
ピラソ畷の開環による縮合型タンエソ分子構造の修飾  101   

文  

暖ラン環⑳開環各冨慮る縮合型タン芸ン鎗予構造⑳修飾  
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徹  

StructuralModification of Condensed Tannins  

by the PyranMRing Opening  

Tohru M汀SUNAGA  

本論文は、樹皮の主要成分である縦令彗璧タンエソの三フッ化ホウ素（事F3トフェノ…ル糸による新た  

な分子構造の修飾法と構造解析法について研究し、さらに木修飾法による生成物の特性及び機能を解明  

することにより、新たな高度利用の可能性を提示したものである。   

第1車では、縮合型タンニソの単戯体である（＋トcatecllinをBF3山フェノール試薬で処理した際に、  

高収率で生成するピラソ環開環型フェノール付加物をはじめ数種の生成物の化学構造を明らかにした。  

さらに、各種反応溶妹と酸触媒の影響について検討を加え、フユノ仙ル付加物の生成がSN2機構で進行  

すること、またBF3の高触媒活性儲は反応サイトとのアクーkシビリテイ…の強さに起因することを明ら  

かにした。   

第2輩では、天然の縮合塑タンエソに存在するピラソ環の開環度の新解析法としてメチル化叫核交換  

反応を確遺した。すなわち、構造既知の合成縮合彗璧タソニソのモデル化合物を用いて本手法によるピラ  

ソ環構造の定数的解析が可能であることを確認し、これを開環度未知のタンエソに適用したところ、特  

にケプラチョタソニソではかなりの頻度で開環していることを初めて明らかにした。よって、本分耕法  

は高分子領域も含む天然タソニソのピラソ環に関して新たな情報を掟供できることが明らかになった。   

第3輩では、分子應、ピラソ環の開堺度などの構造解析結果から、樹皮タソニソのフェノ…ル化挙動  

はnavan…3…Ol単位の水酸基パターソによって大きく異なることを明らかにサると共に、フェノール化  

変性によりA…環の求核性が大きくなり、室温でのホルムアルデヒドとの反応が向上することを示した。  

また、樹皮クンニソのグルコシルトランスフェラ脚ゼ阻薯活性は緑茶及びウーロソ茶由来のタソニソの  

ものよりかなり高く、分子盈が増加するに従い阻奮活性が向上すること、ならびにフェノール化変性物  

は分子数低下の割には商い阻害活性を維持していることを明らかにした。   
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pREFÅCE  

Condensed tannins consist of oligomeric or poiymeric flavan∵3MOis as repeating units and  

are widely distributedin the plant kingdom．They have been considered as defensive  

Substances againstliving山Plant enemies．13）Barks of some woody species，Acacia meamsii，W  

ハ′，ご！・・∫叫／り、－／一・トリ・、川′J・1両 ／．・り－∴、－、、ト．＝∴■、J・一仙′∴Jバご●、り′一、㌧り．：こlいミり∫…∫ざ．J）′ト砧′． ‥．  

known for the sources ofcondensed tannins．In particular，the bark of hemlock and spruce  

Were the mostimportant materialsin America historicaliy，and theirindustry br tanning of  

leather had been already operatedin the middle of the19th century．一：う）  

The word oftannin was usedin the1800’s to designate unknown compoundsisolated  

from the tan oak galls that were employedin the tannir噌Ofleatller．Rosenheim】d）found  

that condensed tannins have a nature of producing anthocyanidins pigment when treated  

With acid．Furthermore，Bate－Smith and Swain15）defined vegetable tannins as water仙SOiuble  

l）henolic compounds having molecular wcights between500鵬3000，and specialproperties  

SuCh as the ability to precipitate alkaloids，gelatin，and other proteins．  

Structuralcomplexitiesin condensed tannins are centered principally on variationsin  

hydroxylation patterns of the flavarlChain extender units，On the stereochemistry at the  

three chiralcerlterS Of heterocyclic ring，and on thelocation and type ofinterflavanoid  

bond，  

The condensed procyanidins consisting of3，3′，4′，5，7仙pentahydroxyflavan units are  

found most widelyin plant，and about50proanthocyanidins from dimer to hexamer have  

been reported．16）Most ofthe naturalcompoundsisolatedin the bark of woody plant have  

2H，3R（2，3仙Cオs）chain extender units，and they are terminatedwith either a（＋トcatech主n or  

トトepicatechin unit．17・i8） Further most proanthocyanidins are linked simply by bonds 

betweerlthe C40f the pyral1Ⅵring to either the C60r C80f the flavan A…ring．In the  

5…deoxy profisetinidins and prorobinetinidins，C4to C6iinkages between the chain extender  

unit are favored．昭OJThese structuralpatterns a】so play animportant roiein the reactions  

that occur on the AMling and BATing as welias theinterfiavanoid bond．Many different  

electrophiles tend to react with the A仙ring because ofits high electron density，and this  

electrophilic reaction has some significances with respect to commercialutilization such as  

WOOd adhesives．Interflavanoid bondis verylabile under acidic conditiorlS aS Can be seen  

in the reactions with butanoトHC12u and the thiolysi㌔Ⅷ）which havelong beenimportant  

analyticaltooIs usedin determining the structure of polymeric proanthocyanidins．On the  

Other hand，the formation of metalcomがexes25）and the antioxidant characteristics26）of  

COndensed tannins are associatedwith their BMring．   

In spite of their specialproperties such as electrophilicity，metalchelation，and protein   
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precipitationwhichcannot befoundinothercomponentsofwood，the barkcontaininga  

largequantityofcondensedtanninsareutilizedmerelyasafuel，fertilizer・Orbeddingfor  

livestocksinJapan．27）‡nSouthAfricaandUnited States，Ontheotherhand，thewood  
adhesivesutilizingcondensedtanninshave beenexamined byseveralresearchers28－38〉since  

the1970，s．However，COndensedtannins are used merelyforthereplacement ofthe  
expensivephenoIssuch asresorcinolorphloroglucinolinthoseutilizations・and呈tis  
difficulttosaythattheycontributetothecapabilities oftheadhesives・   

Because ofthe helicalconformations ofoligorneric procyanidins，aS mentioned by  
Haslam，31）itispresumedthattheかringand heterocyclicringaredistributedtothe  
internalsite，andtheB－ringisdonetothe outersiteintheirmolecules・Thesestructures   
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are not preferable considering the reactivities on the A山ring．Therefor・e，the structural  

modification forincreasing the flexibility of their molecule should be needed to create the  

epoch鵬making utilities．The author gave attention to the pyranMring opening reaction as  

one of the structuraimodificationin this thesis．  

Sulphitation or metabisulphitat主on whichis one of the oldest，but potentially most  

usefulreactionsin the preparation of adhesives based on condensed tannins had been  

believed as the reaction accompanying the pyran仙ring opening．＝畳〉‡n ainvestigationlater，  

however，a pyran…ring opened compound from（十トcatechin wasisolatedin verylow yield  

（ca．1％），and wasidentified as sodium：ト（3，4・N山dihydroxyphenylト2whydroxy仙3仙（2，4，6棚trihydr  

OXypherlyl）”PrOpane三上sulphonate by Foo et al．33）Therefore，they concluded that the  

markedimprovementillWater SOlubility of tanninisolates and the reductionin solution  

Viscosity resulting from sulphonation of condensed tannins can be explained by cleavage of  

theirlterflavanoid bonds not by opening of the pyran州ring．   

In this thesis，the author discussed the mechanisms of the pyran“ring opening reaction  

Of（＋卜catechin or naturaicondensed tanninsin the presence of boron trifluoride（BF：3）and  

excess of phenolfor the reforming ofcondensed tannins．   

In chapterI，the phenolation behavior of（－トトcatechinin the王茎F3mPhenoIsystem was  

described and chemicalstructure ofseveralphenoladducts wereidentified．Additionauy，the  

influences of solvents and catalysts on the formation of a pyran山ring opened compound  

（CompoundI）were discussed．   

In chapterII，an analyticalmethod，methylation冊Nucleus Exchange Reaction（ⅣトNER），  

WaS developed to determine the opening unit ofpyran仙ring．   

In chapterllI，the characteristics of the phenolation products obtained from bark  

extracts were discussed from viewpoints of the reactivities with formaldehyde and the  

inhibitory activities for glucosyltransferase（GTase）relating to the generation of dental   

CarleS．   
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ト1－1 t）ltl・（）d11etion  

Condensed tannins arewidely distributedin the plant kingdom，anditis reported that  

their contents reach more thanlO％based on the barkin western hemlock．封）  

The chemicalstructure of condensed tannins are predo】ninantly procyanidin polymers  

COnSisting of chains of polyhydroxyflavan…3仙Olunitlinked through C4血C6or C4血トC8bonds．一l－：）5  

38）In applied studics，they have been used as wood adhesives，取乱39） forleather tanning，一10）  

and mud additives封）because of their polyphenolic properties．  

Chemicalmodification of condensed tannins have been studied by Pizzi41）and Roux42）to  

develop applied research for cold…Setting wood山Iaminating adhes呈ves．Hemingway and  

Kreibich43）also demonstrated the presence of oligomeric procyanidin附4…reSOrCinoladductsin  

the reactibnmixtures when extractives ofloblolly pine（PinustaedaL）was treated with  

resorcinolunder acidic conditions．Furthermore，Sulfonation32）of condensed tannins had  

been thought toimprove water solubility and reduce solution viscosity by opening the  

pyran仙ring．However，Foo and co州WOrkers demonstrated that the4wsulfonated adducts and  

little pyranMring opened compound were formedin the sodium hydrogen sulfite treatment of  

lobloily pine．33）sasaya and others44）expected the formation of a pyran…ring opened and  

resorcinoladduct compound from taxifolin during solvolysis at180℃for12hrs，but benzyl  

COumaranOne derivatives wasidentified as the main product．Recently，in an alkaline  

COhdition，a pyran仙ring opened and phloroglucinoトadduct compound wasidentified from  

PrOCyanidin dimer via a quinone methideintermediate，45）But，this compound was unstable  

under alkaline conditions，aSit changedinto more complex compound，SuCh as catechinic  

acid which would beless reactive to nucleophilic reagents than would pyran－ring opened  

products．Therefore，the method for obtaining of the pyran…ring opening products was  

PrOpOSed here forincreasirlg the rotationalfreedom of A…ring of corldensed tannins．Abe  

and Funaokaindicated the phenolic patterns ofÅ－and B…rings ofseveralcondensed tannins  

from quantities ofliberated phenoIs which could be produced via pyranMring opened  

intermediates by running the Nucleus Exchange Reaction．46）   

In this chapter，the phenolation of（＋トcatechin，One Of the monomeric unit of  

COndensed tannins，by using an excess ofphenolin the presence ofBF3Whichis known as  

a catalyzer of cationic ring opening polymerization was attempted．Additionally，the   
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Chemicalstructures ofphenoladducts producedin the phenolation wereidentified by means  

Of a high resolution nuclear magnetic resonance．  

卜：卜2 王；Ⅹperimeれtal  

PIIC！lOlation   

（＋卜Catechin（NacalaiTesqueInc．KyotoJapan）was recrysta11ized from hot water．  

The catalyst used was BF3血PhenoIcomplex（NacalaiTesqueInc．KyotoJapan），Ⅹylene and  

Phenol（Wal（OPureChemica】Industries．Lt（l，）wereused asdiluentandsoIvent，reSPeCtively．  

Reaction was carried outin alOmlglass ampoule with50mg of（＋トcatechin and3mlof  

the reagent at a temperature of40…60℃・The constitution of the reagent was xylene：  

‡）henol：8Ⅰ㌻3仙phenoIcomplex＝＝1．0：19：1（Ⅴ／v）．After the reaction had been finished，tlle  

reaction mixture was pouredirltO arleXCeSS Of saturated brine and extractedwith ethyl  

acetate（30mix3）・After having been dried oversodium sulfate，the solution was evaporated  

up to a smallvolume（4仙5ml），and then was added dropwiseinto benzene（100ml）to remove  

excess phenol・Brownish precipitates were co11ected by centrifuging at4000rpm（2000g）and  

driedin vacuo over P：105．  

GeIleralanalyses  

Analyticalseparation by TLC（thinlayer chromatography）were performed on Merck  

60F254silica仙gelprecoated plates（developing soIvent A；toluene：ethylacetate：acetic  

acid＝5：4：1，SOIvent B；benzene：ethylacetate＝＝4：3）．Spots were visualized on silica  

gelplates by vanillin…HCIspray and UV（ultraviolet）illumination．The quantitative analyses  

Ofliberated catecholin the benzene soluble fraction and ofCompoundI，ⅠⅠ，andIIIin the  

precipitates were made by means ofHPLC（high performanceliquid chromatography）with an  

internalstandard method by using saligenin．AJasco800series system（column：Develosi1  

0DS…10，4・6mm¢x250mm；mobile phase：MeOH／0．01％trifluoroacetic acid＝＝＝28／72仙45／55  

COnVeX gradient for40min；FIow rate：LOml／min；Detector：UV280nm）was used for the  

エーPLC．  

漫solation紺di（重eれtiぎi挽ti鋸＝ぱC由叩朋用8勘∴摘，鋸ば芝椚  

Because the precipitates mainiy consisted of compoundsI，ⅠⅠ，andIIIjudging from the  

