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General エntroduc七ion  

Recently′ heteroatoms belonglng tO the third to the fifth row ＝   

of the periodic table have attracted considerable attention in 

organic chemistry・ ParticularlYr Organic sulfur compounds have  

beeninterestedin their bi010gicalactivities． ＝n the numerous  

organic sulfur compounds, sulfoxides have long been considered to 

be more important since they have high and characteristic  

reactivities as compared to other organic sulfur compounds・ For  

examples（it has been found that diarylor alkylarylsulfoxides  

undergo facile o－1ithiation of the aromatic ringsr and unusual  

ligand coupling andligand exchange reactions・1  

0n the other hand，it is we11known that the two or more   

heteroatoms which are arranged appropriatelyin space are able to   

interact intramolecularly with each other，Called transannular   

interaction． As typicalexamples，nitrogen，Sulfur and selenium   

atoms attached to thel，5－ Orl，6－POSitionsin the eight or ten   

membered rings interact intramolecularly and form a O－bond   

between the heteroatoms by oxidation・2′3・4  similarly′in the  

SeVeral compounds containing heteroatoms as the substituents，   

unusually strong attractive interactions or bond formations   

between the heteroatoms are observed when they are situated at   

the appropriate positions．  

＝n this thesis，the author wishes to summarize the results on   

the new ligand coupling reactions of sterically congested   

Sulfoxides and formation of dithia dications via transannular   

interactions between the two sulfur functional groups. 
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Furthermore， the author also describes the formation of   

triphenYlenothiophene and novel dibenzodithiopentalene bY   

thermolysis and phot01y＄is of dibenzothiophene derivatives・  

Reactions of SulfoxidQS Witb Or甘anOmetall土c Rea9en七S  

＝t is well known that sulfoxides react with organometallic   

reagents such as organolithium or Grignard reagents affording the  

four different reaction pathways．1 0neinvolves nucleophilic   

subst.l_tution with the Walden inversion at the sulfinyl sulfur 

atom（，．1igand exchange”）． A second oneis a concomitantligand   

exchange and disproportionation・   A third one is a ligand   

coupling reaction and a fourth reactionis an ortholithiation・   

In this section these reactions are briefly described．  

Ligand Exchange and Disproportionation Reactions．  

Sulfoxides have been known to undergo facileligand exchange   

reactions upon treatment with organ01ithium or Grignard reagents・   

In the exchange reactions using alkyl aryl sulfoxides or   

haloalkylarylsulfoxidesr the most electronegativeligandis   

usually replaced by organometallic reagents to give dialkyl   

Sulfoxides with completeinversion of the sulfur center・ On the   

Other handr reactions of diarylsulfoxides with organometallic   

reagents used to give essentiallyligand exchange products but   

the results are mechanisticallY ambiguous and hence have been   

discussed for many years．  
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However，reCentlyit has been found that concomitantligand   

exchange and disproportionation reactions take place rapidlyin   

the reactions using diarylsulfoxides and various organolithium   

reagents．   These unusual reactions are considered to occur via   

an initial nucleophilic attack of the organolithium reagents on 

the sulfur atom to produce new ary11ithiums which further attack   

On the sulfur atom of the starting sulfoxides．  These   

Substitution processes are repeated rapidly to glVe the l  

disproportionated sulfoxides（Schemel－1）．  

LigandExchangeReaction  
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These exchange reactions are believed to proceed via an SN2－  

tYPe PrOCeSSinv01ving cF－Sulfuranes asintermediates or simple   

transition states． For example′ the reaction of phenylp－tOlyl  

sulfoxide with phenyllithium glVeS a mixture of three sulfoxides， l   

namely（Phenylp－t01yl（diphenyland dトp－t01ylsulfoxidesin the  

2：1：1statisticalratio as ligand exchange products・5  The  

stereochemistry of this facile disproportionation reaction was  

investigated using optically active（R）－PhenYIp－t01ylsulfoxide  

or（S）－0－ChlorophenYI p－t01yl sulfoxide to result in the  

formation of the completely racemized starting sulfoxide（Scheme   

ト2）．5  

Meanwhile， the simple ligand exchange reactions of   

sulfoxides have been utilized to provide several new   

Organ01ithium or Grignard reagents that are difficult to generate  
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by conventional procedures．6a，7，8   Furthermore（this simple   

exchange reaction was applied to the synthesis of opticallY Pure  

sulfoxides（Schemel－36b・C andl－46d）．  
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Licrand Coupling Reactions  

As an alternative nucleophilic substitution reaction on the   

sulfur atom of sulfoxides with organometa11ic reagents（1igand  

coupling reactions have been reported・9 when sulfoxides bearing  

electronegative ligands such as pyridyl group were treated with 

Organ01ithium or Grignard reagents the coupling reactions were  

observed between the tw01igands to glVe the corresponding l   

biaryls or pyridylaryls in g00d yields・   ＝n the reactions   

tetrac00rdinate sulfurane should be formed as an intermediate   

（Schemel－5）．5，7，9  
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There are two different types of bonding orbitals in   

Sulfuranes as wellas other hypervalent species having a trigonal   

bipyramidal（TB）structure；Oneis an apicalbond and the other   

is an equatorialbond・  The apicalpositions are occupied by   

electronegative ligands using p orbital of the central sulfur  

atom（Whereas the equatorialpositions which are composed of sp2  

hybridized orbitals，are PreSumed to be taken up by electron   

donating substituents． Theligand coupling reactions presumably   

take place by the initial nucleophilic attack of the   

organoLithium reagents on the sulfur atom resulting in t2le 

formation of an unstable G－Sulfurane as anintermediate．  On the   

mechanism of ligand coupling，it is considered that the two   

electronegativeligands can couplein the sulfurane．  工n the TB   

I StruCture Of sulfurane′ One ligand occupied at the apICal   

POSition and another one at the equatorial positions can   

interchange their positions by pseudo rotation or turnstile   

rotation and thus the tw0 1igands come c10Se tOgether for  

coupl土ng・6d′e  

In the coupling reactions the stereochemistrY Of the carbon   

atom attached at the coupling center reveals the retention ofits   

COnfigurationindicating that the reaction should proceed via a   

COnCerted front side attack of the one ligand on the other by   

forming a three membered transition state orintermediate without   

bond breaking．  

These coupling reactions have been used for synthesis of   

numerous syrnmetric and unsymmetric bipyridines which are  

difficult to synthesis by usualmethods（Schemel－6）・6a  
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0－Lithiation Reactions  

The regio specificintroduction of the suitable substituents   

into the aromatic ring has been an important technique in   

Synthetic organic chemistry． There are many substituents which   

Can COntr01 the reglOChemistry of lithiations on aromatic l   

rings・6a，6d，11 However（there are a few reports using sulfinyl   

moiety as an directed o－1ithiationin the aromatic ring． Gilman   

et al．found that the lithiation of thianthrene－5－OXide with n－   

butyllithium gave not only the desired o－1ithiation product but   

also the ligand coupling and reduction product simultaneously   

（Schemel－7）．10  
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Schemel－7  
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Recently，highly reglOSPeCific orth01ithiation of diaryl l   

sulfoxides bearing phenyl or pyridyl group was performed using 

lithiumdiisopropylamide（LDA）as a baseinstead of n－butYllithium   

to give the desired o－1ithiated products in high yields（Scheme   

ト8）．11  
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Transannular 工nteract土on5 0f HetQrOatOm3  

It is we11known that the two or more heteroatoms which are   

arranged appropriately in space are able to interact  

intramolecularly with each other・2，3，4 In generalr attractive   

force is more important than the repulsive force in the   

transannular interaction between the heteroatoms．  For instance   

inl，5－diheteroatom substituted cyclic compounds，if one removes   

One Or tWO electrons from one heteroatom， the lone pair   

electrons on the other heteroatoms particIPate tO make a G－ 1  

bonding for stabilization to produce a new cation radical or 
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dication．   Recently．transannular cF－bond formation between   

heteroatoms such as a combination of N－N，3 s－S12，13a and S－S－  

S14′15 has been reported and their dication salts are actually   

is01ated and their structures have been determined by X－ray  

crystallographic analysis（Scheme l－9）．2，3・13  0n the other   

hand，Sterica11y congested two or more heteroatoms substituted at   

the suitable positions in the aromatic ring have been found to   

PrOVide exceptionally strong transannular interaction between   

them．   The two apparently different factors which govern this   

transannular effect areJi）the steric strain in these systems   

due to bulkiness orlone pair repulsion of the substituted groups   

and hence works as the destabilizing repulsive effect for orbital   

OVerlapping of the heteroatoms，ii）if two heteroatoms are   

located within their van der Waals radii，G－bond is readilY   

formed between them upon one or two electron oxidation thus   

PrOViding a considerable relaxation of the steric strain to   

COnVert rePulsive force into attractive force．   Staab and his   

COWOrkers employed the sYStematic variation of the structures of   

numerous aromatic compounds bearing nitrogen substituents on the   

effect of base strength shownin Tablel－1，and correlated we11   

the base strength with theinteractions between the two nitrogen   

atoms as a function of steric factor，in particular of the   

geometry and the bondlength of the N－H－N bonds formed by proton－   

uptake by means of X－ray StruCturalanalysis．   On the other   

hand，the oxidation reactions of cyclic compounds having the   

nearby two heteroatoms（N or S）proceed via different manner   

COmPared with that of the corresponding acyclic compounds． Here  
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these unusualproximity properties are discussedin detailas the   

results of steric interactions between the two heteroatoms．  

Proton Sl⊃OngeS：N－H－NInteraction  

Both acidity and basicity represent the two characteristic   

PrOPerties of compounds． Manyinformations on the dissociation   

COnStantS Of organic acids and bases have been described as   

decisive r01es in the theoretical understanding of chemical   

bondingin organic compounds． Obviously，the strengths of acid   

and base depend on the structuraland electronic factors of the   

m0lecules such as inductive，meSOmeric，and steric effects． On   

the other hand，the report by Alder et al．in1968 0n unuSually   

high basicity of a relatively simple organic compound such as 4   

as compared to l，2．and 3 was the subject of considerable  

attention（Fig．1－1）．16，17  

,N NH 
2  

苗H3’2  

3   

Fig．1－1  

苗
1
 
 

They described that anilinel andl，8－diaminonaphthalene 2   

have similar basicities of typICalaromatic amines，Whereasl，8－ 1   

bis（dimethylamino）naphthalene 4 has a basicity of ten million   

times higher than that of dimethylaniline 3．  

Theincreasein basicitY byincreasing the bulkiness around   

the two amino groupsin the peripositionsis considered to be  
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due to the two factors which work togetherin theidentical  

direction；firstly the two dialkylamino groups increasingly  

＝ forces the molecules into an suitable arrangement for trapplng  

protons・  Essentially／the repulsion between the two nitrogen  

lone pairs at thel（8－POSitions glVeS a destabilizing effect for l   

the free bases；SeCOndary the protonation on the one nitrogen  

atom ylelds a monocation in which a particularly stable l   

intram0lecular hydrogen bond bridging the two amino nitrogen   

atoms is formed because of the sterica11y fixed short N－N   

distance．   This latter effect removes the destabilizing ‖10ne   

Pair‖interaction and thus causes a considerable decreasein the   

Ster土c straln．  

In these studies，the sterically congestive effects are   

I essentiallylimited to such compounds as those be10nglng tO the   

Class of the peridisubstituted naphthalenes． On the other hand．   

Staab et al．have synthesized analogously severalother diamines   

SuCh as 5－8 bearing two congested amino groups in space and   

Studied the basicities and determination of the structures for   

these compounds・18－21   various structural factors could be   

responsible for the observed values in the basicitY aS in the  

Series of compounds，4（PKa＝12．1），5（12．8）．19 6（11．5），20 7  

（11．9）and 8（11．8）（Tablel－1）．21  

14   



豊 日NN。  H諷㌔急。  

日詰㌔茄。  H笥J‰  

Tablel－1．Basicities of SomelTProton Sponges一一；N－N Distances and  

Monocat土ons．  les in the Corres  Ondln   N－H－N An  

pKa N－N（Å  

12．1  2．60   

12．8  2．626   

11．5  2．544   

11．9   2．587   

11．8  2．573  
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Fluorene  

Phenanthrene  

Dibenzothiophene   

A
】
 
5
 
6
 
7
 
8
 
 

Dibenzoseleno  hene  

Apparently from these results  4．5－bis（dimethyl－   

amino）fluorene 5 has the strongest basicityin the series of   

Changing the aromatic skeletons．   A possible reason for the   

reduced basicity of 6 compared to 5 could be explained that as a   

result of the particularly large steric strain，the N－H－N   

hydrogen bridge in ij is compressed beyond the energetically 

OPtimalN－N distance for a hydrogen bridge（Fig．1－2，1－3，1－4）・   

AIs00ther plausible explanationis that the steric strainin 6  
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Fig．1－2．M01ecular Structure   

Of 5－Perchlorate：（A）L00king   
directly down on the Fluorene  

Plane′（B）L00king Sideways   
from a Position〕uSt above l  
Fluorene Plane．  

彗  
Fig．1，3．Molecular Structure  

Of 6－Perchlorate：（A）L00king  
from the Side along the C2－C7  

Axis，（B）L00king a10ng the  

（Approximate）C2Axis．  

Fig．1－4．M01ecular Structure  

Of 6：（A）Side View，（B）View  

along the（Approximate）C2Axis  
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is so stronger than in 4 and 5 that the protonation cannot 

release the steric strain of the N－Nlone pair repulsion・ This  

may also applied to the comparison of the molecular structures Of  

4 and 7 0r 8． Since the compounds 7 and8 have the medium N－N  

distances of that of compounds 5 and 6r the basicities of 7 and   

8 1ie between those of 5 and 6．  

Structures Of］．，頗  

Dibenzoselenophene（8）21  

Zn the series of structura11y similar cornpounds Staab et al・   

estimated a stepwise change in the strength of the interaction 

between the dimethylamino groups attachedin the positionsland   

9 0f dibenzothiophene and dibenzoselenophene．  On the ba＄is of   

X－ray StruCtural analyses，1，9－bis（dimethylamino）dibenzo－   

thiophene（7）and l．9－bis（dimethylamino）dibenzoselenophene（8）   

Show that they have slightly torsioned forms due to repulsion   

between the two outer dimethylamino groups（Fig．1－5，1－6）．  

The strongerinteractions exist between the two dimethylamino   

groups，the larger the deviation appears from the planarity in   

the m01ecules・   These steric forces are demonstrated by the   

torsionalangle between the centralC9a－C9b bond（21．3 0）′ Which   

CauSeS Cland C9 tO be displacedin opposite directions by O．331  

and O．303 Å respectively from the plane of the five membered  

ring・ The Nland N9 atOmS are also displaced O．748 and O．656 Å   

above and below from this plane′ SO that the N－N distance is   

2．861Å．  
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叫〕  
C（3）   

Fig．1－6．M01ecular Structure  

Of 8（A）and 8－Tetrafluoro－  
borate（B）seen from the Side  
along the C3－C7Axis．  

Fig．1－5．Molecular Structure  

Of 7（A）and 7－Tetrafluoro－  
borate（B）100king from the  
Side along the C3－C7 aXis  

A comparison of the m01ecular structures of 7 and the   

PrOtOnated 7a（tetrafluoroborate）（Fig．1－5）from the side view．   

100king the m01ecules along the C3－C7 aXis shows directly how   

much the protonation of 7 and the concomitant formation of a   

StrOng N－H－N hydrogen bridge leads to a relief of the steric   

Strain：in 7a the torsionalangle around the centralC－C bondis   

Only 7．7 0（instead of 21．3 0in 7）and the N－N distance is   

reduced by O．274 to 2．587 Å． The N－H－N bridgeis almostlinear，   

the angle being175 O  

The compound 8 also glVeS a mOnO tetrafluoroborate 8a，in l   

thelH－NMR the N－H－N proton absorbs at19．28 ppm（DMSO－d61500   

MHz）． The structures of 8 and 8a are analogous to those of the  
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Sulfur compounds 7 and 7a・  A comparison of torsionalangles   

between 8 and the monoprotonated cation 8a（Fig．1－6）shows   

Clearly the reductionin the steric strain on protonation． The   

N－N distance is reduced from 2．823 t0 2．573 Å′ and the N－H－N   

bridgeis here again almostlinear（175 0）．  

R＿  i n of lic an Rii m n  

As described above′ Sterica11y congested compounds   

COntaining nitrogens haveinteresting characters bY forming a   

StrOng hydrogen bonding with respect to their nitrogen   

Substituents・   On the other hand′ analogous phenomena using   

Sulfur compounds have been rarely observed．   A few known   

examples are shown below．  

Hydrolysis of cyclic naphthalene－1，8－thiosulfinate and   

naphthalene－1，8－thiosulfonate was found to have differen   

reaction rate as compared to the corresponding acyclic  

compounds（Fig・1－7）．22  

S－SO  

Ph－S－S（0）2－Ph  Ph－S－S（0）－Ph  

Relative rate l．5xlO－3  1．5  no reaction 

＋ H20   
ニミ‾  

dioxane  

Schemel－10  
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The hydr01ysis of acyclic sulfinylsulfones was performedin   

l aqueous dioxane to glVe the sulfinic acids，but in the case of   

Sterically congested cyclic compound，the rate of the hydrolysis   

Ofi．e．naphthalene－1，8－Sulfinylsulfone proceeds s10Wly（Scheme   

ト10）．23  

㌔‾SO2  
㌔、so3Na  

Schemel－11  

On the other hand， the substitution reaction of   

biphenylylene－2，2T－Sulfinylsulfone with Na2SO3 WaS found to  

undergo readily to give the ring opening product（Schemeト11）・24  

These results reveal clearLy that if cyclic compounds containing 

Sulfur atoms constitute sterically congested rlgid forms the ●  

nucleophilic substitution reactions using these substrates should   

PrOCeed unexpectedlY different manner comparing to non strained   

COmPOunds．  

3
 
日
 
 

C
 
 
ウ
ー
 
 

O
 
 

C
 
 
Y
R
 
 

Schemel－12  
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Kemp et al・have reported that the OrN－aCyl transfer   

reaction using methyl N－【（8－aCetOXy－1－naPhthyl）methylene］－2－   

aminoacetate proceeds via a cyclicintermediate and the reaction   

rates are influenced by the steric strain of the corresponding 

cyclicintermediate（Schemel－12）・25  

∩  
＋S－S＋  

H2SO4  

H2SO4  ＋S－S＋  S S  

Schemel－13  

Recentlyr it has been reported that the cyclic l（8－   

dithiosubstituted naphthalenes react with concentrated sulfuric   

acid to glVe the stable dithia dications on oxidation and then                                    l  

l these dications formed were treated with water to glVe the  

corresponding monosulfoxides （Scheme ト13）・26，27   These  

COmPOunds have been known to have the very c10SelYlocated two   

Sulfur atoms at the peri positions and hence to possess the   

StrOnginteraction between these sulfur atoms・  
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As described above′ the compounds having stericallY COngeSted   

