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1lJ11JlJ 19l'i'V11tlYJlJ i¢i'Hft~nrucyf~ltlwuYiCll1JlJ9flJ rll'\1~1J CsMe5RuCI(PPhJ)2 l1~U 
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Abstract 

iii 

In this work, catalysts containing ruthenium and molybdenum were 

synthesized. They were characterized by spectroscopic techniques and elemental 

analysis. The reactions between the catalysts and benzothiophene were performed, 

benzothiophene was chosen as a model compound commonly found in gasoline or coal 

but difficultly removed. From the experimental results , it was found that ruthenium 

compound, [C5MesRuH2]~ can cleave carbon-sulfur bond in benzothiophene, resulting 

In ethyl benzene as a product. For CsMesRuCI(PPh)2 or CsMesRuH(PPh3)2 

CsMesRuH/PPh]), which synthesized In situ, can hydrogenate benzothiophene to 

dihydrobenzothiophene. When the reaction was done in the presence of base, ethyl 

benzene was obtained as another product. For the catalysts containing molybdenum, 

hydrogenolysis occurs to convert benzothiophene to ethyl benzene with not so high 

%yield. 
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'Yf~'Nl'U ~lJ~1:J 61 '*fi m}~ri1 'U 1 'HqJ 1 ~ ~nflili ~ 'H~tJlJu,,~th'U If'U ffl'nh~ fl tllJi"l vJtl { 

~ijtl~1 'Uili~11~tJlJlt(l~ril'Ulf'U (I -10%) (ttJ~ 1) lrltllr·nril'Ulf'U'H1tlili~11~tJlJlh lM'ln~unff 
• JI 
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i,,1vJ~ 

1~i,,'vJ~ 

~S"lr'R 
LJ 
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~s~ 
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'~llJ'U ictf'111tl~'U 

JI 

m~lJ1'U fll'l fh~~ nl'ltJ'l~fltllJimvJtl{ tltlfl~lflnl'ltJ',j~fltllJ 18' l~'lfll{lJtl'U 1 'U 11 1l!'U 

:;'11 ...... .,.... I 
u ~',jt(ltJlJ lJ'I1mtJ1Ti 

• 
lJ'U~1',jtl~i'lJtl~iJ'Ul CoMo/ AIP3' NiMo/ AIP3 

• fh~~ i~tJl,*lctfl~tJlJ '3~',jtlfl 'CJI'~ (caustic treating) 1,*fil~~fhlJ~t.i'UtJ',j~1.fl11 

" IlJ tl '.iU flfHll1 'U 
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• l'il1Jijn1tJ166tlcil~ilJ A'1tJ~111 ,nJijmtJlfl6t1l1J6111"~'1f 1t1fl"6 h...r 
• l'iltll';i~~cfu1JlJ llJmtl"11;~ 1~fh~~fi1lJ~tllJ1lJllnfflinlJ'1fl~ .. . 

v , 
d. Q,I ct~ d d a Q,I C). d. ., .a-

lJ6 tl ~ ltllJ tJ.:JlJ1lil11.:J'1f11fllJ YlmfftJ~ "lJ YI ';itJ1Jl.:J'1flJ ~ 

2 ~t 4""1 ".... 't1"''''''' t:'I , Hydrodesulfurization lulJm~1J1lJtll'nl1.:J'fllJYI '1f~11H tltl'Wl 'm~"tlff If hm~lJ 

li46,,~t111JlW'IJ6.:Jffl';itl';i~tl6W~"1~61 ~.:Jl'i11 If'r111i .:Jtlijm tJll~6lJffm~ (poison) llJ m~1J1lJ 
, .. 

tllmcr\J\hl!lJ~1J (Catalytic reforming ll"~ catalytic cracking). 

~11i.:Jtlijn1tJl 

+ .. CxHY+2 + H 2S 

. ~ "1" "" .... .... t:'I 
~11UlJ~6.:J '1fm1~YI';ilJllH fl6f11llJ~lJ'lJ6'1Utlff • .. 

'If l~';il~lJ 150-600 psi ~Wl1tJiJ 300-450
o

C ~1d'ltJijn1tJ11~1J1JUffllJ1Hltil~~ci'''!~6{ 

tJ';i~lfl'Y16~~~1~tl lm~ci'" '~~11~6 '~ci'" ,~~ ~ltltJ';i~lJ1W 5% (50,000 ppm) ll1ti6 0.1 % (I ,000 
v 

ppm) 601'1' ';in~llJ ~11i .:JtJijn1 tJ1U hiff1lJ1';i tm~tJ1lJ1W'lJ6'1ff11tJ';i~tl6Uci'''!~6{tJ';i~!fl'Y1!g'Y1 

!'Y16 h'9l'fI~tl !'lflJ ''Y116~lJ (thiophene), 11JlJ 19l"'Y116~lJ (benzothiophene), '~!1JlJ 19l"'Y116~ 

lJ (dibenzothiophene) lm~6'4~lJ£';1'l'l'~ 1~m\l~1~~ijl1~.yhni\J!lllJ!l6"fi" 

llJ';l'ltJ';i~l'Y1ff 4 l'lflJ ffl1i'!6!lJ1tll lJ1~';i!llJllJiJ fI .ff. 2006 'lJ6'1t111J1Wci'''!~6{llJJ1 
.. 

l!lJl';6!~~'1 ~~\!tltill1lJ~ llf'Li'llJ 15 ppm ~ltl 500 ppm t1';i~l'Y1ffllJtl~m1'l1m~Q htJ ,~ 

till1lJ~llf',,~tJ1lJ1Wci''''~6{'''11tJlJ 50 ppm ffll1i'1JtJ';i~l'Y1ff''Y1(1 fIlwh lJ1~';i!llJtJ11J1W 
.. v , 

ci'''!~611 lJ U 1l!lJl';6m~'1 n~~"~"'1~llJ';1'ltl';i~1'Y1ff~1(1 ~111 '1tJijn1 tJ1nij 1 "l1~UYI';ilJciilJltJlJ 

6'1rltJ';i~tl61JijtJ';i~iY'Y1im~ 1 lJ tl1111 '1tJijm(lltll';i ti1,r~ci'''!~61 1 "l1~~fflri'tlJ 1 ~m\l ~l~ '~uri 

';il11U(llJ llJ~1Jl~,:rlJ u,,~ lf11J6"" lm~~1Ji1 1lJ1Jl'lmw tl11l.n"l1~l1m(l'1fiJ~~fflJnlJij .. 
tJ';i~iY'Y1i m~~ tl11tll';i l~l "l1~'1fiJ~!~ (11

5 
11JlJ 19l" 'Y116~lJltJtJff11tJ';i~tl61Jci'''!~6{tJ';i~lfl'Y1 

U6 hlJ1~tl~'1\!tlti1~~66tl '~(l1tl O'lU~~~~llJ m~1J1lJ tl11ti1~~~1 ~nlJ 6~l lJ ~~ ffll1m';ilJ 

i1~~UlJ nCJ'IijtJ1lJlwci'''1~6{ll1ti66~O'l 1000 ppm. 1~(lijflm1ri1lJ';i~111l'l!1JlJ 19l"'Y116~lJ';6 

''Y116~lJ t1';i~lJ1W 2:1 6 
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1. tY~1f111::,.r9l1d~t1ijmtll 'm::~1111fC~1I,r'6tl~tlllW~6~ffl1 

2. fftl1l1111fl11::~111111::ff11th11i'Utll1thiftci'cun6{66tl1l1mUlJ 1 'lf1 'YI16fllJ 

3. m111ff6U'b'ijft~6~~~91t1Wct1 ~1tJ Gas chromatographlMass spectrometry 
o ~ Q.I tI 

(GeIMS) U~::f11lJ1W111 %~~91flWCf1 

, , 
~QJ ...... " 

~1'U1~tlnlfltl1"tH 

.., ,_ • .c..~ 

flll'l~"Ut1fllfJll::UU heterogeneous 

1lJiJ 1993 Kuo 7 fftl1l1t1ijmtJl1"lft1~ci'~1n6hl'lf'JflJ~6~1'Y116flu UlJffUfh9l1d~ 

t1ijn1m~iitiltJ11ci'~ 1n~ l'fu'htnfttlijn1tJl 13 1ft1~ci'mnu hl'lf'JfU111tltl 'htlijm tJl 1" 1ft'ji1U'JfU 

lh::mw 100 1vll 

1 uiJ 1993 Bianchini 8 ffmn 1" 1ft'j~ci'~1fl6 h1'lf'JflJ~6~ 1'Y116fluulJtiitiltJ11ci'~ 1n~/ 

y-alumina (Y-AlP3) U~:: CoMory-AIP3 ~~W11fJiJu~::mliJiilu~~ l'fu111n~hift'ji1lJhciff 
(tl1m91tl66tl'\J6~~1JTi:: C-S) 1ftCJi1i'Wu~~91t1Wct1l'Y1'Y1'jl 1" 1ft'j i'Y1 1 6flu (~~~::1ilu~~~t1wct1~ 

i~1I1tltll'j1nfttlijn1 til 1" 1 ft'jim 'Jfu) ~~tll'j'YIft~U~Uffft~11 91111 ~t1ijn1tJl~iitfit ilCJ11iitl'j::iY'YI~ 

fI1'W~tl11 1f1U6~~/111~U1ftl111 (CoMo) 

1 lJiJ 1996 Isoda 9 fftlll11.1 ijn1tJl 18" 1ft'j~ci'~1n6 h1'lf'JflJ'\J6~ 4,6-1ft111fi~ ift1UU l'lfi'YI 