HPLC，these compounds were separated by preparative HPLC（column‥DevelosilODSMlO，  

20mmfx250mm；mobile phase：MeOH／0．01％TFA＝＝＝30／70for CompoundI，40／60for  

COmPOundsIIandI王Ⅰ；Flow rate：10．Om】／min；Detector：UV280nm）．The UV（ultraviolet）  

SpeCtrum WaS meaSuredin methanolon aJasco UVIDEC仙505spectrophotometer．Mass  

SpeCtrum WaS meaSured by SIMS（secondaryion mass spectroscopy），FDMS（field desorption  

rnass spectroscopy），and EIMS（electron主mpact mass spectroscopy）on a HitachiAM80．与ト  

and13c仙NMR（nuclear magnetic resonance）spectra were measured on aJNMMGSX400   
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spectrometer．The following NMR pulse sequences were used：1H…1H COSY（Correlation  

spectroscopy）was recorded using a flip angle of90O．1HJH NOESY（nuclear Overhauser  

effect and exchange spectroscopy）was recorded using a mixing time of750ms．The  

long血rangelHJH COSY experiment used a90O mixing pulse and a delay time of350ms．  

Compo11nd‡   

Rf（soIventA）：0・37，UVス崇≡㌘Iinm（log6）：279（3・71），SIMSm／z‥385（M粁），355，  

324，281，251，206，and132（GlyceroIwas used as a matrix．）．1H仙NMR（1％壬n CDCl：～）：  

∂2．25（1H，（l（）ub】et（（り，Jニ10Hz），2．42（1H，d，J＝10‡】Iz），3．78（1H，d，Jニニ8Hz），4．29一明4．48  

（1H，multiplet（m）），5．93（2H，Sing】et（s）），6．73（2Ⅰ寸，d，J＝8．5‡ヰz），6．77（1H，d∴ト11．5Hz），  

6．78（1H，d，J二＝11．5fiz），6，78（1rT，S），and7．25（2日，d，J：＝8．5日z）．  

A伐tate Of Compo11n（‡夏（卜Åc）  

AboutlOmg of CompoundIwas acetylated with acetic anhydride（200 FLl）and pyridine  

（200／1りat the ambiellt temPerature for24hours．トAc was pur描ed on the preparative  

TLC（developing soIvent：bnzene／ethylacetateニニ3／2）．   

‡ミf（so】verlt B）：0．50，EIMS m／z：61＿8（Mヰ山肌CH3COOH），34】．，299，277，257，235，215，  

193，and151．1H…NMR（1％in CDC13）：∂1．756（3H，S），2．145（3Il，S），2．242州2．281（15H，  

s），2．758（1H，doubie doublet（dd），J＝lAHz，5．5Iiz），2．843（1H，dd，J＝14Hz，8．4＝Hz），  

4．122（1王寺，d，J＝＝7．OHz），5．759…5．776（1‡｛，m），6．855（2H，S），7，014（1H，d，J＝8，OHz），  

7．039（21‡，dd，J：＝8．4㌻Iz，2．O Hz），7．106（1H，d，Jニ1．6‡｛z），7．118（1H，dd，Jニ＝8．OHz，  

1．6Hz），7．339（2H，dd，Jニ8．4Hz，2，O Hz）．  

（「川11l）l）l111（】tl  

Rf（soIvent A）：0．57，UV nm（loge）：280（3．86）（no maximum between200nm and  

400nm），SIMS m／z：383（M廿ド），367，350，337，206，and182．（giycel轟01was used as a  

matrix．）  

鯛et鮎yle洩er¢君（わmpoun8ⅠⅠ（亙宣瀾e）  

Cく）mPOundII（20mg）was dissoIvedin15mlof acetorle，and O．25mlof dimethy】sulfate  

andl．5g oF potassium carbonate were added to the acetone soiution．Therlit was refluxed  

forlてhours．Tile maiIュCOmpOlユnd detected by HPLC from the reaction mixtlユre＼VaS  

collected with preparative HP工JC，eluent：MeOH／0，01％ trifluoroacetic acid（TFA），  

COlumn：ODS…20¢x250mm，flow rate：10ml／min．Then，16．5mg of CompoundIトMe was  

Obtained as white amorpilOuS by freeze drying，   

1H－NMR（1％′in CDCl話）：d2．32（1H，dd，J＝14．4Hz，4．4Hz），3．401（1H，d∴巨14．4  

Hz），3．685（1H，d，J＝9．6Hz），4．774（1‡寸，quadrup‡e doublet，J＝9．6Hz，4．4Hz，1．6  

IIz），3．644（3H，S），3．822（3H，S），3．883（3H，S），3．900（3H，S），3．903（3H＼s），6．390（1H，   
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s），6．548（1H，d，J＝ニ2．4‡｛z），6．652（1H，d，J：＝2．4｝‡z），6．927（2H，d，J＝8．4Hz），6．963  

（1H，S），7．254（2H，d，J＝8．4Hz）．   

13cィNMR（1％in CDC13）‥ ∂30．746（C叫7），53．754（CM5），55．229（4′仙OMe），55．539  

（1000OMe），55．777（3血OMe），56．059（8－OMe），56．101（2…OMe），79．839（C仙6），97．309（C…9），  

105．095（C山11），111．054（C仙4），111．954（C血1），114．189（C－3′，5′），117．070（C…7a），130．675  

（C－2′，6′），131．434（Cイ），132．418（Cw12a），132．966（C川4a），142．720（C血11a），147．456（C血2），  

147．920（C…3），158．377（Cm8），158．545（Cイ），and159．248（C鵬10）．  

Compo11nd‡II   

Rf（soIvent A）：0．65，UVス禦冨㌘Hnm（log e）：279（3．62），SIMS m／z：367（MH＋），355，  

343，337，325，315，223，199，and123．1H～NMR（1％in CI〕Cl：i）：∂2．65（1H，dd，  

J＝ニ15．0‡寸z，7．OHz），2．93（1日，m），5．69（1H，d∴巨2．OHz），5．80（1H，d，J＝2．0Ⅰ－‡z），6，68  

（2H，d∴ト10Hz），6．65一－6，80（3‡寸，m〉，and7．15（2H，d，J：＝10．OHz）．  

A（盟tate OfCo叩）OundI‡‡（‡‡トAc）  

AboutlOmg of CompoundIl．Iwas acetylated with acetic anhydride（200ml）and pyrid呈ne  

（200ml）at the ambient temperature for24hours．ⅠⅠトAc was purified on the preparative  

TLC（developed with soIverlt B）．  

Rf（solvent B）：0，65，EIMS  

m／z：576（Ml），342，299，257，  

234，215，151，and123．1H山NMR  

（1％’in CDCl3）：d2．2仙2．3（15壬ま，  

s），2．82（1‡もdd，J＝15．7Hz，7．7洩），  

3．10（1H，dd，J＝15．7Hz，8．8Hz），  

4．20（1H，d，J＝9．2Hz），5．44仙5．53  

（1H，m），6．39（2H，S），7．04（2H，  

d，J＝8．8Hz），7．08仙7．15（3H，m），  

arld7．30（2H，d∴巨8．8Hz）．  

均一－phemol  

敏一Compound‡‡‡  

啓一－Compound‡‡  

恕0．5  
噸匝Compound‡  

噸ト・－・・（＋）・CateChim  

ト1－こ‡ⅠミぐSl11t5il11（】Discll∬i（HI  

Catalytic臨C扇vity of蓋F3  

Catalytic functions of BF3are  

similarto the types ofFriedelペニrafts  

catalysts．They have the fo1lowi  

remarkable features，Smallatomic  

nuclei，gaSeOuS and high electrop  

hilicity．Moreover，Since BF3has  

the coordinating ability as weilas  

Fig・且 甘臥Csoどphenolationpro血etsぎrom（＋）－eaモechim．   

Legend：⑳：Vamil量in・HC量posi扇vespo藍s．  

Note：DeveloplmgSO量ventsusedⅥraStO‡uene；E色OAe：AcO班  
＝5：4：1．   
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Other Lewis山aCids do，Chemicalreaction such as alkylation，pOlymerization，aCylation，and  

substitution are accelerated with minor side剛reaCtions．   

Therefore，the phenolation by usingBF3WaS attemPted払r the phenolation of（＋）－トCateChin．  

Fig．1shows TLCs of reaction products from（＋）MWCateChinin the phenolation by the use（）f  

O，5mmolof BF3Or hydrochloric acid at40℃ for30min．The presence of many smallRf  

value spotsindicates that complicated reaction took place during the phenolationin the  

presence oT hydrochloric acid which has been examined so -far for the phenolation of 

COndensed tarl王1irlS．On the other hand，Only a few phenolation products were detecte〔‡in  

spite of consuming most of（＋）qcatechin on the BF3叫uCatalyzed phenolation．From the facts  

PreSented above，it became apparent Lhat the phenolationin the presence of BF3WOuldl〕e  

appropriate to understand the main reactio11Of（＋）wcatechin．  

‡deれti官i伐もioれ0富t駄e p駄enolate（】印mpOl！mds  

HPLCs of the phenolation products are shownin Fig．2．Surprisingly，（＋）mcatechin  

（retention time（「．t．）：6．5min）disappearedin the step ofinitialreaction time，and mainly  

convertedinto CompoundI（r．t，：12．61），Compound‡‡（㌃．t．：19．85），and Compound m  

（㌻，t．：23．58）．After that，CompoundIIandIIIwere producedlargely as main productsirl  

consistent withl二he disappering of Compound 王．CompoundIwasisolated from the  

precipitate obtained by a reaction at40℃for30min with a40％yield and CompoundI‡and  

IIIwereisolated from that obtained a reactions at40℃ for240min with25％ and22％  

yields，r・eSpeCtively，by the preparative HPl，C．These compounds were brownish amor・Phous  

solids and dissoIved easilyin severalp（〕iar soivents．Their acetates were white amorphous  

solids and Rf values were O．37，0．62and O．70，reSpeCtively，in the soivent B system．  

〔’〃〃小ノア†川ノ／  

隼トNMR spectrum of Compound‡showed ABMX type proton signals at ∂2．25（1H，  

dd），2．42（1H，dd），3，73（汀‡，d）and4．29－4．48（1H，m）ppm．：h addition to the signals  

derived from A仙a丑d壬トrings，Signals at ∂6．73（2H，d）and7．25（2H，d）ppm were observed  

in aromatic region．It shows that CompoundIhas the structure adding a pheno‡with  

para position．A singlet signaiof two protons at5．93（2H，S）ppm were attributed to6－H  

and8山H on theÅ－ring，Which showed that this two aromatic protons were equivalence  

magneticaliy．However，tWO arOmatic protons on the A－ring of（＋卜catechin are not  

equivalence and are appeared as double doublet signa】s．This result shows that the  

Compound‡has a phloroglucinolring appeared by pyran…ring opening of（＋トcatechin．   

1H…NMR spectrum ofCompoundIacetate（トAc）are shownin Fig．3（whole region）and  

Fig．4（aromatic region）．Intense signals show atl．756（3H，S）and2．145仙2．281（18H，S）  

Ppm，Which mean one aliphatic acetylgroup and six aromatic acetylgroups．Additiona11y，  

the ABMX type proton signals appeared at2．758，2．843，4．122，and5．759鵬5．776ppm，Which   
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まミ■・∫t－。  
〔きA〇  

ーC王立3COOH  

さご∴‥  

－∴．ざ・1もニ  

（沼た618）  

・・‥‥ニ．J  
鬱   

（川た277）  
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show the presence of a partialstructure of MCH2－CHCHMq．   

In aromatic region（Fig．4），equivalent two protons on A…ring at6．855ppm and two pairs  

Of ortho川COupled four protons on a phenolring added at7．039ppm and 7．339ppm are  

appeared．1‡寸…IHCOSY of CompoundI＋Ac shownin Fig．5are consistent with the  

assignIれentSinlI4山NMR described above．  

The EIMS ofトAc showed majorions at m／z618（M一血－CH3COOH），365（618q叫6x  

CH2CO），215（34巨仙3xCH2CO），and155（277…3xCH2CO）．It was thought that m／z618was  

detected as anion deacety】ated from molecularion m／z678．Further・more m／z341and277  

Were detected as the daughterions of nl／z618as shownin Fig．6．Therefore，CompoundI  

wasidentified asト（3，4岬dihydroxyphenylトtM（4仙hydroxy仙phenylト3血（2，4，6肘trihydroxyphenyl）  

仙prOpan刷2”）l，and the configuration of Cland C2should bele and S，reSPeCtivcly based on  

that of Compound王‡describedlater．  

Cb椚卸邦〟〟  

一H仙NMR spectrum of mcthylated CompoundI‡（‡トMe）was showrlin Fig．7．One  

double doublet（dd；J＝ニ14．4Hz，J‥＝4．4Hz）proton was observed at2．320ppm（Ha），and one  

doublet（d；J：＝14．址iz）protorlat3．401p即Ⅵ（Hb）．These protons were presumed to be  

geminalprotons judging from the coupling constants．Additionally，One doublet（d；  

J＝＝9，6Hz）proton and one quadruple doublet（qd；J＝9．6‡iz，）＝4．4．Hz，］二＝1．6Hz）protorlWere  

shown at3．685ppm（Hc）and at4．774ppm（Hd），reSPeCtively，Some correlations were  

observedin thelHJH COSY of CompoundIトMe（Fig．8）．The Hd correlated with the  

Ha，the Hb，and the Hc，and also the〕ほb corrclated with the Ha，Whichindicated the  

presence of（仙CH2（a，b）仙CH（d）…CH（c）nM）．  

Five singlets signals observed at3．63ppm～3．91ppm were assigned to methylprotons of  

five metllOXylgroups．Therefore，it was presumed Lhat five phenolic hydroxylgroups  

existedin CompoundII．   

In the aromatic region，tWO〔loublet（dd；］＝＝2．4riz）sigrlals correlati11g With each other  

appeared at6．548ppm（Hf）and at6．652pl）】Ⅵ（Hg），and they were assigned to two protons o【1  

the A…ring．Because these two protons were not equivalent and had coupling constants  