Substituents in the m01ecule show quite often the strange   

reactivities as compared with that of the simpIY hindered  

compounds・  ThereforeJitis noteworthly to undergo the studies  

with respect to the nature of the sterically congested compounds  

and to reveal how steric strain creates unexpected influences on 

the normal reactions．  

This thesis describes the f0110Wing studies：i） a new  

method0logy was invented for the synthesis of sterica11y  

congested lr9－disubstituted dibenzothiophenes using ligand  

coupling reaction of 416－disubstituted thianthrene－5－OXides；ii）  

these dibenzothiophenes having strong interactions between the 

tw0 0uter Sulfur atoms produced a new dithia dications；iii）  

photolysis and therm01ysi5 0f these sterically congested  

dibenzothiophene derivatives gave noveldibenzodithiopentalene′   

triphenylenothiophene and tribenzodithioazulene・   

l Each chapteris consisted of the fol10Wing topICS・  

Chapter 2：Sterically congested l（9－disubstituted dibenzo－  

thiophenes were synthesized by the ortho lithiation of  

thianthrene－5－○Ⅹide with lithiumdiisopropylamide （LDA）．and  

subsequent ligand coupling reactions of 4r6－disubstituted  

thianthrene－5－○Ⅹides with n－butyllithium． The structure ofl′9－   

bis（Phenylthio）dibenzothiophene was determined by X－ray   

CryStallographic analysis．  
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0  
ヰ  

位；①  

R R  
1）LDA，THF／－780C  

2）E，－78→－200C  ∩－BuLi（4．Oeq．）  

丁目F／－780C  

3）H20  

Chapter 3：1，9－Bis（methylthio）dibenzothiophene andl－（methYl－   

sulfinyl）－9－（methylthio）dibenzothiophene reacted with concen－  

trated sulfuric acid to glVe the corresponding dithia dications 1   

0f which generation wasidentified bylH－NMR spectroscopy and by  

isolation．   Whereas the analogous compounds 2，8－bis（methyl－   

thio）dibenzothiophene and l一（methylthio）dibenzothiophene   

decomposedin conc・Sulfuric acid・ These results suggest that  

the G－bond is formed between the two sulfur atoms to stabilize   

the dication．  

C＝3 CH3  
、s s／  

H2SO4  

Chapter 4：The structure ofl－（Phenylsulfinyl）－9－（Phenylthio）－   

dibenzothiophene was determined by X－raY CrYStallographic   

analysis． Formation and detection ofl，9－bis（arylthio）dibenzo－  

thiophene dication were performed by thelH－NMR and FAB MSin  

COnC．H2S04．   The structure of dithia dication in the conc・  

H2SO4S0lution was estimated by variable temperaturel王トNMR・  
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Ph  Ph Ph  

、s s′  
Ph  
s＿S   

H2SO4   

Chapter 5：A novel dibenzo［bc′fg］［1，4］dithiopentalene was   

Obtained by phot01ysis and therm01ysis ofl，9－bis（methylthio）－   

dibenzothiophene．   Its structure was confirmed by the X－ray   

CryStallographic analysis revealing that the compound has a   

COmPletely planar form．  

CH, CH3  
、s s／  S－S  

hvorA   

Chapter 6：The photolysis ofl，9－bis（arylthio）dibenzothiophenes   

WaS Performed in benzene s0lution to glVe the cyclization l  

PrOducts triphenylenothiophene and tribenzodithioa21ulene・   

Deuterium tracer experiment indicates that the cyclization   

reactions proceedintram01ecularly．  

hv  

Benzene  
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CHAP℡ER 2  

A CONVEN＝ENT PREPARATZON OF STER＝CALLY CROWDED  

l，9－DrSUBST＝TUTED D＝BENZOTエ＝OPHENES AND  

3．3－－DエSUBS℡工でU℡ED DェARYIJ SロムF工DES  

Abstract  

Thianthrene－5－OXide （1）reacted with 2．2 equivalents of   

lithium diisopropylamide（LDA）to give 4，6－dilithiatedlwhich   

WaS treated with severalelectrophiles to produce 4－Substituted   

thianthrene－5－OXides（2）and 4′6－disubstituted thianthrene－5－   

0Ⅹides （3）．   Compounds 3 were further treated with n－   

butyllithium to afford sterically crowded l，9－disubstituted   

dibenzothiophenes（4）in moderate yields．  

28   



エntroductlon  

The reglOSPeCific ortho metallation of aromatic compounds l   

has been focused much attentionin organic synthesis・1 ＝n   

1955（Gilman reported that thelithiation of thianthrene－5－○Ⅹide   

（1）using n－buty11ithium as a base afforded not only the o－   

1ithiatedlbut also theligand coupling（dibenzothiophene）and  

the reduction products simultaneously・2   RecentlY（Simple   

reglOSPeCific o－1ithiation of diarylsulfoxides having phenylor l   

Pyridylsubstituents was performed usinglithiumdiisopropylamide  

（LDA）instead of n－buty11ithium・3・4  0n the other hand′  

thianthrene－5－OXide （1）was converted t0 2．2一－disubstituted   

diarylsulfides by treatinginitially with Grignard reagents and  

subsequently with aldehydes・5  

In order to utilize o－1ithiation reactions of diaryl   

sulfoxides for organic synthesisl the reactions of l with  

lithiumdiisopropylamide（LDA）3，4 and subsequentlY With several  

electrophiles were examined・  In this chapterr convenient   

PreParations of sterically crowded l（9－disubstituted  
dibenzothiophenes（4）and 3，3一－disubstituted diphenylsulfides   

（5）are reported via theligand coupling andligand exchange  

reactions of4′6－disubstituted thianthrene－5－○Ⅹides（3）・6  
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Re8ult＄ and D土scus＄ion  

Synthesis of 4，6－Disubstituted Thianthrene－5－0Ⅹides（3）  

When thianthrene－5－OXide（1）was treated with LDA at －78 0c   

in THF，mOnO－ and dilithiatedlwere produced・  Then these  

lithiatedlwere treated with severalelectrophiles to glVe l   

numerous 4－ and 4，6－disubstituted thianthrene－5－○Ⅹides（2，3）   

（Eq・2－1）・   The ratio of the compounds 2 and 3 changed   

enormously by changing the molar equivalent of LDA．   These   

results are summarized in Table 2－1．  

ROR  

位軍孟．起重か2－1，  
2a・g  3a・g  

0  
1  

暖；①  

1  

1）LDA／THF，－78OC  

2）Electrophite   

－78 －」■－ －20℃  

Table 2－1．Reaction of l with LDA and Electro  lhiles 

LDA（eq．） Electrophile  R  Yield（％）  

2  3   

21（3a）  

53 （3a）  

19 （3b）  

61（3b）  

26 （3e）  

38 （3c）  

ヒrace（3d）  

63（3d）  

63 （30）   

0 （3f）  

65（39）  

66 （2a）   

26 （2a）   

61（2b）   

25 （2b）   

55 （2c）   

29 （2c）   

87 （2d）  

trace（2d）  

10 （2e）   

77 （2f）   

4 （2甘）   

（クーT01S）2  

（p－ToIS）2   

（PhS）2   

（PhS）2  

（p－CIC6H4S）2  

（p－CIC6H4S）2   

S8 ＋ MeI   

S8 ＋ Me工   

（PhSe）2  

PhCHO   

Me3SICl  

1
 
 
2
 
 
1
 
 
2
 
 
1
 
 
2
 
 
2
 
 
3
 
 
2
 
 
 

1
 
2
 
 
1
 
つ
ん
 
 
1
 
2
 
2
 
 
3
 
2
 
 

クーT01S   

ダーT01S  

PhS  

PhS   

p－CIC6H4S  

p－CIC6H4S  

MeS  

MeS  

PhSe  

PhCHOH   

Me3Sl  

2
 
 
つ
ム
 
 
 

2
 
つ
ん
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Ring Contraction of 4′6－Disubstituted Thianthrene－5－   

0Ⅹides （3）  

It has been known that one callintroduce the substituents to   

the 4（6－POSitions of dibenzothiophene but the introduction of   

the two substituents to the l19－POSitions of 4k is very  

difficult（Since dibenzothiophene has no reactive protons on the   

l（9ppositions・  Recentlyit was found that when the reactions   

Of 2 and 3 bearing sulfenylmoieties were carried out using n－   

buty11ithium or phenyllithium（both the ring contraction and   

ring opening reactions t00k place simultaneousIY affording the   

COrreSPOnding dibenzothiophenes （4） and diphenyl sulfide   

derivatives（5）（Scheme 2－1）．  The results are shown in Table   

2－2．  

●
l
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L
♪
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＋  

I
S
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良筆式  

10r20r3  

R3Li  

鮮
血
 
 
 
 
 
 
 
 
S
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軌
、
棚
 
 
 

R
l
⊥
岨
 
 

Scheme2－1  
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R1 R2 

R3Li（4．O eq．）  

THF／・78OC   

Table 2－2．Reactions of Substituted Thianthrene－5－0Ⅹides with  
an01ithium Rea  ents  

Run Substrate  RI  R2  Yield（％）  

4  5  

3c p－CIC6H4S p－CIC6H4S  59（4c）   30 （5c）  1∂   

2∂  

3上〉   

4∂   

5∂   

68  

7わ   

8∂   

9∂   

10∂  

11わ  

25 （5b）  

17 （5b）  

40 （5a）  

35 （5b）  

70 （5j）  

45 （5j）  

52 （5土）  

65 （5d）  

65 （4b）  

49 （4b）  

46 （4a）  

19 （4b）  

10 （4j）  

50 （4j）  

10 （4土）  

22 （4d）  

3b  PhS  PhS   

3b  PhS  PhS  

3a  p－T01S  p－ToIS  

3h  PhS  MeS   

2b  PhS  H   

2b  PhS  H  

2a  jつ－T01S  H  

3d  MeS  MeS   

I  H  H   

I  H  王i  

4 （4k）  42 （5k）  

78 （4  k）  

a R3Li：n－butyllithium′ b R3Li：Phenyllithium・  

Diaryl sulfoxides have never been known affording biaryl   

derivatives by the reactions with organometa11ic reagents・   

These reactions of 4，6－disubstituted thianthrene－5－0Ⅹides（3）   

With organ01ithium reagents are attractive not only for   

investigating the mechanism of the coupling reactions of diaryl   

Sulfoxides but also for providing a convenient preparation of   

Various dibenzothiophene derivatives（4）． The reactions should   

be initiated by the attack of organ01ithium on the sulfinyl   

Sulfur atorn to form the sulfurane（6）as an intermediate which  
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l glVeS 4 and 5 via theintramolecularligand coupling・Orligand  

exchange process．6   0n the basis of X－ray CryStallographic   

analysis，it is clear thatl，9－disubstituted dibenzothiophene 4   

has a distorted form arising from steric repulsion between the   

two substituents・  Therefore／itis suggested that theligand   

exchange reaction（ipso substitution reaction）hardly takes   

Place by this steric repulsion． Furthermore，the fact that the   

Sulfoxides（3a－C）bearing arylthio substituents gave better   

yields of the coupling products than the methylthio derivative   

（3d）indicates that the ligand coupling reaction of 3a－C   

undergoes favorably due to the electronic stabilization of the  

intermediate，G－Sulfurane（6）by the presence of two electron－   

Withdrawing arylthio groups（Scheme 2－1）．  

The present investigation provides convenient and simple   

PrOCedures for preparation of sterically congested l，9－   

dithiasubstituted dibenzothiophenes （4）which are hardly   

PrePared by the common methods．  

Ⅹ－ray Crystallographic AnalY5is of l，9－Bis（Phenylthio）－   

dibenヱOtbiopbene （4b）  

The detailed structuralanalysis of 4b was performed by X－   

ray crystallographic analysis．   The ORTEP drawing of 4b is   

depictedin Fig．2－1． The molecular structure of 4bindicates   

that the centralthiophene ringis considerably distorted due to   

the steric repulsion between the two phenylthio groups attached   

at the C8 and the C12 atOmS but the distance between the two   

sulfur atoms is 3．012Å which is within van der Waals contact  
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（3・70Å）・7 The two phenylrings arelocated at antiorientation  

and are close to the dibenzothiophene ring・  

Fig・2～1・X－Ray Crysta110graPhic  
Analys⊥s of 4b  

Table 2－3．Bond Distances ofl，9－Bis（Phenylthio）dibenzothiophene  

Atoms  distaIICe Å  

C9－ClO  l．375  

ClO－Cll  l．395  

Cll－C12  1．388  

C21－C22  1．379  

C21－C26  1．397  

C22－C23  1．399  

C23－C24  1．370  

C24－C25  1．381  

C25－C26  1．388  

C31－C32  1．380  

C31－C36  1．391  

C32－C33  1．383  

C33－C34  1．378  

C34－C35  1．369  

C35－C36  1．384  

Atoms distance（Å） ESD  ESD   

O．005   

0．005   

0．004   

0．004   

0．004   

0．006   

0．006   

0．005   

0．005   

0．004   

0．004   

0．005   

0．006   

0．006   

0．006  

1．746  0．003   

1．フ43  0．003   

1．786  0．003   

1．783  0．003   

1．775  0．003   

1．781  0．003   

1．414  0．004   

1．395  0．005   

1．456  0．004   

1．412  0．004   

1．417  0．004   

1．413  0．004   

1．395  0．005   

1．373  0．005  

1．379  0．005   

1．402  0．004  

Sl－CI  

Sl－C4  

S2－C8  

S2－C2  

S3－CI  

S3－C3  

Cl－C2  

Cl－C9  

C2－C3  

C2－CI  

C3－C4  

C3－C8  

C4－C5  

C5－C6  

C6－C7  

C7－C8  

1
 
 
2
 
 
1
 
 

2  
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Table 2－4．Bond Angles ofl，9－Bis（Phenylthio）dibenヱOthiophene  

（4b）  

ESD  Atoms  an  Atoms  an  

91．28  0．15   

100．07  0．13   

101．49  0．13   

112．64  0．22   

124．54  0．25   

122．73  0．28   

111．41  0．24   

116．71  0．25   

131．67  0．25   

111．23  0．24   

132．24  0．25   

116．30  0．25   

112．70  0．21   

124．02  0．24   

123．13  0．28   

117．98  0．31   

121．21  0．32   

121．00  0．32   

122．76  0．21   

116．86  0．22   

119．67  0．27   

118．61  0．32  

119．78  0．34   

121．81  0．31   

121．67  0．21   

118．16  0．23   

119．31  0．27   

117．43  0．23   

122．42  0．22   

119．94  0．27   

119．59  0．32   

120．50  0．38   

120．02  0．36   

120．34  0．32   

119．57  0．28   

126．01  0．22   

114．31  0．22   

119．68  0．27   

119．84  0．30   

120．68  0．36   

119．36  0．38   

120．94  0．38   

119．47  0．33  

Cl－Sl－C4  

C8－S2－C21  

C12－S3－C31  

Sl－Cl－C2  

Sl－Cl－C9  

C2－Cl－C9  

Cl－C2－C3  

Cl－C2－C12  

C3－C2－C12  

C2－C3－C4  

C2－C3－C8  

C4－C3－C8  

Sl－C4－C3  

Sl－C4－C5  

C3－C4－C5  

C4－C5－C6  

C5－C6－C7  

C6－C7－C8  

S2－C8－C3  

S2－C8－C7  

C3－C8－C7  

Cl－C9－ClO  

C9－ClO－Cll  

ClO－Cll－C12  

S3－C12－C2  

S3－C12－Cll  

C2－C12－Cll  

S2－C21－C22  

S2－C21－C26  

C22－C21－C26  

C21－C22－C23  

C22－C23－C24  

C23－C24－C25  

C24－C25－C26  

C21－C26－C25  

S3－C31－C32  

S3－C31－C36  

C32－C31－C36  

C31－C32－C33  

C32－C33－C34  

C33－C34－C35  

C34－C35－C36  

C31－C36－C35  

The crystaldata for 4bJC24H16S3，mOnOClinic．space group P21／n，  

a＝17．862（2）′ b之8．050（2）．c＝13．594（2）Å．β＝95．74（1）0．Ⅴ＝1938．4（5）  

Å3，21＝4′ Dx＝1．373 gcm‾3，LL（Mo－kα）＝0．372 mm‾1，R＝0．0526   

（wR＝0．0744）．  
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Experimenヒal Sec七土on  

General．   

＝R were recorded on a JASCO A－3 0r a JASCO FT／＝R－5000   

spectrometer・1H－NMR spectra were measured on a HitachiR－600  

0r aJEOLJNM－EX270 0r a Bruker AM－500． 13c－NMR spectra were   

taken with a JEOL JNMrEX270 0r a Bruker AM－500．  Mass spectra   

were obtained with a Hitachi RMU－6MG or a JEOL JMX SXlO2 mass   

spectrometer・ Elementalanalyses were carried out by Chemical  

Analysis Center at this University・  X－ray CrySta110graPhic  

analysis was performed by Prof・Iwasaki at University of   

Electro－Communications．   

Materia18．   

Allreagents were obtained from Wako Pure ChemicalIndustries，  

Ltd．，Tokyo KaseiKogyo／Co（Kanto ChemicalCo・lOr Aldrich  

ChemicalCo‥   The reaction s01vents were further purified by   

generalmethods．   

Syntbes土s  

4－（P－Tolylthio）thianthrene－5－0Ⅹide （2a） and 4，6－Bi5（P－  

tolyltbio）thiantbrene－5－0ⅩidQ （3a）  

Thianthrene－5－OXidel（464 mg，2 mm01）dissolvedin THF（20 ml）   

waslithiated with O．22 Mlithiumdiisopropylamide（LDA）（10 ml，   

2．2 mm01）at －78 0c．   To this solution was added p－tOlyl  

disulfide（1．23 g，5 mm01）in THF（10ml）・ After usualwork－uP  

and purification by column chromatography（Silica gel；eluent，  

CH2C12）and then preparative liquid chromatography′ 4－（P－  

tolylthio）thianthrene－5－○Ⅹide （2a）and 4，6－bis（P－tOlyト  

36   



thio）thianthrene－5－OXide（3a）were obtainedin 66 and21！yields   

respectively．   

Similarly，thianthrene－5－0Ⅹidel（464 mg，2 mmol）dissolvedin   

THF（20 ml）waslithiated with O．44 M LDA（10 ml，4．4 mmol）at －  

78 0c and then was treated with p－t01yldisulfide（2．46 g，10   

mmol）in THF（10 ml）to give 4－（P－tOlylthio）thianthrene－5－0Ⅹide   

（2a）and 4，6－bis（P－t01ylthio）thianthrene－5－○Ⅹide（3a）in 26 and   

53％ yields respectively．  

2a：mP 212－213．5 Oc；1H－NMR（CDC13）8 7．93－6．90（m，14H，Ar－H）；   

＝R（KBr）1025 cm－1；MS（m／z）354（M＋）JAnal．Calcd for C19H140S3：   

C，64．37；H．3．98．Found：C，64．42JH′ 4．01．  

3a（Ar＝P－T01）mp．272－275 0cJIH－NMR（500 MHz，CDC13）8 7．54   

（dd′Jl＝7．8 Hz′J2＝1．0 王iz′ 2H，Ar－H）′ 7．38（d．J＝7．8 Hz．4H．Ar－   

H）′ 7．25（t′ J＝7．8 Hz′ 2H，Ar－H）′ 7．10（d′ J＝7．8 Hz′ 4H′ Ar－H）′   

7．04（dd′Jl＝7．8 Hz．J2＝1．O Hz′ 2王i′ Ar－H），2．37（S．6H．CH3）ノ工R  

（KBr）1046 cm－1；MS（m／z）476（M＋）；Anal．Calcd for C26H200S4：C，   

65．5い H．4．23．Found：C，65．22JH．4．15．   

4－（Phenylthio）thianthrene－5－0Ⅹide （2b） and  4，6－Bi8－   

（pbeェIyltbio）七b土antbrene－5－○Ⅹ1de （3b）  

2b：mP149－150 0cJIH－NMR（CDC13）8 7．83q6．97（m，12H，Ar－H）；＝R   

（KBr）1038 cm‾1JMS（m／z）340（M＋）；Anal．Calcd．for C18H120S3：   

C′ 63．50；H，3．55．Found：C，63．42；H，3．49．  

3b：mP 212．5－213．5 Oc；1H－NMR（CDC13）8 7．82－6．83（m，16H，Ar－   

H）；IR（KBr）1027 cm－1；MS（m／z）432（M＋－16）；Anal．Calcd for   

C24H160S4：C，64．25；H，3．59．Found：C．64．07；H，3・62・  
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4－（P－ChlorophenYlthio）thianthrene－5－0Ⅹide （2c） and 4，6－   