16fllJ 1ftCJ1,*;161~,,~u1'j~9i'1d~t1ijmtJl CoMory-AIP3 ~~tll'j'YIft~6~~U111nft 161'lf1116 

1 ... 1 .d , ... ... .ok ·1" 11'lf'b'lJ (isomerization) U~:: trans-alkylation ftCJ'YI11lJ111'Y1~1tlft migration 'If,:j'YI1 11~ft steric 

~ . 1 " Atl 4I::2to ~ a' hindrance 1I,:j'YI1 11 CoMory-AIP3 - zeolite 11 1::ff'YITifl1~ftml CoMory-AIP3 

1 lJiJ 1996 Vanrysselberghe U~::f1W:: 10 fftl1l1f11U11tl~~t1 ,:jtlijmtl1 h 1ft'j~ci'mn6 

h1'lf'JfU~6~1ft1UlJ 1'lf1'Y116~lJ UlJ9i'1t1,:jtlijmCJl CoMory-AlP3 ~~W11fJiJ 3000
C f11111iillJ 

1" 1ft 'j11l U 80 atm ~U11 ii % conversion ~6~ 1ft1UlJ 1"b'1'Y116flU = 87% fl~ itltll'j1nfttlijn1CJl 

iiff6~~11111U~ ~11111u,:j11rtnh 1 M1nfttlijmm i" 1ft'ji1lJ'JflJ 1~~~~t1WCt111JUl'YI'YI'j1 1" 1ft'j 1ft 

1UlJ 1"b'1'Y1iuYlu fltl~11111U~lh 1 M1nfttlijmCJl 1" 1ft'jii \J 1~ciff 1~~~91t1wct11ilu 1u1nij~ 
"!1". ~JI l'f'j 611m ft1 ffU 6UUUlIl~6~ 11 ~ lJ l'f ~fflff91 Hn CJ 
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lui! 1998 Farag II tl~lfln:tf~1d~tliimv1~iilfl1JO"~1l": l1JihJ1~nr1J1JU~11o~i'1J 

fl1{1JOU (CoMo-carbon) A'1v1imHh~'l '''':VI~ff01Jtl1::nVlimfi1um~d~tliimtn'1J1~1~ . 
i"ltlO 'WJfi'u ~o~ '~l1JU lCJf'Vll0~U '''': 4,6-'~l1Jii" '~l1JU lCJf'Vll0~U fifl111J~U11nff 

'IJ 1~11~U 2.9 MPa fiu:h tll:nVlimfi~o~~hd~tliimv1~UO~fl1J1ifl11tl~lfll1:tf ~1d" 
tliinlv1~1M'f4"~~,,!~ fio ~1d"tliinlv1~~humn;, sulfidation ~o" Mo nOUml1~1J Co '''': 

, ,,... r 

'l$Ofll1ff1UO:flO1J~O" ColMo = 0.325 

~ . 
Chemical Vapor Deposition (CVD) ~o" TiCl4 1JU y- AIP3 CJf,,'A'fl11m:~lV~1~O" Ti02fi~ 

";lfl11 impregnation A'1V1101J l1J1UV1J1IJfi·t1l11J~1J1~VI ,h~1d~tliimv1 Mo 1JU~110"i'1JflO1J 
" lfinflu'tlVI~ff01Jtliimv1'1J l~l~i"ltlO hlCJfi'U ~o" '~l1JU lCJf'1110~U '''': 4,6-'~l1Jii,,'~ 

l1JU lCJf'Vll0~U 1U1UOfllflO{'l$U~ fixed bed tl~fl111J~U 1~vl~~1l'i1":C\lV l~l~fllflU ~ 

~tl.IlUJiJ 300°C ~fl111J~U'1J1WH~U 3 MPa lm:'mV1Jlfiv1Jf4"fl1J~1d"tliilv1 Mo 1JU~110" 

i'1J Ti02 11":; AIP3 f4"m111~"O"fi1J ':h mw~o" '~l1JU 1"b"111o'VJu ~1d"tliinlV1 Mo 1JU 

~110"i'U Ti02 iitl1:;nl1ifll'Yi~~fl':h (83% conversion '~f4~flfitl.ltt1t1~lu'''b' 1 mUlJflcimuuciu 

"Cl:; 'UI~UCl lu tlfl11ri1U = 0.06) mw'\Jo" 4,6-'~l1JiiCl'~lUU 1"b"1110~U ~1d ,nJiimvlMo 

UU~110'li'UflO1J 1 finfl ~:;iith:nl1ifll""~~fl':h~11:i "tliinl V1UU~110'li'U Ti02 1"': AIP3 

(34% conversion '~"b' lflClllmciClluuci'U/'ul~uCl = 0.69) 

1 ui! 2000 Geantet UCl:;fltl.l: 13 '~fl u 101UV1JiCl 'tl~ 111U dopant lU~1d "tliinlvl 

NiMoty-AIP3 ffllfi'utliimVl'lJ l~l~i",tlo hl"b'i'U~o~1~lUU 1"b'11110~U f4"m1V1~Clo"ff~tI 
. " 

'j, 'A'tl1:;nVlimfi\T~'1'~1;jo 1flu 101UV1J tlllJltl.1 5% l~mhmrfl 

, ";;'1 14 ,1' do ... r tI........ 1 "" ".. ... ... 
UlJ 2004 Ishihara lm:fltl.l: ~1fl1V1Jfl11H !ImVl 11~V1Jfl11UOU"UUfl110'l1U 

»"lV'l$U~ 'A'"n ci~m O~iJU1 ~~m-o~iJul '111l11UV f4"m1fffllllfi1J ':htl1:nl1imfilufl11d" 

tliimv11rlo , ~~ 110~ i'mi H'l$U ~ flU 'Ullfl mh~ n ulJlmT fl mitl1:nVli mfillCl:;fl111Jlil Ofl~ lIln:; 

AOf4~flfitl.lcrl ~:;~UflUfl11l'i1 pretreatment ~O"~110'li'1J'l$u~ci~m lm:~~m-o~iJul ~1d" 
tlijmvl Rh/ AIP3 1M'f4~flfitl.lcrlll1U 1Ul~UCl ffl11i'U Rh/ Si02, Rh/ Si02-AIP3 1m: Rh/ Ti02 

1M'f4~flfitl.l tt1111u 1 "b'1 fl ClHmciClluuciu 
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luu 2004 Bezverkhyy U"::flW:: 15 'ru9l~v119i'm~~t1fimfJll"11:FHI'11i',,''rl~ ~1~f1n11 
" """" • l' pentlandites (Co

9
Sg, NiCogSg, FeCogSg, Ni3C06Sg, Ni4.5Fe4.5Sg) ~lV1Tiflf1fl:m}US111 PIl11~lVf1lS 

n1 sulfidation lm::~~l,* 11~ff6ut1S::ffl1it1l'Yi'ut1BmV1'lJ 1~S~~"1'rl6 hlCJfi'U~6~ 11116f1u .. 
lUl116fllfl6fllUU fixed bed 'Yiu'h ih~u~6~t1S:ffl1it1l'YiltJU~~it 

~ld~t1iiMml::tJU homogeneous 

. 
Q.I I ... I"'~ .cf41 
9111HuUOSVll111 "11: mononuclear 

, .,<;;'1 16 <i - f .,..,,,.. • 1 i 1 ~I '" ~ i 1 HU 1995 Bianchini flf1111U!)OStIlS::111Vl1UU CJf 'YI 6nUf1Ullf1ff lJ ~'H'ilU (15-60 

atm) ~~Wl1fJij 120-180
o

C ~l'i~t1BmCJ1~lCJff1'l1;$~i'6U (triphos)Rh{r(S(C6HJCH=C~} 

'Yiu'".hn" 'n~6~tJBn1CJ1ln~ h 1~'l\l1tJi'U~6~ff111;$~i'6U hl~CJ11 1~ltJU i~ 1lJi~'l~ PIl11~lCJf1l'l 

ln~tJBn1 CJ1 reductive elimination 

1 
<;;'1 17 <i - 1 .,..,..,. , 1 i 1 ~I '" ~, 1 .d · lJu 1996 Cooke flf1111U!)f11CJl~6~ ~lUU C))' VI 6nUf1Ullf1ff lJ ft'H'ilU'YIt1l1:: 

~1~'l lftCJ1-Mff1'ltJ'l::f16U hH:;11lnlJ~i'lJHmCJ'lfiJft '~l1ri Mo, Co 11":: Fe 'YiU 'h~fll111~lJ 6.9 

MPa ~~WlfiJij 400 °c '-Mi'YI'llftfl!fllJltJu9iln1"::"lCJ t11111W~6~Mo(CO)6 U6CJ (0.5 %111,,) 

lnft'liJ 1ft'l\lllJi'lJ il~l{l i~ tJ11JlW~6~ Mo(CO)6 111n(i~ 36.2% 111" l-M9iln1"::mCJ~ij~ftl~flft 

ff~ (flfln'YlllftlflU)~ff11nu~m'rl6f 1ftCJij1:Yft~bu hltJ 111" ~fl~~m'rlflffMo = 6: 1 ffl11 1 'ltl .. . .. 
ltJ~CJU'ltJ~fl~ i~lUU 1C))"'YI1flflu 1~l'i~H11~ (% conversion = 100) .. 

