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Among a VLlriety of dinuclear organo[TletLLllic complexes, complexes having a triplet ground state are very rare 

though they LLre considered Lo be an importimt class of reactive organometalllic compounds. A considerable effort 

has bcen made to exl]lore ~md understand their chemistry. To date, most of these investigations have focused on 

 Lheoretical sludies on the electronic strL[clure: only a fcw hLrve f'ocL[sed on their slructurc and l･eaclivities. There are 

se¥'erLll reasons for this lack, one is the lleces, sily ol~ the existence of ~.,tringenl sLeric protection t'or these highly 

rezlctive species. This paper addresses lhe Influence of the substituents and lhe size of the bridging atoms on the 

~round state spin Inultiplicily of the resulting dlnuclear complexes. A]so descrlbed are lhe reactivity of the triplet 

complexes towards 2-e[ectron donor ligands. 

In Chapter 2, the yield of the previously reported triplet silylene-brldged complex. Cp*Fe*(/1-CO)![ ,,j~Si(2,4,6-

C*lHJMe~)J] (1 ), was cioubleci (40rolo) by carrying oLrt the photolysis of CpFe(CO)~CH=s (2) with HJSi(2,4.6-C,,H~Me:;)i 

(3) in a CO-free system (eq. l). Photolysis ot' a pentane solution of 2 with less sterically congested diarylsilane, 
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H~Si{2.4.6-C=,HJ(OMe):i}L (3). gtlve tl singlet complex with three CO Iigands'. CpLFe~(CO)L,(!1-CO){f/-Si[2.4.6-

C=iH~(OMe):l]l} (t]7]n,;-4) (ec]. 2). Decarbonylirtion of tri]ns-4 by irradialion under colltinoL[s removal of CO did nol 

~jve the expecled doubly CO-bridged comp]ex, presumably because the sleric bulk of the 2.4,6-t]'imethoxyphenyl 

sL]bsliluents i~., not enough to stabilize SLlch complexes. Phololysis of CpFe(CO)JCH:: (2) wilh diarylgermane 

H~Gc(2.4.6-C,1H~Me,:)~ (5) afforded a mixlure ot' tl diamagnetic co]l~plex. CpJFeJ(CO)~(!1-CO)[!l-Ge(2,4.6-C,,H~Me,:)~ I 

(t]'cl/7.~-6), and al pLlramagnelic complex. CpLFe~(,'j~CO)J[!!-Ge(2,4,6-C,~HJMe:s]J} (7). Complex 7 was Isolated in 13cyr' 

yield ¥vhen ~he irr2ldiation wils perf'ormed with removal of CO gas (eq. S). In the case of more sterlcally congested 

diarylge]'m~tne H_,Ce(2,4.6-C,,H~'Pr~)J (8), on]y doubly CO-bridged complex Cp~Fe~(fj-CO)~[!1-Ge(2.4.6-C,~H~'Pr::)~] 

(9) WLIS f'ormed and isolated in hlgher yield; 47clc, (eq. 4). These l'esults support the nolalion rhat the bulkiness of lhe 

substiluenlh' on the bridging alonl pltrys a cruciatl role in the preferred st]'ucture of the l'onned complexes. X-ray 

cry~tal slructures ot' Iriplet complexcs I and 9 showed a conspicuous shortening of lhe Fe-Fe bond distances 

(2.2~)90(8) f¥ t'or I tuld 2.3103(6) A ) I'or 9 which are compar~lble to lhe known Fe-Fe double bonds (2.2-2.4 A ). 

The molecLiles' 1lave a C, symmen'y. The effeclive milgnelic moments ot' paramagnelic ~'ilylene- tlnd ge]'mylene-

bridged complexes I . 9. Llnd Cp~Fe~(!!-CO)~[f!-Si(2,6-C,,H::E1!)~] (1 O) Lu'e nearly consl2lnl withln 2.8-2.9 !! R (t'rom 

oro 300 K) whlch tolee well wlth lhe theollllcll value (2 83 u F~) expected fol ~pln only moment with S = l, 

n~lnlely triplet ~.'tdte. Tlle triplet grouncl state originatcs rrom lhe low split[]ng energy of the two HOMOS compared lo 

lhe eleclron palirlng energy to lel rllem both hallf'-t'illed. 