Bi5（P－Chlorophenylthio）thianthrene－5－0Ⅹide （3c）  

（CDC13）8 7．83－7．13（m，11H，Ar－H）；IR   

374（M＋）JAnal．Calcd for C18HllClOS3：   

C．57．54JH′ 2．98．  

（CDC13）87．90－7．03（m，14H，Ar－H）；IR   

516（M＋）；Anal．Calcd for C24H14C120S4：   

C．55．6い H′ 2．51．  

2c：mp195・5 0cJIH－NMR   

（KBr）1015 cm－1；MS（m／z）   

C′ 57．66JH′ 2．96．Found：  

3c：mp 259－26lOc；1H－NMR   

（KBr）1015 cm－1；MS（m／z）   

C′ 55．70JH．2．73．Found：  

ト（Phenylseleno）tbianthrene－5－0Ⅹide （2Q） and 4′6－Bi8－   

（Phenylseleno）thianthrene－5－OXide （3e）  

2e：mP156 0cJl王トNMR（CDC13）8 7．83v6．97（m，12H，Ar－H）；IR   

（KBr）1036 cm‾1；MS（m／z）388（M＋）JAnal．Calcd for C18H120S2Se：   

C．55．81；H，3．12．Found：C′ 55．69；H，3．14．  

3e：mP 202－203 0c′1H－NMR（CDC13）8 7．82－6．83（m，16H，Ar－H）；＝R   

（KBr）1035 cm－1JMS（m／z）544（M＋）JAnal．Calcd for C24H160S2Se2：   

C，53．14；H，2．97．Found：C，52．89；H′ 3．04．   

4－（1－Phenyl－1－hydroxymethyl）tbian七hrenQ－5－○Ⅹide （2f）  

2f：mP157－158 0c；1H－NMR（CDC13）8 7．79－7．03（m，12H，Ar－H），   

6．68（S，0．3H，CH），6．39（S，0．7H，CH），3．97（bs，1H，OH）；Anal・   

Calcd for C19H1402S2：C，67．43；H，4．17．Found：C．67・21；H，   

4．29．   

4－（TrimethYIsilyl）thianthrene－5－0Ⅹide （2g） and 4，6－Zli8－   

（trime七bylsilyl）th土an七bren金一5－0Ⅹide （39）  

2g：1王トNMR（CDC13）8 7．98－7．12（m，7H，Ar－H），0．52（S，9H，CH3）；   

ZR（KBr）1020 cm－1；MS（m／z）304（M＋）．  

3g：mP 214．5－215 0c；1H－NMR（CDC13）8 7．73－7．14（m，6H，Ar－H）．  

0．57（S，18H，CH3）J＝R（KBr）1025cm－1；MS（m／z）376（M＋）；Anal・  
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calcd for C18H240S2Si2：C／57・39；H（6・42・Found：C′ 57・31；H，   

6．39．  

4－（Methylthio）thianthrene－5－0Ⅹide （2d） and 4，6－Bi5－  

（methylthio）thianthrene－5－OXide （3d）  

Thianthrene－5－○Ⅹidel（232 mgrlmm01）dissolvedin THF（5 ml）  

waslithiated with O．44 M LDA（5 ml，2．2 mmol）at －78 Oc■   To  

this solution was added elemental sulfur（1．09 g，5 mmol）・   

After12 h′  

（10ml，100mmol）was added with a syringe and the solution was  

stirred for 6 h．   After work－uP and purification by c0lumn  

chromatography（Silica gel；eluentr CH2C12）and then preparative  

liquid chromatography′ 4－（methYlthio）thianthrene－5－0Ⅹide（2d）  

was obtained in 87％ yleld together with a trace of 4（6－ 1  

bis（methylthio）thianthrene－5－○Ⅹide（3d）．   

Similar treatment of thianthrene－5－○Ⅹide l（232 mg，1mm01）   

diss01vedin THF（5 ml）with O．66 M LDA（5 ml，3．3 mmol）at －78   

0c then with elementalsulfur（1．09 g，5 mmol）and   

（10 ml，100 mmol）gave 4，6－bis（methylthio）thianthrene－5－0Ⅹide   

（3d） in  63％  yield together with a trace of  4M   
（methylthio）thianthreneq5－0Ⅹide（2d）．  

2d：mP128 0cJIH－NMR（CDC13）8 8．13－7．87（m，1H，Ar一比）．7．67－   

7．12（m．6H，Ar－H），2．76（S，3H，CH3）；Anal．Calcd for C13HlOOS3：   

C．63．50JH′ 3．55．Found：C′ 63．42JH′ 3．49．  

3d：mP190．5－191．5 0c；1H－NMR（CDC13）8 7．69－7．06（m，16H，Ar－   

H），2．59（S，1H，CH3）；ZR（KBr）1020 cm－1；MS（m／2：）324（M＋）J   

Anal・Calcd for C14H120S4：C′ 51．82；H，3．73．Found：C．51．96；H，   

3．75．  
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Preparation of l′9－Disubstituted Dibenzothiophene5 （4）   

by Ring Contraction of 4′6－Disubstituted Thianthrene－5－   

0Ⅹ土de5（3）w土th ∫】－Butyllithium．   

1，9－Bi5（pbenyltbio）dibenzotb土opbenQ （4b） and 3．3－－Bi8－   

（pbenyltbio）d土phenyl Sulf土de く5b）   

4，6－Bis（Phenylthio）thianthrene－5－0Ⅹide （3b）（896 mg，2 mmol）   

dissoIvedin THF（20 ml）was treated with n－butyllithium（10 ml，   

2．2 mm01）at －78 Oc．   After usual work－uP PrOCedures and   

Purification bY C0lumn chromatography（Silica gel；eluent，   

CH・2C12） and then preparative liquid chromatography，1．9－   

bis（Phenylthio）dibenzothiophene （4b）and 3，3l－bis（phenyl－   

thio）diphenylsulfide（5b）in 65 and 25％ yields respectively．   

4，6－Bis（Phenylthio）thianthrene－5－0Ⅹide（3b）（464 mg，2 mmol）   

diss0lvedin THF（20 ml）was treated with phenyllithium（10 ml，   

2・2 mm01）at －78 0c to givel′9－bis（Phenylthio）dibenzothiophene   

（4b）and 3′3一－bis（Phenylthio）diphenylsulfide（5b）were obtained   

in 49and17％ Yields respectively．  

4b：（Rl＝R2＝PhS），mP 212－5r213・5 0c；1H－NMR（500 MHz，CDC13）8  

7・99（dd，Jl＝7・9 Hz，J2＝0・8 Hz，2H，Ar－H）．7．89（dd，Jl三7．9 Hz，  

J2＝0・8 Hz′ 2H，Ar－H）′ 7・61（t′J＝7．9 Hz′ 2H．Ar－H），7．50－7．45   

（m，4H，Ar－H），7．38－7．31（m′ 6比，Ar－H）；MS（m／z）400（M＋）；Anal．  

Calcd for C24H16S3：C′ 71・96；H（4・03・Found：C172．06；且′ 4．04．  

5b‥（Rl＝R2＝PhS）（1H－NMR（CDC13）6 7・33－6・98（m，18H，Ar－  

Found：m／z 402．0583．Calcd for C24H18S3：M，402．0571．  
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1′9－Bis（P－t01ylthio）dibenヱOthiophene （4a） and 3，3．－Bi8－   

（P－tOlylthio）diphenyl Sulfide （5a）  

4a：（Rl＝R2＝P－ToIS）mp177 0c；1H－NMR（500 MHz，CDC13）8 7・72   

（dd，Jl＝7．8 Hz，J2＝1．1Hz′ 2H．Ar－H）．7．52（dd，Jl＝7・8 Hz，J2＝1・1   

Hz．2H′ Ar－H）′ 7．34（t′J＝7．8 Rz′ 2H′ Ar－H）．6・96（S．8H′ Ar－H）′  

2．24（S．6H，CH3）JIR（KBr）1437．1388′1166′ 810．799．762，700   

cm－1JMS（m／z）428（M＋）；Anal．Calcd for C26H20S3：C，72．86；H，   

4．70．Found：C′ 72．99JH′ 4．74．  

5a：（Rl＝R2＝P－ToIS）．1H－NMR（CDC13）8 7．47－6．93（m，16H，Ar－H），   

2．34（s，6H，CH3）；Found：m／z 430．0841・Calcd for C26H22S3：   

430．884．   

1．9－Bis（P－Chlorophenylthio）diben王Othiophene （4c） and   

3，3T－Bis（P－Chlorophenylthio）diphenyl Sulfide （5c）  

4c：（Rl＝R2＝P－CIC6H4S），mP158Oc；1H－NMR（270MHz′ CDC13）87・80   

（dd，Jl＝7．6 Hz，J2＝1．4 Hz，2H，Ar－H），7．50（dd，Jl＝7・6 Hz，   

J2＝1．4 Hz′ 2H′ Ar一見）′ 7．41（S．J＝7．6 Hz′ 2H′ A工■－H）．7・10（dd′   

Jl＝6．5 Hz．J2＝1．9 Hz′ 4H．Ar－H）′ 6．89（dd′Jl＝6．5 Hz，J2＝1・9Hz′  

4H，Ar－H）；MS（m／z）400（M＋）；Anal．Calcd for C24H14C12S3：C．   

61．40JH′ 3．01．Found：C．61．23；H．3．01．  

5c：（Rl＝R2＝P－CIC6H4S），1H－NMR（CDC13）87．26（S，8H，Ar－H），7．17   

（S，8H，Ar－H）JFound：m／21469．9791．Calcd for C24H14C12S3：M，   

469．9791．   

1′9－Bis（methylthio）dibenヱOthiophene （4d） and 3，3T－Bi8－   

（methylthio）diphenyl Sulfide （5d）  

4d：（Rl＝R2＝CH3S）mp147．5－148 0c；1H－NMR（270 MHz，CDC13）8   

7．67．（d．J＝7．6 Hz′ 2H′ Ar－H）．7．59（d．J＝7．6Iiヱ 2H，Ar－H）．7・45  

（t，J＝7．6 Hz，2H，Ar－H），2．41（S，6H，CH3）；MS（m／z）276（M＋）J  
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Anal．Calcd for C14H12S3：C，60．83；H，4．38．FoundJC，60・83；H，   

4．37．  

5d：（Rl＝R2＝CH3S）1H－NMR（CDC13）87．37－6．93（m，8H，Ar－H），2．44   

（S， 6H，CH3）；Found：m／z 278．0273．Calcd for C14H14S3：M，   

278．0258   

1－（Phenylthio卜9q（methylthio）diben2：Othiophene （4h） and   

3－（Phenylthio）－3一－（methYlthio）diphenYI Sulfide （5h）  

4h：（Rl＝PhS，R2＝CH3S）．mp 212．5－213．50c；1H－NMR（CDC13）8 7・86－   

6．76（m′16H．Ar－H）JMS（m／z）400（M＋）．  

5h：（Rl＝Ph，R2＝CH3S）1H－NMR（CDC13）8 7．53－6．83（m′13H，Ar－H）．   

2．50－2．33（m，3H，CH3）；Found：m／z 340．041．Calcd for C19H20S3：   

M′ 340．414．   

1－（クーワ01ylth土0）d土benヱOtb土opbene （41） and 3－（クー℡01yl－   

thio）diphenyl Sulfide （5i）  

4i：（Rl＝P－T01S，R2＝H），mPlO6Oc；1H－NMR（CDC13）8 9．12－9・05（m，   

1H′ Ar－H）′ 7．88－7．84（m．1H′ Ar－H）．7．78－7．74（m′ 1H，Ar－H），   

7．48－7．43（m′ 2H，Ar－H），7．35－7．23（m，4H，Ar－H），7．17－7・10（m，  

2H，Ar－H），2．33（S′ 3H，CH3）JMS（m／z）400（M＋）；Anal・Calcd for  

C19H14S2：Cr 74・47；H（4・58・Found：C（74・15；H（4・58・  

5i：（Rl＝P一丁01S，R2＝H）1H－NMR（CDC13）87．47－6．80（m，13H，Ar－H），   

2．33（S，3H，CH3）；Found：m／z 308・0686・Calcd for C19H16S2：M，   

308．0693．   

1－（Phenylthio）dibenヱOthiophene （4j） and 3－（Phenylthio）－   

dipbenyl Sulf土de （5j）  

4j：（Rl＝PhS，R2＝H）′ mP 212．5－213・5 0cJIH－NMR（CDC13）8 7・86－  

6．76（m，16H，Ar－H）；Found：292・0936・Calcd for C18H12S2：M，   

292．0380．  
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5j：（Rl＝PhS，R2＝H）1H－NMR（CDC13）8 7．40－6．97（m，16H，Ar－H）；   

Found：294・0540・Calcd for C18H14S2：M，294．0537．  
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C且ÅP℡ER 3  

GENERAT＝ON OF NEW D＝TエZA DZCAT＝ONS FROM：STERZCALLY   

CONGESTED l，9－BIS（METHYZJT＝0）D＝BENZOTHェOPHENE AND TZIE＝R  

MONOOX工DES  ＝N CONCENTRATED SULFURZC AC＝D  

Ab5traC七  

Sterically congested l′9－bis（methylthio）dibenzothiophene 2   

WaS PrePared by ring contraction of 4′6－bis（methylthio）－   

thianthrene－5－OXide（1）with n－butyllithium． ＝n the compound 2   

the two sulfur atoms are located near by each other，and the   

StrOnginteraction may take place between them． The compound 2   

andits mon00Ⅹide 3 upon diss0lution in concentrated sulfuric   

acid indicated the formation of the corresponding dithia   

dications which was identified by tracer experiments using   

trideuterated and 180－1abeled 3 with conc．sulfuric acid．   

Electrochemical oxidation of 2 suggests also the strong   

interaction between the tw01，9－Sulfenylsulfur atoms．  
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エn七roducヒion  

Two or more heteroatoms which are arranged appropriately in 

space are able to interact intramolecular3y with each other.l 

Recently，tranSannularinteractions of severalheteroatoms such  

as N－Nr2 s－S3・4 and S－S－S5，6 types have been reported・  Their   

dication salts were is01ated and their structures were   

determined by X－ray CrySta110graPhic analysis・1，4a  

On the other hand， Sterically congested two or more   

Substituents are found to have exceptionally stronginteraction   

between them．7   The twoimportant factors which govern this   

transannular effect areJi）the existence of strong steric   

Strainin these systems and the、effect of the overlap of the   

lone electron pairs，ii） the formation of bond between   

heteroatoms on one or two electron oxidation leading to a   

COnSiderable relaxation of the steric strain．   ThisChapter   

reports the formation of new dithia dications bY OXidation of   

l，9－bis（methylthio）dibenzothiophene（2）andits monooxide 3in   

COnC．H2SO4，tOgether with electrochemical oxidation and mass   

SPeCtrOmetry．  

46   



Results and Discussion   

1，9－Bis（methylthio）dibenzothiophene（2）was prepared by the  

reactions of 4，6－bis（methylthio）thianthrene－5－○Ⅹide（1）with n－  

buty11ithium in THF at －78 Oc，in 22％ yield（Scheme 3－1）．  

Then，2 was oxidized with an equimolar of m－Chloroperbenzoic  

acid（mCPBA）to afford the corresponding monosulfoxide 3in 92％  

y土eld．  

CH3＼ 〈 ＾ ＿ ／ CH3  CH3ヽ  ／ CH3   CH3、㌔／CH3  
S S  

S O S 疫≡ゐ  

1  

S S  

mC PBA 什BuLi  

丁目F／－780C  CH2Cl2  
－200C  

2：22％  3：92％  

Scheme3－1  

Thesel（9－disubstituted dibenzothiophenes 2 and3 have two  

CloselY located sulfur substituents which are expected to  

POSSeSS the stronginteraction between each sulfur atoms and to   

PrOduce the dithia dicationic species．   The formation of  

dication from 2 and 3 was confirmed by the following  

experiments・ When the sulfoxide 3 was dissolvedin conc．D2SO4  

anditsIH－NMR was measuredr the two methylprotons of 3  

appeared at 2・79（SOCH3），2．33（SCfi3）ppmin CDC13 Shifted to   

down field and coaユesced to a singlet at3．04ppm（Fig．3－1）．  
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SoIvent；D2S04  
Reference：DSS  

8．0  7．8  7．6  7．4  3．2  3．0  2．8   2．6  8．4  8．2  

Fig．3－1．500 MHzIH－NMR Spectra of Compounds 2／3 and   

Dication 4  

The sulfide 2 was als0 0Xidized in conc．sulfuric acid to   

give the corresponding dithia dication 4・ ThelH－NMR spectrum  

Of 2in conc・D2SO4 displayed nearly the same with that of the   

Sulfoxide 3． These results suggest again that the dication 4   

is formed from the oxidation of the sulfide 2．  
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C＝3 
PHf・40ppm  

、s s  
D2SO4  

CH3、 
s 

3．04ppm  

mCPBA   

CH2Ct2  

〈．． 2．33ppm  

PathA：61％  

PathB：56％  
2．79ppm  

2DSO4‾  

CH3＼㌔s／CH3  S－S  

D2SO4  

3 58％  

10  

Scheme3－2  

Then the s0lution was treated withice water to glVe again l  

the sulfoxide 3in 56％（from3）and 61％（form 2）yields together   

With the demethylated disulfide 5in a trace yield（Scheme 3－2）．  

Furthermore，tO PrOVe the formation of dithia dication in  

COnC・H2SO4′ deuterium and180 tracer experiments were carried  

Out・ Actually′ When the deuterated sulfoxide（1－CD3SO－9－CH3S）   

6（D－COntent ＞96％）prepared by H－D exchange reaction of 3 with  
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D20－THF and NaODin 95％ yield／WaS treated similarlyin conc・  

H2SO4 and after decomposition of the s0lution with H20′ al：1  

mixture of（1－CD3SO－9－CH3S）6 and（1－CH3SO－9－CD3S）7 was   

obtainedin 63％ yield（Scheme 3－3）．  

CHB P ,CH, 
s  CDぜs／CH3  

Na／D20／THF  

800C，10day  

6  

95％，D＞96％  

CD3、 
ss／ 

＼♂s CD3PH3CHぜs／CD3     0  
H20  

槍％1：1  

Similarly180－1abeled sulfoxide8 was prepared from2in 95％  

yield（180 content ＞ 98％）8 and was treated with conc・H2SO4 and   

then excess H20 to glVe nOnlabeled sulfoxide 3in 70％ Yield l  

（Scheme 3－4）．  

The present results demonstrate clearly that a new dithia   

dication 4 and 41 are formed as an intermediate in the   

deoxygenation reaction by the neighboring group particIPation of l  

the sulfenyl sulfur atom．  On the other hand． 1－   

（methylsulfinyl）dibenzothiophene（9）and 2－（methylsulfinyl）－8－   

（methylthio）dibenzothiophene（10）were unstablein conc．H2SO4′  
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CHぜs′CHユ  
CHI ノCH3  