1 <;;'1 18 1" 0 <i • 
· Uu 1997 Bianchini ~'YI1f1l'lflf11111m::'YiU11 zwitterionic Rh(I) complex [(sulphos) 

Rh(cod)] ffl11l1mnfttJBmCJ1nU1UU 1CJf'111flflu 'U'l::UU~fl~1H"111UUff6~1!)t1lfl (biphase) fi6 .. 
lh~ff11111'Y1llJ6" nUllJ'Yil'YIU lm::ijluff l'lfU 1C))'1~tl111lJ~'lflf1 1CJf~ ~ff11fld~lCJ lnft~i1flfiwct11iJu .. 
1f1~fl1C))'1~CJ11~6~ 2-mi1,,1'Y11fl~Ufl" ~~lrlfln1,,rltJUf11ft nmmtJu 2-1fli1,,1'Y11fl~lJ6" 

1 <;;'1 19 , ~ "'" • tI.,..,..,. 1 "" 3 
· Uu 1997 Bianchini ~ L'lfflllH !)f11CJl 'll~CJ11 (triphos)Rh[[ll -S(C6H4)CH=C~] 

11":: (triphos)Rh[1l3-SCH=CHCH=CH2] fflH1Unl1n1tJBmCJ1nU''YI1fl~lJ lUU 1C))"'YI1fl~U 

l1"::'ftlUU 1C))'i'YI1flfJu '~~i1flfiwct1~lnft'il1f1'liJ 1ftU\llU1"~ff fifl 1'Y1fl6" lm::'il1n~~"1'rlfl 
hlC))'i'lJ fifl h 1ft'lfllfUfllJ i'YI1fl~lJijf1l1H"ftflflf1~fl~~"1'rlflf ~lCJ~ffft . . 
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hiiJ 1998 Bianchini 20 Llff~~'M'n'hrh 

[trjphos = MeC(ClVP~)3] ,tl'Ul'C~'f\ m9ftlf~tl~;i1d ~tJamtJl~iitJ'i:;u'Yliml'HYn'i'tJ 11J 1~'i\l''U 

i''UUtJtJ regioselective ~tl~,tJ'U 19f1'Ylltl~'U 1~~ii,'UiWct1,tl'U 2,3-1~ 11J l~'iltJ'U 19f1'Ylltl~'U 

mtJ'~m1:;~1,jl'U"H (~W11tJij 40-100
o

C f\11lJ~'U~tl~Unff11J l~'H\1'U 1-30 bar) 

, ~I 21 ~ _I"'~ ... " 1'" 'UlJ 2000 Churchill U,,:;f\W:; nfllJllJ{)mtJl photochemical ~tl~ffl'i"Wb'tl'U lJ"tJ 

,~t!lJ ~ii\!m [Me2Si(CsMeJ 2]Mo~ OtJ 1'Ylltl~'U l'CtJfllm"fl~tl~';'U1i:; C-S ,rttll1ntJtJ,fitJtJ 

'" '" ... " .& 1 ' ",.<!i _I" .& fltJfll'i 'tfffl'i''tf~9ftl'U (CsMeJ ~o~ 9f~ lJl'CtJfllm"fl~tl~l'C'U1i:; c-s \1~ffllJ11 11lJ Me2Si 9f~ 

';OlJiiUfl'U~ CSMe4 ffO.:j11~iiuYltJl'Yl''Ufll'iU''fl';'U1i:; c-s 

s o 

~1'1 nJfifi~[Jl~iil"11:; polynuclear 

, 'Ui! 1994 Jones 22 ffm41';111 ~tlamtJllm1:;iJ~'~(JlJ ~iil fI'j .:jffS\~,tl'U '~'lJOfffO.:j 

'lfij~ fit! [CsMeslrH(,Ll-Cl)]2 11":; [CsMesIrH3]2 ffl11i'mhtJafi~(JlntJ''Ylltl~'U l~(Jii hydrogen 

acceptor tl~~1(J ~"fll'i'Yl~"o.:jl'CtJil ;i1,1.:jtlafi~tJl [CsMeslrH(,LL-CI)]2 lh,,n'YllofJ'Ulfi~fll'i 

""flOOfl~O.:j';'U1i:; C-S InO.:j';'U1i:;I~tJ1 ,,,,:;v.:jlfi~tJamtJl 11J 1~'i\l,'Ui''U~0.:j h 1~'ifllftJo'U~1tJ . ~ 

"",110 '~';111.:jtJamtJl [CsMeslrH3]2 lfi~fllm"flOOfl~O.:j~'U1i:; C-S f1.:jffO.:j~'U1i:; 
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''Uti 1994 Arce l1"C1::flW:: 23 ffflllltliifi~tl11::M1H R~(CO)12] tlULU'U 1"lf''YI1o~'U ~ 

~wMtJml'h;fl,*'\IO~~1iil"C1::"C1ltlL'YI'YI11'8' 1 ~1fbn'U (THF) flU1l '~~ii"tiWct1LtJ'U [R~(CgH6S) 

(CO)J ~~iiLu'U 1"lf''YI1o~'ULfi~n'U1i::tluzilLutl1J 
, tI 24 '" 'U 1997 Curtis Lm::flW:: 11' Cp*2Mo2 C02S3(CO)4 (Cp* = pentamethyl-

cyclopentadienyI) LtJ'U~1d~t1iimtll'8' 1~1~i"C1trlo hL"lfi'U '\IO~ ''YI1o~'U l~tliiunff'8' 1~1L~'U 

~f1WMtJiJ 150°C '~ff11Li~~o'U Cp* #02C02S/CO)2 Lm::Lfi~~iifltiWct1~LtJ'U'\IO~~ff1J'\IO~ 
ff11t11::flOU'8' l~Hllfuo'U C2-C4 

o 
S RH 

~. 

cos co 

e::s.~ 
(CO)Co ........ /' I 4 c o(cO) 

\\ ~ .... Mp',J 
s~ /l5..-s 

Mo \ 
I cpo 

cpo 

1 tI 25 «i t1 ... ~ I l' 1 ~I '" ..." lJ 1998 Matsubara tm::flW:: fffllll !lmtJn::M1l~tU'U ''If 'YI 0l1lJflUffntt'~"lf6lJ 

!i1tUtJ1J'If'~1~ fio trinuclear pentahydride ruthenium complex ~f1WMtJiJ 50°C '~~ii"tiWtt1 

~ii~fl 1 LtJlJ (Cp 'RU)3<1.l-H)2<1.l'3 -S)(J.-l,-CCH2C6Hs) tm::"11~flumil"C1tu'U;lJ 'Lff~~11Lfi~ fll1 

UflflnlJ1i:: C-S '\IO~tUlJ 1"lf''YI10~lJ 

s 

CO 
Toll.Iene 
r.t. , 16 h 

'* H I \S'H 
'~I/~ ~I Ru--Rli 

./' ........ /' ...... 

H 

Toluene, 50°C, 12 h 



H2 (7.2 atm) 

THF 80°C 

7 days 

+ 

, "::'1 26 ~ • "" "" ,,~ .. 
U1J 1999 Jones llCl~tHll~ fff11nV41J11 Ufl1flCl 3 ~1~ l~llJV1 [(dippe)NiH]2 (dippe 

= diphenylphosphinoethane) lfl~tl~mtJ1n1J'111v~u l1JU lC)f'111V~U lm~'~l1JU lC)f'111V~U 
" "" "" "" ",.1, '" " ~.ct ~ .1 1", " , ~ 1fl~fl11U111fl"V~lHllflCll"1 1J UV.UTi~ c-s "VlJCl~lflfl11fffllllUl1JU1J1~ V'b'U Ufl111"1 ~tN ... 

'ull 1999 Frediani 
27 
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1h~flV1J~1tJlyhi1tJmmltJV::~VlJ 'utl~mtll'3 1~1~iCll~V hlC)f'lfU"V~l1JU lC)f''YIlv~'U ff1J11 

lrlV'~'lYl11;~~V'U H4Ru4(CO>s(PPhJ4 U~11ri1U l~tJ 1lJCl l1J'U 19f''YI1v~'U/r¥lLi1tJlJ = 100 

~VWHfllJ 170°C fl11lJ~'U 100 1Jl{ i~r-l~~tiWct111JU 2,3-i~ '81~111J'U 19f'111v~'U = 38% . ... 

" . 
111lJ1Wl~flUmJ (4%) 'Uvml1fli11ijvl~lJl1J'lYCl~ 1 11' u11Bfl1 til fl11lJliivf1~1!Vn::~tJr-l~~tiWct1 

ll::utl~tJ'UutlCl~hl ¥iv '~r-l~~tiWct111J'U 2-1ViiCl''YI1v~UVCl 

, 'Ull 2000 Angelici llCl::flW:: 28 fff1111tlBfl1tJl'lf 1~1~iCll~tJ hl9f'lfU'\JV~!1J'U 19f''YI1V 

~U 1~tJ'~'lY111;~~tJU Re2 (CO) 10 ''UUff'H)Cl~11i11vm'YI ff1J'hLfl~fl11U~fl'\JtJ~~'UTi:: C-S 

'~r-l~~tiWtt1~)jl1J'U 19f'111v~'Ui'1Jn1J 1ClH:: ~~mllfl~ltJn1Jf1111fl~ intennediate ''UtlBfl1tJl 

'If 1~1~iCll~V hl9f'lfU 'UV~'lY1Hm1lJ • 
, "::'1 29 ~ .1 """""" • .1 '" • .1 .. ," • U1J 2004 Cherioux llCl::flW:: ffflll11J!lmtJl1::H11~'lYl11J1::f1V1J9fCl!l1V1 ~Uf1 

. " 
'111v¥Ju l1J'U 19f''YIlv¥Ju lm::'~I1J'U 19f'111V~U n1J'lYl'il;~~V'U1iili1VlJl1Cl::Cl1tnh'~ ... 