COrreSPOnding to】neta COuPlingin t呈■le Sanle ma‡1ner aS WaS Observedin case of（m卜）  

血CateChin，47）itisindicated that CompoundI卜Me has a heterocyclic ring．Additionaliy，  

two doublet（J＝8．4Hz）protons correlating with each：other appeared at6．927ppm（Hh）and at  

7．254ppm（Hj）．As each doublet consjsted of two protons and had coupling constants  

COrreSPOnding to ortho coupling，these signals were assigned to the four protons on an  

adducted phenol－ring．The remaining two singlet signals appearing at6．390ppm（He）and  

at6．963ppm（Hi）were assigned to the two protonslocatingin the paraMpOSition on the  

B－ring．This resultindicates presumably that the6r…prOtOn OfCompoundI，Which changed  

into CompoundsI‡andI‡Ias mentioned above，disappeared to form a new heterocyclic   
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∴－ノ  

He  
トl只  1・汀  

PPJ・l  

T「「rlTl血r「  
6．9  6．8  6．7  6．6  6．5  6．d  6．3   7．i  7．0  

訝温g。撃 圏¢義鳩Ⅴ¢厨Compo馳取成温澄n独。   



厨畳g。且⑬咽励咽C⑬§嘗¢官紀⑬偽野⑳協随感畳温隠鯛密。  

ring・Results ofNOESY for corelating each aromatic methoxylgroupwithits neighboring  

protons were shownin Fig．9．The Hg proton correlatedwith the OMe榊D，and the Hf  

PrOtOn did the same to both the OMeMD and OMeu－C，Whichindicates that the Hg，the  

Hf，the OMeND，and the OMe鵬C arelocated at thell－，9－，10－and8㈱pOSitions on  

the AMring，reSpeCtively．Because the Hh protons on the phenoiring were correlated to  

the OMe－B，they arelocated at3rM and5rMpOSitions，and the OMe－B at the4′仙POSition．  

The Hj pr・otons that showed no correlationwith any methoxylgroup should be2′”and  

6′…pOSitions on the phenolring・As we could not understand the positions of the two   
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protons on theB－ring，long…rangelHJHCOSY was measured as shownin Fig，10．The  

Hcproton（5…pOSition）didnotcorrelatewithaHiproton butwith aHeproton．Furthermore，  

the He proton appeared at a highermagnetic field than any other aromatic protonsin spite  

Of the fact that the BMてing protons emerged norrna11yin alower magnetic f主eld．This  

result suggests that the He protonlocatesin some position whichis sub5ected to a  

Shielding effect from an adducted phenoトr・ing．Therefore，it has beenmade clear that the  

He protonlocates at the4…pOSition and the Hiat thel～pOSition・Accornpanying the  

above results，it became apparent that the OMewA and …E located at the3… and  

2＜、■、q－MpOSitions，reSPeCtively・Fig．11shows the stet嶋eoViews oftwo possible configurations at  

the5MpOSition and the conformation between the5鵬and6－pOSitions，If the5一肌POSition  

WOuid be the R configuration and the proton of the4MMpOSition would belocatedin the  

Shielding field from an adducted phenoトring as mentioned above，the dihedralangle  

between the protons of the5…and6MPOSitions would be close to OO．Judging from the  

relationship between the dihedralangle and the coupling constants，」B）the angle value would  

COrreSpOnd to8ヘノ10‡｛z．As the observed value of the coupling constant was9．6Hz as  

describedin Fig・7，this prediction seems to be reasonable．In this case，it was explicable  

that the Ha proton also waslocatedin the shielding region from the B－ring because that  

PrOtOn emergedin high magnetic field as shownin Fig．7．If the5…POSition would be S  

COnfiguration，On the contrary，the dihederalangle ofit would be close to180O judging  

from that stable comformation．In this case，however，the proton of the4…POSition would  

not belocatedin the shielding field as shownin Fig．11．Thus，this prediction seems to  

bein conflict with the experimentalresults．Therefore，it was explained that the Compound  

IIwould be5R，5，6…Synperiplanar，and be termed as（5R，6Sト2，3岬dihydroxybenzo［b］－8，10  

…dihydroxybenzo［g］仙5山（4phydroxy…Phenylト6山hydroxyoxaocane．  

5ぶ，5，‘－antiperipIanar  5忍，5，6・SynperipIanar   

野童g。鳳凰 甘払es駐ereov豆ews¢釘com疏g弧訂払底孟omaをC5am舶om駄〉rma朗om飽食  
C5a取成C応0釘CompoⅦmd亙亙恥ased¢mぬel㌍・NM汲ぬも乱   
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（り叫…i～′／／〃   

The molecularion peak ofCompoundIIIby SIMS showed m／z366，Which was thought  

to be dehydrated compound from CompoundI■l封トNMR spectrum ofCompoundII‡showed  

ABMXtype proton signals at∂2．65，2．93ppm（C3仙2H），3．90ppm（Cα〉1H），and5．20～5．55ppm  

（C2－－1H）・Foraromatic protons，theirchemicalshifts and coupiing constants were very  

Simiiar to CompoundIexcept for two A…ring protons spliting at2Hz as observedin the case  

of（＋トcatechin，1H仙NMR spectrum ofCompoundIIIacetate（ⅠⅠトAc）showed that there was  

five aromatic acetylgroups ∂2．20～2．23ppm and no aliphatic acetylgroup as shownin  

Fig・12・FDMS showed a molecularion peak at m／z576，and EIMS showed majorions at  

m／z576（M＋）．342，299，257，215（342w3xCH。CO），234，193，and151（234－2xCIhI2CO）．  

訝忌g。鼠急 嘱一難髄鞘削如瀾ばC棚卿沸鋸酢庵   
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（I   5（1 1（I（I 15（I 2（）0  25（l  

汲eaetiomtime（mim）  

紆ig・且3 甘馳ey孟e且戚s¢釘C¢mpO隠m援亙，亙‡，a取組亙Ⅹ耳鉦¢m  

（サトca紅ec払im豆mp払emo温a鮎m『eagem紅a忠魂¢OC。   

軋egemds：O Compoumd‡ 慮 CompoⅦmd‡耳  

鈴 Comp㈹md亙‡‡ 隊 Toもal   

Theions of342and151derived from a retro Diels…Alder fragmentation suggested that three  

acetoxylgroups were attached to the B仙ring and a phenylringintroduced，and two acetoxyl  

grく）upS Were attaChed to the A山ring．Therefore，CompoundIIIwasidentified as4，6仙dihydr－  

0Ⅹy山2岬（3，4，4′州trihydroxy diphenyトmethaneトcoumaran，andtheconfiguration at C2andCa  

Should be S and R，reSpeCtively from that ofCompound L  

T払e gorma七io王Iand meehaれ誌m of蝕e pIleI10‡ation pro血e短．  

The phenolation was carried out at40℃in3mlof the phenolation reagent because  

CateCholliberation has occuTred at60℃in the NER reagent as mentioned by Abe et al．46）  

Figure13shows the changes ofthe yield of these compounds and their totalyiels（mol％）  

based on（＋トcatechin・CompoundIlinearly decreased with theincrease ofreaction time，  

Whereas CompoundIIandIIIlinear‡yincreased up to120min，and graduallyincreased after  

120min ofthe reaction time・Furthermore，tOtalyield ofCompoundI，ⅠⅠ，andIIIreached  

about70mol％within120min．From the fact presented above，it was presumed that the   
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Preferentia‡reaction，in which（＋卜catechin changes rapidlyinto CompoundI，and then  

Compoundlgradually transformesinto CompoundIIandIII，OCCurredin this system．The  

result of quantitative analyses of Com】〕OundI，ⅠⅠ，IIIand catecholat various reaction times  

are shownin Tablel．Itis obvious that catechoIwas notliberated at40℃，but was  

gradually produced with tising temperature．The decrease of totalyields of these compounds  

SuggeStS that the side reactions occurred gradually with rising the reaction temperature．  

The reaction of CompoundIin thc phenolation r・eagent was examined to confirm the  

formation of CompoundIIandIIlfrom CompoundI．As shownin Fig．14，the same  

tendencies as describedin the reaction oF仁仁トcatechin were observed that the yiclds of  

Compoし1ndIIandIIIincreased as that of CornpoundIdecreased．Judging from the total  

yields（90mol％）of these compounds，itis obvious that the conversion of Compound n and  

Hlfrom CompoundIare the main reactions at40℃in the phenolation reagents．  

From the above resu】ts，the phenolation mechanismis】3r・OPOSed as shownin Fig．15．  

（1）an unshared electron pair of oxygen atom of the pyran・山ring coordinates with a BF3  

molecu】ein an excess of phenoi，and then CompoundIis produced via the nucleophilic  

substitution rcaction，（2）intramolecular dehydration occurs between an alcoholic hydroxyl  

group and aromatic hydroxylgroupin the CompoundIto pr・Oduce ConlpOundIII，On the  
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l）  5（） 11仙  15（1  2（州  25（I  

汲eac鮎mも塁me（m塁m）  

肝塁g。且魂 甘払eyie温ds¢gC¢mp¢Ⅶm通亙Ⅹ汲md瓦‡文相om  

C⑬mpO弧m娘瓦五mp馳em¢温a鮎m『e払gemをa敏穏¢OC。   

mege‡lds：O Compoumd‡ 息 Compoumd‡瓦  

帝 CompoⅥnd瓦濫亙 因 Total  

Other hand，OXidation also occurs to produce CompoundII．  
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トト呈 ド‖11tll則・さ  

The modification of（＋トcatechin by the phenolation was examinedin ordcr to  

understand the ghenolalion mechanisms of condensed lannins in the pesence of boron 

trifluoride．（＋）wCatechin was transformedinto CompoundIin theinitialstage，and then  

CompoundIchangedinto Comp（）undIIor CompourldII‡during the prolonged reaction．  

The totalmaximum yields of these phenolated compounds was70mol％based on（＋トcatechin  

at40℃．  

Based on the data oflH山NMR，2DMNMrミ，arld SIMS CompoundI，II，andIIIwere  

identified asト（3，4血dihydroxyphenylトト（4rhydroxypheny】ト3仙（2，4，6甲骨ihydroxy”Phenylトpropanw2wol，  

（5R，6Sト2，3仙dihydroxytRnZO［bニト8，10－dihydroxybenzo［g］…5－（冬qサhydroxyphenyl）b6仙hydroxyoxaocane  

and4，6－d主hydroxy…2…（3，4，4′仙trihydroxydipheny】methane）MCOumaran．  

Therefore，it was proved that thel）yran仙ring of（＋トcatechin was opened easily by  

using BF；与in the presence of excessl）henolat40℃．The phenolation mechanism was  

presumed that the coordination of BF30CCurr・ed on the pyran鵬ring ofト十トcatechin，and  

therlnuCleophilic substitution took place with a phenoito form CompoundI．FurLhermore，  

intramoiecu】ar dehydration occurred betweerlan alcoholic hydroxylgroup and aromatic  

hydroxylgroupin CompoundIto produce CompoundIII，On the other hand，OXidatiorl  

aiso occurred to produce CompoundII．   
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‡－2 Thei‡lflue‡leeSOf thesolvemts aれd侃talys短Om洩e forma七重on of払mpouれd瓦  

ト2－1IIltrOd11CtioII  

Chemicalreactions ofcondensed tannins under acidic and basic conditions predominantly  

take place at the site of aninterflavanoid bond and／or an ether bond on the pyran ring．  

Hemingway and McGraw，49）and Hemingway and others35）pointed out that acid“catalyzed  

（acetic acid）reaction promoted theinterflavanoid bond cleaving and that the C4MC8  

interflavanoid bomd was cleaved more rapidly than the C4叫C61inkedisomers．Furthermore，  

Hemingway and Daling，50）and Kreibich and Hemingway39）reported applicationalstudy for  

COld setting adhesives．Laks and Hemingway45）reported a base catalyzed reaction of a  

procyanidin dimer，in whichinternavanoid bond cleaving takes place first，then a pyran  

ring opens via the formation ofquinone methide．Recent】y，in the treatment of（＋トcatechin  

undeT mild alkaline conditions（pH12，50℃），it changed to the dimeric compound whichis  

the condensation product ofcatechinic acid and pyran ring opened compound as reported by  

Ohara and Hemingway．与り   

In chapterト1，We described the phenolation behaviors of（＋トcatechin，Whichis a  

monomeric compound of condensed tannins，by a boron trifluoride cataiyst and expiained  

the chemicalstructures of some phenolated compounds．One of them was a pyran仙ring  

opened ar；d phenolatedcompound（CompoundI）which was a main compoundin the early  

reaction step，andit was predicted that the compound was formed via a nucleophilic  

substitution reaction from（＋トcatechirl．   

In this chapter，the effects of the solvents and catalysts on the formation of Compound  