、s s  
Py′＝2180／Br2  

CH2CI2  

0：180（＞98％）  

CH3＼㌔s／CH3  
H2SO4  

0：180（0％）  

2HSO4  

4  

Scheme3－4  

3  70％   

and theirlH－NMR could not be measuredin conc・D2SO4・  These   

results seem to support that the formation of dithia dication   

（4）requires the two nearlylocated sulfur atomsin space．  

H3 ？H3  
s＿S  

ト†3C＼ CH3  
s s／  

NOBF4／CH3CN  

－200C．Ar  

2BF4‾  

11  

Scheme3－5  

On the other handlWhen 2 was treated with NOBF4′its   

dicationic saltllwas actuallYisolated as white powder（Scherne  

3－5）・  ThelH－NMR measuredin acetonitrile－d3 WaS Similar to  
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that of compound 3in D2SO4．  This result also supports that   

the formation of dithia dication is actually performed using the 

compounds 2 and 3in conc n2SO4・   This white powderlike   

compound 11 is very moisture sensitive and slightly decomposes 

ln the a土ご．  

Ma55 Fragmentation of 3 and Related Compounds  

E＝ mass spectra ofl，9－bis（methylthio）dibenzothiophene（2）  

show a base peak corresponding to the M＋－ 2xCH3 fragment from   

which the fol10Wing mechanism for mass fragmentation is   

PrOPOSed：tranSannularinteraction between the two sulfur atoms（   

intram01ecular cyclization with e］eCtion of one methylgroup， l   

and aromatizationinvolving aloss of CD3・grOuP andleading to   

methylthiosulfonium cation and then stable radicalcation of 5・  

The fragmentation of l－（trideuterated methylsulfinyl）－9－   

（methylthio）dibenzothiophene（6）is shownin Scheme 3－6・  

The fragment peak of 6 was observed at（m／z）246（M＋－49）  

corresponding to the disulfide 5，While the parent peak6：（m／z）  

295 M＋ was observed clearly・  In the spectral both the   

demethylation and deoxygenation processes from the methyl   

l Sulfinyl group take place initially to glVe the fragments at  

（m／2：）277 and 279 respectively，f0110Wed by the deoxygenation  

from the fragment14 0r the demethylation from the fragment15  

to give the fragment of the thiosulfonium speCies（rn／z）261and  

264 from which the demethylation results in the formation of 

fragment 5．In the generalmass fragmentation of sulfoxidesis  

the sulfinyloxygen atom used to be removed on electronimpact  
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′ぶ・  

s＿S  
′ぶ・ qヽ  
s＿S   

CD 
s 

・【0】  －・CD3  

14：m／Z261：13％   

卜 

CH8  

6：m／Z295（M＋）：21％  

CD3 
、s＿S 「・  S－S  

－・CD3  一・CH3  

5：m／Z246：55％  15：m／Z264：7％  m／ヱ279：10％  

cH3、㌔／CH3  

Scheme3－6  

and hence the present mass pattern of 6is quite different from   

that of ordinary sulfoxides・   This result seems toindicate   

the initial formation of the S－S bond from 6 via transannular  

interaction．9．  However，in the ana10gOuS COmPOunds1210，11and  

1312 this fragmentation pattern was not observed at all・ These  

results suggest thatinl19－dithiosubstituted dibenzothiophenes（   

the tw0 0uter Sulfur atoms should have a stronginteraction to   

form the G－bond formation on electronimpact．  
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Electrochemical Oxidation of l，9－Disubstituted Diben2：0－   

thiophenes and Related Compounds  

It has been known that several cyclic compounds bearing   

closely located two heteroatoms have unusua11y low oxidation   

POtentials due to transannular bond formation between the two   

atoms．5  Accordingly′ tO investigate the nature of the   

transannular interaction of the compound 2 and the related   

compoundsr the oxidation potentia10f 2 was measured with cyclic   

v01tammetry，and the value was compared with that ofl－（methyl－   

thio）dibenzothiophene′ 2，8－bis（methylthio）dibenzothiophene，   

dibenzothiophene and thioanis0le；uSing pt electrode and Ag／（0・01  

M）AgN03 aS a reference electrode（SCan rate：200 mV／s）at 25 0c   

in acetonitrile．  Interestingly，the first peak potentia10f 2   

is relatively low，namely 2（0．76 V）in comparison with：ト   

（methylthio）dibenzothiophene（1．02 V），2，8－bis（methylthio）－   

dibenzothiophene （0．96 V）′ dibenzothiophene （1・31V） and   

thioanisole（1．21V）．   But the electrochemica10Xidations of   

these compounds gaveirreversible cYClic voltammograms・ On the   

basis of comparison to other dibenzothiophene derivativesr the   

Observedlow peak potentialof 2 glVeS the supporting evidence l  

for the transannular interaction between the two outer sulfur   

atoms on electrochemicaloxidation．5  
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Experimen七al Secヒion  

General．   

IR spectra were recorded on aJASCO A－3 0r aJASCO FT／IR－5000  

spectrometer・ 1H－NMR spectra were measured on a HitachiR－600  

0r aJEOLJNM－EX270 0r a Bruker AM－500． 13c－NMR spectra were   

taken with a JEOL JNMqEX270 0r a Bruker AM－500．   Mass spectra   

were obtained with a Hitachi RMU－6MG or a JEOL JMX SXlO2 mass   

SPeCtrOmeter．   For cyclic v01tammetry measurements，a Hokuto   

Denko C0．ModelHB－104 apparatus was usedin con］unCtion with a l  

Yokokawa Co．Mode13025A X－Y recorder． Elementalanalyses were   

Carried out by ChemicalAnalysis Center at this university・   

Ma亡母ria18．   

Allreagents were obtained from Wako Pure Chemical＝ndustries（   

Ltd．．Tokyo Kasei Kogyo Co ′ Kanto Chemical Co．，Or Aldrich   

ChemicalCo‥   The reaction s0lvents were further purified by   

generalmethods．   

Synthesi8   

Preparation of l－（Methylsulfinyl）－9－（methylthio）dibenヱ0－   

tblophene （3）   

To a s0lution of l，9－bis（methylthio）dibenzothiophene（2）（321   

mg，1．16 rnmol）prepared as describedin a previous chapterin 50   

mlCH2C12，m－Chloroperbenzoic acid（mCPBA）（286 mg，1．16 mol）   

diss01vedin 50 mlCH2C12 WaS added at －20 0c．  The s01ution   

WaS Stirred for12 h，and then ammonia gas was bubbled for a few   

minutes at 25 0c．   A white s01id was filtered off and the   

S0lvent was evaporated．  The reaction mixture was purified by  
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C01umn chromatographY （Silica gel； eluent， CH2C12 and   

ethylacetate），and l－（methylsulfinyl卜9－（methylthio）dibenzo－   

thiophene（3）was obtainedin 92％ yield．  

3：mP158－160 0c；1H－NMR（270 MHz，CDC13）88．36（dd，Jl＝7．6 Hz：，   

J2＝1．1Hz′1H′ Ar－H）′ 7．99（dd′Jl＝7．8 Hz．J2＝1・4 Hz．1H．AエーH）′   

7．82（dd′ Jl＝7．8 Hz′ J2＝1．4 Hz．1H．Ar－H）′ 7．76（t．J＝7．8 Hz．   

1H′ Ar－H）′ 7．70（dd′Jl＝7．6 Hz′J2＝1．1Hz．1H′ Ar－H），7．47（t．   

J＝7．6 Hz，1H，Ar－H）′ 2．79（S，3H，SOCH3），2．33（S，3H．SCH3）；ZR   

（KBr）1021cm－1JMS（m／z）292（M＋）；Anal．Calcd for C14H120S3：C′   

57．50；H．4．14．Found：C．57．65JH，4．11．   

Preparation of l－（MethYIsulfinYl）diben2＝Othiophene （9）   

To a s0lution of l－（methylthio）dibenzothiophene（100 mg，0・43   

mm01）in 2O mlCH2C12，mCPBA（106 mg，0．43 mmol）dissolvedin 20   

ml CH2C12 WaS added at －20 Oc．   After similar treatment as   

described above，1－（methylsulfinyl）dibenzothiophene（9）was   

Obtainedin 99％ yield．  

9：mP 78．5－79 Oc；1H－NMR（CDC13）8 8．32－7．28（m，7H，Ar－H），2．85   

（s，3H，CH3）；IR（KBr）1050 cm‾1；MS（m／z）230（M＋）；Anal・Calcd   

for C13HlOOS2：C，67．78；H，4．38．Found：C．67．53；H，4．42．   

Preparatlon of 2．8－Bi＄（methyltbio）dibenzotbiophene  

To a solution of 2，8－dibromodibenzothiophene13（684mg（2rnmol）   

in 30 mlTHF，n－butyllithium（1．55 M）（3．2 ml，5 mm01）was added   

at －78 Oc． The solution was stirred forlh，and then dimethyl   

disulfide（0．9 ml，10 mm01）was added with a sYringe．  After   

usualwork up and purification by column chromatographY（Silica   

gel；eluent，CH2C12），2，8－bis（methylthio）dibenzothiophene was   

Obtainedin 81％ Yield．  
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mp142．5；1王トNMR（270MHz，CDC13）88．02（d，J＝2．4Hz，2H，Ar－H）．   

7．75（d′ J＝8．4 Hz′ 2Ⅰ王′ Ar－H）′ 7．39（dd．Jl＝8．4 Hz′ J2＝2．4 Hz，   

2H，Ar－H）′ 2．59（S，6H，CH3）；Anal．Calcd for C14H12S3：C．60．83；   

H′ 4．38．Found：C．60．70；H′ 4．37．   

Preparation of 2－（Methylsulfinyl）－8－（methylthio）diben2：0－   

thiophene （10）   

To a s01ution of 2，8－bis（methylthio）dibenzothiophene（276 mg，1   

rnm01）in 50 mlCH2C12，mCPBA（247 mg，1rnmol）dissolvedin 50ml   

CH2C12 WaS added at －20 0c． The s0lution was stirred for12 h，   

and then ammonia gas was bubbled for a few minutes at 25 0c． A   

White s01id was filtered off and the solvent was evaporated．   

The reaction mixture was purified by c01umn chromatography   

（Silica gel； eluent， CH2C12 and ethylacetate）′ and 2－   

（methylsulfinyl）－8－（methylthio）dibenzothiophene （10）was   

Obtainedin 44％ yield．  

10：mPlO5－105．5 0cJIH－NMR（CDC13）8 8．53－7．20（m．6H，Ar－H），   

2・83（ST 3H′ SOCH3），2．61（S，3H，SCH3）；IR（KBr）1046 cm－1JMS  

（m／z）292（M＋）JAnal．Calcd for C14H120S3：C，57．50JH，4．14．   

Found；C′ 57．73；H′ 4．11．   

Preparation of l－（Trideuterated methy15ulfinYl）－9－   

（methylthio）dibenヱOthiophene （6）   

To a 29％ s0lution of sodium deuteroxide in 5 mlheavy water，a   

SOlution of l－（methYIsulfinyl）－9－（methylthio）dibenzothiophene   

（3）（150 mg，0．51mmol）in 2 mlTHF was added at O Oc．  The   

SOlution was stirred forlO daYS at 80 0c′ and THF（2 mlx 4）   

WaS added every 48 hours． Then the solution was cooled to room   

ternPerature and 5 N hydrochloric acid（20 ml）was added． After  
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usualwork up and purification by c01umn chromatography（Silica   

gel；eluent，CH2C12 and ethylacetate）′1－（trideuterated methyl－   

Sulfinyl）－9－（methylthio）dibenzothiophene（6）was obtainedin 95％   

Yield（D content＞96％）．  

The deuterium content was determined by270MHzIH－NMR・  

Preparat土on of180－エabeled ト（Me七hyl＄ulf土nyl卜9－（mQ七byl－   

thio）diben2：Othiophene （8）   

To a s01ution of l，9－bis（methylthio）dibenzothiophene（2）（138  

mg，0・47 mm01）′ Pyridine（0．5 ml），and180－1abeled water（180  

COntent＞99％）（0．1ml，5．5 mmol）inl．5 mlCH2C12．Br2（0．03 ml，   

0．58 mm01）in l ml CH2C12 WaS added at 25 0c under argon   

atmosphere．   The s0lution was stirred for l h，and sodium   

thiosulfate（248 mg，lmmol）was added．   After usual work up   

and purification by column chromatography（Silica gel；eluent，  

CH2C12 and ethYlacetate）′180－1abeled l－（methyトsulfinyl）－9－  

（methylthio）dibenzothiophene（8）was obtainedin 95％yield（180   

COntent＞98宅）．   

The180content was determined with mass spectrometry．   

RQaCtion of l′9－Bエs（me七hyl七bio）d土benヱOtb土opbQnQ （2） Ⅴ土tb   

COnC． H2SO4   

1，9－Bis（methylthio）dibenzothiophene（2）was dissolvedin conc．   

H2SO4′ and the solution was stirred for 5 min．  This solution   

was poured into ice water and the aqueous solution was extracted 

With CH2C12．  After evaporation and column chromatography．1－   

（methylsulfinyl）－9－（methylthio）dibenzothiophene（3）was obtained   

in 61％ yield together with a trace of compound5・  
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5：mP132．5－133 OcJIH－NMR（270 MHz，CDC13）8 7．71（d，J＝7．9Hz，   

2H．Ar－H）′ 7．40（d，J＝7．9 Hz′ 2H．Ar－H）′ 7．25（t′ J＝7．9 Hz．2H．  

Ar－H）；67 MHz13c－NMR（CDC13）8140．4，131．8，128．2，128．1，   

121．9，121．7；MS（m／z）246（M十）′ Anal．Calcd for C12H6S3：C′   

58．50JH，2．45．Found：C′ 58．40；H．4．48．   

Reaction of l－（Hetbylsulfinyl）－9－（metbyltbio）diben王0一   

七hiophene （3）Ⅴ土th conc．エ2SO4   

1－（Methylsulfinyl）－9，（methylthio）dibenzothiophene （3）was   

diss0lved in conc．H2SO4′ and after usual work up，（3）was   

Obtainedin 56％ yield together with a trace of compound 5．   

Reaction of l－（Trideuterated methYIsulfinyl）－9－（methyl－   

th土0）dibenヱOthlophene （6） witb conc．E2SO4   

1－（Trideuterated methylsulfinyl）－9－（methylthio）dibenzothiophene   

（6）was diss01vedin conc．H2SO4′ and after usualwork up，al：1   

mixture of l－（trideuterated methylsulfinyl）－9－（methylthio）－   

dibenzothiophene（6）and l－（methylsulfinyl）－9－（trideuterated   

methylthio）dibenzothiophene（7）was obtainedin 63％ yield．  

The deuterium content was determined by270MHzIH－NMR・  

Al：1mixture of compound 6 and 7：1‡トNMR（270 MHz，CDC13）8   

8．36（dd，Jl＝7．6 Hz，J2＝1．1Hz，1H，Ar－H），7．99（dd，Jl＝7．8 Hz，   

J2＝1．4 Hz′1H′ Ar－H）′ 7．82（dd．Jl＝7．8 Hz．J2＝1．4 Hz，1H′ Ar一斑）．   

7．76（t，J＝7．8 Hz′ 1H′ Ar－H）′ 7．70（dd′ Jl＝7．6 Hz，J2＝≡1．1王壬Z′   

1H．Ar－H）′ 7．47（t′J＝7．6 Hz，1H．Ar－H）．2．79（S′1．5H，SOCH3）′   

2．33（S．1．5H′ SCH3）  
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Reaction of180－Labeled  ト（Methy18ulfinyl）－9－（methyl－  

tbio）d土benヱOthiophene （8） w土th conc・H2SO4  

180－Labeled ト（methylsulfinyl）－9－（methylthio）dibenzothiophene  

（8）was diss0lvedin conc．H2SO41and after usualwork upl－  

（methylsulfinyl）－9－（rnethylthio）diben2：Othiophene（3）was obtained   

in 70％ yield．   

The180 content was determined with mass spectrometry・  

Reaction of l，9－Bis（methylthio）dibenヱOthiophene （2） with   

NOBF4   

T0 2 and NOBF4in a reactor，CH3CN（10 ml）was added and the   

s0lution was stirred at －20 0c forlh under argon・  To this   

S0lution c001ed dry diethylether（50 ml）was added and white   

PreCipitates appeared．  After filtration，the solid was washed   

With dry ether． The white solid（dicationll）was collected and   

analyzed．  

11：mPl13 0c；1H－NMR（500 MHz，CD3CN）8 8．50（d，J＝7．9 Hz，2H，   

Ar－H）′ 8．38（d，J＝7．9 Hz′ 2H．Ar－H）．8．40（t′ J＝7．9 Hz．2H．Ar－   

H），3・37（S，6H，CH3）；Anal．Calcd for C14H12S3B2F8：C，37．36；H，   

2．69．Found：C′ 38．25JH′ 3．91．   

Preparat土on of 4′8－Bis（methyltbio）napb七balQne  

l，8－Naphthalenedithiole（190 mg，1mmol）10in THF（15 ml）and   

ethan01（15 ml）was treated with sodium borohydride（76 mg，2   

mmol） and the s0lution was stirred for 15 min at room   

temperature．   To this solution was added lml water and then   

iodomethane（0・3 ml，5 rrun01）・ After usualwork up procedures  

and purification by column chromatography（Silica gel；eluent，  
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CC14），1，8－bis（methylthio）naphthalene was obtained in 81％   

ylelds．  

mp 85．5－86 0c（lit．84 0c）JIH－NMR（270 MHz，CDC13）8 7．65（dd′   

Jl＝8．1Hz′J2＝1．4 Hz．2H′ Ar－H），7．49（dd．Jl＝8．1Hz，J2＝1．4 Hz．   

2H，Ar－H），7．38（t，J＝8．1Hz，2H，Ar－H），2．54（S，6H，CH3）；MS   

（m／z）220（M＋）   

prepara七土on of 2′2－－Bi8（me七bylthio）b土pheny1  

2，2T－Biphenylenedithiin（90 mg，0．42 mm01）12in THF（10 ml）and   

ethan01（10 ml）was treated with sodium borohydride（38 mg，1   

mmol） and the solution was stirred for 15 min at room   

temperature．   To this solution was added 1 ml water and then 

iodomethane（0．13 ml，2 mm01）． After usualwork up procedures   

and purification by c0lumn chromatography（Silica gel；eluent，   

CC14），2，2一－bis（methylthio）biphenylwas obtainedin 99％ Yield．  

mp160．5－161．5 0c（lit．155 0c）JIH－NMR（270 MHz，CDC13）8 7．42－   

7．35（m′ 2H，Ar－H）′ 7．32－7．27（m′ 2H′ Ar－H），7．25－7．14（m′ 4土工′  

Ar－H），2．38（S′ 6H，CH3）；MS（m／z）246（M＋）   

Preparat土on  of  4－（Me七hylsulfinyl）－8－（motbylthlo）－   

naphtbalene （12）   

To a solution of l，8－bis（methylthio）naphthalene（179 mg，0．8   

mm01）in 40 mlCH2C12 WaS added mCPBA（197 mg，0．8 mmol）in 40   

mlCH2C12 at －20 0c．  The soiution was stirred for12 h，and   

then ammonia gas was bubbled for a few minutes at 25 0c・  A   

White solid was filtered off and the solvent was evaporated，   

The reaction mixture was purified by c0lumn chromatography   

（Silica gel； eluent， CH2C12 and ethylacetate）′ and 4－  
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（methylsulfinyl卜8－（methylthio）naphthalene（12）was obtainedin   