" . 
[H.Ru4 (C6HJ 4]C12 'U,y1nlCl::ClltJ'lYV~1!)mfl (lhIl1V~flU) l1~Wm.1lJ 100°C 11J'U11Cl1 41'U 

• .Q Q.J Q <Crt. " .Q dcf.d& 
ff1J11lfl~fl11Uflfl"V~ffUTi:: C-S lfl~'lY111'b'~C)fV'U [H2S~U4 (C6HJ 4 ]C12 UCl::'lYl1V'U'YI1tJ'YI9f~ 

iCll~V{\lflflli'~VVf1 'tlU~1 
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• n~'ml::Mri111-nJilm 1I1~iil ~M::,illJtii1i111lJ llJi1u,~tTlJ 

• m1\lti~\lUmnc\nl:lW~fHri111~1Jilmlll~n~lml::M1~ 

• 11~fff.)U1Jl::iYl1imfi'lJmld~1Jilmlllm·Hh~~i~,rlf.)1\llmUlJ lClf'111f.)~lJ 

- ffnl:l1mm1::~lMlJl::fflJ 1~1I111JmJ~lIlJfilllii&~f)1~,~tJ1,j'f)~nUml'n~1JilmtJl 
Q Q..,"'" - ~n\lfff)U'b'lJ~~f.)~~~~tlwcn ~1tJ Gas chromatographIMass spectrometry (GeIMS) 

o Q .... ~ 

TlllJ1Wm %~~~tlwcn 

• Parr reactor 4842, ~lJl~ 600 cc 



e Schlenk line 

e NMR 

e FTIR 

eGC 

me"""y b..bOler 

1~lTl~6~ Bruker ACF 200 MHz 

1~lTl~6~ Nicolet FT-IR Impact 410 spectrophotometer. 

1~lTl~6~ GCI4B, Shimadzu (DB-I) lifi1Tll1illTllllU 

flame ionization detector (FID) 

c-oI 

umrrn: ilJ 1Tl11'illJ 

., r:I 

mllJ~lJUm,.: 

vw 11 fliJ detector: . .. 
VWl1fliJ injection: . .. ~ 

" nnfi~ hhumlHJWl1fliJ . .. 
280°C, 5 min 

10°C/min 

80°C, 5 min 

10 



• GC-MS '~lfl~fFI Varian, Star 3400cX and mass spectrometry Varian, Saturn 40 

co ., ," .... • fl1~11fl~1~111il~ 'b'lflH).:j CHN analyzer 

... 
tTl 'Hfl 'JJ 

1~'b'Uft AR \)lfl1111711 Fluka Chemie A.G., Switzerland 111fl Merck, Gennany 

l11'U 1Clf1111fl~'U Ili1U(.I1J111~fl(1fl hft18"lftHl 

IlllU(.I1J 1ftfl(1fl h~111ff(~ml~'U) 

i11l1 (.I1Jmlihu (.I1J 1 8" 1 ft ~ ~ .. 

11Ji1Ulftir1J18"flClflfl1fWJU(1 

1ft 1Clf 1fl(1l'Yi'U1'l1 1ftv'U 

1Clf 1 m'U8"flClfl'U fl(1 

'" .,"" 
UfltT 11 1 flll HJ 11 Thai Industrial Gas 

d 

l1fl~eJ'U 

1'Yll'l~1 13 1ft~yb~1'U 

'ftlflfl(1Vl1iflf 

1Clfil'U 

OJ ~v' 11"'''''''' fl1'H1'.:.Ilfl~l~'}Wnl~.:j {)mm 

1'Yi'U 11111Jn(1 1Clf 1 fl(11'Yi'U111 1ftv'U 

1Clfl~(.I1J 111 h18"1ft~~ 

<QQ " " mftfl~Clf~ fll'U1J'U'U 

1Clfl~ (.I1J 1 3ft~flfl 1Clf~ 

1Clfl~{j1J 

HJ l'l1 'U fl Cl 

fl~ci1~''U11'1~~ 

13fllClf'U 

~1l'Y1flmnftflClfl h~flf1J 

.. 11 1ft{j1~ Schlenk line m(.l1~Un{jlfl1ff'Ufl 'mn(1'1'U 1ml\)'U 

lmnft Schlenk 'U'Ulft 100 U(1i1i1m 1~1J RuCl'3 ~O(2.21 U(1i111JCl) ~TYil(1~mtl 

lell'll'UflCl 15 UCli1i1~~ 1~1Jl'Yi'U11111JflCl'Clf 1flCll'Yi'Ul'l1'ftV'U (5.03 U(1i111J(1) 1'Yh'flc;lil'Unm 

. " 
Vl1iflf YhlMll11'.:J i'.:Jlh11l1fl ~m'~ 61% 

11 
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reflux, 3 hr 

EtOH 

" "'j1~fffl1Hn'j~1t11l1m1fl NMR, FTIR Im::11fl11::,1lilVJ ~~lH1fl1J111Cl1 '~~Cl~~it 

IH-NMR (CDCI): '8 (ppm) 4.3 (broad, CH) ~l1J~ 1 nf)'UfHl1JnCl hh"v'U thlf){]l~'Unf)~ 
}I .' ... .: ~ .... ill'" 30 

ml~ "H"llllf'U~ low field I'UV~~lf)ffl'j'UllJ'U paramagnetic ~Cl"Hf)'U 'U1Vf)ffl'jtJl~V~ 

i 

10' '1' 4' 
. ... -, 
~ 

i o· 

-I - I -I 
FTIR (KBr): 2898 cm (CH

3 
stretching), 1694 cm (C=C stretching), 1470, l372 cm (CH3 

-I .... ill'" 30 
bending) 438 cm (Ru-Ci stretching) ~Cl"Hf)'U lJ1tlf)ffl1m~V~ 

... " 
fnnlml:::lIlilVJ CIOHI5C~Ru 

~1f)f)l'Hil'U1W %C 39_10 %H 4.49 %CI 23_08 

... " ~1f)f)l'j11fl11:::1I %C 39,00 %H 5_22 %CI 25.07 



l3 

L1C~)MIJ2.-
31 

n11Hn'iU'\I11HU){J'\Itl.:J [CsMe5RuC1212 (0.83 nllJ 1.35 iiCliillJCl) nUiill1t.llJtl~iiliJt.llJ 

'If'~'i~ (0.40 nllJ 10.5 iiCliillJCl) 'lJ'~mnClf)'1itlf 25 iiCliiii~'i LtllJl1Cll 24 i11lJ~ ~~wl1~ii 
~f.I.:J lilm'i'i~L11t.l~Tt;'Cl~Cllt.l~1t.ltyfYo,pmff "Cl~n1lJ"'.lLtl1111H)Cl ~ -78 0'lf ,tllJl1Cll 2 i11lJ.:J 

" l1~.:J'llmrlJ 'i~L11t.l~1lilCl~mt.l6tln ffn~~ii~fiwcr1~1t.l'~mnClf)11itlf m6.:JfhlJtl~iilJl mlJ~1t.l 

m'i~n~i1n'mnlJn6~f)lJ 'l~'~'\I6.:Jll~.:J~hl~.:J ~Cl'~ 25% 

IH-NMR (CPJ: 8 (ppm) 

13C_NMR (C
6
DJ : 8 (ppm) 

ITIR (KBr): 

LiAlH 1 

1.86 (s, 30H, CsMe), -l3.97 (s, 4H, Ru-H). 

87.65 (s, CsMes)' 11.98 (s, CsMe~) 

2958, 2899, 1421 , l376, 1026 em 
- I 

" ~ff1Jff1'i';1~'lllJ,j1lJ1W~~ii: 

~1lilCl:; mt.ln6Clf)lJ .. 
[CsMe5RuH212 

LUlJ l'lf'n 16~lJ 

"" """" 50 lJClClCl~'i 

0.13 iiCliil1JCl Ru 

10 l'til l1JCl'\l6~ Ru 

uli'1lilm'itl~f1111J~lJUnffh 1~'il'llJ"llJ~9l'6.:jm'i mlJ~1(Jtl"'il1~1m'if11lJ 500 'iVU 

Af.I1.nn l1~~'llnl1Cll 24 i'11lJ~ Cl~f111lJ~lJ 1~t.l,j~6(Jl1nff66n'lln11L6f11"Vf Lm:;lhffl'ilJl 

.. "" 11ml:;11~1(J GC 1m:; GC-MS 



fU'1f11nl~lYf)UNft~OWtt1~'~'l1f1f11nhtlfimtJl'J::'H1H [C5Me5RuH2] 2 

tiUIU'U hr'tlltlYt'U I1ff~~1'U~nH~ 1 

9t11'i~t1fimtJl 
.., 

EB f1n T fl111J~'U 

f1~fltl~ ('C) '31~'J1\)'U (%) ,J 
(atm) tl 

1 [C5Me5RuH2]2 33 1 12.5 

2 [C5Me5RuH212 33 10 38.0 

3 [C5Me5RuH2]2 33 20 61.5 

4 [C5Me5RuH212 110 20 70.9 

IU'U 1 '1f'f11 tlYt'U (BT) 1.3 ii1'lfthm ; tl~'Jlti1'U 1 ~tJ hm BTfRu 10: 1 nfll 24 ~111J~ 

f1tlUtl'U 50 iillftft~'J EB = I tliillIU'U~'U 

14 

\)lf1N1'l~'~ IIff~~1,rlit'U11 9t11'i ~t1fifi~tJlliid:ltJ1J'tfii~ dinuciear, [C5Me5RuH212 if 
ffl1JlHlIl~f1';'Ul:: C-S In'Jldllfi~Nft~OWtt1I11'U Itliill1U'U'i'U ~~lIff~~O~f1l'Jlfi~ '31 ~'J il 'U 111 

ciff~tHIU'U 1 '1f'f11 tl~'U Nflf1l'JfI~ntl~;fllff~~ hflit 'U 11 9t11~ ~t1fimtJl~I'H1Jl::ff1Jril'Hfuf1l'J 
'" .. " '" ~ "'t1 ~ ~.., ,J....,~, 