Iisinvestigated，andits advanced formation mechanism and stereochemistry are discussed．  

ト2－2 ExperimeIltal  

Phe王10latioIl   

（＋トCatechin or（＋トepicatechin（50mg）was combined with the reagents containing  

SOlvents（1ml），phenol（1．9ml），and catalysts（0．045～4．5mmol）in a glass ampoule．Solvents  

used were nine aromatic，three protic，and six aprotic soIvents as shownin Fig．16，and  

Catalysts were four Lewis acids and five protic acids as shownin Table2．The reaction  

WaS COnducted at40℃in anincubator after the substrate was dissoIved completely with an  

ultrasonic wave．The reaction mixture was pouredinto excess saturated brine and was  

extractedwith ethylacetate（30mlx3）．Then aninternalstandard compound（saligenin）  

WaS added to the ethyiacetatelayer・The amount of CompoundIwas determined by  

HPLC describedin chapterト1．  

Synthesisofトト卜epi偽teCIli‡l   

（＋トEpicatechin was synthesized from（＋）pcatechin by Foo and Porter’s method．52）   
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（＋）－Catechin（500mg）was dissolvedin ethanol（3ml），placedin a stainless叫Steelbomb，and  

flushedwith nitrogen gas．The reaction was conducted at180℃for2hrin an oilbath．  

The products were obtained by preparative HPLC，COlumn：Develosiト10，20mmi．D．x  

250mm；mobile phase：MeOH／0．01％TFA＝＝ニ30／70；fiow rate：10mi／min．（＋）wEpicatechin  

（153mg）was obtained as a white amorphous solid after freeze…drying，  

Analyti（温1me洩0（璽  

Ånalyticalseparation by TLC was performed on Merck60F254silica山gelprecoated p】ates  

（solvent；toluene：EtOAc：formic acid＝ニ5：12：1）．  

牛トNMR spectTa Of（＋）仙CateChin and（＋トepicatechin were measuredin acetone仙dk oI1a  

JEOL EX鵬270．  

卜2－3 況esu‡短aIld Dis（：uSSion  

T論e e舘eぬ0ぞt駄e solvents on tlle紬rm汲もi（）n Of Comp（）Ⅵnd‡  

Since CompoundIis a ring山OPened and phenolated product of（十トcatechin asidentified  

in chapterト1，its moleculeis expected to be a more flexible structure compared to  

（＋トcatechin．Therefore，itisimportant for the modification of condensed tannins to fi11d  

the condition for obtaining alarge yield of CompoundI．In general，SOlventin the reagent  

is one of the chemicalfactorsinfluenc主ng the rate of reactまon．Figure16shows the amou】1t  

of CompoundIafter a30min…treatment at30℃when severalaromatic，PrOtic，and aprotic  

soIvents wel・e uSed．トトトCatechin was almost consumedin most solvents except a few  

protic soIvents．CompoundIwas formed greatlyin the aromatic soIvents，eSPeCia11yits  

yield was56mol％of（＋トcatechinin benzene．It showed more than2．8times compared  

with thatin xylene wllich has been usedin the NER reagent．J6）As shownin the reaction  

using xylene，tOluene，and benzene，the yield of CompoundIincreasedwith a decreasing  

甘a払丑e2 甘ぬeseve『a且ca宜a温ysをsⅦSe姐餌訂配馳e餌訂ma鮎mog  

C¢mpOum成亙。  

臥ew最s払e盈通  炉roも塁e汲C畳d  

主モーこ王・■  

；二；こ（■J玉  

置覚2S¢4  

（て・ミニJ（、て1：ぐ．）丁・扇   

CC漫3C⑬¢蚤瓦   

勝野3  

甘五C且4  

SmC且4  

A漫C丑3  
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且 2 3 尋 5 6 7 8 9 鼠¢鳳凰且2凰3且援且5且6且7温8  

So温vem宜N¢。  

訂孟g。且応 甘馳ee晩e底＄0厨seve訂盈温s¢温ve軸¢m蝕e餌訂m級鮎m  

（j了－ミニくiil叩（）いミ【邑i；。   

N。te：P払emo温故を孟onwaseomduc宜eda息4¢OC紬F3¢m主犯．  

1；Ⅹylene，2；紬Iuene，3；bemヱene，4；ethylbe†lZene，5けblltylbenzene，  
6；i・prOpylbenzene，7；CillorobenzeneI8；anisole〉9；p・methy苫a11isole〉  

10；meぬand，11；CyClohexanol，l之；e抽yieneglyco‡monome抽yleぬer，  
13；油ylenegIycoldimethylether）14；dioxane）15；metbylcyclohexane，  
16；dicblorome払atle，17；triehloromethane†1＄；tetraChlorometttane・   

Legend：豊Compound‡鮎rmation．隠（＋）・Ca藍echineonsump藍ion・   
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甘認恥温e3 甘触ee恥c色0雷ea息a聴ys色¢m蝕e餌訂maを畳0汲¢『p馳e弧0及盈戚dⅦC忠S。   

ca叫s乞 Åmount Tme Consumption l）yorma鮎n（mol％）selee紬2）  
（mm（〉i）（nim．） （mol％）   ‡   ‡亙   ‡‡‡index  

BF3  0．45  30  ！け．3  5‘．3  3．5  ‘．8   5（i．7  

‘0  9，．7  24．5  4．5  7．4   24．6  

0．‘   19．1  

0．8  20．7  

n．d．  3．7  

n．d．  4．4  

n．d．   1．5  

n．d．  2．0  

85．8  1．1  

91．8  1．0  

91．8  ヱ．1  

92．8  2．4  

83．4  1．8  
84．9  1．7  

1．3  

1．1  

2．3  

2．応  

2．乏  

l．9  

TiCh  O．45  30  

60  

0．045  30  

60  

0．023  30  
60  

ヱ．0  1．7  （i．0  

ヱ．8  3．0  5．8  
n．d．  n．d．  

n．d．  n．d．   1．9  

95．0  5．7  
94．9  5．5  
75．3  n．d．  

＄2．1  1．6  

SnC14  O．45   30  
60  

0．045   30  
60  

67．Z  8．8  

80．1  7．8  
58．3  3．0  

74．1  1．1  

AIC13  軋45   30  

60  

0．23   30  

60  

n．（l．  5．7  13．1  

0．2  11．4  9．7  
n．d．  2．0  5．2  

1l．d．  3．5  1．5  

43．O  n．d．  

45．9  n．d．  

36．¢  1．6  
5（l．1  1．‘  

n．d．  n．d．  

n．d．  n．d．  

n．d．   n．d．   4．3  
1l．（l．   n．d．   3．2  

HF  （I．45   3（1  

60  
2．3¢  3¢  

60  

HCl  （l．45  3（）  80．4  n．d．  1l．d．   5．4  
‘0  83．1  n．d．  n．d．   7．ヱ  

HヱSO4  0．45  3（I  

60  

軋23   30  

60  
0．11  30  

93．0  7．0  

99．0  3．4  

74．1  10．5  
62．9  4．堵  

73．4  5．2  

0．‘   11．2  

0．6  22．8  

0．6   12．6  
0．9  1（i．4  

軋2  3．5  

7．6  

3．5  

14．1  
5．3  
7．1  

醐．0  2．7  4．7  ‘0              （）．2       3．3  
CHユCtJOH O．45   30  

60  

4．50   30  

60  

17．4  n．d．  

43．2  Il．d．  

10．9  1l．d．  

18．9  Il．d．  

Il．d．   n．d．  

1l．d．   n．d．  

n．d．   n．d．  

n．d．   n．d．  

CCIJCOOH O．45  30  

‘0  

2．30  30  

60  

30．1  n．d．  

18．3  1l．d．  

1．3  n．d．  

12．9  1l．d．  

n．d．   n．d．  

n．d．   n．d．  

n．d．   1l．d．  

Il．d．   n．d．   

＊ThcsercactionsII・CrCCOnductedinlIenZCneSOlution．  

鼠）Comsump扇ono官（＋）－CateChim．  

2）SelectiYeindex＝【Formaもio‡10どComp㈹nd‡／CorlSumptionoぎ（＋）科eateC払in】Ⅹ100   



光永   徹  132  

number of substituent groups on the aromatic ring of the soivents．The same tendency  

also was shown between anisole and p州methylanisole．In regard to aprotic solvents，for  

examplein alkylhalides，CompoundIwas produced at the yield of more than30mol％as  

Wellasin the case of aromatic solvents．On the other hand，1ittle CompoundIwa  

Pr－oducedin a＝protic soIvents andin some aprotic soIvents containing an oxygen atom such  

as ethylene giycolmonometl叩Iether and dioxane．  

From these results，the following was considered about the effects of the soIvents on  

the formation of CompoundI．The BF3Catalystis stablein aromatic soIvents because ofits  

CaPability to fornl方COmplexes，Very Weak coordinates for delocalization of aromatic rjngs．  

Additionally，this ability to fol膚m the complex relates to the number ofsubstituent groups  

On the soIvents because of the steric hindrance betwee11the BF：imOlecuie and the soIvcnts．  

On the contrary∴鋸㌔molecule was degradedin thc protic so】vents containing an oxygen  

atom as observedin water，bccause BF：｝COOrdinates strongly to alone pair ofelectrons on  

the oxygen，and because this types ofsoIvcnt has a soIvation ability which can capture the  

nucleophilic reagent．In the aprotic solvents，however，nuCleophilicity of phenoldoes not  

decrease because or the solvation．In ge王1eral，tlle SNlreactionis promotedir＝he protic  

SOIvents since the carbocationis stabⅢzed by the soIvation．SN2reaction，On the other  

hand，is promotedin the aprotic soIvents，53）since hydrogen bonds do not form between  

aprotic solvents and nucleophilic reagents．Therefore，On COnSidering the result of soIvent  

efhcts，itis supported that the formation ofcompoundIundergoes豆a SN2reaction．  

‡nflue王ICeS Of the侃talyst on tlle formatioIl扉C棚岬㈹血＝  

High catalytic activities of BF：iOn the formation of Compou11dIwas understood from  

the above results．The catalytic capacities of other catalysts were examined to elucidate a  

－1、と軸こ、・：こ ■し1；二こ（二・iこミi、王も三ゝ小長・．！ごデじこ！：㌫訂：主二†てこさミこきこ∴ぅこ・・：：いニーi≡ニ1・≧・ミ：∴ごぐさ・  
くニj：一キュ王（さ主11く∴モ・し∴√∴汁・．中点亙∴一こ‥∴∴∴さ・∴ご∴∴                                                                                              ●  

00 ト；∴：－「さこごミこ宣：ご・：ノ●－† ∴－・て‘‘こ．こ、と、こ：∴－‾ノミ・二■ …さ丁こ十・＿∵∵．（、：  

jニミ、J・・ト くうで1ニゴ  

甘量躯 ⑬。ヲ5  

鬼漫3＋  ⑬。53  

S約舶  ⑬。藤野  

甘雄一   i∴；i二ご，   

■！●’デ・・ミニ1、 ∴∴㌦   

∴トご二■．「二 Jメ．、丁．「．ミご   

S弧閏C盈 慧¢慧＄凰   
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Note：甘払ereac鮎nwascom血cted主masysをemimⅥ舶e駄  
3mlo『訂eagen乞仲emzeme；p払emol：phe汲0温・鷹野3  
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o釘（す）糟Caをee馳孟m¢㌻（＋）－ep孟eaもec払塁ma藍3¢OC・   

selective activity ofBFa on the formation of Compound‡．Table3shows the consumption  

of（＋トcatechin and the formatiorlOf Compound‡，II，and王ⅠⅠ．Additiona11y，the selective  

for・mationindex（S．Ⅰ．）ofCompound王are caiculated as follows；S．Ⅰ．＝（the amount of the  

formation of CompoundI）xlOO／（the consumption of（＋トcatechin）．It was elucidated  

that Lewis acid except BF30r PrOtic acid used were not as eff6ctive as BF3with respect to  

the formation of CompoundI，and the high specific activity of BF3WaSindicated from the  

S．Ⅰ．vaiue．  

The reiationship between the formation of CompoundIand the molecular size of Lewis  

acid used wasinvestigated to explain the differences of catalytic activities on the formation  

of CompoundI．The numericalvalues ofirlteratOmic distances of BMF，T卜Cl，Sn∵Cl，and  

AトClare shownin Table4．封）The value of BF3is smaller than the othcr Lewis acids，  

which means that BF3mOleculeis easy to access to the oxgen atom on the pyranNring of  

（＋）－CateChin，Therefore，it wasindicated that the accessibility of the catalyst to the   
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reactive site of（＋）vhrCateChin wasimportantinterms ofthe formation ofCompoundI．  

Tile formation of compoundIfromトト卜epi（急teehiIl   

（＋トEpicatechin was synthesized from（＋トcatechinin an ethanoIsolution at180℃for  

l．5hr．Because no peaks were detected except for（＋トepicatechin and（＋）MCatCChin，it  

WaS Obtained easily as white amor・phous soiid by preparative HPLC．‡clentification of  

（＋トel〕icatechin was done by a comparison oflH仙NMR spectrum data which was reported  

by Foo and Porter．52）phenolation was donein a manner similar to that For（＋）MCateChin．  

As（＋トepicatcchinis the C2epimer of（＋トcatechin，it was cxpected that diastereoisomer  