34篭 y土eld．  

12：mP 92－93 OcIH－NMR（270 MHz，CDC13）8 8．64（dd，Jl＝7．3 Hz，   

J2＝1．4 Hz，1H′ Ar－H）′ 7．99（dd′Jl＝8．1Hz．J2＝1・4 Hz′1H．Ar一見）′   

7．92（dd，Jl＝8．1Hz，J2＝1．4 Hz，1H，Ar－H）′ 7．85（dd，Jl＝7．3 Hz，   

J2＝1．4 Hz′ 1H，Ar－H）′ 7．72（t，J＝8．1Hz′1H′ Ar－H）′ 7・49（t，   

J＝7．3 Hz，1H，Ar－H）．2．90（S，3H，SOCH3）．2．43（S，3H，SCH3）；＝R   

（KBr）1038 cm‾1JMS（m／z）236（M＋）．   

Preparation of  2－（Metby15ulflnyl）－2－－（metbyltbio）－   

b土phenyl（13）   

2，2．－Bis（methylthio）biphenylwas oxidized with mCPBA similarly   

as described above and 2－（methylsulfinyl）－2一－（methylthio）－   

biphenyl（13）was obtainedin 66％ yield．  

13（isomeric mixture）：mP 81．5－83．5 0c；1H－NMR（270 MHz，CDC13）  

8 8．17－8．11（m′1H．Ar－H）．7．70－7．48（m，2H．Ar－R）．7．45－7・37   

（m．1H′ Ar－H）′ 7．34－7．29（m′1H′ Ar－H）．7．28－7．17（m．2・5壬1．Ar－   

H），7．08－7．03（m，0．5H′ Ar－H）′ 2M51（S．1．5Ii′ SOCH3）．2．46（S′   

1．5H．SOCH3），2．40（S，1．5H．SCH3），2・39（S，1・5H，SCH3）；＝R   

（KBr）1035 cm－1；MS（m／z）262（M＋）JAnal．Calcd for C14H140S2：C′   

64．08JH′ 5．38．Found：C．63．85JH．5．27・  
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C且APワER 4  

PREPARAT＝ON AND STRUCTURES OF l，9－B＝S（ARYLTエ＝0）DZBENZO－  

TH＝OPIIENE D＝CAT＝ONS ＝N CONCENTRATED SULFUR＝C AC＝D  

Ab5七rac七  

1，9－Bis（arylthio）dibenzothiophenes（2）and their mon00Ⅹides   

（3）were prepared from the corresponding thianthrene－5－OXides   

（1） and the structure of 3a was determined bY X－ray   

CryStallographic analysis．  1′9－Bis（arylthio）dibenzothiophene   

dications（4）were generated on diss01ution of 2 and 3in conc．  

Sulfuric acid and their structures were characterized bylH－NMR   

SPeCtrOSCOPy，fast atom bombardment mass spectrometry（FAB MS）・   

1n order to prove the existence of transannular interaction   

between the two sulfur atoms at the l，9－POSitions， their   

OXidation potentials of the compound 2a and the related   

COmPOunds were measured．  
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エntroductlon  

Dithia dications are of considerable interests because of   

their unusual bonding modes and reactivities as electron－  

acceptors・1，2′3 ＝n the previous chapter（the author described a  

COnVenient preparation of sterically congestedlr9－disubstituted   

dibenzothiophenes and the formation of the dithia dications of   

l，9－bis（methylthio）dibenzothiophene． flowever，Sinceits dithia   

dication was found to be unstable′its characteristic property   

and the structure could not be investigated in detail．   

Therefore′ in order to know the more information on the   

StruCture Of dithia dication in conc． H2SO4．1，9－bis－   

（arylthio）dibenzothiophene（2）which produces the corresponding  

Stable dithia dications 4 was used and treated with conc．   

Sulfuric acid・  This chapter reports the formation of stable   

dithia dications 4aqe generated frorn the reaction of 2a－e With  

COnC・H2S04 and their detection withlfトNMRin conc・D2SO4and   

FAB MS．  

Result5 and D土5CuS5lon  

Preparation of l，9－Bi5（arylthio）diben2：Othiophene（2）and  

ト（arylsulfinyl卜9－（aryltbio）d土benzotbiophene （3）   

1，9－Bis（arylthio）dibenzothiophenes（2）were prepared by the  

intramolecular ring contraction of the corresponding thianthrene  

－5－○Ⅹides with n－butyllithium（Scheme 4－1）and then 2a was  
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oxidized with an equim01ar amount of m－Chloroperbenzoic acid   

（mCPBA）to afford the monooxides（3a）in 78％ yields．  

År  

Å＼  ． 左竺遠  
1  

A＼  ′ Ar  
S S  

2a：Ar＝Ph  ：65％  

2b：  州   ：53％  

2c：  仰¶）l ：56％  
出： pTbl ：63％  
2e： 3ふXylyl：55％  

什BuLi  

THF／－780C  

Scheme4－1  

X－Ray Crystallographic Analy5i＄ Of l－（Pheny15ulfinyl）－9－   

（phenyltbio）dibQnZOth土ophene （3a）  

The detailed structuralanalysis of 3a was carried out bY X－   

ray crystallographic analYSis・   The ORTEP drawing of 3ais   

depicted in Fig．4－1．   The structure of sulfoxide（3a）   

indicates that the S－S distance between two sulfur atoms is   

3．016 Å whichis within van der Waals contact of S－S（3．70 Å）  

and the O－S2－S3 angleis158・80／5 suggesting that both the   

Sulfenyland the sulfinylsulfur atomsinteract transannularly・  

CrYStaldata for 3ais as follows：C24H16S301mOnOClinic′  

space group p21／n，a＝9・972（4）′ b＝8・835（4）（C＝21・915（9）Å†  

β＝92．21（4）O，V＝1929．4（1）Å3，Z＝4，Dx＝1．434 gcm‾3，P（Cu－  

kα）＝3．546mm‾1′ R＝0．028（wR＝0．027）．  

0ther detailed data of bond distances and angles of 3a are   

Summarized in Table 4－1and 4－2．  
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Fig．4－1．X－Ray Crystal10graPhic  

Analys土s of 3a  

Table 4－1．Bond Distances oflY（Phenylsulfinyl）N9－（PhenYlthio），  

dibenzothio  hene（3a）  

Atoms   distance Å  

C7－C8  1．379  

C9－ClO  l．370  

ClO－Cll  l．388  

Cll－C12  1．386  

C21－C22  1．384  

C21－C26  1．382  

C22－C23  1．387  

C23－C24  1．365  

C24－C25  1．377  

C25－C26  1．373  

C31－C32  1．375  

C31－C36  1．385  

C32－C33  1．381  

C33－C34  1．358  

C34－C35  1．374  

C35－C36  1．376  

阜toms  disヒance Å  

Sl－Cl  l．742  

Sl－C4  1．744  

S2－01  1．496  

S2－S8  1．810  

S2－C21   1．812  

S3－C12  1．776  

S3－C31   1・778  

Cl－C2  1．401  

Cl－C9  1．394  

C2－C3  1．461  

C2－C12  1．412  

C3－C4  1．415  

C3－C8  1．411  

C4－C5  1．386  

C5－C6  1．368  

C6－C7  1．386  

ESD  

0．003   

0．003   

0．003   

0．003   

0．003   

0．003   

0．003   

0．004   

0．004   

0．004   

0．003   

0．003   

0．003   

0．003   

0．003   

0．003  

ESD   

O．002   

0．002   

0．001   

0．002   

0．002   

0．002   

0．002   

0．002   

0．003   

0．002   

0．002   

0．002   

0．002   

0．003   

0．003   

0．003  
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Table 4－2．Bond Angles of ト（Phenylsulfinyl）－9－（Phenylthio卜  

dibenzothiophene（3a）  

an le de   ESD   

l18．31  0．18  

120．22  0．19   

121．50  0．18   

122．58  0．13  

117．32  0．13  

119．62  0．16  

122．70  0．15  

116．50  0．15  

120．74  0．19  

118．62  0．21  

120．65  0．24  

120．29  0．26  

120．14  0．25  

119．54  0．22  

125．44  0．14  

115．29  0．14  

119．24  0．17  

119．70  0．19  

121．07  0．22  

119．66  0．22  

120．08  0．21  

120．25  0．19  

Atoms   

Cl－Sl－C4  

01－S2－C21  

01－S2－C21  

C8－S2－C21  

C12－S3－C31  

Sl－Cl－C2  

Sl－Cl－C9  

C2－Cl－C9  

Cl－C2－C3  

Cl－C2－C12  

C3－C2－C12  

C2－C3－C4  

C2－C3－C8  

C4－C3－C8  

Sl－C4－C3  

Sl－C4－C5  

C3－C4－C5  

C4－C5－C6  

C5－C6－C7  

C6－C7－C8  

S2－C8－C3  

S2－C8－C7  

C3－C8－C7  

anqle（deq．）ESD  

90．73  0．08  

105．45  0．08  

104．91  0．08  

98．09  0．08  

102．66  0．08  

113．52  0．13  

123．29  0．14  

123．14  0．17  

111．16  0．15  

116．58  0．16  

132．14  0．16  

110．98  0．15  

132．62  0．16  

116．08  0．15  

113．05  0．13  

124．33  0．14  

122．52  0．16  

119．11  0．18  

120．04  0．19  

121．18  0．18  

123．07  0．13  

114．82  0．14  

120．41  0．16  

Atoms   

Cl－C9－ClO  

C9－ClO－Cll  

ClO－Cll－C12  

S3－C12－C2  

S3－C12－Cll  

C2－C12－Cll  

S2－C21－C22  

S2－C21－C26  

C22－C21－C26  

C21－C22－C23  

C22－C23－C24  

C23－C24－C25  

C24－C25－C26  

C21－C26－C25  

S3－C31－C32  

S3－C31－C36  

C32－C31－C36  

C31－C32－C33  

C32－C33－C34  

C33－C34－C35  

C34－C35－C36  

C31－C36－C35  

Preparat土on and Detection of l．9－Blさ（aryltb土○）－   

dibenヱOthiophene Dications in Conc・Sulfuric Acid・  

ThelH－NMR spectra（500 MHz，CDC13）of the S－Phenylrings of  

2a and 3a appear at 8 7．0（0－H）and 7．1－7．2（m，P－H）（2a）；6．7   

（0－H），7．1，7．4（m，P－H）（3a）．  Other derivatives of 2 and 3   

also have the identical chemical shifts to 2a and 3a．  
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ト▼iiii「   

9．0  5・O  
pp■¶  

Fig・4－2・500 MHzl王卜NMR Spectra of Compounds 2a（3a and   

D土catlon 4a  
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In order to generate the dithia dications（4）the sulfides   

（1）and the sulfoxides（2）were diss0lved in conc．D2SO4 and  

t00k theirlH－NMR spectra according to the procedures employed  

for formation of dithia dications（Fig．4－2）．1 Theidentica1  

1H－NMR spectra were observed by dissolving either 2 and 3in  

COnC・D2SO4・ Both the compounds 2 and 3in H2SO4 SOlution gave   

the corresponding sulfoxides（3）in good yields after hydr01ysis   

Of the H2SO4 S0lution demonstrating that the dication 4 should   

be formed．（Scheme 4－2）．  

Ar＼  ／ Ar  
S S   

2a：Ar＝Ph   

2b：  αTo1   

2c：  〝一丁o1   

2d： PToI  

A＼′．Ar  

S S  

A＼㌔s′Ar  
A＼  ． Ar   
＋S－S＋  

H20   

2HSO4‾   

4  

PathA：3a：87％  
：3b：66％  

：3c：80％  

：3d：56％  

PathB：3a：89％  
3a：Ar＝Ph  

Scheme4－2  

ThelH－NMR spectra of the dication（4a）in conc．D2SO4，   

unexpectedly′ broadening of the phenylprotons attached to PhS   

groups was observed and the two protons shift to the upfield at   

5．90 ppm（2H）as a broad singlet together with 6．94（2H）．7．20  
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500MHzIH－NMR  
SOIvent：D2SO4   

reference：DSS  

8．5   8．0 7．5  7．0  6．5  6．0 5．5 ppm  

Fig・4－3・500MHzIH－NMR Spectra of Dications4a and4a－d2  
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（4H）and7・61（2H）ppm respectively・ The highest signalat8  

5．90is attributed to the two o－PrOtOnS at the phenylthio group  

sincein the signals of 2d（Ar＝m－Tol）and2e（Ar＝2r5NXYlyl）in  

D2SO4 0nly the shifts at 5・90 and 7・20 ppm are remained  

unchanged． The signalat 8 7．61（t，2H）is determined to be   

the p－PrOtOnS due to the disappearance of this slgnalfrom 2b l   

（Ar＝P－T01）・  Thus the remaining four protons at 7・20 and 6・94  

ppm are assigned to be the mqprotons・  Furthermore′1（9－bis（0－  

deuterated phenylthio）dibenzothiophene（2a－d2）was synthesized  

and was diss0lvedin conc．D2S04 for measurement of thelH－NMR  

（Fig．4－3）．6  rn the NMR spectrum，the peak areas corresponding●  

to two protons decreased from 5・90 ppm and 7・20 ppmindicating  

that the asslgnment Of thelH－NMR of the dication 4ain D2SO4is l  

reasonable．  

Studle＄ On Variable てrempera七ure lH－NMR Speetra of l′9－  

Bis（Phenylthio）diben2：Othiophene Dication in D2SO4   

Solutlon  

ThelH－NMR spectra of 2a and 3aindicate clearly that the   

two phenyl rings at the sulfur atoms tend to overhang to the   

dibenzothiophene ring and the protons at the ortho and meta－   

POSitions are magnetically norl－equivalentin the dithia dication  

（3a）．  Other substitutedl，9－bis（arylthio）dibenzothiophenes 2   

Show theidentica11fトNMR behaviors（ParticularlyTin 3（5－Ⅹylyl   

derivative （2d）two sharp methyl singlets appeared in the   

SPeCtrum．  These results demonstrate that the free rotation of  
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s－C（Phenyl）bond should be restricted or pYramidalinversion at  

the sulfonium sulfur atomsin4does not take place at 270c・  

AG睾己63kJ／mot  

670C  

8．5 8．0 7．5 7，0 6．5 6．0 5．5 ppm  8．5 8・0 7・5 7・0 6．5 6．0 5．5 ppm  

Fig・4－4・Variable Temperature 500 MHzIH－NMR Spectra of  

Dication 4a in D2S04 
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The separation of the chemicalshift and broadening for both   

the o－ and m－PrOtOnSin the phenylringsin conc．D2SO4 may be   

illustrated that the phenyl rings approach to the   

dibenzothiophene ring by the formation of S－S bond and change   

the positions bY the slow ring rotationin the dithia dication．  

The broadening of thelH－NMR by the presence of cation radical  

WOuld be eliminated since the reaction of 3ain D2SO4 does not   

exhibit any ESR absorption（Seeinfra）． Dithia dication 4ais   

unusually stablein conc．H2SO4 eVen at 700c for severalhours．   

By elevating the temperature from 27 0c／the two o－PrOtOnS   

COalesced at 670cinto a broad singlet at 6．56 ppm（Fig．4－4）．   

The spectrum was recovered back to the orlglnalone bYlowering ll   

the temperature t0 270c．  Thus，the spectrum change by varying   

the temperatureis attributed to the free rotation of the phenyl   

rings and the free energy of the rotation is calculated to be 

△G≠＝63 KJ／m01at 670c．  

ESR Spectra of l′9－Disub8七1tuヒed D土benヱOtb土ophene5  

In ESR spectrum ofl－（Phenylsulfinyl）－9－（PhenYlthio）dibenzo－   

thiophene 3a，Very Weak signalwas obtainedin conc．H2SO4． On   

the other hand′ the ESR spectrum of 2a wasinitially observedin   

COnC．H2SO4，aS COmPOSing one broad singlet with g＝2・0058（Fig．   

4－5），but this signalgradually and completely disappeared at 25   

0c after one week suggesting that one electron oxidation should   

take place to glVe the corresponding radicalcation of 2b which l   

might be oxidized to the dicationin conc・H2SO4．  
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Fig．4－5．ESR Spectra of Compound 2a  

Fast Atom Bombardment Mass Spectrometry （FAB MS） of l，9－   

Bis（Phenylthio）diben2：Othiophene Dication  

To confirm the generation of dithia dications from 3a in   

COnC・H2SO4．first atom bombardment mass spectrometry（FAB MS）   

Of l，9－bis（Phenylthio）dibenzothiophene dication （4a）was   

measured directlyin the conc．H2SO4 matrix． 工n the spectrum′  

m／z 595（MH＋）and497（（M－HSO4‾）＋）were observed as the fragments   

Of the salt ofl，9－bis（Phenylthio）dibenzothiophene and 2（HSO4‾）．  
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These results directly support the formation of l，9－dithia  

dication ofl，9－bis（phenylthio）dibenzothiophenein conc．H2SO4．  

Elec七rocbemical Oxida亡ion of l′9－Disub5tituted D土ben望○－   

tbiophenes and Related Compounds  

The oxidation potential of 2a was measured with cYClic   

VOltammetry（and the value was compared with that of 4ar   

dibenzothiophene and diphenyl sulfide using Pt electrode and 

Ag／（0．01M）AgN03 aS a reference electrode（SCan rate：200 mV／s）   

at 25 Oc in acetonitrile．   ＝nterestingly′ the first peak  

POtentialof 2ais verylow′ namely 2a（0．86 V）in comparison  

Withl－（Phenylthio）dibenzothiophene（1．12 V）7，dibenzothiophene   

（1．31 V） and diphenyl sulfide （1．21 V）．  But the   

electrochemicaloxidations of these compounds wereirreverSible．   

The observed low peak potential of 2a supports the transannular 

interaction between the tw0  0uter Sulfur atoms on   

electrochemicaloxidation．1  
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Experimental Section  

General．   

ZR were recorded on a JASCO A－3 0r a JASCO FT／rR－5000   

SPeCtrOmeter・ 1H－NMR spectra were measured on a HitachiR－600  

0r aJEOLJNM－EX270 0r a Bruker AM－500・ 13c－NMR spectra were   

taken with a JEOL JNM－EX270 0r Bruker AM－500．   Mass spectra   

Were Obtained with a Hitachi RMU－6MG or a JEOL JMX－SXlO2 mass   

SPeCtrOmeter．   For cyclic v01tammetry measurements，a Hokuto   

I Denko C0．ModelHB－104 apparatus was usedin conコunCtion with a   

Yokokawa C0．Mode13025A X－Y recorder X－raY CryStallographic   

analysis was performed by Prof．Iwasaki at University of   

Electro－Communications．  Measurement of ESR spectrum was   

Carried out by Dr．Morihashiand Dr．Yokoyama at the■Department   

Of Chemistry in this University．   Elemental analyses were   

Carried out by ChemicalAnalysis Center at this UniversitY．   

Ma七er土als．   

Allreagents were obtained from Wako Pure Chemica11ndustries，   

Ltd．′ Tokyo Kasei Kogyo Co．′ Kanto Chemical C0．，Or Aldrich   

ChemicalCo‥   The reaction solvents were further purified by   

generalmethods．   

Synthes土8   

Preparation of 4，6－Disubstituted Thianthrene－5－0Ⅹides （1）   

4．6－Bis（0－tOlylthlo）tbianヒb工ene－5－0Ⅹide （1b）   

Thianthrene－5－○Ⅹide（232 mg，1mm01）in THF（5 ml）waslithiated   

with O．33 M LDA（10 ml，3．3 mmol）at －78 0c．  To this solution   

WaS added o－tOlyldisulfide（1．2 g，5 rrun01）in THF（10 ml）and  
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then stirred for12 h at －20 Oc．  The s01ution was quenched  