1I~f1n'Uti:: c-s fl1'J1J ~ ~l~I1J'Utl~fI 'J::f1tlU '1f~fftl~flntl~f1UNllf1l1fl~fltl~f11J'JltJ~1'U -nl 

t1fimtJl'J::'H1H [C5Me5RuH212 tiu'f11tlYt'U ~f}w'HOii 22°C ''U9t1'tilfl::nltJIu'U~'U Him" 72 

~111J~ In~f1l'JII~mi'Uti:: c-s ''U'tlltlYf'U 32 IIn::'JltJ~l'Uf1l'Jftf1'Hl~tl~ffl'JI;~'tl'Uml~tJ1J~ 

1~'U'~I1Jtl{ [C5Me5Ir~1 2 ~ffl1JlHlIl~f1i'U1i:: c-s 1~l';'Ut1'U 22 119i''Uf1l'JfI~nt)~l'Hril,f'U 

ci'nn"t){~tl~l'I'l'JtI'J::f1tluci'm"'tl{O~fl~O~t)dtiU9t1d~t1fimtJl 

Irltll~1Jfl111J~'U nU11 '~%Nft~OW tt11~1J1Jlf1~'U littl~\)1f1ffn~~~'Ullfl::9t11'i -:jtlfimtJl 

tl'mlfft1'U i~1Jlf1~'Ulln::lrlt)I~1Jf}W 'H Oii '~%Nii~ ow ct11~1J1Jlf1~'U I'dtH\)lf1 f1l11~1Jf}W 'H Oii ItI'U 

f1l'J I -n 1J 'fe-c;' ~~ l'U ~ t) ~'J:: UU 
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oA, , CIt. ..., ,~" 
FUlml11fll1::'HfoU1AilWcr1Tl, .. 

16 iiCl l'U wi'U , Ethyl benzene (EB) 

MS m1z (%): 106 [Mf, 105 [M-Hf, 91 [C"lf, 78 [C6HJ +, 77 [C6Hl65 {CsHs( 

'H NMR (CDCl3) 8 (ppm) 7.01-7.23 (m, 5H, Harem)' 2.42 (q, 2H, CH]CH
3

, J = 7.5 Hz), 1.08 (t, 

3H, C~CH1' J = 7.5 Hz) t'l'6~fI~6'H)'Umflt'l'11th~O~ 35 

fll1.r~lfl11::t1'~111nliim[fllihiltJtJ'~'''1~'VUR~'U 
'~filfll'Hl~lf1'n:;"r 9i'ld~lliifi~(J1tiilijUlJ'H"~'j~'l:fl1~~'U U'U'U in situ ~~if 

31 
A . .c~Me~RuClCPP~2. 

1'U Parr reactor ~~1ri9i'1filCl::mU16'Y11'U6Cl 50 UCliiii~'j f.lt'I'lJ [CsMesRuCI
2
J

2 
(0.1 UClii 

llJCl Ru) 011 h1'ltvlU(lvl6t'1'tJ'U ll~lJ1W 2.5 "til lml'\J6~Ru 

31 
B . .c~Me~RuH(PPh)2. 

2.5 PPh J 

lu Parr reactor ~~1ri9i'1fil(l::mU16'Y11'U6Cl 50 U(liiii~'j f.lCl'lJ [CsMesRuCl
2
J

2 
(0.1 U(lii 

llJ(l Ru) 011 ''Y1'l1v1U(lvltlCl'tJ'U ll~lJ1W 2.5 n111lJCl'\l6~Ru t~lJ9i'1~~1CJf'(l~'1l1'U1l~lJ1W 4 "til 

llJ(l'\J6~Ru 

2.5 PPh3 

reducing agent, EtOH 



33 
C. C~Me~.RJJH~ 

l111'JiUI~tJ1nU.u~ B lI~lfl'VI11-wi1ft-Wml'~u 1 I'rh llJft~~-l Ru IIft::l,*~1l~1,* 

lflu LiAlH4 

PP~ 

LiAlH4, EtOH 

" . 

16 

allfi'U~1IinJfimtJll1-lft'llJ'b'i1ft -¥i1~ltJlJIIUU in situ lu.u~ A, B 11ft:: C l11fll1'V1ftft'~U 

lh::~'VIim'YC1Uf)11Ii-lUfifl1tJlnUIUU hr''VI1~~u lfttJ'Yilfll11~lJIUU hrl" ''VI1~~u ft-l lulu 

Parr reactor lUU1lJlUl 20 l'rh llJft'HI-l Ru IIft1'Yilf)l'H)"fl11lJ~Ullfift'1~ 1"11~U~llJ~~f)-lfll1 . .. 
f)1U~1tJeJ~11111fll1fl1U 500 HIU~~Ul-vi IflUl1ftl 24 i'11lJ-l lfcl-l~lf)ilU 'Yilfll1ftftmllJ~U 

IIft::lllft'11lJl1Iml::lf~1tJ GC 11ft:: GC-MS ~ftllft'''-l'nU~111-l~ 2 



. 
~l'n~l12 t.Ifimln'j::l1'h~l1JlJ lC1f''YI1f)~lJ 11":: ~ld~t.IfimVlliitijvlJ 

"" "" mononuclear 'b'lJ~f)lJ'l 

;hd .aJijmvl fl1l;,n::rI1V ... ... 
01l' t:!tu If tl lJ tll1lJiillJ DHBT 

f1~U\fH ('C) 'IJ liil'jullJ % .. 
f1 

(atm) 

1 CsMesRuCl(PPty2 Itlf111HH'I 34 20 0 

2 CsMesRuCl(PP~)2 Itlf111Jtll'l 85 20 5.0 

3 CsMesRuH(PP~)2 • Itlf111Jtll'l 34 20 0 

4 CsMesRuH(PP~)2 • Itlf111Jtlt'l 85 20 18.4 

5 CsMesRuH(PP~)2 • 1tlf111Jtlt'l 110 20 22.5 

6 CsMesRuH(PP~)2 •• Itlf111Jtlt'l 85 20 7.6 

7 CsMesRuH(PP~)2 ••• 1tlf111Jtlt'l 85 20 6.0 

8 CSMe5RuHJ(PP~) 1tlf111Jtlt'l 34 20 0 

9 CSMcSRuHJ(PP~) 1tlY111Hli'I 85 20 15.0 

lUlJ lCJf''YIlfJ~lJ (BT) 2 iJ"ilhm; i~'j1rillJ hw hm BTiRu = 20/1, nen 24 i'111J~ 

DHBT = '~'IJ hnl1JlJ lC1f''YIlf)li'U 

17 

fmm'j'YI~mN 11tY~~ 'h lrlf)11J1V1Jll1V1J'b'ij~\lfJ~~11~lCJf l'f1Jl1 C sMesRuH(PPh3h ~''* 
LiAlH. l1/1mil1~hCJf '11' %~il~fitutt1~~~tll1 ,rlf) ',*~l~~lCJflrJ'U NaBH.lm:: KBH'a~ 1~f)~ 

.ct do I _I ~ oQ, do 

.1fl LiAlH. lJ reducing power 'YIllHtll1ll'Cn::1J'j::tlf)1J~lVf)::~UllJVlJ 

F-m\l f)~ t:! tu lUJ iJ l'C 1J 1111 t:! tu 11 iJ iJ,r f) ~ 

" 

"""" ,,4"':' "".1,,, "" uln~t.Ifim Vl l1~llJflll'ClJt:!tu 11 iJU~ ~\llJ ~~,,~ 
., ~ ... .1 "".1 "" 
fltu'Wtl~'lJll lm::ltl~U1tl\llJm1Jt:!tu 11 iJU 

! ,% 4 Q.I d ~ CII~ ~ -l .4 
lH lllll tl~ ~ 1 tltl~ 'j 11 nm'j 1tl~ t.I tl m V1ll'C1J\llJ lUf) 

... .1 
~tulUJlJ~~\lll 
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fm'Ufl~ 'JijYl';1d ~ufim V1lihii Vll~i1~",: 1'f1Yll thiuus:;ulli tn1'f 1 'U fll:il1 ~ufim tJl 11l'U 

" i~ii CsMesRuH(PPIV2 > CSMeSRuHJ(PPhJ > CsMesRuCI(PPh))2 

~ 1fl flln'lYl Cl fl~Ul nYl ~, "y,lt 'U -h lihii Vll~US:;fl flU~ 1 V 13' Yl S ~ijus :;Ull i tn1'f\! ~ f)'ll~ 'liij 

, 3' Yl S ~ 11 Cl:;S nlii Vll~ijrl tlntl'U nfl~ 'Hli iju S:; Ull i tn1'f n ~ fl11~ijrl flntl 'U 'Hli,~ V1 i~ rl', rl6~ 111fl 
--- ~ ~ ~ 

I 4 • u"~ '" . u .. - " d .. .1 '" 33 11 CSMeSRuHJ(PPhJ !1Jfl1l1 !)mV1flUn1sm !)mV1 fllSl'U1111l'U1l H ~:;lf1Yl'U'U YlV1fl 

. 
.. • .. v '~II 

fHlf1l~1lfl~1:;11j:fi.'l~i1Wcn'YIlfi 

'Yl '31 Yl S lU'U 1 'b"'YI1 tltl'U. Dihydrobenzothiophene (DHBJ) 

MS m1z:136 [M(, 135 [M-H(, 91 [CAf,77 [C6Hl 
l' '" " .. 30 

ntlYlfH16~flU!flflnnflHtl~ 

IH NMR (CPJ 8 (ppm) 7.15-6.18 (m, 4H, H ... oJ, 2.77 (m, 4H, CH) 