Of CompoundIcould be obtained by this phenolation．Unexpectedly，CompoundIwas  

formedin the sarr】e manner aS WaS（＋トcatechin．Thisidentification was ma〔le by checking  

with a standard sample ofCompoundトAc（acetate）irlHPLC andlHMNMR data．However，  

a difference was observedin the amount of CompoundIfrom these twoisomers as shown  

in Fig．17．The maximum amount of CompoundIfrom（＋トcatechin reached about55mol％  

inlOmin；on the other hand，that amount frLom（＋トepicatechin reached about40mol％in  

15min．Thisindicated that the formation mechanisms of CompoundIfrom these two  

isomers were diff6rent from each other．  

ConfomationalaIlalysisof（1w卜侃teebilland（1－卜epi飽tedli‡l  

Figure18shows thel汁－NMR spectrum ofthe aliphatic region（2．2酬5．2ppm）of（＋トcatechin  

and（＋トepicatechin．In the case of（＋トcatechin，aXialand equatol・ialmethylene protones  

Of C4are shown at2．53ppm as a double doublet（J＝16Hz，8．2‡王z）and at2．92ppm as a  

double doublet（J＝16Hz，5．3Hz），reSpeCtively．The C3proton appears at3．97州4．03ppm as a  

multiplet and the C2proton does at4．56ppm as a doublet（J＝7．3Hz）．On the other hand，  

in the spectrum of（＋トepicatechin，equatOrialand axialmethyiene protones are shown at  

2．74ppm as a double doublet（J＝ニ16．8Hz，3．3Hz）and at2．87ppm as a double doublet  

（）＝＝16．7Hz，4．5Hz），reSpeCtively．The C3protonis shown at4．10N4．26ppm as being broad  

and the C2proton at4．88ppm as a singiet．Judging frorn the relationships between  

COuPling constants of the vicinalprotons（2H and3H）and their dihedraIangle，itis  

COnSidered that the dihedralangle ofthemis close to180V（catechin）and900（epicatechin）as  

Shownin the stereoviewsin Fig．18．  

Formatiorlmeehallisms and stereoeIlemistry of Compound玉   

In general，itis said that anintramolecular nucleophilic substitution（SN）takes place  

With easeif a nucleophilic group，SuCh as仙OR55），仙OCOR56），and仙pheny157），islocated to  

the antトposition to theleaving group．This substitution 主s known as the effect of  

nei扇1boring participation．  

As described above，a hydroxylgroup at the C3positiorlislocated ant卜position against   
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the ether bond on the pyran ringin（＋）MCateChin and almost at the cis－pOSitionin  

（＋トepicatechin．Therefore，the phenolation mechanismsin the case of（＋）00CateChinis as  

follows：alone pair of electrons of oxygen of the pyran ring coordinates to BF：ミfirst，and  

then the ether bondis cleaved at the same time that alone pair ofelectrons of a hydroxyl  

group at the C3position makes a nucleophilic attack on the C2carbon to form epoxide  

intermediate．Successively，a phenolexisting excessively makes a nucleophilic attack at the  

C2carbon from the back side ofthe epoxide ring to form Compound‡as shownin Fig．19．  

Whereas，Since（十トepicatechinis not abie to take the conformation to make anintramolecular  

nucleophilic substitution，thatis a phenolattacks directly the C2carbon from the back side  

against the ether bond to form CompoundI．Theseideas also are supported from the result  

in Fig．17asitis noted widely that the reaction whichis subject to the neighboring group  

effect accelerates the reaction velocity．Thus，it should be considered that the formation of  

CompoundIfrom（＋トcatechin takes place mainly through two SN2reactions．Consequently，  

itis supported strongly that the absolute configuration of the ClirlCompoundIis jt  

configuration，t氾CauSe that of（＋トcatechinis maintained as a result of two SN2reactions．  

亙－2－4 Summary  

The effects of solvents on the formation of a ring－OPened and phenolated product  

（CompoundI〉，Which was provided from（＋トcatechin by BF：iCatalyst，WaS eXamined．  

CompoundIwas formed morein benzene thanin any other solvents used，andits yield  

reached56．3mol％based on（＋トcatechin．Judging from the observations that this reaction  

took placein the aprotic solvents and notin the protic soIvents，and CompoundIa】so was  

formed from（＋トepicatechinin the same manner as（＋トcatechin，the formation mechanisms  

Of CompoundIwere expected to be as follows：1）The C2carbon of（＋トcatechin was  

positively charged for the coordination to BF3，and then the C2carbon was attacked by  

unshared electron pair on oxygenin the C3hydroxylgroup for the neighboring group  

Participation to form the epoxideintermediate．2）Furthermore，the epoxideintermediate  

WaS attaCked by a phenolmolecule from the back side of an epoxide叫ring to form Compound  

I．Since this reaction passed through a SN2reaction，the configuration of nucleophilic  

centerin（＋）MYCateChin was retained．Therefore，the absolute configuration at the Cl  

position ofCompoundIwas est主mated as an R configuration．   
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lト1Intl・Od11CtioII   

The modification ofcondensed tannins on pyran血ring opening has been undertaken by  

Pizziand Roux as mentionedin PREFÅCE，howevcr pyranLling opened structure has not  

beenidentified though they have confirmed that the solution viscosity of the modified  

COndensed tannins decreasedin the preparaion of wood adhesives．   

Thioiysis usir－g a tOluene仙α仙thiolis known as a popular analyticalmethod払r determing  

the composition of C4叫C60r C4血C8isomer，the stereochemistry on pyr・an仰ri11g，and the  

COmpOSition of aromatic rings of con（iensed tannins．1l・一2・586S） However，the rcsults obtained  

by this method does not represent the composition of whole units，because the yields of  

degradation products are fairly small．On the other hand，Nucleus Exchange Reaction  

（NER）designed byAbe andFunaoka軋66・67）is more reliable method to analyze the composition  

Of A…and Brring．In view of the principle，however，this method does not give an  

information about pyranNring opening．   

In thi姦chapter，Methylation仰NER（MMNER），the newmethod to analyze the frequency  

Of pyran－ring opening for modified condensed tannins，is examined by using synthesized  

COndensed tannins and alsois evaluated by analyzing severalnaturaicondensed tannins．  

亘亙－2 Experimemtal  

Procyanidin（PC）01igomer and profisetinidin（PF）dimer and oligomer were synthesized  

by the condensation of the corresponding flavan仙3，4仙dioIs and（＋トcatechin under acidic  

conditions．（＋トTaxifolin and（＋トfustin were obtained from the heartwood of karamatsu  

（Larixleptolepis）and hazenoki（Rhus succedaneaL），reSpeCtively．Apparatuses used forthe  

analyses were as fouows：lH鵬NMR，a NihonMDenshiJNM伽GSX270spectrometer；UV，a  

Nihon仙Bunko UVIDECM505；TLC was performed on Merck60F254si11ica叫gelprecoated  

plates（solvent；toluene：ethylformate：formic acid＝5：1：4v／v）；GLC was performed by a  

Yanagimoto G椚180using a methylsilicone capiilary column（Guadrex S2006，0．25mmI．D．x  

25mlength x O．25mm film thickness）；HPLC was conducted by a Nihon血Bunko800series  

using a Develosilpacked column ODS叫HG鵬5（4．6mm x250mm）．The mobile phase was  

MeOH／0．01％trifluoroacetic acid＝20／80；Gelpermeation chromatography（GPC）was  

COnductedwith a NihonNBunko TRIROTOR using a Shodex packed column KFM802，804  

（4．6mm x250mm）．The mobile phase was tetrahydrofuran．The calibration curve was  

madewith（＋トcatechin，PFdimer，and polystylene standards（molecular weights：2000and  

9000）．   
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Isoliltion of flavam”O）  

トトノー7壱ズゆめだ）  

The tree sampled was a30仙year山Oldl（aramatSu grOWingin the Mie University Forest  

（Misugi，Mie prefecture）in August1990．The heartwood sample was groundin a Wiley  

mill．The airMdried heartwood meal（1000g）was extracted with methanol（101）for24hr at  

ambient temperatur・e．After evaporating the methanol，the residue was extracted with ethe  

（500ml）．The ether solution was evaporated to aboutlOOmlunder reduced pressure，and  

then the concentrated solution was storedin a refrigerator．Afterwards，a Part（5g）of an  

ether soluble was separatedinl：O four fractions by column chromatography orlSephadex  

LH－20gel（2．5cm x80cm）．Crude crystal（1．Og）wasisolated after severalrecrystaⅢzations of  

the second fraction from hot water．工t wasidentified by co－TLC and HPLC with authentic  

Sa汀IPle．  

トトノづな痛㌦）  

The tree sampled was an80～酬year川Old hazenokigrowingin Wakayama Prefecturein  

Spring1992．The heartwood sample was groundin a Wiley mill．The air－dried heartwood  

meai（500g）was extracted with methano】（71）for24hr at ambient temperature．After  

evaporating the methanol，the residue was extractedwith ether（500ml）．The ether solution  

WaS eVal）Orated to aboutlOOmlunder reduced pressure，and then the concentrated solution  

was storedin a refrigerator．Afterwards，a part（5g）of an ether soluble was separatedinto  

three fractions by column chromatography on Sephadex LHト20gel（2，5cm x80cm）．Crude  

fustin crystal（1．3g）containing a smallan10unt Of fisetin wasisolated．Fustin wasidentified  

by coJrLC and co山・HPLCwith authentic samp】e．  

Syntbeses offl壬IYan－3，4－diok fromぎ1avanonoIs，（＋トtaxi紬1iれ  

and（＋ト触感iII  

Flavano1101（500mg）in EtOH（100ml）solution was stirred with NaBH4（500mg）for4hr．  

The yellowish reactiorlmixture was pouredinto an excess of water，and the pH was  

adjusted to3…4with phosphoric acid．The solutions was extracted with EtOAc（100mlx3），  

and the combir】ed extract was dried over Na2SO4．Because f‡avanN3，4hdioIs are known to be  

Verylabile compounds underacidicconditions，70）theextract was deacidified andchromatographed  

On a L㍗ト20gelcolumn by using water and ethanolas eluents，reSpeCtively．Leucocyanidin  

andleucofisetinidin were obtainedin yieids of390mg and425mg，reSPeCtiveiy．  

Pl・epara七io王ISOf syIl洩esized－拗れde‡lSe8ta爪nins  

ハ・・り卜．イノブ．イ．ノf－〃′／J－バごり   

Leucofisetinidin（160mg）and（＋）MCateChin（160mg）were dissolvedin O．1N HCl（20ml）and  

the mixture was stirred at25℃ for24hr．Then，the reaction solution was deacidified with   
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a column（2．Ocm x45cm）ofa Sephadex LH仙20in water and subsequently chromatographed  

With the same columnin ethanol．The eluate was collectedin5mlaliquots．（仙トFisetinid  

Oト（か㌢→耳ト（＋トcatechin（32mg）and（剛トfisetinidoト（4βwM＞8ト（＋トcatechin（83mg）were  

isolated aslight brown amorphous powders from fractions25仙38and55仙83，reSpeCtively．  

ThelH仙NMR spectra of both compounds obtained and their acetylated derivatives were  

COnSistent with those previously reported．71－72）  

ハ・・－JJ√∴㌦′ご．い／さぃり十′1・′い鳥．・く′∴ご、J一りい・．  

The condensation of the flavan岬3，4仙diol（150mg），leucocyanidin orleucofisetinidin，and  

（＋トcatechin（30mg）was conductedin the same manner as the dimer．Rcaction mixture  

WaS Subjected to column chromatography（）n a Sephadex LH州20prc叩SWOllenin H20．The  

COlumn was eluted with H20untilHClraIlOut Of the eluent．Then the adsorbates were  

eluated by70％acetone aqueous（aq．），and freeze鵬dried．The average degree ofpolymer・izatio11  

0fPC and PF oligomers were determined by GPC as7．2arld4．8，reSPeCtively．  

Preparatiom of flatural∞れdensed tannins  

The commercial】y available extractives of wattle（w）and quebracho（Schinopsislorentzi主）  

（Q），and the70％acetone aq．extractives of karamatsu（1arix spp．）（K）amd acacia（Acacia  

mearnsii）（A）were used as naturalcondensed tannins．These samples（4．Og）dissoivedin  

5mlof70％acetone aq．were fractionated on a Sephadex LHト20column（2．5x80cm）by  

eluting with800mlof water，Of ethanol（EE），Of methanoIPreparation scheme of these  

materials was shoⅥJnin Fig20．  

猶ethyiaもiorl－NER of00n（iensed tamni‡lS  

The sample（100mg），anhydrous potasium carbonate（1．Og）and dimethylsulfate（700ml）  

in dry acetone（8ml）were refluxed for2山3hr．After removalof theinorganic salts，the  

filtrate was concentrated to a syrup，Which was purified by silica gelchromatogr・aphy with  

benzene：acetone（9：1）to furnish the methyiderivartives as a white amorphous powder．  

Thc NER and purification of the products were conducted according to the method  

reported by Abe et al．巧6）except that20mg ofsample and300mlof reagent were usedin the  

PreSerlt eXperiment．Column ternp．of GLC was maintained at80℃ folル2．5min．and then  

increased to the finaltemp．250℃ at a rate of2℃／min．  

Phenolations of synthesized－01igomers were conducted t）y the method describedin thc  

CIlaPterト1．   
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Ⅰ】卜3 Reslllおand Dis（：uSSion  

Analysis of monomerie翰mpOumds by朗トNER  

NERis a method designed For the analysis of phenolic nucleiconstitutinglignin67）and  