With water，and extracted with CH2C12（150 mlx3）． The reaction   

mixture was purified by c0lumn chromatographY（Silica gel；  

eluent，CH2C12）．   After purification by preparative liquid   

Chromatography′ 4′6－bis（0－t01Ylthio）thianthrene－5－0Ⅹide （1b）   

Were Obtainedin 73％ yield．  

1b：（Ar＝＝0－T01）mp 221－222 0cJIH－NMR（CDC13）8 7．64－6．67（m，   

14H，Ar－H）2．44（s，6H，CH3）ノ＝R（KBr）1054 cm－1JMS（m／z）476  

（M＋）′ Anal・Calcd for C26月200S4：C，65．51；H，4．23．Found：C，  

65．63JH，4．25．   

4′6－Blき（m－ワ01yltbio）tbian七hrene－5－0Ⅹid¢ （1c）  

1c：（Ar＝m－Tol）mp153 0c′1H－NMR（270 MHz，CDC13）8 7．60－7．20  

（m，14H，Ar－H），2・31（S，6H，CH3）；＝R（KBr）1031cm－1；MS（m／z）  

476（M＋）；Anal・Calcd for C26H200S4：C，65．51；H，4．23．Found：C′  

65．27；H′ 4．07．   

4′6－B1日（3′5－Ⅹylyltbio）thlantbrene－5－0Ⅹ1de く1e）  

1e：（Ar＝3，5－Xyl）270 MHzIH－NMR（CDC13）8 7．57（dd′Jl＝7．8 Hz，  

J2＝1・1Hz′ 2H′ Ar－H）′ 7・29（t′Jこ7．8 Hz′ 2H．Ar一斑）7．14（dd．  

Jl＝7■8 Hz′J2＝1・1Hz．2H，Ar－H）′ 7．07（S′ 4H．0－Ph－H）′ 6．97（S．  

2H，P－Ph－H），2．27（S，12H，CH3）；MS（m／z）504（M＋）；Anal．Calcd  

for C28H240S4：C／66・63；H（4・79・Found：C′ 66．20；H，4．74．  
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Preparation of l，9－Disubstituted Diben2：Othiophene＄ （2）  

by Ring Contraction of 4／6－Disubstituted Thianthrene－5－   

0Ⅹ土de8 （1）witb ∫】－Butyll土thium．  

1．9－Bi5（0－deuterated phenylthio）diben2：Othiophene （2a－d2）   

4，6－Bis（0－deuterated phenylthio）dibenzothiophene（1a－d2）was   

PrePared by a similar method to the synthesis ofla using 2，2一－  

bis（deuterated diphenyl）disulfide．6  

4，6－Bis（0－deuterated phenylthio）thianthrene－5－○Ⅹide（1a－d2）（244   

mg，0．54 mm01）in THF（20 ml）was treated with n－butyllithium   

（1・64 M）（0．7 ml，1．1mm01）at －78 0c．   After usualwork－uP   

PrOCedures and purification by column chromatography（Silica   

gel；eluent，CH2C12）and then preparativeliquid chromatography．   

1′9－bis（0－deuterated phenylthio）dibenzothiophene（2a－d2）was   

Obtainedin 51！yleld・ 1   

1′9－Bis（O－tOlylthio）diben2：Othiophene （2b）  

2b：（Ar＝0－T01）mp126 0c；lH－NMR（500 MH2：，CDC13）8 7．73（dd．   

Jl＝7・8 日z′J2＝1・2 Hz′ 2且′ Ar－艮）′ 7．37（dd．Jl＝7．8 Hz．J2ニ1．2 Hz′   

2H′ Ar－H）′ 7・34（t′J＝7・8 Hz．2H′ Ar－H），7．08－6．98（m．8H．Ar－H）  

2・06（S，6H，CH3）；IR（KBr）1446，1388．741，704 cm－1；MS（m／z）  

428（M＋）′ Anal・Calcd for C26H20S3：C172・86；Hr 4．70・Found：C，  

72．99JH′ 4．74．   

1′9－Bi8（m－tOlyl七hエ0）d土benヱOthiopbene （2c）  

2c：（Ar＝m－Tol）mp13ト1320c；1H－NMR（500MHz，CDC13）87．76（d，  

J＝7・8 Hz′ 2H′ Ar－H）′ 7・52（d′J＝7・8 Hz′ 2H′ AエーH）J7．37（t′  

J＝7・8Hz′ 2H′ Ar－H）′ 6・91－6・90（m′ 4H′ Ar－H）′ 6・74（dlJ＝7・6Hz′  

Ar－H）2・20（S′ 6艮′ CH3）′IR（KBr）1591／1386′1179′ 770′ 706′  
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6901Cm－1；MS（m／z）428（M＋）JAnal・Calcd for C26H20S3：C′ 72．86；   

H′ 4．70．Found：C′ 72．70JH．4．67．   

1，9－Bis（P－tOIYlthio）diben2：Othiophene （2d）  

2d：（Ar＝P－T01）mp177 0c；1H－NMR（500 MHz，CDC13）8 7．72（dd，   

Jl＝7．8‡Iz，J2＝1．1王iz，2H′ Ar－H）′ 7．52（dd′Jl＝7．8 Hz，J2＝1．1Hz．   

2H，Ar－H）′ 7．34（t′ J＝7．8 Hz′ 2H，Ar－H）′ 6．96（S，8H．Ar－H）．   

2．24（S，6H，CH3）；ZR（KBr）1437，1388，1166，810′ 799，762，700  

Crn‾1；MS（m／21）428（M＋）JAnal．Calcd for C26H20S3：C，72．86；H．   

4．70．Found：C′ 72．99JH．4．74．   

1．9－BIs（3′5－Ⅹylylthi．0）dlbenヱ0七biophene （2e）  

2e：（Ar＝3，5－Ⅹyl）rnP184 0c；1H－NMR（270 M且Z，CDC13）8 7．75（dd，   

Jl＝7．8 Hz，J2＝1．1Hz′ 2H′ Ar一見），7．51（dd′Jl＝7．8 Hz′J2＝1．1Hz，   

2H．AエーH）′ 7．36（t′ J＝7．8 Hz′ 2H，Ar－H）．6．74（S．2H．p－Ph－H）．   

6．66（S，4H，0－Ph－H），2．15（S．12且′ Cf13）；＝R（KBr）1578，1170，  

835，775，685 cm－1；MS（m／z）456（M＋）；Anal．Calcd for C28H24S3：   

C′ 73．64；H，5．30．Found：C，73．29；H，5．34．   

prepa工・ation of l－（Phenyl日∵ulf土nyl）－9－（pbenyltbio）－   

dibenzotbiophene （3a）   

To a solution ofl，9－bis（Phenylthio）dibenzothiophene（2a）（668   

mg，1．67 mmol）in 50 mlCH2C12 WaS added m－Ch10rOPerbenzoic acid   

（mCPBA）（401mg，1．66 mmol）in 50 mlCfI2C12 at －20 0c．  The   

S01ution was stirred for 8 h，and then ammonia gas was bubbled   

for a few minutes at 25 0c．   A colorless precipitates were   

filtered off and the s0lvent was evaporated．   The reaction   

mixture was purified by c01umn chromatography（Silica gel；  

eluent，CH2C12 and ethylacetate）′ and l，9－bis（Phenylthio）－   

dibenzothiophene（3a）was obtainedin 78％ Yield．  
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3a：mP 21ト212 0cJIHMNMR（500 Mflz，CDC13）8 8．02（d．J＝7．9 Hz，   

1H′ Ar－H）′ 7．90（d′J＝7．9 Hz′1H′ Ar一斑）′ 7．85（d′J＝7．8 Hz′1H，   

A工■－H）′ 7．81（d，J＝7．8 Hz′1H′ Ar－H）′ 7．59（t，J＝7．9 Hz．1H．Ar－   

H）．7．49（d．J＝7．O Hz′1H，Ar－H）．7．42（t′J＝7．8 且Z．1艮．Ar－H）．   

7．28－7．19（m′ 2H，Ar－H）′ 7．10－7．05（m，2H，Ar－H）．7．00－6．94（m．  

2H，Ar－H），6．84（d，J＝7．8 Hz，1H′ Ar－H）；125 MHz13c－NMR（CDC13）  

8146．0′144．1．141．3′140．5，138．7′135．7．133．8．132．5′130．5，   

130．0，128．8′128．4′128．3′128．0′127．8．126．6′126．1′ 125．6．   

125．2，122．9；IR（KBr）1031cm－1；MS（m／z）416（M＋）；Anal．Calcd   

for C24H160S3：C′ 69．20JH，3．87．Found：C′ 69．16；H′ 3．76．   

React土on of l′9－Bis（phenyltbio）d土benヱ0七hiopbene （2a）  

Vith conc．H2SO4．   

1，9－Bis（PhenYlthio）dibenzothiophene（2a）（198 mg，0．495 mmol）   

WaS diss01vedinlO mlconc．H2S04′ and the s0lution was stirred   

for 24 h．   To this solution was added ice water and 2 N NaOH   

SOlution・  The solution was extracted with CH2C12（100 mlx3）．   

After evaporation of the s0lvent and purification of the product   

by c01umn chromatography′ 1，9－bis（Phenylthio）dibenzothiophene   

（2a）andl－（Phenylsulfinyl）－9－（Phenylthio）dibenzothiophene（3a）   

Were Obtainedin 6％ and 87％ yields respectively．   

Reaction of l－（PhenylsulfinYl）－9－（Phenylthio）diben2：0－  

th土ophene （3a）Ⅴ土tb conc．H2SO4．   

ト（Phenylsulfinyl）－9－（Phenylthio）dibenzothiophene（3a）（214mg，  

0・514 mm01）was diss0lvedinlO mlconc．H2S04，and the solution   

WaS Stirred for 24 h・   After similar treatment（1，9－  

bis（Phenylthio）dibenzothiophene（2a）andl－（Phenylsulfinyl）－9－  
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（Phenylthio）dibenzothiophene（3a）were obtainedin 5％ and 89％  

yields respectively．  

Reaction of l，9－Bis（0－tOlylthio）dibenヱOthiophene （2b）  

Ⅴ土th conc．H2SO4．  

3b：（Ar＝0－T01）mp197 0c；1H－NMR（500 MHz，CDC13）8 8・02（d，  

J＝7．9 貴之，1H．Ar－H）．7．90（d′J＝7．9 Hz′1H′ Ar－H），7・85（d′  

J＝7．8 Hz′1H．Ar－H）．7．81（d′J＝7．8 王iヱ′1H．Ar－H）．7・59（t′   

J＝7．9 Hz．1艮′ A工・－H）′ 7．49（d．J＝7．O Hヱ′1H．Ar－H）′ 7・42（t′   

J＝7．8 Hz′1H′ Ar－H）′ 7．28－7．19（m′ 2H′ Ar－H）．7．10－7・05（m，2H′   

Ar－H）．7．00－6．94（m′ 2H′ Ar－H）′ 6．84（d′J＝7．8 Hz．1H．Ar－H）′  

2・07（S，3H，CH3）′1．83（S，3H，CH3）；＝R（KBr）1021cm－1；MS  

（m／z）444（M＋）JAnal．Calcd for C26H200S3：C．70．23；H，4・53・   

Found：C，70．057Ⅰ㍉ 4．45．   

Reaction of l，9－Bi8（m－tOlylthio）diben2：Othiophene （2c）   

Ⅴ土tb conc．E2SO4．  

3c：（Ar＝m－T01）mp163．5－165 Oc；1H－NMR（500 MHz，CDC13）8 7．96   

（d．J＝7．9 Hz′1H′ A工・一別．7．90（d．J＝7．9 Hz′1K．Ar－H）′ 7．86（d．   

J＝7．9 Hz，1H．Ar－H）．7．67（d，J＝7．9 Hz．1H′ Ar－H）′ 7．62（t′   

J＝7．9 Hz′1H，Ar－H）′ 7．55（S′1H′ T01－H），7．49（亡′J＝7．9 Hz′1H′   

Ar－H）．7．47（d′ J＝7．5 Hz′ 1H，T01一月）′ 7．23（t，J＝7．5 Hz′ 1H．   

Tol－H）．7．19（d，J＝7．5 Hz′ 1H′ Ar－H），6．98（t．J＝7．9 Hz．1H．   

Tol－H）， 6．88 （d′ J＝7．9 Hz′ 1H′ Tol－ユ）′ 6．62 （S′ 1上i．Tol－H）．   

6．46（d′ J＝7．9 Hz′ 1H，Tol－H）′ 2．25（S′ 3H．CH3）′ 2．17（S．3H．  

CH3）；IR（KBr）1035 cm‾1JMS（m／2：）444（M＋）；Anal．Calcd for   

C26H200S3：C，70．23；H，4．53．Found：C，70．34；H，4．48．  
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Reaction of l′9－Bis（P－tOIYlthio）diben2：Othiophene （2d）   

With conc・H2SO4・  

3d：（Ar＝P－T01）mp．218 OcJIH－NMR（500 MHz，CDC13）8 7．94（d，   

J＝7．9 Hz，1H′ A工・－H），7．88（d′ J＝7．9 王iz′ 1H．Ar－H）．7．84（d，   

J＝7．9 Hヱ．1H′ Ar－H）′ 7．61（t，J＝7．9 Hz．1H．A工・－H），7．60（d．   

J＝7・9 Hz，1H′ Ar－H）′ 7．56（d．J＝8．2 Hz．2比′ Tol－H）′ 7．44（t．   

J＝7・9 Hz．1H′ Ar－H），7．14（d′ J＝8．O Hz′ 2H′ A工・－H）′ 6．94（d，   

J＝8・O Hz，2H′ Ar－H）′ 6．77（d′J＝8．2 Hz′ 2H′ Ar－H），2．34（S．3H′  

CH3），2・23（S，3H，CH3）J工R（KBr）1031cm－1；MS（m／z）444（M＋）；   

Anal・Calcd for C26H200S3：C，70．23；H，4．53．Found：C．70．06；H，   

4．57．  
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SPeCtrOmetryJ 2，2一－bisdeuterated diphenyl disulfide was  

PrePared with 2－deuterated thiophen01and hydrogen peroxide  

in 77％ yield（deuterium content＞99％）；G．D．Figuly′ C．K．  

100p′ J．C．Mart⊥n′ J．Am．CJつeJm．ぶOC．．111′ 654（1989）．   

6．See Chapterl．  
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CエAP℡ER 5  

FエRSで pREpARA℡ェON OF NEW S℡AB工．E D工BENヱ0【ぁご′fダ】－  

【1，4】DZTH工OPENTALENE AND DETERM＝NAT＝ON OF  

ワHE STRUCTURE BY X－RAY ANA工一YS工S  

Åbstract  

On photolysis and therm01ysis ofl，9－bis（methylthio）dibenzo－   

thiophene，nOVel dibenzo［bc，fg］［1，4］dithiopentalene （1）and   

thieno【2，3，4，5－lmn］［9，10］dithiophenanthrene（2）were obtained   

SubstantiallY．  X－ray CrYStallographic analysis revealed that   

the structure of the compound lwas completely planar．   The   

electrochemical oxidations of l and 2 were carried out by   

CyClic v01tammetry．  
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エntごOduc七土on  

Recently（thiophene andits derivatives have been attraCted  

much attention asimportant sources for new materials・1 0n the  

other hand，thienothiophenes having two fused thiophene rings  

have beeninvestigated as one of the representatives oflO7（   

hetero aromatic compounds．  There are fourisomeric thieno－  

thiophenes among which thieno【3，4－C］thiophene． called  

nonclassicalthiophene／is rather unstable sinceit must be used  

unusualbonding orbitals of the sulfur atoms to accommodatelOIC   

electrons for resonance stabilization．2  several stable   

thieno［3，4－C］thiophenes bearing four substituents such as tetra－   

Phenylthieno［3，4－C］thiophene and tetrakis（alkylthio）thieno［3，4－  

c］thiophene have been reported by Cava and Yoneda・3  As a new  

stable thieno【3，4－C］thiophene′ diben210【bc，fg］［1，4］dithio－   

Pentalene（1）′ the dithio analogue of dibenzo［cd，gh］pentalene  

which was prepared by Trost and his co－WOrkersr4was obtained   

Serendipitously upon therm01ysis or photolysis of l′9－   

bis（methylthio）dibenzothiophene（3）．  As far as examined the   

literatures，dithiopentalene has never been reported except the  

hypotheticalpolymer of dibenzodithiopentalene by Kertesz・5   

This chapter reports the results of the first preparation of a   

new stable dithiopentalene （1） and determination of the   

StruCture by X－ray CryStallographic analysis．  
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Results and D土scu5Sion  

Dibenzo［bc，fg］［1′4】dithiopentalene （1）was found to be   

generated during the measurement of melting point of l（9－   

bis（methylthio）dibenzothiophene 3． Upon overheating（350－400  

Oc）the capi11ary tube containing 3（bothland2 were sublimed  

at the top of the tube from which was realized the formation of   

l・   Typically13 was placedin along pyrex tube and heated   

gently with a burner flame・ The reaction mixture was separated   

and purified by c01umn chromatography and preparative HPLC to   

afford the two products．  

R  R  

ヽs s′  S－S  

hv／Benzene  

216％   

61％   
PhotoIys（S：111％  
Phermolysis： ＜1％  

Scheme5－1  

S－S   
hv  mCPBA  

Benzene  CH2Cl2  

4  

34％  

Scheme5－2  
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Surprisingly one minor productless thanl％ yield was found   

to be the pentalene （1） together with thieno［2，3，4．5－   

1mn］［9，10］dithiophenanthrene（2）in 61％ yield．  On the other   

hand′ Phot01ysis of 3 with a 400 W high pressure mercury lamp   

forlO h gaveland 2inll％ and16！yields respectively（Scheme   

5－1）．  

Meinwald reported the elegant preparation of naphtho［2，3，4－   

ij］thiete on phot01ysis ofl，8－dithionaphthalene－1，1－dioxide・   

＝t was expected that this ring contraction reaction could be   

applied to the phot01ysis of thieno【2，3，4，5－lmn］［9，10】dithio－   

Phenanthrene－9，9－dioxide （4）for conversion to compound l・   

Actually．the phot01ysis of thiosulfonate 4 which was prepared   

by oxidation of 2 with m－Chloroperbenzoic acid（mCPBA）proceeded   

Cleanly under irradiation for 72 hr to afford l as a sole   

PrOduct in 61％ yield together with the recovered 4in 33％   

（Scheme 5－2）．6  

Table 5－1．UV S  ectra  

Compd．  入max nm（e）  

285（5000）  323（1400）   

270（4300）  329（1900）   

250（9800）  357（1400）  

DT  233（28000）   

1  243（32000）   

2  224（9200）  

All compounds were measured in acetonitrile at 25 OC. 