O=J s 

Catalyst 
~ (b 

S 

m~'t1Vl1:rf)Uu1:;a'YIitnn'Uf)~~1'';-3uilMUlli1,il[JlJ'ti'UVlgufi'1tiij1eJ'Vl1vl 
" , 'U~1'U1 ~ vii 1~llYl Cl'6UU1:;Ulli fIlfi 1 'U fln ,,;; ~ufim V1'IJfl~ Cl'n ';-3~tJ'U In, ii Vll 

. [CsMesRuCIJz lICl:; RuC~(PPhJJ lYlv1i"fll1:;1~v1n'U lICl:;!!U1'U~v'U5f11T"h'U lYlv 111Cl 

BTlRu 1~HCl~-3l!nYl~1'Um1H~ 3 



~11l~~ 3. t1am{n~~l1'h~lUU 1'b"1110fhJ 1lC1~ ~i1d~t.lamln 

~iilU lIlJ~ '~ij '3'~~~ 

~ '" m~ ;!11i ~UUMVl BTlRu tlWlflJlJ fl11lJ~'U DHBT 
... 

hw llJil ("C) '"hm\J'U f1"il6~f1 % 

(atm) 

1 [ CsMesRuC~L 20/1 34 20 0 

2 [CsMesRuC~]2 20/1 85 20 0 

3 [CsMesRuC~]2 20/1 110 20 0 

4 RuCliPP~)3 20/1 34 20 3.6 

5 RuCI2(PPhJ3 20/1 85 20 9.5 

6 RuCli PPhJ3 20/1 110 20 16.0 

7 RuCI2(PP~)3 50/1 110 20 11.5 

8 RuCI2(PP~)3 100/1 110 20 9.0 

19 

\llflf.lC1fl1';j11~C16~i'U~1'jl~~ 3 UC1'~~i~ll1'U~l [CsMesRuChh '~C1'1l!lHl1i~tlafi1111 

fl1'jltl~lI'U';jtl~O~lll'U 1'b"111o~'U '~ ')'~OWMfliJ~l'H~OC1'~ .., "". 
~lMi'llC1'1'j RuCliPPh3)3 C1'llJ1'j(11t1~1I'UIt111J'U 1'b"111o~'U ltJ'U'~'3 1~';jlll'U 1'b"1110 

~'U (DHBT) %f.I~~tlwcn1~tr~ufllrl61mllll1YitJ1Jfimi11i~t1amtJl~iilUtJlJ~ij'3'~';j~ (i'U . 
~1'jHYi 2) 

lrlO '~ti~';jl~1'U l~tJ llJC1 BTlRu lJlfl;f'U fill'), %f.I~~tlWct1C1~C1~ 1~O~\llflt11lJlW~O~ 
ri11i~t1BmtJ1M~o~huml~~lfi~t1BmtJl (active species) ij~1'U1'UC1~C1~ 



20 

... 1 :JI ... 20, 27 4 • 1 ~., . tI .. 

I'\HI~\llfl 'Ut6flff1nn~tH lJ~lfJ~1'Ul1 fll~ "~1'fhll:::n1fJNfflJ t'tf'U 111lf16 

'" 1 " .J, '4 ~ 1 4 1 " . :JI ...:... .., " tt6nfl68tllli 8 ~~fl1nJtl'U't1 lJlJ'lJl ~fJlJflU 'tfttJff11lJ¥llfJ ff1lJl'Hl'tflfJ IfflJ %Nn~fltuCfl ttll::: 

fll1lJlntl fl~1Iff1:::9itlNn~ OW Cfl1~ ~~J'U 1 'U~1'U1ifJif ;~ '~'t1~lItl~ 1~~1,.hn:::1I1fJNnlJ 
IlJ't11'Utm/18fl1'lf'U "n:::l~lJltJffn~ 'tJ1 'U fllnil1J5m fJ1 1 ~fJ!ntlflflfl1l1~1Ii ~tJ5m r.1l 

CsMesRuH(PP~)2 c;~ '~'t1~fftltJ!!~l 'h,,rNn~~f(~ (\llflNlI 1'U~ln~~ 2) 
tI 

fll~'t1~fftl1J '~~tJ~lJlWffUttll:::fln:::fll~'t1~ntH~~il: 

ItJ'U 1'lf''t116~'U (BT) 

ti~~lcil'U l~fJ llJft BTlRu 

, !1111 

~wlf~ii 

IlJ't11'UtllliI8fl1'lf'U (l1I) 

ti~~lci1'U 1 ~fJ llJft 

Nftfll'i1'l~m)~!!ff~~ in'U~l~l~~ 4 

20:1 

24 il1lJ~ 

160°C 

50 iillftft~'i 

l1Jff/Ru 25:1 

~1~1~~ 4 tJ5mfJ1~:::lf1HI1J'U 1'lf'1'IltlYl'U un::: ~1d~tJ5mfJ1 CsMesRuH(PPh3)2 

Irltl 1~9il';11l:::1I1fJNfflJ 1 ~fJiil1Jffi1lJ~1fJ 

nl'I fl11l-n16mtJl IUt'I' fl11lJ~'U DHBT EB 

YI~,HH 18 1~'I1;)'U % % 
.,1 

(aim) YI 

1 C5Me5RuH(PP~)2 NaOH 20 27,0 1.5 

2 C5Me5RuH(PP~)2 NaOH 30 37.0 2.5 

3 C5Me5RuH(PP~)2 Ca(OH)2 20 24.5 1.5 

4 CSMe5RuH(PP~)2 Ca(OH)2 30 33.1 2.0 



2 Mass spechum ltaFNW?Fihd A ) I R ~ ~ I R s I ~ I u I % ~ ~ I D ~ u  (DHBT) LtaZ 

B) toM9nt~u3u (EB) 
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ltlii~t1J'Uci'U~'~tihmii~fttulfi'l'Umn'~"'fh,if fl1~il '\!O.Hl1flm'i1rh1Jtl NaOH 1110 

Ca(OH)2 ~.Uil'Ut1Jff~m~ 1Jl11Jll1"O~t1Jff O11l'lbt.!m'itfi~ M-H species ~~~11il'Uffl11i'mf'U~0'U 
)I 

fl1'iU~fl~'U1i:; C-S l~t.l'fh ,,rlfi~ heterolytic splitting "O~ llJmfJ~ '31~'il1l'U 'UOfl1l1flU V~011l 

'Ibmi~m'iltl~t.!'Ultl"O~l1J'U 1Clf'1110~'U 1~t.!011lij~b'U''UtlBfi1t.!1 reductive elimination "O~ 

~ii~fttulfi'~tfi~~'U1l1fl 13 1~'ii1'U'~ciff OOfl 't11l1fl h11:; ~~~~fl't'C1Jl'UtlBmt.!1~li~~1m1Jff 18 

'Uoml1flif 't'C1JillrlOl~lJf111lJ~'Ullnff'31~'i11l'U ,~ %~ii~fttulfi't~lJ~'U 

37 
Cyclopentadienylmolybdenum tricarbonyl dimer, [CpMo(CO)3]2 

)I 

fll'iff ~tml:;l1't1 'i:; flO1J~ 1t.!11mt.!;J 'U ~ O'U ~ ~ll ff~~ llJ fflJ fl1'i 

(1) Na 

(3) NaCp + MO(CO)6 

xylene, heat 

• 
Na (sand) 

CpMo(CO))Na + 3 CO 

(1.) m'it~~t.!lJ l"b't~OlJ~:;lflO~ (sodium sand) 
)I )I 

l~~OlJ 1rw,j~ilJ l"b'l~OlJ (0.28 fli'lJ 12 iJ~ii1lJ~)1'11'ij'\JlJl~t~fl ~l~lh~lJOOfl 

~1m3fllClf'U 1 rillJ 'Clf~'U 1'11'f111lJ10'U 11~:; fl1'U Odl~l1H l~oyh 1 '11'1 Clft~ OlJll~ flm:;1l1millJt~~ 

(2) fl1'il~~OlJ 1Clf lf1~t'YilJm '~flU~ l"b'l~OlJ (NaCp) 

ill l"b't~OlJ~:;lflO~ (0.28 fli'lJ 12 iJ~ii1lJ~) lril'Ull111'il'31~'i~1'illJ 20 iJ~iiii~'j 

lA1J'"b'lf1~l'Yi'Um'~fl'U (1.3 iJ~iiii~'j 16 iJ~iillJM ~'~1l1flfl1'jfl~lJ (cracking) '~'Clflf1~t't'C'Um 
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'~6'U "Hl~"~ hHh'l ~:: ,Al'lf lfmll'C'U'tll '~6ij" l'lfl~tJlJ ~~ '~'A'fhflnlwfl 1h hllft 'U,f'U~tl'U 
9itlhJ 

(3) fll11fl5tJlJ 1 'lfl~tJlJ' 'If lfl"ll'C'Ul1l '~6ij" llJi1Ul~UlJ hl1fll{Utlij" 

CpMO(CO)3Na 

FH1'lJffl1"::"ltJ NaCp flU llJi11Jl~UlJl8"fl'lflfll{Utlij" Mo(CO)6 (2.64 fli'lJ 10 ii" 
, .. 

i11lJ") 5~~fli'lil'U11"1 24 i11lJ~ \l::'A'ffn"::"ltJihhfll"l11iltl~'tftl~ CpMo(CO)3Na 

(4) fll11fl5tJlJ''lf lflml'C'U'Yl1 '~6ij" llJi1Ul~UlJhl1fll{UtlU" '3'~1~ 

CpMO(CO)3H 

1~lJm~tl::ci~fll,j'lJ,j''U1'U11~lJ1W 3 n11 ~~Wl1tJiiM'tl~ lm::fl1'Ulil'U11"1 1 i'11lJ~ \l::'~ 

CpMO(CO)3H 

(5) fll11fl5tJlJ''lf lflml'C'Um '~6ij" llJi11J!~UlJ '111fll{Utlij" '~llJtl{ 

LCpMo(CO)3]2 

ltJ~~n'tf1~~Un~ffn"::mtJ'tftl.:j CpMo(CO)3H tltlfll~tl 1 M'mfllffl.u'l'l1 lfi~'HH)flcil~i'U 

fld'U11l'lH1"1 1 i'11m iY!11~tl1Hll'UiYU~.:jl,j'lJ 1::l11t1~1lil":;mtlflflfl lm::fftl~~ilfljhutt1~1tJl1tl~ 
.. 