 [n Chapter 3, thc pholochemical reactions or' secondLlry st2lnnane R!SnH~ [1 1 . R = 2,4･.6-C,1HJ(CH::):~ (Mes); 1 2. R 

= ~.4.6-C,,HJ'Pr-:] wlth Cp'Fc(CO)JMe 12. Cp' = ~ '-C;H~ (Cp): 13, ~ '-C,,Mer, (Cp=:=)j were described. In contrasl 

wilh the silicon and germanium cas'e~. the photorcaclion ot' 2 and diarylstitnn~lne with the ~. ame subslituents aft'orded 

 ollly sin*'*,)let colllplexes. Cp~Fe~(CO)L,(!(-CO)(fl-SnR~) (tl'illls-1 4. R = Mes; tnins-1 5. R = 2.4･.6-C,1HJ'Pri~) in 40clc, and 

30'r/c yleld~ lespectlvely (cq. 5). No sign of formation of the cor]~esponding lrlp[et complexes was observed even 

when the 1110re stericLllly hindered complex 1 5 w~lh' irradialed alone wilh COntlnuOuS removal ol' CO. These result~.' 

underhcore rlle notution thal rel~rtively subtle change~~ in lhe size of the brldging lignnd have a strong effect on the 

pret~erred stl'uclure of' tlle resulling complexes. Thal is. Ihe larger the briclging unil. Ihe longer the Fe-bridging ligund 

cli~~illlces ilnd so less eff'icient tlle sieric protecrion ol' the 111~hly reactive meial cenrers. The photalysis of the n7ucll 

bulkier Cp. =i= complex 1 3 ¥A'ilh dltlrylsiannane 1 1 ol 1 2 did not at'f'orcl any ~tannylene-brldgecl complexes bLll an iron 

climer Cp=!=JFe_(CO)] in case of the ILlllcr ilnd il monoiron co]llplex Cp=i=Fe(CO)LSnHMes! (1 6) in case ot' Ihe forlner 

 (ecl･ 6) were f~ormed. These resulls renect lhe effect of~ the steric bulk of' the ligLlnds on lhe iron complex on lhe 

pl'ererentia] slructure ot' the p]~oducl~. The highly lhe]'mod)ina]1lic ilnd kinelic stabilizalion collfe]'red by lhe bu]ky 

Cp=:= and mesilyl ligands were reFlected on lhe pronounced xtability of 1 6. That is. com]]lex 1 6 wtlh so stable under 

photolys is condillons alone or in the presence ol' the iron complex 1 3. 

In Chapter 4, the reactivities of triplet silylene- and germylene-diiron complexes was investlgated. It was i'ound 

th~ll lhe reactivily depends not only on the slze of lhe b]'idging lignnd bLll also on the sleric bulk of lhe subslituenls on 

tlle bridging ttlolll. In gene]~al. *.,_7erlnylene-bridged complexes are less stable compared with their silylene analogues. 

The presence ot' Ihe bulky t]~ii~opropyl phenyl subslituents in CpjFeJ(f!-CO)~[!!-Ge(2,4.6-C,iH~'Pr::)~] (9) contbr high 

stability and low reactivity. That is, complex 9 is hlghly stable and showed slug~jsh reactions towards most reagents 

(CO. Hj. disulphides). The only re~ctivity pattern of' 9 rhat was clarified was the one with 'BuNC giving 

Cp~Fe!(CO)('BuNC)(,,!-CO)[!!-Ge(2.4.6-C,;H~'Pr,=),1 (rrtll7s-1 7) in 73a/c isolaled yield (eq. /~). Germylene-bridged 
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complex CpJFeJ(f!-CO)~[,,!-Ge(2.4.6-C,,H.Me=).] (7) with rela[ively les s bulkier mes, ityl ~, ubslituents ¥;L'ah t'ound to be 

extremely reactive Lo moisture and ~lir. It cluLlntitLLtively added CO to give Cp.Fe!(CO)J(!i-CO)If!-Ge(2.4.C~-

C,*H!Me:;)Ji (trill]s-1 8). The reaclion of 7 with "BLINC afforded an Isocyanide addLLcl Cp!FeL(CO)('BuNC)(!l-CO) 

 [,/ Ge(2 4 6 C H Me ) J (ll~ns 19) In 570/0 [sol Ited y[eld (ecl･ 8). The silylene-bridged complex Cp~Fe~("!-CO)i 

[,,!-Sl(.2.4,6-C,iHJMer=)~] (1 ) wals t'oL[nd to be al promising model for stL[dyin*o_ the reactivity of lriplet complexes (i.e. 