DT：Dibenzotiophene．  

The UV spectrum of pentalene llacks the visible band at   

around 530 nm observed in tetraphenylthieno【3，4－C］thiophene  

COrreSPOnding to the biradicalstructure（Table 5－1）・2b・3a This  
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result suggests that the pentalene l should have neither a   

biradical nor a charged structure．   Therefore′ the detailed   

StruCturalanalysis oflwas performed by X－ray CryStallographic   

analysis shown in Fig．5－1，5－2 and the results are summarized   

in Tables 5－2 and 5－3．  

a  

Fig・5－1X－Ray Crystal10graPhic Analysis of CompoundlJa）  
M01ecular Structure； b） the Projection of the Crystal  
Structure Viewd along the A Axis．  
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Fig．5－2．The Projection of the Crystal Structure of l；a）  

Viewd along the B Axis；b）Viewd a10ng the C Axis．  

91   



Table 5－2．Bond Anqles of Dibenzo［bc，fq］［1，4］dithiopentalene   1）．  

Atoms  anqle（d9  

Cl－S－C4  92．3  

S－Cl－C3  108．2  

Cl－C3－C3★   115．7  

C3－C3★－C4  115．8  

S－C4－C3★   108．1  

S－Cl－C2  135．8  

Cl－C3－C4大   128．5  

E
S
。
一
〇
・
1
0
・
2
0
・
2
0
・
2
0
・
2
0
・
2
0
・
2
 
 
 

AヒOmS  阜nle de  

C2－Cl－C3   116．1  

Cl－C2－C5   116．8  

C2－C5－C6★   125．7  

S－C4－C6  135．8  

C3★－C4－C6  116．1  

C4－C6－C5★   116．8  

E
S
。
㍍
0
・
2
0
・
2
0
・
2
0
・
2
0
・
2
 
 
 

The PartialTorsionalAngles（deg．）are as follows：C4－S－Cl－C2，  

179．94（0．29）；C4－S－Cl－C3，0．26（0．20）JCl－S－C4－C6，179．81（0．28）；  

S－Cl－C2－C5，－179．79（0．22）；C3－Cl－C2－C5，－0．08（0．35）．  

This result indicates clearly that the pentalene lis a   

COmPletely planar m01ecule having three C2 aXeS bisecting the S－   

S＊，the C5－C5＊ axes and the one perpendicular to the plane of the   

Pentalene ring，belonging to the point group D2h・ The C－S bonds  

of the thiophene rings are l．791and l．790 Å which are  

COnSiderably longer than that of tetraphenylthieno［3，4－  

c］thiophene（5）（1．705 andl．707 Å）3b and the normalC－S bond  

length of thiophene（1．714Å）7a and dibenzothiophene（1・740Å）7b・  

Furthermore′ the benzene rings oflare considerably distorted   

from that of normalhexagonalstructure（Table 5－3）・ The bond  

length of C3－C3＊ （1．386 Å）is shorter than that of   

thienothiophene（5）（1．452 Å）suggesting that the two benzene  

rings are stabilized by con］ugation and the two sulfur atoms 1   

1ess particIPate tO the essentialTいCOn］ugation than the ll  

thiophene ring．  
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The crystals have a fo110Wing data：formula／C12H6S2；FW，  

214・31；F（000）＝220；CryStaldimensions，0．30xO．20xO．40 mm；Mo Kα  

radiation（入＝0・70930 A）′ temPerature＝23±lOcJmOnOClinic space  

group，P21／CJ a＝7・641（1）A，b＝4．000（0）Å′ C＝14．909（2）Å．  

β＝95．23（6）0；Ⅴ＝453．8Å3；Z＝2；P＝1．57 g／cm3；P＝5．1cm－1；R＝0．029   

（Rw＝0．033）．  

Table 5，3・Comparison of Bond Lengths of X－Ray Crystallographic  

Analysis of Compoundlwith Structures oflCalculated by MNDO  

and X－ray Analysis of Tetraphenylthieno［3，4－C］thiophene（5）3b．  

Sl＊  

Parameter  X－ray data  MNDO  Parameter X－ray data  

Of 5  Of l  Of l  

Sl★－C2★  1．707  

Sl－C3  1・705  

Cl★－C2★  1．417  

C3－Cl★  1．397  

Cl－Cl★  1・452  

3
 
 
3
 
 
3
 
 
2
 
 
6
 
 
5
 
 
6
 
 

1
 
4
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
 

C
 
C
 
一
 
－
 
1
 
 
】
 
－
 
1
 
－
 
 

】
 
 
 
l
 
 
1
 
 
4
 
 
3
 
 
1
 
 
4
 
 
2
 
 
5
 
 

S
 
S
 
C
 
C
 
C
 
C
 
C
 
C
 
C
 
 

1．791  1．738   

1．790   

1．377  1．401   

1．375   

1．386  1．422   

1．397  1．403   

1．395   

1．399  1．424   

1．406  

★
 
 
 
★
 
 

★
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To evaluate the theoretically most stable structure of 1, 

MNDO calculation was carried out at the energetically most  

stable structure and the calculated bond lengths were compared 

With those obtained by the X－raY CryStallographic analysis．  

These results are shownin Table 2 together with compound 5．   

These results suggest that the structure of 1 determined by the 

X－ray CryStal10graPhic analysis is somewhat different from that   

Obtained by the MNDO calculation．  

On the other hand． Trost determined the structure of   

dibenzo［cd，gh］pentalene to have a completely planar structure   

and also to have a verylarge strain energY Of 66 kcal／m01．4   

Similarly，it is naturalto expect that dibenzodithiopentalene   

（1）should also possess alarge strain energy．  

Measurement of Cycllc Voltame七ry of Compound51and 2  
It is predicted that the compoundlhas16丁【electrons and   

hence l is stabilized on aromatization by two electron   

oxidation．   Since the electrochemical character of l would be   

attractive properties，the oxidation potentials ofland2 were  

measured with cyclic voltammetry in acetonitrile at 20 OC, using 

a Pt electrode，Ag／0．01M AgNO3 aS a reference electrode（SCan   

rate：200 mV／s）．8  The oxidation potentials of these compounds  

arelisted as fo110WS′1（Ep＝1・16VJirreversible）′2（El／2＝0・91  

V′ reVerSible）′ dibenzothiophene（Ep＝1・31VIirreversible）・  

However（the cyclic v01tammogram oflafter20times scanning at  

200 mV／s reveals nearlY the same behavior of p01ythiophene on  

electr01ysis（Fig．5－3）．9 Actually′ the electrode was found to  
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be coated with a ye110W P01ymer of which structure has not been   

determined．  

（a）  

0．5  1．0  

ENvs・Ag／Ag＋  E〃vs・A9′A9＋  

Fig．5－3．（a）Cyclic V01tammogram of Compoundlafter 20  

Times Scanning；（b）Cyclic Voltammogram of Compound 2・  

E＄R Spectrum of  でh土eno【2′3′4′5－ユ∬Ln】【9．10】ditb土0－   

phQnanthrene （2）  

Since the compound2 has a reversible cyclic voltammogram as   

described above．the stable radical cation of 2 should be   

generated by oxidation．   In fact in an ESR spectrum of   

thieno【2，3，4′5－lmn］［9，10】dithiophenanthrene（2），a StrOng Signal  
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was obtainedin conc．sulfuric acid at 25 0c′ aS a broad slgnal l  

With g＝2．0106（Fig．5－5）．  This result suggests that one   

electron oxidation takes place readilY tO glVe the corresponding l  

rad土caユ cat土on of 2  

S－S  

Fig．5－5．ESR Spectrum of Compound 2in Conc．H2SO4．  
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Experimental Sec七ion  

General．   

＝R spectra were recorded on a JASCO A－3 0r a JASCO FT／IR－5000   

SpeCtrOmeter・ 1H－NMR spectra were measured on a HitachiR－600  

0r aJEOLJNM－EX270 0r a Bruker AM－500・ 13c－NMR spectra were   

taken with aJEOLJNM－EX270 0r a Bruker AM－500．  Mass spectra   

Were Obtained with a Hitachi RMU－6MG or a JEOL JMX SXlO2 mass   

SPeCtrOmeter．   For cyclic voltammetry measurements，a Hokuto   

Denko Co・ModelHB－104 apparatus was usedin conコunCtion with a l  

Yokokawa Co・Mode13025A X－Y recorder． X－raY CrYStallographic   

analysis and elementalanalyses were carried out by Chemical   

Analysis Center at this University．   MNDO calculation was   

Performed by Prof．Kikuchiat Department of Chemistry in this   

University・ Measurement of ESR spectrum was carried out by Dr．   

Morihashiat Department of Chernistryin this universitY．   

Materials．   

All reagents were obtained from Wako Pure Chemical＝ndustries，   

Ltd・．Tokyo Kasei Kogyo C0．′ Kanto Chernical Co．，Or Aldrich   

ChemicalCo‥   The reaction solvents were further purified by   

generalmethods．   

Syntbe5i5   

preparat土on of Dibenヱ0【ムc′fダ】【1′4】dithiopen七alenQ（1） and   

℡bleno【2′3．4，5－ユmn】【9′10】d土th土opbenantIlrenQ （2）   

℡bQrmOly5i5   

1，9－Bis（methylthio）dibenzothiophene（3）（11mg，0．04 mmol）was   

placed in a pyrex tube and heated gradually with Bunzen burner 
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for a few minutes．   The reaction mixture was extracted with   

CH2C12． After purification with column chromatography（Silica   

gel，CH2C12）and preparative HPLC，the compounds land 2 were   

Obtainedin ＜1％ and 61％ yields respectively．   

phot01ysi5   

1′9－Bis（methylthio）dibenzothiophene（3）（100 mg，0．36 mmol）was   

Placedin a pyrex tube and dry benzene（5 ml）was added under   

argon atmosphere・The solution wasirradiated with 400 W high   

PreSSure merCurylamp forlO h at 20 0c・ After distillation of   

the s0lvent，the reaction mixture was purified with column   

Chromatography（Silica gel，CH2C12）． Further purification was   

earried out with preparative HPLC and the compounds I and 2 were 

Obtainedinll％ and16％ yields respectively．  

1：mP165 Oc（sublimed）；1H－NMR（500 MHz，CDC13）87．76（t，J＝7．7   

Hz．4H′ Ar－H），7．60（t．J＝7．7 Hz′ 2H′ Ar－H，4．6－H）J13c－NMR（125  

MHz，CDC13）8141．6，135．7，128．3，116．2；MS（m／ヱ）214（M＋）′ UV  

九max（e）243（32000），270（4300）．329（1900）JAnal．Calcd for   

C12H6S2：C，67．25；H，2．83．Found C，67．34；H′ 2．90．  

2：mP132．ト1330c．1fl－NMR（270 MHz′ CDC13）8 7．71（d．J＝7．9 f‡z，   

2H．Ar－H），7．40（t，J＝7．9 Hz′ 2比，ArH）7．25（d′ J＝7．9 Hz′ 2H．  

Ar－H）J13c－NMR（67 MHz，CDC13）8140．4，131．8，128．2，128．1，  

121．9．121．7．MS（m／z）246（M＋）；UV 九max（e） 224（9200），   

250（9800）′ 357（1400）JAnal．Calcd for C12H6S3：C，58．50；H，2．45．   

Found C′ 58．40JH．2．48．  
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0Ⅹida七土on of ℡h土eno【2′3，4′5－ユ血刀】【9′10】d土tb土ophenanthren月   

（2） w土th mCPBA   

To a s0lution of thieno【2，3，4，5－lmn］［9，10］dithiophenanthrene（2）   

（132 mg，0．54 rnm01）in 30 mlCH2C12，mCPBA（370 mg，1．5 mmol）in   

30 mlCH2C12 WaS added at 20 0c．  The solution was stirred for   

12 h，and then ammonia gas was bubbled for a few minutes at 20   

0c．   c0loreless s01ids were filtered off and the solvent was   

evaporated．   The reaction mixture was purified by column   

Chromatography（Silica gel；eluent，CH2C12 and ethYlacetate）to   

give thieno【2，3，4，5Jmn＝9，10］dithiophenanthrene－9，9－dioxide（4）   

土n 34宅 y土eld．  

4：mP 220－22lOcJIH－NMR（270 MHz，CDC13）8 8．17（dd，Jl＝8．1H2：，   

J2＝0．5 Hz′1H．Ar－H）．8．03（dd，Jl＝7．6 Hz．J2＝0．5 Hz．1H．Ar一斑）．   

7．94（dd′Jl＝8．1Hz′J2＝0．5 Hz′1H′ Ar－H）′ 7．78（t．J＝8．1Hヱ′1H′   

Ar一且），7．62（t′J＝7．6 Hz，1H′ Ar一斑）．7．49（dd，Jl＝7．6 Hz．J2＝0．5  

Hz，1H ArqH）；13c－NMR（67 MHz，CDC13）8141．3，140．9，137．2，   

130．9．128．4′ 127．9，127．7′127．0′ 126．8．123．7，122．3，115．5．  

＝R（KBr）1317，1149（SO2）cm－1；MS（m／2：）278（M＋）； Anal．Calcd   

for C12H602S3：C，51．78；H，2．17．Found C，51．68；H，2．22．   

pbotoly5i5   0f  ワh土eno【2′3′4′5－ユ皿n】【9′10】d土tbio－   

phenantbrene－9．9－diox土de （4）   

Thieno〔2，3，4，5－lmn］［9，10］dithiophenanthrene－9，9pdioxide（4）（15   

mg，0．05 mm01）was placedin a pyrex tube and dry benzene（3 ml）   

WaS added after replacing air with Ar．The solution was   

irradiated with 400 W high pressure mercury lamp for 72 h．   

After distillation of the s0lvent，the reaction mixture was   

Purified with c01umn chromatography （Silica gel， CH2C12）．  
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Further purification was carried out with preparative HPLC and   

the products l and 4 were obtained in 61％ and 33％ yields   

respectively．   

X－Ray Crystallo甘rapb土e Ånaly5土8   

Da七a Collection  

A yellow needle crystal of C12H6S2 having approximate   

dimension of O．30xO．20xO．40 mm was mounted on a glass fiberin a   

random orientation．  preliminary examination and data  

COllection were performed with Mo Kα radiation（九＝0．70930 Å）on   

Enraf－Nonius CAD4 computer controlled kappa axis diffractometer   

l equlPPed with a graphite crystal，incident beam monochromator．  

Cell constants and an orientation matrix for data collection   

Were Obtained fromleast－SquareS refinement（uSing the setting  

angles of 25 reflectionin the rangelO＜0＜14O，meaSured by the   

COmPuter COntr011ed diagonal slit method of centering．   The   

monoclinic cell parameters and calculated volume are：  

a＝7・641（1）′ b＝4．000（0）′ C＝14．909（2）Å′ β＝95．23（6）0′ Ⅴ＝453．8 Å3■   

For Z＝2 and F．W．＝214．31the calculated densityisl．57 g／cm3．   

From the systematic absences of：  

h O l l＝2n  

O k O k＝2n   

and from subsequent least－SquareS refinement，the space group   

WaS determined to be P21／c（♯14）．  

The data were c011ected at a temperature of 23±lOc using   

the omega scan technique．  The scan rate varied fromlto 5  

O／min（in omega）．  The variable scan rate allows rapid data   

COllection for intense reflections where a fast scan rate is  
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used and assures g00d counting statistics for weak reflections   

Where a slow scan ratio is used．   Data were co11ected to a   

maximum 20 0f 50．00． The scan range（in deg．）was determined  

as a function of O to correct for the separation of the kα   

doublet；10 the scan width was calculated as follows：  

O scan width＝0．5＋0．350tane   

Moving－CryStal moving－COunter background counts were made by   

SCanning an additiona125％ above and below this range．  Thus   

the rati0 0f peak counting time to background counting time was   

2：1．  The counter aperture was also adjusted as a function of  

O．  The horizontalaperture width ranged froml．8 to 2．3 mm；   

the verticalaperture was set at 4．O mm．  The diameter of the   

incident beam c011imator was O．80 mrland the crystalto detector   

distance was 21cm．   For intense reflections an attenuator was   

automaticallyinsertedin front of the detector；the attenuator   

factor was 13．8．  

Data Reduction  

A total of 765 reflections were c011ected．   As a check on   

CryStal and electronic stabilitY 3 representative reflections   

Were meaSured every 60 min．   A linear decay correction was   

applied．   The correction fraction onIranged froml．000 to   

l．001with an averaged value ofl．000．  

Lorentz and p01arization corrections were applied to the  

data・ Thelinear absorption coefficientis 5・1cm－1for Mo kα   

radiation． No absorption correction was made．  An extinction   

COrreCtion was not necessary．   ＝ntensities of equivalent   

reflections were averaged．   The agreement factors for the  
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averaglng Of the 69 0bserved and accepted reflections was O・9％ l  

based onintensity and O．6％ based on Fo．   

S七ructure Solutlon and Refinement  

The structure was s0lved by direct methods．   Using184   

reflections（minimum E ofl．20）and 2322 relationships，a tOta1   

16 phase sets were produced. A total of 6 atoms were located 

from an E－maP PrePared from the phase set with probability   

statistics：absolute figure of merit＝1・191reSidual＝0・121and  

psizero＝1・122・ The remaining atoms werelocatedin succeeding  

difference Fourire syntheses・ Hydrogen atoms werelocated and   

l their positions were refinedinleast－SquareS；theirisotropIC  

thermalparameters were held fixed at 4．0Å． The structure was  

refined in full－matrix least－SquareS Where the function  
minimized was ∑wHFo卜けCt）2 and the weight wis defined asl．O   

for all observed reflections．  

Scattering factors were taken from Cromer and Waber・11  

Anomalous dispersion effects wereincludedin Fc；12 the values  

for Af・and Af‖ were those of Cromer．13   0nlY the 742   

reflections havingintensities greater than 3・O times their  

standard deviation were used in the refinements．   The final   

CyCle of refinement included 73 variable parameters and  

converged（largest parameter shift wasl．19 timesis esd）with   

unweighted and weighted agreement factors of：  

Rl＝∑け0－Fcl／∑けOl＝0・029  

R2＝SQRT（∑w（Fo－Fc）2／∑wFo2）＝0・033  

The standard deviation of an observation of unit weight was   

O．47・ The highest peakin the finaldifference Fourier had a  
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height of O．25 e／Å3；the minimum negative peak had a height of  

－0．19 e／Å3．14  plots of∑w（lF0l－JFcJ）2 versusIFol，reflection   

order in data collection，Sin O／九．and various classes of   

indices showed no unusual trends．  

All calculations were performed on a VAX computer using   

SDP／VAX．15  

Tables of Experimental Details  

A．Crystal Data  

C12H6S2  

F（000）＝ 220   F．W．  214．31  

CryStaldimensions： 0．30Ⅹ0．20xO．40 mm  

Mo Kαrad土atlon（九＝0．70930 Å）  

temperature＝23±lOc  

monoclinic space group P21／c   

a＝7．641（1）Å b＝4．000（0）Å c＝14．909（2）Å  

β＝95．23（6）0  

v＝ 453．8 Å3  

Z＝2 p＝1・57g／cm3  

－＝5・1cm－1  
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B． 工nten＄i七y Mea5urementき  