'" " " '" Q "0 Q.I Q.I," fl'U1tl'U 1::l11t1ll11.:j ~fl::fltl'U ffU~~l'tflJ 'U 111'Ufl 1.88 mlJ~" ~ 71 % 
, .. 

fln\l(;1'flU(;1'n [CpMO(CO)3]2 ~1tJll1f1iJfI NMl<.., FTIR U(;1'~.:j1'U~11113-4 '~~mr~ij: 

'H-NMR (CDCl
3
) , 8(ppm): 5.2 (s, lOH) 

11~llJYi"'tftl~i1Ufl'U~1'lf lf1"ll'l'Ul1l '~6iJ" l111flt)~ 5.2 ppm 

Ff-IR (KBr): V(cm-'): 2954(m), 1952(m), 1886(m), 1701(m), 1618(w), 1097(m) 

~fl''U(;1'ltlflfli'lJ IR fftl~flt1'tl~fl1J lm~ff~l~'tftl~(;1'n fitl l111flt) CH stretching ~ 2954 cm-' 

4 _I -=- -1 
CO stretching 11 1952,1886 1m:: 1701 cm C==C stretching 11 1618 cm 



i 
i ., i 

10 4- ~. l' 

t:q 

.': 

j(o-~ 

2954~ 
C-H stretching 

24 

5.2 ppm (lOH) 