lligh isolalted yield ilnc[ moderate slilbility). Reaction of I with 'BLINC gave a mixture of cis and tl~7ns (5 : 4 ratio) 

isomers CpJFei(CO)('BuNC)(,,i-CO)ff!-Si(2.4,6-C,,H!Me=;)!] (20) in 90alc' yield (eq. 9). Irradifltion of' tei'minal 

isocyanicle complexes 1 7. 1 9. nnd 20 gn¥'e the ance~, Iry triplet complexes 9. 7. Llnd I . res'pectively. The reaction of~ 1 

with 2.(~-xylylisocyanide *'__'ilve Cp!FeJI!!-CN(.2,6-C,,H:Me~)1(CO)JI!!-Si(2.11.6_C,,H~Mei~)J] (tnlns-21 ) with the 

 xylylisocyalllide ligilnc[ occupying the bridging posltion (ecj･ lO). Photolysis of' complex 21 aft~orded a mixture of' 1 

~lnd Cp~Pe~[!!-CN(2.6-C,=H:=Me!)]![fl-Si(2,4,6-C,,HLMe:{)~](22) t'rom which colllpex 22 was i~. olate(1 in 38c/r yield (eq. 

ll). Complex 22 ¥vah' l'ound to be pai'ilmLlgnetic. and the NMR spectra exllibil lhe characteristic paramagnetic shirts 

and line broLLdening. The ~.'truclL[re ol' 22 was conl'lrmed by X-rtry crystal struclure an~llysis'. Interes lingly, one of' the 

isocyanide llgands is ~. Iight[y bent while the other one is lar*o_ely bent. Colnplex 22 is lhe first paramagnetlc dinucieilr 

colnplex doubly brid,_,._.ed by i~'ocyilnide ligLtnds. 
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 論文審査の結果の要旨

 常磁性の有機金属二核錯体は,有機金属二核錯体の光異性化反応の中間体や,ラジカル反応における

 反応活性種のモデルとして重要な化学種であるが,単.離例は少ない。最近,基底三重項状態を持つ2価

 のケイ素化学種(シリレン)が架橋した鉄二核錯体が単離されたが,その性質はあまり明らかにされて

 いない。この論文は,一連の2価の高周期14族元素化学種が架橋した三重項鉄二核錯体の合成,性質,

 および三重項錯体生成に影響する因子について、著者が行なった研究を記述したものである。本研究の

 成果を上り、下に要約する。

 (!)基底三重項状態をもつシリレン架橋.π1核錯体Cp、Fe=(,'`一CO)、(!オーSiR!)(1alR=2、4.6-C,H/P〔・,1b二R=2.4.6-
 C,、H、Me.、)の高収率合成法を確立し,1bの結晶構造を明らかにした。

 (2)CpFe(CO)!CH.、とかさ高いジアリールジヒドロゲルマンとの光反応から,ゲルミレン架橋二核錯体

 Cp2Feゴ(μ一CO)=(μ一GeRセ)(2a;R=2、4、6-C、,H」'PI、,2b:Rπ2.4.6-C,,H!Me・;)およびCpfe!(CO)』(μ一CO)1!述一Ge(2、4、6-

 C、、H、Me,、)、1(3)を合成することに成功した、,磁化率測定から,2は基底一一i重項状態をもつ初めてのゲルミレ

 ン架橋錯体であることを明らかにした。結晶構造解析により,鉄一鉄結合は二重結合に相当するほど短

 いことを明らかにした。

 〔3)基底三重項状態をもつスタニレン架橋二核錯体の合成を種々試みたが,3と類似、の一重項錯体のみが

 得られた。三重項二核錯体は,架橋配位子上の置換基がかさ高いほど,また架橋元素ISi,Ge.Sn)の原

 子サイズが小さくなるほど生成しやすいことが分かった。

 (41最もかさ高い置換基を持つ1aや2aは極めて安定で,ほとんどの試薬と反応しなかった.しかし.1bや

 2bは熱的にCOやイソシアニドと容易に反応し,3に類似の一重項錯体を与えた。特に,1bと(2.6-

 Me、C,,H.、)NCとの反応生成物は,さらに光反応により,イソシアニドが2つ架橋配位した新しいタイプの

 三重項シリレン架橋錯体を与えることを見出した、

 これらの研究は,研究例の少ない基底三重項状態をとる有機金属一1核錯体の合成と構造および反応性

 を,系統的に明らかにしたものとして,極めて高く評価できる。

 本論文は著者が自立して研究活動を行うに必要な高度の研究能力と学識を有していることを示してい

 る、,したがって,BahaaA.S.E.Mohamed提1【llの博士論文は,博士(理学)の学位論文として合格と認め

 る。
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