COndensed tannins．d6’In the case ofcondensed tannins，Phioroglucinolarld resorcinolfrom  

the A州肘ring，and catechoiand pyrogallolfrom the B仙ring areliberatedinlarge yie】ds．  

Judging f‡－om this yie‡d，t藍1e NER gives moreinformation with regard to the pllenOlic nuclei  

COllStituting condensed tannins tharldoes that by other degradation methods such as  

butanoトhydrochloric acid7：‖or thioiysis・12）The author thought that a nucleusliberated by  

NER of a methylated sample from a pyranl疇ing opened unit should be different from that  

liberated by the same mcthod from a unit whichis not opened．Thus，the M肌NER method  

WaS theorized forthe determination ofthe pyranwringopening・Thatis tosay，Phloroglucinol  

trimethylether（PTE）and resorcino】dimethylether（RDE）areliberated from the pyran仰ring  

OPened units，and phloroglucinoldimethylether（PDE）a11〔1resorcinolmo110methylether  

（RME）areliberated from the units holding the pyran血ring as shownin Fig．21，In ol－der  

to confirm the above hypothesis，the MM叫NER was applied t（）（＋トcatechin holding the  

Pyran血ring and to CompoundIin which the pyran－ring was opened．Figure22shows GLC  

Ofthc M仙NER products obtailled from mettてylderivartives of（＋トcatechin and Com】）OundI，  

As presumed，PDE and PTE were produced fl・om the above compounds，reSpeCtiveiy．The  

yieids of PDE and PTE are shownin Fig．23．Both nucleigradualiyincreased with  

increase ofthe reaction time and reached about90mol％per mole oftheir starting materials  

after6hour treatments ofthe NER．In our previous data，7’りonly25mol％ofphloroglucinoI  

WaS prOduced from（＋トcatechin by the NER．This striking differencein the yieldsis  

PreSumably due to the stabi】ities of theseliberated nuc】eiorilつtermediatesliberating the  

nucleiin the reaction solut壬on．  

亙nvestigatiol10ft駄e別卜NER00nditioれSby usi王Ig prOfisetimidin（‡imerand oligoi籠er  

Twoisomers ofPF dimer were obtained by the condensation of（＋）1eucofisetinidin and  

（＋トcatechin as was reported byYoung and others．71）one ofthem，（＋ト1eucofisetinidoト（4  

b6ト（＋）M”CateChin，WaS uSed for theⅣトNER．Table5shows the yields of nucleiliberated  

fI→om a moie ofdimer at60℃or80℃．RME and PDE werel〕Ⅰ・Oduced from the A…ring and  

VeratrOle（VER）from the fトring because the dimerconsists ofa resorci1101ic A…ringin the  

upper unit and a phloroglucinolic A仙ringin the under unit，and catecholic Bl－ingsin the  

both units・RME and PDE were producedinlarge yields，and the yield of93．4mol％at  

maximurnin PDE seems to be a fair・1ylarge quantity．On the other hand，VER was  

PrOduced at about onlylO5mol％at maximum，in spite ofproducing 200moi％in theory．  

In addition，the formation of guaiacol（GUA）indicated that the demethylation of VER  

OCCurredin this reaction・Therefore，M岬NERis a reliab】e method with regard to the  

analysis of nucleipresentin the A…ring．   
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PF oligomer also was synthcsized by the condensation of（＋ト1eucofisetinidin and  

（＋）MCateChin．This oligomerwasestimated to be4．8unitsin averagedegree ofpolymerizatiorl  

by the measurement ofGPC，Whichimply3．8extender units to a terminalunitin average．  

Table5shows the yields of nucleiliberated from methylderivatives of the oligomer at80℃，  

andis represented by mol％per a unit of fisetinidolmethyiether．The yields ofRME and  

PDE showed64．5mol％and18．5mol％at maximum，reSPeCtively．Considering the degree of  

polymerization，these values were estimated as81．5moi％（64．5Ⅹ4．8／3．8）per a extender  

ur）it and88．8moi％（18．5Ⅹ4．8／1）per a terminalunit．Judging from the above results，the  

MトNERis an effective method to determine the degree of the pyranMring opening not only  

in the extender units but alsoin the terminalunit of condensed tannins．  

The analysis of naturalcon（】eIl＄ed tamれins by別トⅣER  

Thiolysis has been used as one of the efficier】t methods for the structuralanalysis of   
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naturalcondensed tannins．This method givesinformation not only about the types of  

flavan…3…Oiconstituting condensed tannins，75）but also of the stereochemistry ofSp3carbons  

COnStruCting the pyran仙ring．63）However，thisinformation does not represent the whole  

analysis of materials used because the yields of the degradation products are veryiow，76）  

On the other hand，that obtained by the NER and the M…NER were extremely high，SO  

that these methods were applied to analyze almost allnucleiconstituting naturalcondensed  

tannins・As rnentioned above，the M叫NERis an efficient toL）1for analysis of nuclei  

COnStituting the A仙ring・Tabie6shows the yields of nucleiobtained from the Apring by  

MトNER and those from the Bwring by the NERin severalnaturalcondensed tanrlins．As  

Can be seenin wattle and acacia，AMrings are composed ofphioroglucinolic and resorcinolic  

rir噌S，and B仙rings are composed ofcatecholic and pyrogallolic rings．Quebr・acho，On the  

Otherhand，is composed mainly ofresorcinolicÅ－rings and catecholic B…rings．Furthermore，  

karamatsuis composed mainly of phloroglucinolic A仙rings and catecholic BMrings as can be  

Seenin generalconiferous barks．77）The nucieiof PTE and RDE，Which have not been  

detected by MトNERin the synthesized dimer，Wereliberated from wattle，aCaCia，and  

quebracho，Whichindicates that these materials have the pyran仙ring opened units．The  

degree ofthe pyranMring opening（DPO）was calculated from（（PTE＋RDE）／（PTE＋PDE＋R  

DE＋RME））xlOO．In spite ofthe fact that wattle and acacia belong to the same species，   
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the former haslar・ger DPO than thelatter．Itwi11be assumed that this resulltis attributed  

to the differences of growing conditions of wattiein South Africa and acaciainJapan  

（Kumamoto prefecture）．78）In quebracho，it wasindicated that about65％of pyran－ring was  

opemed．Although dimerqic compoulld having the pyr・anwring opened structurein an upper  

unit has beenisolated from Uncaria gambil－ Roxb．belongs to Rubiaceae，79）there has been  

noinformation with regard to such opened structurein wattle and quebracho．  

The determin壬Iti（川Of the DpOiIlI）henolate（】翔ndense（ヨtal111im oligomers  

Synthesized PF and PC oligomers wer・e Subjected tol）henolation using BF3at40℃．  

The M仙NERs of the benzeneinsoluble partsin thcse phenolated oligomers were performcd．  

The yiclds of nucleilit氾rated and the DPOsin phenolated oligomers are shownin Table7．  

The DPO values or PC oligomersincreased with theincrease of phenolation time，andit  

was recognized that about42％of the pyra汀皿ring opened within120min．On the other  

hand，the DPO of the PF oligomer showed ab（〕ut16％－constantly at allreaction times．As  

can be seen，the rate of the pyran仙ring openingin the PC oligomer was faster than thatin  

PF oligomer．Furthermore，the decreases of thc totalyields of theliberated nucleiwith  

incrcsing pheno】ation timesindicated that a part of phenolated oli那）merS paSSedinto the  

benzene soluble part proceeding the phenolation．These behaviors of phenolation wi】lbe  

exaIⅥinedin detaiiin the next chapter．  

As a resu】t，it was demonstrated that the M岬NER was an efficient method of analyzing  

the pyran叫ring not onlyirlthe oI→iginaicondensed tanrlins but a】soin the phenolated  

tannins．  

亙‡－4 Summary  

The nucleus exchange reaction of methylderivatives（MwNER）ofcondensed tannins was  

examined to determine the degree of pyf・an＝一山rilうg Oper】ingiTltheif・plノIenOiated products．  

（＋卜Catechi王1methylether having a pyran～仲ring and CompoundImethylether with  

PyranⅧring openjng structure gave a phloroglucinoldimethylether and a phloroglucinol  

trimethyletherin about90％yields，reSPeCtively．  

The M棚－NER was applied to the synthesized PF oligomer and severalr柑turalcondensed  

tannins，and maximum yields of their nucleiwere obtained at80℃ for two hours．The  

opening structure of the pyran…ring was r・eco即1izedin the naturalcondensed tannins by the  

M－NER method．Particulary，the60％ pyranN仰ring of the whoie repeating unitsin  

quebracho tannins was estimated to open．Furもhermore，30仙50％of pyran仙ringin the PC  

oligomer opened during the phenolatio】1at40℃．It was explained that the rate of the  

pyran…ring opening of the PC type was faster than that of the PF type．The difference of  

the reaction rate was possibiy due to the basicities of their A山rings as mentionedin other  

rLeaCtion such as thiolysis of condensed tannins．   
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C払乱p宜eyI‡王  

甘払e e払ar執成eris電i岱0官も払e p鮎em¢且級電iom produ虎s  

舶yived宮野om e¢肌de肌Se感電am肌i肌S  

Ⅲ＋1Phenolatio‡lprOduc短amd their read；ivities wi汰f（汀maldehy（号e   

11l－1－1lntTOdtletion  

Severalattempts to utilize naturalcondensed tannins as cold…Setting woodlaminating  

adhesives have been made by some researchers．猟39・42・43） In the reaction ofloblolly pine  

extracts and resorcinolunder acidic condition，aS mentioned by Hemingway，the reaction  

mixture containing predorninant】y oligomeric procyanidin”4NleSOrCinoladducts was used as a  

resorcinolrep】acementin a conventionalphenoトresorcinoトformaldehyde】aminating  

adhesives．Furthermore，it wasindicatedl二hat the room temperature setting adhesives for  

WOOd…1aminating purpose could be produced successfully using the adducts．In this process，  

however，COndensed tannins were not usedindependently but were merely used as  

replacements of resorcinoIwhichis one of the expensive phenoIs．  

O11the other hand，the author has expected that pyran仙ring opening of condensed  

tanninsleads to a flexible mo】ecu】es to produce a modified condensed tannins having  

functions．A modelexperiment for modification of condcnsed tannins to open their  

Pyran叩ring by using BF3in excess cheap phenoIwas examinedin chapterI．As the  

result，SOme phenolated products contai王1ing pyran剛ring opened were producedin alarge  

yield from（＋）MHCateChin．The formation mechanisms were discussed on the basis of the  

StereOChemistry of the products．Furthermore，the analyticalmethod of opening the  

Pyrar巨ring was developed．   

In this chapter，the behavior with respect to tlle Opening of the pyran…ring and the  

Cleaving of theintetilavanoid bonds of naturalcondensed tannins under phenolat主onin the  

PreSerlCe OfBF：主are described．Additiona11y，the reactivity of phenolated condensed tannins  

With formaldehydeis also disccussed．  

ⅠⅠ卜こ卜2 ExperimeIlねl  

れhtel・iills   

Commercially available（＋トcatechin，boron trifluoride…phenoIcomplex，formaldehyde，  

and other chemicalreagents were used．CompoundI，having the pyranMring opened  

StruCture，WaS Synthesized from（＋トcatechin according to the method describedin chapter  

ト1．The seventy percentage acetone aqueous（aq．）extracts（AE）of acacia（Acacia   
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mearnsii）and karamatsu（Larixleptolepis）barks known as sources of condensed tanrlins were  

usedin this study．Bark meal（500g）of karamastu was extracted successively with petroleum  

ether（3L）and diethylether（3L）for48hours at ambient temperature．Then，the residue  

was extracted with70％acetone aq．（5L）with stirring for48hours at ambient temperature．  

After the acetonein the solution had evapolated，the AE was freeze州dried．The yield of  

AE obtained was35％in acacia and16％in karamatsu based on the bark meal．  

P王IeIlOl払tiol10f AE  

Dried AE powder（20mg）was added to a glass ampule with phenolation reagent（1ml），  

phenol：benzene：BF3血phenoIcomplex＝19：10：1v／v，and was heatedin a water bath  

at40℃．After the phenolation having beerlCOmPleted，the reaction mixture was poured  

into water（20（）ml）and then extracted with ethylacetate（15mlx3）．A part of the ethyl  

acetate soiuti（）n WaS uSed for the determinatioriOfliberated phenylnucleiby HPLC，Which  

WaS COnductcd on aJASCO800series system（column：Develosi10DSイHGM54．6mmf x  

250mm，eluent：MeOH／0．01％trifluoroacetic acid（TFA）aq．＝22／78…→33／671inear・  

gradierlt for40min，detector：UV280nlⅥ）．TheⅠ・emainder of tIle SOlutiorlWaS added  

droi〕Wiseinto benzene（50ml）to obtaiIlthe phenolated products as brownish precipitates．  

The precipitates are expressed as benzeneinsoluble（BI）fractionin this thesis．  

AIlalyses of B‡fradio封  

Nucleus exchange reaction of methylderivatives（M－NER）ofBIfracti（）n Were COnducted  

as describedin chapterII．Gelpermeation chromatography（GPC）was recorded with a  

Jasco Tr・irc）tar・SyStem With Shodex GPC co】umns KF仙802and KF仙804（4．6］Tlmf x250mm）  

using tetrahydrofuran as an eluent．The chromatogram was calibrated against standard  

polystyrenes（Molecular weihts：2000and9000），（＋トcatechin，and synthesized PF dimer．  

Average of molecular weights（Mn，Mw）were calc最ated by anintegrator，Jasco807…‡T，  

from the molecular weight distributions obtained by the GPC method．  

ReactioれWith formaldeilyde  

About O．07mmolof（十トcatechin or Compound‡was dissolvedin5mlof ethanoI  

COntaining O．21mmolof formaldehyde．Five mlof O．1N hydrochloric acid was added to the  

