

secondly，the 0．C bond ofthe ehro~mnoxyl ring 

inmT may be brokento combinethe·0H and 

make them cleaned directly． e anti．o~ddation 

of Toe was obviously related to the above two 

mechanisms Or related to their molecular 

8[1'tlg[1lreS． 

In order to explore the relationship between 

the antioxidation and the structure for other 

phenol compounds， three wa|er soluble active 

in# e出ents extracted frorn Sa／v／a m／／t／orrh／za 

Bunge were calculated with the quantum 

chemistry． It WaS proven by the experiments 

that the order of their antioxidation was 

salvianolic acid A > salvianolic acid B > 

l'ofltna~ e acid，whieh have 7，9，5，phenol 

hydroxyl groups respectively． Their stl"uetures 

Were shown in Fig 3． 

ItWaS difficuhto explainwhythe activity of 

salvianolic acid A w且8 stronger than salvianolic 

acidB if only accordingtothe numbers ofthe 

Fig 3． The 曲 1lc 0f salvim i ： add A 

salvtm olle addB 蝴 r0日 c add． 

phenol hydroxyl groupfortheformer having seven 

while the later having nine． The quantum 

chemical ealetdation andthe Confomaation Search 

p~ eeding(the searched conformatiom for each 
molecule were／l'lorethan1．5×lo5)were usedto 
find the one with the lowest energy， then 

talculated by the op~mllnl accurate quantum 

chemistry． ItWaSfoundthatthephenol hydroxyl 

groups in these three molecules weIe the active 

groups with bigger positive cIIaIge on the H，but 

fourgroups in salvianolic acid B were very close 

in the space which may react each other to fo1TI1 

the hydll~en bond，then the ability to release 

active hydrogen was decreased． So the 

antioxidation of salvianolic acid B w日s "Weaker 

than salvianolic acid A (it will be reported in 

B,[1oth~r paper)． It has been proven that the 
antioxidation of phenol compounds are not only 

related to the quantum chemical DaⅡImetcl玛 such 

as： the eleetron distribution， elL~tlon popula- 

tiom ，general energy，frontier orbital，ere，but 

relatedtotheir space structures aswel1． 

The above results showed that the 

calculations witl1 molecular orbital theory and 

electron structure are helpful to analyze the 

anfio~ddation of Toe with different structures and 

other phenol compounds， offering worthy 

information for designing Or sc1~ening the 

effectire antio~ddants and medicine． 
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应用分子轨道理论研究生育酚的结构 一  

与抗氧化活牲的关系 |R 77 t一 

盐 ，j§ ，’施冬 (．—匕，簿医科大学生化教研 
室，上海加6啦 ， 中国)；陈凯先 王沁泌 (中国科学 

院上海 药物 研究 所，上海 200031，中国)； 陈 士 明， 

严小敏 (复旦大学分析测试中心，上海200433．中国) 

关键词 壅生塞垦；抗氢 ；且直基j脂质 
过氧化物 ；分子模型；结构．活性关系 

目的：探索不同分子结构的生育酚和一些酚类化 

合物所具抗氧化作用 的构效关系． 方法：采用分 

子力学和量子化学从头计算方法 ．研究分析不同 

分子的电子结构与抗氧化活性关系 结果：生育 

酚的抗氧化活性与易释放括 泼氢有关 ，活性大小 

与 O．H间电子集居数、前线轨道能级及反应终态 

能量下降值有关，各种生育酚模型分子的羟基 O． 

H间电子集居数排列顺序 a(7≤日(8，与文献报 

道抗氧化活性的结论相一致 结论 ：应用分子轨 

道理论和量子化学指数可以帮助分析具有不 同结 

构的酚类化合物的抗氧化活性 ． 

《中国新药与临床杂志》【原名《新药与临床》)欢迎订阅 

《中国新药与临床杂志》原名《新药与临床》，由中国药学会和上海市医药管理局科技情报研究所共同 

主办 ，为全国性期刊，被确认为全国中文核心期刊(内科学、药学)． 荣获全 国优秀科技期刊一等奖，中 

国科协优秀期刊一等奖，上海市优秀科技期刊一等奖，上海市科协系统优秀科技期刊一等奖．《中国新 

药与临床杂志》报道国内外新药，着重报道国产新药的临床研究、合并用药、合理用药和不良反应等． 
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