i i • 
4- 3· '2 I · 

/ t 
2006 1097 -

CO stretching1 '" CH bendin~ 
1952 \ 1701 

CO t t h
o CO stretching 

s re c 109 -
1886 

CO stretching 

~~~----------~~~----------~~=-------------I~------~ 
IV~( __ ') 

'i11~ 4 FTIR spectrum "fl.:J [CpMO(CO)J2 .. 
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1iitll''t1~UTStJtJ,~imiill'n'US~~1';.:nJ~M[Jl1)J~u~tA)J 
" FHYlnTl'i ~ H'l hnHlJlw'\.:J,t 

IU'U 1 CJf1'Y11 tJ~'U (BT) 1.3 ~Clfth1ft 

ti~'ilff1'U l~Hl 111ft BTlMo 20:1 

50 

I1Cll 24 i11lJ.:J 

""'1iilf)l'iti~fl1llJ'\'UlniY1fJ 1 ~'i I \)'U~llJ~9I1'tJ.:J f)l'i m'Uy\'1vti~'illl1 f)l'if)1'U 500 'itJU~tJ'U lYi 

If,,,nltll1Cll 24 i11m Cl~fl1llJ'\'U 1 ~8tJrit)tJllniYtJtJmlltl1I1tJfll~tJlI1Cl~'hiYl'ilJlilfl'il::,fy\'1V 

GC 1m:: GC-MS ~Clf)l'i'VI~iYtJu~ft~nwct1~1y\'\)ltlf)l'iiiltJiim81'i::lf1H ~111.:JtJiimfJl 

llJftUl~ill1lJt1ulu'U lCJf''t11tJ~'U lIiY~.:J''U~l'iH~ 5 

~111.:JtJiimfJl 
.., 0 

f)l'i ~ 1 'VI 1 Cl ~ Clll'J T f'l11lJ'\'U EB 

'VI~Cl~H ('C) '81~'i1\)'U (%) . 
'" (atm) 'VI 

[CpMO(CO)3]2 '" 1 'VItl~tJ'U 34 20 0 

[CpMo(CO)J2 '" 2 'VItJCltJU 110 20 5.3 .. 
3 [CpMo(CO)3]2 '" 'VItJ~tJU 200 20 12.0 

4 CpMo(CO)3H THF 34 20 0 

5 CpMO(CO)3H THF 110 20 5.0 

6 CpMo(CO)3H THF 200 20 7.5 

.. " 
\)ltl~Cl f)1'i'VI~fttJ.:JYi 1y\' II iY~.:J 1 MIl1U 11 Yiflw If fJ~U'.:J ~1t1.:JtJiim fJlllJft'UI~,rlJ'tl.:JiYtJ.:J 

'll'i1~ 1M~ft~nWct1I~'U wiiCll'U'U;'U ~.:JlliY~.:J1llii~tJiiml'Jl '31~'iil'U 'Cl~iY ~1t1.:JtJiimVl~ 

I~'U '~llJtJl [CpMO(CO)J2 1 M~ft~nW ct11~'UltJiiClI'U'U;'U lJltltl1l~1t1.:JtJiim8l~ii13'~'ifl 

CpMo(CO»)H I~ m! tl v tf.:Jii'tJl\)llltJ.:J \)ltlfl11lJ '1iIiY~ VHJtl.:JiYl'itJ'i:: tltJ'U'3 '~'ifl iYlllf~~ 
• ~. 'jJ , .. ..:. .... ~ 

ItJfttl'U~1iilCl::CllV\) ltl'VItJ~6'U11J'U THF l~tJ 1 lf~1t1.:JtJfim tllCl::CllI'J y\' IlJtJmlJflW If fJlJU' .:J\I'U '" o,~ .... '" ~ .1 
tN 200 C W1~Cl~flWCfllJltl'U'U 



1»fl1 1m lT8tJ1.h~mt i III 't't'U8~fl'J1 i.nJ aMfJ 11iil il fJ JJNlTJJtlU 1 JJa 'UlA,r JJ 
tI 

fH"lJfflHh~'l hnJllJltu~~u: 

ItJU l'lt''Yllt)~u (BT) 2.0 fin RllJt'I 

t1~'nri1u hw llJn BT/lnl1:;NfflJ 10:1 

t1~~lri1ul~tJllJn lfm:; RulMo 1:1 

11f11 

nu fl1d .nJijmfJ1 
.,; 

'YI~lH)-I'YI 

1 CsMesRuCI(PPbJ2 + 

[CpMO(CO)3]2 

2 CsMesRuH(PP~)2 + 

CpMO(CO)3]2 

3 CsMesRuCl(PPbJ2 + 

CpMO(CO)3H 

4 C5MesRuH(PP~)2 + 

CpMO(CO)3H 

50 

24 

A 

flWl'IlJlJ 

("C) 

110 

llO 

110 

110 

ijnnft~'j 

i11lJ~ 

tl11lJ~'U 

hl~~I'iJ'U 

(atm) 

20 

20 

20 

20 

DHBT 

% 

6.0 

11.0 

4.5 

8.3 

26 

EB 

% 

5.0 

4.0 

5.0 

4.2 

Ulfl %NR~ntuct1~'~Ulflfln1~~1d~tJfimtJllfm:;fft)~~ii~NfflJflU IdtllmtJ'UliiotJfltJ 

fIl'j1~~1Ii~tJfimtJl~fi~l~tl1 U:;litU11 '1iIl~f\YIh~nulJlfl\rfl mi11flt) ~111~tJfimtJllnm: Ru 

V~fI~lIff~~fl11lJffllJlHI 1ufIl'j'eJ l~~iIU'VlltJU lCJf''Yll t)~U ~tu:;~ Mo IIff~~fl11lJffllJ1HI 1u 
tI • 

fll'j '81~'jilu 'fI~1TItJU 1 'It''Yll t)~U '1intJ11~1d ~tJfimfJl';~fftl~~fi~liit)1.hlJlnlJnuu:; h1' 

tJ'j:;ff'Ylif1l"~~~~U~~~fll~l1lJlfJ ,f~ift)lul;1t)nlflftllflU~ CsMes lin:; csHs (11~t) Cp) iifl11lJ 
tI • 

I1TUO~ 1 U fIl~a~t)dntJ 1 t111:; '1il1fl~t)t)fl i~lil h1' fI ufj~nu~t)~ 1 nl1:;';~fft)~ltit)ln~lnUflnffl~t){ 

In"~u '~tJlfl 
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CsMesRuH3(PPh) [CsMesRuH2J2 IIn::~n\lutl1.1ItlnntnIW~tl~Ul1~1f.11"fliifl"1'HYltln 1"1 

1 ~ AI At ~.... ... ... 1--..... , d.., ".1..,. .. 
U fllJ lfHJ01l11f11l::111I19j ftnll101lln~lJ{JmrIll::lf1l~UU"U~lflll::lf~lUNnn11nlJmUU 
. " ., 

;1lflci1tl'~ (RuCI/PPh):J 01.111.1'U 1 'Y',,1 tlff'U iilntlflftnllll1.1'U ht'"l tllf'U n1tl~\1lnl~'U . ~ 

uutll:: fltl1.1im~tl{ii tlflfi1\i~tltln\1lmh~'U '~fJln 

\1lnNn O1l"~Utl1.1 0111 n~tI gm rIll ::wi 1~Ullt11::fltl1.1 IiilU tJlJ'tI'ii ~9i 1~C') 01.1 11.1 'U 1 'Y'" 

ltl~'U l'41.J1l (RuC~(PPh3)3) 1,rNn~OW,lI~'U'~'1f 1~111.1'U l'Y'"ltllh~ dllfi'U 

... ..; .. .1 d1 " 
CsMesRuCI(PPh3)2 lfltl CsMesRuH(PP~)2 , CSMe5RuH/PP~) "1~ltJlJ~'UIIUU in-situ n If 

Nft~nw'li'Ii~'U'~'" 1 ~lIU'U 1'Y',,1 tl~'U O1ll~~tllJUllI11.1tJ in-situ ~~ '~'~lItJflUl1Un:'th 111' 

ui~"iritl'U1.u tll\1It1'UUlllf9j'fh 1,rNft~nw,l~111~~~l! n tltiH 11~~llJ l'fU1l Nn~nw ,l~'~ 
~'U ounl1:1'U01l"~ntl~ ll'Cll:lrltl'thtlgmtJl 1'U O11::~ltlUl1.1U In~Nft~nwtt1i~ 1" 1~111.1'U 1 'It 
, 1 ~f .1 :'...... Q.I tid. A .. A A ... ..... Q.I 

fI tll1'UlJln~'U nlJ"~ln~Nn~ flW cr1tln'tI"U~lf'U~ f1tlltlflnI1.1'U'Y'U 'It~lfl~ \1lflO11Un ltll'C'U l: 

tn{ut)'U-~nl~tl{' 'UIU'U 1 'Y'fll tll1'U dllf11.1fln 'n01lln~tlfimtlu:lf1HI1.1'U 1 'Y1f11 tll1'U OU 

~1d~tlgmtlllu'Utl11 ~~wlffJii~~ nlln'U¥l~tlU~'Ulfq~tltln{Jln lnlf:: 'th,,rln~~1Hu'U 11m:: 

~ 11 1 ~ "..,.., 1 1 1"'" ..,:, 1 , 1 " 'Y~11.1'U '1$ " tll1'U{J::I~l{JUflU nlf:: ~rI 'tI'l'C'Uti:~ C2-C3 lfnnln'U'U lJlnfln " ~11\1'U 1~1 
~ 

1" l~lil'U"';'Uti:~ '~Nn~nw'li'ltI'U ,~ 181~111.1'U 1'1$1" 1 tll1 'U lfn~\1lnl!'U -n'Ul: C-s \1:: 

1.t'·.l .. "" ... d d.., &J .. ~,J ~'.t' ... .., ... '_1 
lI~fltltln ~Nltl~'U I'U tl~ {JlnlJfl1llJlf'U lll'U'U tlln n~n)'U"'Ynll1tllll'flJ~'U {J~ 'fINn~ ow cr1~tl lJ 

~ .... "" 38 
1 U 'U 1 tl" nt 1.1 'U 'Y'U 

rillf1U~111 ~tlfim til [CsMesRuH2J2 '~Nft~ nw 'li'~,tI'U,tliinI1.1'Uci'U,;;tI~'II'ii~'~rI1 
fI1llJUllJ1H11 'UOll un ltl,;'Uti:: fll{Utlu-inl~ tl! fll~ 'hln~\1lnOll1flHurH~ ltlu 

coordinately unsaturated fltlij~1l~dllf11.1Olll,j'1\i1.1~tl~IUU 1 '1$1,,1 tllfu ~W:I~tl10U l~tl1l 

nllnU¥l CsMes ~ijri1u1uflllUnltl';Uti:: c-s Irltl~{Jlnf1utl1~ftnllll'C1.11l [CsMesRuCI]2 

.., 1 &1 1.t' 39 1 .. &1""- • UllJ1H1Unlfll'CUti:: C=O UUUlJl::IOfl enone lin: enal 'fI fln nOlllfl~lJ{Jmtll f1l~1l 

Ifl~ hydride transfer 1t16~-nUti::~ C2-C3 ~tl~11.1U 1'Y1"ltlYlu IIn::lfi~flllUnltl-nUti:: C-S 1~ 

f-In~ nw ,lltJultlii nluwiu 
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.. • r;;! '" .1.., 4'" ~ • " q,~ . 1 ..... .1.1~ ~ 
IlJ 81lJ HIU I'YI tJ tJPHH nn.HlU 'YIlJ flTH, fllll fl8 lnnn \l:: 111 \.I ~ 11 \.1-.1 1\.11 \l tJ \.I 'D 11 n ll1'\.1 

fl11 'H18 nl1::011'YI~n8-.1~ 'U~\.III" -.1 tJfl~1tJOHI~\.I 1 \.Iflnii'U8-.1~111-.1tJilmtJlliil~tJlJll'f\.l"1'8 

'~1~ {(C5Me5)Ru} /J..1-H)3(~ -H)2 'Hn-.1\llflln~tJilmtJ1O'UIU\.I hf',,18~\.I1Ift'1 011 

fhv~ci'lHYl8{tl8fl '~lrJ\.I18iinIU\.I'i\.l ~tl-.1'~l1nl\.11\.1il,:j 7 1\.125 'H181\.1mw'U8-.1 

(C5Me5)IrHCl]2 O11fhv~ci'nl~8{tltlfl'11 v\'8,:j 1~fl11lJ~\.IlInll"81~11\l\.l 40 Ul'l'tJ101A' 

f!W'HU fi 150aC IrJ\.Il1nl 16 i'11lJ,:j '~18iinIU\.Ic;\.I 22 \.Itlfl\llflrl' ~111,:jtJilmtJl~tJ1~fltlU~1tJ 

1 n'H::liililtJlJ (Ru) ijnfl1~flfl1161I~tJlJ (Ir) 1\.1I1~tJ1::if'YIi nll'f'Ut)-,1i1d -.1tJfimfl1 ImtJUliitJu 

o'U 1n'H::'tI'ii~l~tJ1O'\.l l'fU11 i1d ,:jtJilmtJl 1\.1,:jl\.11i'tJrl' 1 ,",~ni't nWct1lrJ\.I18iilHU\.Ic;\.I 1 \.I'UtlI::~ 

H4Ru4( co MPP~) 4 'ul'fuI8iin IU\.I ~\.I1n fI 1 \.111 n 1~I't'hO'\.l27 

ril'Hi'ui11~-.1tJilmfn 1 n'H:: llJnul~ll'lJ \llfl~nfl1'i"~n8,:jl'fU11 In~ '81~lil \.I 'nc;n' 

'U8-.1lu\.I1 ')f'"l 8~\.I '~~ni'ttitll ct11f1\.1ltlii~uu\.I;\.I n'11l1~~ '~ltJtl{I~\.I~ ~ni't nw ct1~ 1u~ ."ll'fl 

tll\llt1tl-.1\llfl IInn'h l~·H\l\.lci'n '~~~ln~~\.1 1\.1tJfimfll1rJ\.I poison ~81lJftUI~ll'lJ ~"'~'YI11UO'\.l 

ril'Hi'ui111."tJfimfll1lJnUI~ll'm::uu Heterogeneous ~1~O'\.l 1\.1~i'tll'l'Hm1lJ 40 801,:j'1 ~i'tllJ 
" . 

i1d ,:jtJfim fll1lJnUl1lll'lJ'U8,:j,:jl\.11 vflil IU8ImtJuliitJunu~111,:jtJfini tJl 1 \.I 1::UU Hetero-

geneous 1~~tlI 'H Uii ""~fl11lJ~\.IlInn"81 ~11\l\.l~~lfl11 
1 ,. .", 

if ."ii111ff,:jlfl~iill'u111i1\.1,j'tl~'U tl."i11~ ,:jtJilm tJlii1.n \.I fl11"~n tl,:j ~ fltltJfim filii 

... .r . .. 1 1 1 ~ , .,~ , 1'" ..:. .1 ~ 4" .'" 
Ifl~'UU l'f1J11 1."IU\.I')f\.l'Utl."IU\.I ')f " 811\.1 lJ ~~fl 8 ~HI!\.I'YI lI''''\.IIIJ\.I''~tH011n'1'H''U 

f!i'tll'l'Hm1lJ 1t18.,,\llfl '81 ~1~ci'tUYltl '11')fi\.l (Hydro-desulfurization, HDS) ,fI\.I,f\.l~8\.1'H'ct." 
• 0 ...6o"'~. :"'CLI~.4 4CV , 

fl 8\.1 O11'Y11 catalytic reforming ')f-.1'Y111l'f81l'flJ" lt)t) flI'YI\.I'U8-.1\.11lJ\.I 11.,,\.1 \.I 011" 1." IU \.I ')f\.lfl-.1 fI.,,8 Q 

~.,,'ril 1,",tl188 fll'YI\.l 'UltJ~fI\.IlItJn",'tJ 

SI 
'U8'«U8UU~ 

1\.1."l\.11Vflrl' '~l'fflltl1lJ1~i11i ,:jtJfimfll~liI\.I1 n'H~~n'lJ Ru-Mo 1~81~lJ1h::if'YIi nll'f 

1\.1011d."tJBmtJll'n11::1\.1t!~n'1'HmllJ '~i1d,:jtJilmtJl Mo 18",lUU\.Itlgii\.lll1,,::1~ Ru 1i~\.I 

promoter I!~~" O11"~nt),:j 'U'~lIl1'~."o."tJ1::if'YIi nll'f~l'rilJ~\.I fl111rl8 1.n n'H~'tI'ii~l~fl1 ,f."rl' 

"1~1181\l1,j8"'\llfl 1 "Hn'l H'UfH~11~ ."tJfini fll~tlllJ111lJ fi\.lV'." 'UIl1lJ1:: n'lJ ijwnlJlfl::fl:: 

.., ~... ... 0' 4"'1 ~ 4 .r 
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