SOlution．The reaction was carried out at25℃in a vialwith stirring，The reaction  

mixture was pouredinto excess water，and extracted with ethylacetate（15mlx3）．  

Nalingenin，theinternalstandard was added to the ethylacetate solution，and then  

COnSumption of the startirlg materialwas determirled by HPLC analysis．  

About30mg of AE was dissoIvedinl．5mlof ethanoIcontaining about O．3mmolof  

formaidehyde．One and half mlof O．1N hydrochloric acid was added to the solution．The  

reaction was carried out at25℃in a vialwith stirrirlg，The reactiorlmixture was subjected   
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to column chromatography on a Sephadex LH仰20gelusing ethanolas an eluent to remove  

hydrochloric acid，the remaining forrnaldehyde，andlow molecular weight materials・  

Adsorbates orlthe coiumrlWere eluated with70％acetorle aq．tO give the reactiorll）rOducts．  

Average（〕f molecuiar weights of the products were calculated by the same mcthod as  

described abov仁王．  

＝一卜：‡1ミぐ刈11h之川（1l）isぐ11阜i廿日  

－．、‾・：∴：・∴こ‥：！し！．い●：‥こ、．i・：よ・：ユ：、；；二、・●－・：い∫、：、ミ・こi：ト；さ ‥一－；・て・こ、十；・∴ミー：・；こ！、；・旦ミ1こ・トい  

From oし1rl州eSults of NER analyses鮒）condetュsed tannhlSilて21CaCia a‡1d ka！・amatsu mainly  

co王1Sisl二Or】・esorci1101ic an（i！沌lol一（）g】uci1101ic A】一rirlgS，reS】〕eCt主vely． て、il（うⅠ）lTerlOlati（）nS Or  

tlleSe m；1teri；lls w（汀e nla（1e at4（）lCin the pモ・eSe11Ce（）f BF：｝，a！1d t「le r－eaclrion mixture was  

ad（ied dI・01〕Wiseint（）betlZetle tO eIilminate tllelal－ge eXCeSSeS（）r‡〕ile1101and phen（〕1ic nucl（】i  

libeI・atedilてthe pr（）CeSS Or the pllerlOlatinl〟lS．1「he yields of tを一－e BIfractiollSin ttリーeir  

pheno】atedl）rOducts are shownin Fig・24，an（iTable8shows the amounts of nuclei  

lil〕erated during the phenolations．′rhe dr（叩■血yiel（iof tを1e B‡fractionin ka柑matSu WaS  

sigrl眉carlt】ylarger・than tiてat Or aCaCia．FurtherrllOl｛e，anirlCreaSeiIl汗Ie a－ⅥOunt Of  

liberated nしICleiin karamatsu was seen as the王〕henolation proceeded．These results  

indjcate thati二he degradation took place during the phenolationin karamatsu particularly，  
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and that products shiftedinto benzene soluble（BS）fractions．GPCs of BIand BS fractions  

（）btained from the productsin the reactions after30and240min are shownin Fig．25，The  

molecular weights of phenolated productsin BIfractions decreased graduallywithincreases  

Of phenolation time．In karamatsu，particuiarly，rapidlowering of molecular weights of  

COndensed tannins was observedwithin30min of reaction time，and then the decreasesin  

molecular weights occurred at slower ratcs than those during theinitia130min．Degradation  

products with molecular weight ofless than300were fractionatedin BS fractions．Taking  

into account the fact that karamatsu AE consists of only phloroglucinolic AMrings，but，  

acacia has mainiy resorcinolic nuclei，it showed that theinterflavanoid bonds of conder】Sed  

tannins consisLing of phloroglucinolic A-rings are more labile than those of resorcinolic 

A鵬rings by this phenolation．   
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OpeniIlg O首班e pyran－ringin七重Ie phe王101atiom process  

The M叫NER of conde‡1Sed tanni11Sis used as an efricient meth（〉d for the analysis of  

their pyran仙ring opening as describedin chapterII．This analyticalmethod was appiied to  

the BIfractions of phcnoiated condensed tannins．Table9sh（）WS the yields（）r nuClei  

liberated by t壬ュe M血NER and tile degrees of the pyr針＝血1g OPenirlg（DPO）in karam之舶u and  

acacia・The DPO values of phloroglucinoiic nucleiirlCreaSed extcnsive】yin both materials，  

but these of resorcinolic nucleichangedlittle during thc phcl101ation．Ju（lging from the  

action of BF：与in the phcrlO】ation，these resultsindicate thal，the flavan山－∪3－Olunit consisting  

Ofphloroglucin（）lic Aゥ▼h▲＞■rings has a greater ability or coordinating alonc pair ofelectrons oll  

the oxygen atom of a pyran血ri11g for BF：｝than（ioes rcs（）rCiIlOlic A－rings．Howevcr，tOtal  

yields ofeac宣1IluCleus decreased withincreases or p】1enOlatioIltimeirlSpite ofanincl－eaSe Of  

the DPO・Tilerefore，a Short perio〔重of p王1e110】atiollisI一（モ（1ui‡・ed for obtaini王1g a reaCtive  

Pi－enOlation！）f‘odtlCtS主｛eePi】1g many nuCleiconstitutirlg tlle A一－ring a11d tllatllaVi11g the  

Pyran－r童ng opelled sけしiCture．  

領、払e re臨Cもion o官（十卜偽teChin or00mpOum8Iwi竜王IgOrmalde‡ly（‡e   

ト仁トCatechin and Compound‡were used to examine the react毒vity w王th forlTlaldehyde  

under acidic conditions，the rormer has a flavan刷3仙OIstructure amd thelatter has a  

Pyranl欄ing opened structure・CompoundIwas synthesized from（＋卜catechinin alarge  

yield by the phcnolationin the presence of BF3．Theln（a叫X）／a derived from the amount of  

Starti11g materials used and their consumption are plotted against the reaction ti】〟neSin Fig．   
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26．These plots are】inear，Showing pseudo firs仁order reactions with respect to their  

concentrations．Furthermore，the rate constant（k）of CompoundIis about2．2times that  

of（＋卜catechin．These results show that the ol〕en行場Of the pyran…ringinfluences the  

increase of the rate of reaction with formaldehyde．In this reaction，the product of  

bis爪8，8’一－CateChinylmethane from（＋トcatechin was collfirmed by the comparison with the  

lHJ仙NMlモdatヱ10f authentic saIⅥPle wllich was produced froITltile reaCti（）110f（＋トcatec鉦厄  

and formaldehyde under basic conditions by Kiatgrajai’s method．81）Therefore，the  

consumption oL’仁十トcatechin（）r CompoundIwould mean to form oligorneric or polymeric  

COndensatiolll）rOducts with methylene bridges．  

甘he reaetion of p量IenOlate（璽karamabu AE wi七重Iform壬温1（ヨehyde   

In general，ー－eSOrCinolformal〔lehy〔le r（∋Sins al・e prepared u11der acidic orIleutral  

conditions at ambiellt temperature tO for汀lnCVOlak type a別1eSives，82－ ′rhe reactions（〕r  
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POlymeric polyphenoIswith a‡dehydesin severalpH ranges have been examined，83，86）anditis  

generaily accepted that the reaction rateis siowestin the pH range4．Ow4．5．87）In this  

Study，the condensation oF phenolated karamatsu AE（PKA）with formaidehyde（F）was  

examined under conditions of pH3「4at20℃，and the rrlOlecular weights of the condensation  

products ofPKA with F（PKA…F）against condensation times are shownin Fig．27．As can  

be seen，the molecular weight of the control，the reaction product of karamatsu AE with  

formaldehyde（KAuF），increased slow】y．On thc other hand，thatin the PKA■肌Fincreased  

rapidly and reached three times thc moiecular weight compared with prior to the conde11Satiorl  

after24hr．The molecular weight of PKÅ酬F decr・eased withincreses of the treatment time  

in phenolation because the amount of phlorogiucinolic nucleiremainingin the A血ring  

decreased during the phenolation，judging from the yields ofliberated nucleishownin  

Table8，Takano88）found that a dimeric flavar101has a better・bonding strength and alowe  

Viscosity than does a polymeric flavanolin karamatsu and sugitannins，and he concluded  

that the reduction of high molecuiar wcight polyphenoIs was usefulin the production of  

COld－Setting adhesives．  

Therefore，Phcnolation of condensed tanninsin the presence of BF8SeemeS tO be a  

Suitable technique for decreasing the molecular weights of condensed tannins as mentioned  

above，and additionaliy，it alsoincreases the rate of react主ons with formaldehyde by their  

Pyran血「夏ng op（うnings．  

肛十戒凱皿耶昭  

The phenolations of bark extracts with70％acetone aq．from karamatsu and acacia were  

examinedin the presence ofexcess phenoland boron trifluoride（BF3）at40℃．It was found  

that both the pyran仙ring opening and theinterflavanoid bond cleavage of karamatsu  

COndensed tannins consisting of phloroglucinolic A】▲・－‖▲rings pr・oceed more rapidiy than those of  

acacia mainly consisting of resorcinolic A血rings．   

In the condcnsation with formaldehyde under acidic conditions at25℃，the consumption  

rate of CompoundIwhichis a phenoladduct with the pyran血ring opened structure and，  

increased2．2times compared with that of（＋トcatechin．Furthermore，in the same reaction  

Of the phenoladduct with the pyran…r主ng opened structur・e produced from karamatsu  

extracts，the cross仙1inl（ing proceeded toincrease the molecular weight more than three  

times compared with that of phenoladduct within four hours reaction time．  

Therefore，it wasindicated that the modification，SuCh as the pyran－ring opening and  

theinterflavanoid bond cleaving，COuldimprove condensed tannins主nto the reactive  

molecule toincrease the rate of reaction with formaldehyde．   
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ⅠⅠト2‡nhibitory effeets of洪Ie p壬Ie‡10late8eondemse8tannims om gllle（〉Syltr亀nSぎerase  

activity 

1】ト2－1ⅠIltl・川IllCtiりn  

Barkis the defensive tissue against attacks of woodwでOtting fLmgiorinsects，and bark  

POlyphenoIs are believed to play arlimportant ro】ein the defensive actions．乏桝 Thisideais  

thougilt tO beirl汀mately related to the protein precil〕itation abⅢty and enzy】Ⅵeinhibiti（用Of  

POly】〕iっenoIs．ト王ydrolyzable tan11ins espec主a11y arelモーlOWn tOinlてibitor or tlle enZyme  

iIICluding try‡）Sin，～X”pectin estelasc，91）and β血】glucosidase～〉2）and also condellSed tanninsinhibit  

l〕rOteaSeS9＝｝）suc】1aSleucine aminopeptidase and chylll（）けyl）SiIl．  

Tlle aし1t‡10r rOしmd that con〔lensed ta‡1nins ol｛iginated r†・om woody barl（in】1ibited tlle  

Synthesis orir】SOlubie gluca11by celトbound giucosyltrと1nSfeI・aSe（G′rase）．Because glucan  

Synthesisis regarded asintimate relating with a dentalcaries，the functior10f cc）rldensed  

tヱInni王1S tO Pf・evel1t tlle delltalcarjes was expected．iうydrolyzaと）le tarlnins rr（）m Crude dl｛ugs  

alsoinhibited GTase9j）and theinhibition was erlhanccd asincreasing the ratio of galloyl／  

glucosein the tanIlins．！）5）The chemicalstru（ニture Of tannins，thus，influellCe the deglr・ce of  

GTaseinhibition，ar】din the case of condensed tannins，itis considered that ortho血ilydroxy】  

group of王∋…ring participatesin t主ュatirlhibition．1、herefore，汗is expected that plュe110lated  

COrlde11Sed tailnins with the pyr・anl－ing opened structurc，Which have more rlexible str・uCture  

than originalones，WOuldinhibit highly the GTase activity．  

fIlthis chapter，inhibitory effects on GTase of p王1enOlatcd（＋）仙－CateChin or natural  