Enraf－Nonius cAD4 diffractometer  

Graphite crystal，incident beam  

Zr fo土1．factor13．8  

Instruments：  

Monochromator：  

Attenuator：  

Detector aperture：1．8 t0 2．3 m horizonta1  

4．O mm vertical   

CrystalMdetector dist．：21cm  

Scan type：  ロー20   

Scan rate：  1－5 0／min（in omega）  

Scan width，deg：   0．5＋0．35tan O   

Maxlmum 20：  50．00  

N0．0f refl．measured： 765  

Lorentz－P01arization   

Linear decay（froml．000 t01．0010n ＝）  

Corrections：  
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C． Structure Solu七ion and Ref土nement  

Direct methods   

Reflned wlth B土so ＝ 4．0 Å   

Fu11－Matrixleast－SquareS  

∑w（lFo卜IFcl）2   

4F02／G2（F02）   

A11non－hydrogen atoms  

742 w土th F02＞3．OG（Ⅰ）   

73  

Solut土on：   

Hydrogen atoms：   

Refinement：   

Minimization function：   

LeasトSquareS Weights：   

Anomalous dispersion：   

Reflection included：  

Parameter refined：  

Unweighted agreement factor：0．029   

Weighted agreement factor： 0．033   

Esd of Obs． 0f unit weight：0．47   

Convergence，large shifts：1．19cr   

High peakin finaldiff．map：   0・25（4）e／Å3  

Low peakin finaldiff．map：－0．19（0）e／Å3  

Computer hardware：   

Computer software：  

VAX   

SDP／VAX （Enraf－Nonius ＆   

B．A．Frenz ＆ Associates′ ＝nc．）  
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D．Po＄itional and Thermal Parameters  

Table of Positional Parameters and Their Estimated   

Standard Deviations  

Atom  x  

S  O．20266（8）  

Cl －0．0227（3）  

C2  －0．1559（3）  

C3  －0．0664（3）  

C4  0．2250（3）  

C5  －0．3188（3）  

C6  0．3594（3）  

H2  －0，138（4）  

H5  －0．411（4）  

H6  0．475（4）  

0．40290（4）  

0．3865（2）  

0．3159（2）  

0．4651（2）  

0．5164（2）  

0．3326（2）  

0．5862（2）  

0．257（2）  

0．284（2）  

0．581（2）  

0．2211（2）  

0．3486（6）  

0．3354（7）  

0．4945（6）  

0．3718（6）  

0．4705（7）  

0．3826（7）  

0．235（9）  

0．467（9）  

0．293（9）  
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CエAp℡ER 6  

NEW PHOTOC且EM＝CAL SYNTHES＝S AND ELECTROCⅡEMZCAL BEHAVZOR  

OF でR工PHENYI」ENO【4′5－ムcd】℡HェOPエENE DER工VA℡工VES  

Åbs七rac七  

Phot01ysis of sterically crowded l′9－bis（Phenylthio）－   

dibenzothiophene（1a）with high pressure mercurylampin benzene  

afforded triphenyleno【4，5－bcd］thiophene（2a）1and tribenzo－   

［bc′e，hi］［2，7］dithioazulene （3a）．   When bis（0－deuterated   

Phenylthio）dibenzothiophene （1b） was used， 5－deuterated   

triphenylenothiophene （2b）was obtained together with 6－   

deuterated triben210dithioazulene（3b）． These results sugges   

that this reaction proceeds via an intramolecular cYClization   

PrOCeSS．   The electrochemica10Ⅹidation was performed with   

CyClic voltammetry for these triphenylenothiophene derivatives．  

110   



工ntroduct土on   

In the previous chapter（formation of a new type of dithia   

dications was described using sterically congested l，9－   

disubstituted dibenzothiophenes and conc．sulfuric acid・  On   

the other hand，it was also described that thermolysis ofl，9－   

bis（methylthio）dibenzothiophene produced dibenzo［bc，fg］［1，4卜   

dithiopentalene and the structure was confirmed to be nearly   

Planar by X－ray CryStallographic analysis・  In contrast to the   

therm01ysis，in the phot01ysis of l，9－bis（arylthio）dibenzo－   

thiophene a concomitant desulfurization and a ring contraction   

reaction were observed．   A few photochemical reactions   

involving C－S bond cleavage of the diarylsulfones and formation  

of C－C bond to produce biaryls have been reported・2   This  

Chapter reports that the phot01ysis of sterica11y congestedl19－   

bis（arylthio）dibenzothiophenes（1）gives triphenylenothiophene   

derivatives（2）and tribenzodithioazulene derivatives（3）via   

intram0lecular cyclization reaction．   Their electrochemical   

OXidation was carried out with cyclic voltammetrY．  

Re5ults and Di5Cu8＄lon  

As a typical example．photolysis of l．9．bis（Phenyl－   

thio）dibenzothiophene（2a）was carried out using 400 W high   

pressure mercury lamp in dry benzene under argon atmosphere for 

lO h．  After usualwork－uP and purification with silica gel   

C01umn chromatography and preparative HPLC．desulfurization and  
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cYClization products，triphenyleno［4．5－bcd］thiophene（2a）and   

hitherto unknown tribenzo［bc，e′hi］［2，7］dithioazulene（3a）in 44％   

and12％ yields respectively（Scheme 6－1）．  

Ph Ph  

、s s／  
hv  

Benzene  

1a  

Scheme6－1  

In the reaction，the questionis arisen whether the fused   

benzene ring to thel，9－POSitions of dibenzothiophene skeleton   

Came from the phenylthio substituents or solvent benzene．  As   

an answer to the question，Since p－XYlene using as a reaction   

solvent was not incorporated in the product in this photolytic 

reaction， the phot01ytic cycli2：ation of l should proceed   

intram01ecular process．  

As to further consideration of the reaction mechanism，   

tracer experiment was carried out using deuterated compound．   

1，9－Bis（0－deuterated phenylthio）dibenzothiophene （1b）was  

prepared（deuterium content＞99％）3 and reacted in benzene   

SOlution as shownin Scheme 6－2．  Interestingly．the products   

Were COnfirmed to be 5－deuterated triphenylenothiophene（2b）   

（75％，D＝45％）and 6－deuterated tribenzodithioazulene（3b）（22％，   

D＝46％）．   The position and the content of deuterium were  

determined with the 500 MHzIH－NMR and Mass spectrometry of 2b  
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and 3b．  On the basis of these spectroscopic studies，it is   

clear that the isomerization of the deuterium atom did not occur   

during the cyclization process・ These results demonstrate that  

these photolytic cyclization reactions proceed via aninitial   

removal of one arylthio group as a radical t0 1eave  

dibenzothiophene radicalbearing one 9－Phenylthio group which  

attacksintram01ecularly at the ortho position of the phenylthio   

grOup・  

hv，10h  

Benzene  

3b  

22％   

D＝46％  

2b  

75％   

D＝45％  

1b  

D＞99％  

Scheme6－2  

Meanwhile′ although tribenzodithioazulene （3）which is   

PreSumed to be the intermediate in the formation of 2，WaS   

irradiated with high pressure mercurylamp，the desulfurization   

reaction was not observed at alland triphenylenothiophene was   

not obtained．  Furthermore，4，6－bis（Phenylthio）thianthrene and   

l－（Phenylthio）dibenzothiophene did not react at all under   

Similar phot01ysis condition．   These facts suggest that the   

CyClization reactions wereinitiated between the two stericallY   

COngeSted substituents which would be required essentially in   

these photolytic reactions．   Thus it is predicted that one  
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electron transfer reaction occurs initiallY tO eXClude steric   

Strain between the two encumbered sulfur atoms．  

CH3   hv，12h  

Benzene  

C”3陰ss督C”3  
hv，12h  

Benzene  

1d  

Scheme6－3  

Since noisomerization of deuteriurninl，9－bis（0－deuterated   

Phenylthio）dibenzothiophene has been observedin the reaction，   

it is expected tha.t: these reactions become very useful for 

Synthesis of the heterocyclic compounds fused triphenyleno－   

thiophene ring and that these reactions can be applied to the   

l reglOSPeCific introduction of the several substituents at the   

triphenylenothiophene ring．  Actually′1，9－bis（0－tOlylthio）－   

dibenzothiophene（1c）andl．9rbis（P－tOlylthio）dibenzothiophene   

（1d）were prepared and reacted under these phot01ytic conditions  
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（Scheme 6－3）．   The phot01ysis of o－tOlylthio derivative lc   

proceeded similarly to give 5－methyltriphenylenothiophene（2c）  

and 6－methyltribenzodithioazulene（3c）in 29％ and 33％ yields   

respectively whilein the phot01ysis of p－t01ylthio derivative   

ld 6－methyltriphenylenothiophene （2d） and 7－methyl－   

tribenzodithioazulene（3d）were obtainedin 22％ and 7％ yields   

respectively．  

2a  

130一山  

し…」  

0  0．5  1．O  

ENvs・Ag／Ag＋  

0．5  1．O  

ENvs・Ag／Ag＋  

Fig．6－1．Cyclic V01tammograms of Compounds 2a and 2c  

With Repeated Scan；2a：12 Times，2c：10 Times  

＝t is well known that thiophene derivatives produce   

electroconductive and electrochromic polythiophenes by  

OXidation（4and thereforeitisimportant to know the properties  
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of the present thiophene derivatives by electrochemicalmethods・   

To evaluate the electrochemical properties of triphenYleno－   

thiophene derivatives 2a，C，d and tribenzodithioazulene（3a），   

the oxidation potentials were measured with cyclic v01tammetry   

in acetonitrile at 20 0c． The voltammograms of compounds 2 and  

3wereirreversible，and their peak potentials（Ep vs Ag／0・01M  

AgNO3；SCan rate：200 mV／s）were as f01lows：2a（1・11V）′ 2c   

（1．08 V）′ 2d（1．09 V）and 3a（1．11V）．  

Interestingly′ When the cyclic voltammetries for 2a and 2c   

were measured with repeated scannings between O tol・20 V；2a：   

12 times and 2c：10 times′ their peakintensities of electric   

Current increased gradua11y in both voltammograms（Fig・6－1）・   

Howeverin the tribenzodithioazulene（3a）and dibenzothiophene   

these phenomena were not observed by repeated scannings・ These   

results suggest that the electrocoductive poly（tri－   
Phenylenothiophene）derivatives were produced on the electrode  

surfacein the compounds 2・4 In fact（light ye110W materials   

appeared on the electrode surface after measuring cyclic   

VOltammetry of compounds 2a and 2c．  
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Experimental Section  

General．   

＝R spectra were reCOrded on aJASCO A－3 0r aJASCO FT／IR－5000  

spectrometer・ 1H－NMR spectra were measured on a HitachiR－600  

0r aJEOLJNM－EX270 0r a Bruker AM－500． 13c－NMR spectra were   

taken with a JEOL JNM－EX270 0r a Bruker AM－500．  Mass spectra   

were obtained with a Hitachi RMU－6MG or a JEOL JMX SXlO2 mass   

SPeCtrOmeter．   For cyclic voltammetry measurements，a Hokuto   

Denko C0．ModelHB－104 apparatus was usedin conコunCtion with a l  

Yokokawa C0．Mode13025A X－Y recorder．  The deuterium contents   

Of all compounds were determined with MS（JEOL JMX－SXlO2）and  

deuterated positions were confirmed by 270 0r 500 MHzIH－NMR  

SPeCtrOmetry． The measurement of the oxidation potentials for   

allcompounds was carried out using pt electrode and Ag／（0・01M）  

AgNO3 aS a reference electrode（SCan rate：200 mV／s）at 20 0cin   

acetonitrile． Elementalanalyses were carried out bY Chemical   

Analysis Center at this University．   

Ma七erials．   

Allreagents were obtained from Wako Pure ChemicalIndustries，   

Ltd．．Tokyo KaseiKogy0．Co．′ Kanto ChemicalCo．′ Or Aldrich   

ChemicalCo‥   The reaction solvents were further purified by   

generalmethods．  
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Syntbesis   

℡ripbenyleno【4，5一ムcd】thiophene （2a） and ℡rエb色nヱ0－   

【ムe′e′ムエ】【2′7】d土th土oaヱulene （3a）   

1，9－Bis（Phenylthio）dibenzothiophene（1a）（40 mg，0．1mmol）was   

Placedin a pyrex tube and dry benzene（5 ml）was added・  The   

solution was irradiated with a 400 W high pressure mercury lamp 

for lO h at 20 0c．  After irradiation the solvent was   

evaporated and the residualmixture was extracted with CH2C12 and   

Purified with c0lumn chromatography（Silica gel，CH2C12）・ After   

Purification with preparative HPLC．the compounds 2a and 3a were   

Obtainedin 44％ and12％ yields respectively．  

2a：mP196．5－197 Oc（lit．190－191）1a；1H－NMR（270 MH21，CDC13）8   

8．79－8．71（m′ 2H，Ar－H）′ 8．49（d′J＝7．8 Hz．2H．Ar－H）′ 8．08（d′   

J＝7．8 Hz．2H．Ar－H）．7．88（t，J＝7．8 Hz，2H．Ar－H）．7．80－7．72（m．  

2H，Ar－H）；13c－NMR（67 MHz，CDC13）8140．0，130．9，130．6，128．8，   

127．6′127．1′124．3′120．1′117．い MS（m／z）258（M＋）．  

3a：1H－NMR（270MHz，CDC13）87．90（dd，Jl＝7．8 Hz，J2＝1．1Hz，1H′   

Ar－H）．7．79－7．74（m′ 2H，Ar－H）′ 7．72－7．67（m′1H′ Ar－H）．7．61   

（t，J＝7．8 Hz．1H′ Ar－H）′ 7．50（dd′ Jl＝7．8 Hz′ J2＝1．35 Hz．1H′   

A工・－H）．7．42（t′ J＝7．8 Hz．1H，Ar－H）′ 7．41－7．32（m′ 3工i．Ar－H）；  

13c－NMR（125 MHz，CDC13）8143．0′140．4．139．7，139．3，134．0，   

133．8，133．2′133．0．129．0′127．7．127．5．127．1′126．8．126．0．   

125．7，122．0′121．8；Found：m／z 290．0216．Calcd for C18HlOS2：M，   

290．0224  
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5－Deu七erated ℡rユphenyleno【4′5－わcd】七hiopbene （2b）and 6－   

Deuterated Tribenzo【bc′e′hi］［2，7】dithioa2：ulene （3b）  

2b：1H－NMR（270 MHz，CDC13）8 8．79－8．71（m′1．5H，，Ar－H），8．49   

（d，J＝7．8 Hz，2H，Ar－H）′ 8．08（d′J＝7．8 Hz′ 21i．Ar一且）．7・88（t′  

J＝7．8Hz，2H，Ar－H），7．80－7．72（m，2H，Ar－H）；MS（m／z）259（M＋），   

D＝45宅．  

3b：1H－NMR（270MHz，CDC13）87．89（dd，Jl＝8．O H2：，J2＝1．1Hz，1H，   

Ar－H）′ 7．79－7．74（m．1．5H′ Ar－H）′ 7．72－7．67（m．1H′ Ar－H）．7・61   

（t．J＝7．8 Hz′1王i．Ar－H）′ 7．50（dd．Jl＝7．8Iiz′J2＝1．35 Hヱ，1R′   

Ar－H）′ 7．42（t′J＝7．8 Hz′1H′ Ar－H）′ 7．40－7．34（m．3王i．Ar－H）JMS  

（m／z）291（M＋）′ 46宅．   

5－Methyltriphenyle＝nO【4′5－わCd】七hiopbenQ （2c） and 6－   

Methyltriben2：O［bc，e′hi］［2′7］dithioa2：ulene（3c）  

2c：mP169 0c；1H－NMR（500 MHz，CDC13）8 8．77（d．J＝7．9Hz，1H，   

AエーH）′ 8二68（d，J＝7．7 Hz′1H．Ar－H）．8．44（d，J＝7．9 Hz．1王i．Ar－   

H）．8．06（d′J＝7．7 Hz′1H．Ar－H）．8．03（d′J＝7．7 Hz，1H，Ar－H）′   

7．83（t，J＝7．9 Hz′ 2H，Ar－H），7．61（t，J＝7．7 Hz．1H′ Ar－H）．7．56  

（d．J＝7．7 Hz′1H′ Ar－H）′ 3．20（S′ 3H′ CH3）J13c－NMR（125 MHヱ．  

CDC13）8138．9′138．1′137．8′132．2（3）．132．1（6）．131．6．131．1．   

130．3′130．2′129．4．127．0，126．6′126．4，122．7．122．5．・119．8．  

119．8，117．2，27．3；MS（m／z）262（M＋）；Anal．Calcd for C19H12S：   

C．83．79；H，4．44．Found：C．83．56；H，4．58  

3c：1H－NMR（270MHz′ CDC13）87．88（dd．Jl＝7．8Hz，J2＝1．1Hz，1H，   

Ar－H）．7．77（dd，Jl＝7．8 Hz，J2＝1．1Hz，1H，Ar一見）．7．75 （dd．   

Jl＝7．6 Hz．J2＝1．1Hz′1H′ Ar－H），7．60（ヒ．J＝7．8 Hz，1H．Ar－H）．   

7．55（dd′ Jl＝7．6 Hz．J2＝1．1Hz，1Ii．Ar－H）′ 7．43（t．J＝7．6 Hヱ．   

1H．Ar－H），7．33（dd′ Jl＝7．8 Hz′J2＝1．4 王iz′1H．AエーH）′ 7．25（t．  
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J＝7．8 Hz′1H′ Ar－H）′ 7．14（dd．Jl＝7．8 Hz′J2＝1．4 王iヱ．1H．Ar－H）′  

2．75（S，3H，CH3）；13c－NMR（125 MHz，CDC13）8144．0．141．1，   

140．2（3）′140．1（6）′139．5．139．2′ 133．5，132．5′131．5′130・7，   

128．6′127・7′126・81126・51126・2′ 121・9／121・7122・3；Found：   

m／z 304．0384．Calcd for C18HlOS2：M，304．0380．   

6－Methyltriphenyleno【4，5－bcd］thiophene （2d） and ト   

Metbyl七ribenヱ0【ムc′e′ムエ】【2′7】d土tbエoaヱul邑ne （3d）  

2d：1H－NMR（500 MHz．CDC13）88．62（d，J＝8．2 Hz，1H，Ar－Ji），8・53   

（S，1H，Ar－H）′ 8．47（d，J＝7．8 Hヱ，1H，Ar－H）．8・44（d′J＝7・8 Hz′   

1H′ Ar－H）．8．06（d′J＝7．8 Hz′1H′ Ar－H）．8．04（d′J＝7．8 壬iz′1且．   

Ar－H），7．86（4）（t′ J＝7．8 Hz，1H，Ar一王i）′ 7．85（9）（t．J＝7・8 Hz，  

1H，Ar－H），7．58（d，J＝8．2Hz，1H，Ar－H）（2・67（S′ 3H，CH3）；13c－  

NMR（125 MHz′ CDC13）8138．9，138．8′137．4．130．9，130・5（4）′   

130．5（2）′ 128．9，128．8′ 128．6′ 128．1′ 127．0，126・9′ 124・2．  

124．0．119．9′119．6′117．0，116．8．21．い MS（m／z）262（M＋）．  

3d：1HqNMR（270 MHz，CDC13）8 7．91－7．85（m′1H，Ar－H）．7・79－   

7．72（m′ 2H′ Ar－H）′ 7．65－7．55（m′ 2H′ Ar－H），7．5ト7．38（m．2且．  

Ar－H）．7．24－7．14（m，2且′ Ar－H）．2．36（S′ 3H，CH3）；MS（m／z）304   

（M＋）．  
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