COndensed tannirlS mOdified by using B‡1｝a王1d excess phenolis described．  

川－2－2 Experime爪音挽i  

購挽teria‡s  

Seventy％ acetone aq．extracts of acacia and karamatsu barks，and commercially  

availabie quebracho extr・acts were fractionated by LH血20gelcoiumn chr（）matOgraPhy a  

describedin c王ュapter‡Ⅰ，and therltlle eluate fractions（EE，ME，an（lAE）were used as  

naturalpolyphenoIs．PC and PF dimers were syntlleSized according to the methodin  

ChapterII．Additionauy，the pherlOlated pro〔iucts（BIfraction）were preparated from the  

above naturalmaterials（ME fraction）by the same methodsin the section Ⅲ－1，and  

CompoundIwas synthesized according to a methodirlChapterIas a modcIcompound  

having the opened pyran肌‡欄ing．  

Ana苫yもi（温1me七重to8s  

Flavanoicontents of naturalpolyphenoIs were determined accorcling to the vani11inm】iJCl  

method describedin the following way．One mlof methanoIsolution dissoIving O．5mg棚1．Omg  

of polyphenoIs was added to6mlof4％vanillin methanoIsoiution and3mlof conc．HClirl   



ピラソ環の開環による縮合型タソニソ分子構造の修飾  lFjg 

a brown test tube．After15min of st主rring，the absorbance at500nm of the reaction  

mixture was measured with aJasco UV‡DEC－505spectrophotometer、The calibraion curve  

was made using（＋）－CateChin as a standard sample．  

The measurement oF GPC and the calculatiorlmethods of Mn arld Mw were conducted   

in the same rna11ner aS describedin 日工ト2．  

㌘repar認tio災0嘗鎧甘ase  

Sわ℃がα0αSざ0みrわ7古び6715was grown fol・16Ⅰてr at37℃i115lof′rodd Hewitt（TH）broth．  

After theiiquid medium having been centrifuged at5000rpm for15mim，thc mycel主um was  

collected and then extracted with75mlof8M urea at20℃払rlhr with stirring．The cr・ude  

enzy王Ⅵe SOlution containing urea was dia】yzed礪a主Ⅰ】1Sti、OmM potassiulⅥ．PllqSphate bufkr（pトⅠ  

6）untilthe urea was removed entirely．After therl，1mlof the cru（le enzyrne solution was  

pipettedinto a miclルOtube，and storedin a f‡・eeZer at 〃劇80℃．  

Å粥挽y for G甘aseinぬibitory臨虎iyi電y   

Insoluble glucan synthesized byGTase was measured turbidimetrically with aspectrophotometer  

by determining theincreasein A550．GTase wasincubatedin3mlof O．1M phosphate  

bu舘er（pH6．0）containingl％sucrose，0．1％ sodiu汀IaZide，0．5％ dextran TlO，and  

polyphenoIs at37‘C fo‡－3h王∴ The volume of GTase solution usedin the assay was  

determined by that giving absorbancel．O at550nm．Inhibition rateis expressed by the  

foilowing equation：Inhibition rate（％）＝100x（Ac仙Ap）／Ac here，Ac and Ap represent  

absorbance obtainedin controlandin polyphenoldose，reSpeCtively・IC5O 

polyphenoIconcentration（掩／ml）giving50％inhibition ofGTase．  

llト2－：！1iぐSl11tさく；lIl（lDisclI舗il）n  

餌ぬ払i毛Ory払虎iv揉y o君t弘e b払rk polyp熟e飢OIs  

Green tea and oolong tea are known as tlてe PreVentive beverages of dentalcaries，and  

theinhibition of GTase on polyphenoIs containedin these bcverages weTe eXamined recent－  

1y，96朝In those papers，the polyphenoIs from a oolong teainhibited GTase ten times more  

than that from a green tea．Since oolong tea produccd by a sem巨砲rmentat主on from green  

teais subjected to the structuralchanges by enzymesin that process，the oolong tea  

polyphenoIs are thought to be the oligomers converted from chatechinsincludingepigallocatechin  

gallatein green tea．Then，GTase was presumablyinhibited by bark polyphenoIs consisting  

Of flavan…3】0loligomer．  

The relationship between the concentration of polyphenoIs from different sources and  

theirinhibition rate on GTaseis shownin Fig．28．Both extracts from acacia and  

karamatsu exhibited higherinhibition rates than oolong tea extracts as expected．As can be  

seeninIC50，inhibitory effect of karamatsu extracts particularly were about ten times that of   
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00long tea extracts．TablelO shows the flavanolvalues of bark and oolong tea extracts  

measured by the vanillinwhydrochloric acid method．Since these values correlate to the  

COntentS Of polyphenoIs，the GTaseinhibitory activity of these extracts was presumed to  

depelld on the polyphenoIs content．  

Re‡ationship betweeれtheinhibi七ory壬もdivity紺d洩e str11dⅥre Of polyp王IemOIs  

The molecular weight of the each eluate fraction prepared according to Fig．20，and  

theirIC50Values on GTase are shownin Tablell．The molecular weight of these fractiorlS  

increasedin the following order，EE，ME，and AE fraction．TheirIC50Values decreased  

With theincrease of the molecular weight，Which means that theinhibitory activity depends  

On the molecular weight of polyphenoIs as shownin Fig．29．The amounts of nuclei  

1iberated by NER of the naturalpolyphenolfractions are shownin Table12．As described  

in chapterI‡，NERis an effective method to know about the hydroxylation patterns of A山  

and BMring constituting condensed tannins．In acacia extracts，phloroglucinoland  

resorcinolnucleiwereliberatedin the ratio of aboutl：3from ANring，CateCholand  

pyrogallolnucIciin the ratio of about2：3from B…ring．Thcse ratiosindicate that acacia  

polyphenoIs are of mainly profisetinidin and prorobinetinidin types．On the other hand，the  

polyphenoIsin karamatsu consists mainly of procyanidin type as can be seenin most of  

COniferous bark polyphenoIs，further quebracho polyphenoIs consist mainly of profisetinidin  

type．From theIC50Values of ME fractionsin different species，Which have almost the  

Same mOlecular weights，theinhibition effect of K…MEis thelargest，and those of AMME   
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and Q…ME are almost the same．Therefore，itis presumed that the A叫ringinfluenced the  

inhibition ofGTase rather than the B仙ring did，in particula．㌻，Phloroglucinolic AMring wa  

more effective than resorcinolic one．This resultis different from theidea that the  

hydroxylgroupsin B仙ring rather than thosein A酬ring brm hydrogen bond with prolinein  

the haze forming protein to produce the polyphenoトprotein complex．100）Kawamoto and  

Others，｝Ol）however，rePOrted that hydroxy】groupsin A7inginfluencedin a similar manner  

as thatin B…ring on the precipitation forming ability w主th BSA by using some chemically  

Synthesized condensed tannins having severalhydroxylation patterns．Therefore，the  

inhibition mechanism ofGTasewith condensed tannins may be the same as that of the BSA  

PreCipitation．   
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TheinfluenαS Of pyraれ－rimg opeれed strtldure of polyphe王101soIlinhibitory aetivity   

IC500f（＋トcatechin，PC dimer，PF dimer，CompoundI，1Ⅰ，and fI王in theinhibitory  

activity on GTase are shownin Table13．Theselow molecular weight polyphenoIs show  

Only slightinhibitions compared with the naturalpolyphenoIs．This result agreeswith an  

Observation that a class of monomeric and dimeric polyphenois had no ability to precipitate  

a protein，and the ability begun to appear from a trimeric polyphenol．102）However，  

CompoundIshowedless than a haif of procyanidin dimerinICso valuein spite ofitslower  

molecular weight than the dimer’s．compoundIalso showed a smallerIC5。Value than  

any other phenolated compounds，CompoundI‡and川．  

Tabie14showsIC50Value，degree of pyran叫ring opening（DPO），and molecular weight  

Of phenolated polyphenoIs prepared from K仙ME and A血ME． For the phenolated KMME，  

theIC5O Value did not changelargely during the phenolation，though the molecular weight  

decreasedwith theincrease of phenolation time．On the other hand，the molecular weight  

Of phenolated A仙ME nevertheless did not decreaselargely，theirICfm Value rapidlyincreased．  
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These phenomena probably relate to the DPO value ofthe phenolated poplyphenoIs．That  

is to say，itis expected that the GTaseinhibitory activity of the polyphenoIsincreases by  

the modif壬cationinciuding the pyran仙ring opening to produce a flexible structure which may  

have a high affinity to the enzymesin spite of the decr・ease Of thcir molecular weight during  

tlle Phenolation．  

11卜2－4 Stimary  

Theinhibitory effect of polyphenoIs with the opened pyran州ring on GTase reiating to  

dentalcaries was examined．Itis wellknown that green tea or oolong tea have an effective  

inhibition to GTase－ Allpolyphenois extracted from some barks were mor・e effective  

inhibitors than that from the teas．The．inhibitory activity of bark polyphenoIsincreased  

with theincrease of their molecular weight，and the oxygenat主on pattcrns of A山ringin  

POlypherlOIs more strorlgiy afぬcted theinhibitory activity than that of B酬rirlg．Compound  

‡，Pyran…ring opened compound produced from（＋トcatechin by the treatment with BF3  

and excess phenol，displayed strongerinhibitory effect than synthesized proanthocyanidin  

dimers．Further，IC50Value of pyran…ring opened and phenolated products originated from  

KwME did notincreasedlargelyin spite of decreasing of the molecular weight．  

Therefore，the flexible structure given by opening the pyran…ring of the poyphenoIs  

would piay arlimportant rolein the GTaseinhibition．   
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ミtくニ‡、こて●ミ．盲‥ごミ：■ミニさ丁  

Presen巨day exhaust mass of a barkinJapan reaches5．6m用ion tons per year．Most of  

them are not utilized arld are regarded as troublesome productsinlumberindustry．Itis  

however needless to say that barkis veryimpor・tant tissuein the meaning of protecting a  

tree from externaicauses．Actually，COndensed tannins being contained highlyin bark  

possess functions such as protein precipitation，metalchelation，and nucleophilicity．  

Nevertheless，a POlyphenolindustry doesnOt 

hydrolyzab】e tanninsis used to remove proteinsin the brewer・yindustry．肌103槻m5） on the  

other hand，the development of wood adhesivesIJSing condensed tannins has beerladvanced  

activelyin South Africa，North America，and Australia．However，a ut‖ization as  

substitutive materials f（）r Synthesized phenoIs such as resorcinoland phlorogrucinolis merely  

propose（蓬．  

The author pointed out the structuralprobiem oJF condensed tannins，thatis thelow  

flexibility on the moiecules．Therefor・e，the molecular derlaturation relating to the  

pyran仙ring opening of condensed tannins toinerease the円exibiiity of the molecuie was  

demonstratedin this thesis，The mechanisms of pyrar】山ring opening and the characteristics  

Of the pTOducts of the phenolation of condensed tannins by using BF3－phenoIsystem are  

concluded as fo1loⅥ7S．   

In chapterI，the phenolation of（＋）HCateChin whichis one of the terminalunit of  

COndensed tannins was performed at40℃．Three phenoladducts were mainly producedin  

high yields，CSPeCially the yieid of Compound‡was about60moi％．Opening of the  

pyran仙ring was confirmed on Compound‡fromits21）～NMR data．Thatis to say，the  

phenolation using BF：～is a selective reaction for opening ofthe pyranTing of（＋トcatechin．  

Furthermore，a h短h accessibiiity of BF3tO the substrate and alarge yield of CompoundI  

in the aprotic solvents were confirmed from the results of the ctaly症c activities and the  

SOlvent effects．It was proved that the pyranhring opening reaction proceeded via SN2  

reaction with a phenolat C…2position of（＋トcatechin based on the stereochemistry of  

CompoundI．   

In chapter王Ⅰ，MpNER was deviced as an analyticalmethod to determine a frequency of  

pyranMring openingin the phenolation products．To establish this method，Synthesized  

COndensed tannins were used．Comparedwith the NER，fairlylarge amounts of nuclei  

Wereliberated from A－ring by the M－NER．On applying this method to the severalnatural  

COndensed tannins，pyranWring opening was recognizedin some materials，and surprisingly  

60％of the totalpyran－ring were estimated to openin quebracho extracts．Since there  

have been no reports reiating to the frequency ofpyranHring opening so far，therefore，the   
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M－NER method would become one of the effective analysis toolto obtain theinformation  

On pyranMring opening of naturalcondensed tannins．   

In chapterlII，the characteristics ofphenolated products of bark extracts by BF3…phenoI  

SyStem Were describeci．  

First，the reactivities of the products with formaldehyde whichis animportant  

CrOSSMlinking reagent for wood adhesives were examined，and the results are summarized as  

fouows：1）Opening of the pyran榊ring accompaning decreasein the molecular weights of  

COndensed tannins was caused by phenolation usinginexpensive phenolin the presence of  

BF3．A unit which possesses a phloroglucinolic A仰ring opened the pyran…ring and cleaved  

irlterflavanoid bond more easily tha11did a unit which possesses a resorcinoiic A仙ring．2）  

The phenolated producls of karamatsu extracts acceIerated the condensalion with rormaldehyde 

in comparison with karamatsu extracts．Therefore，it wasindicated that the pyran…ring  

OPening andinterflavanoid bond cleaving of the condense（ま tannins wouldlead their  

molecule to the structuresincreasing basicity arld flexibility．  

Second，theinhibitory activity of phenoiated condensed tannins on glucosyltrar汗erase  

（GTase）with regard to dentalcaries was examined．Allbark extracts used showed high  

inhibitory activities，and are recognized to have sufficient functions as priventors of dental  

Caries．However，the主nhibition rate decreased with a decrease of molecular weight of  

naturalc（ふdensedtannins．（＋）＜atechin andsynthesized dimerhadlittle。r n。effect。n  

theinhibition．On the other hand，CompoundIand phenolated products of the bark  

extractsin which they have a pyrar卜ring opened structure showed highinhibitionsin spiもe  

Of havinglow molecular weight．Thatis to say，animportance of the molecular flexibility  

of condensed tannins were notedin the GTaseinhibition rnechanisms．  

Therefore，rnOdificaion to open the pyran－ring and diminish the molecular weight of  

COndensed tannins were achieved by the phenolation using BF3，arlditis concluded that  

COndensed tannins were convertedinto more active moleculesin chemicaland biological  

POints．   
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