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1. Introduction
Activation of unreactive bonds such as carbon-carbon bond and cyclopentadienyl (Cp) -metal bond is an

important and interesting challenge in organic synthesis. So far our group has reported that unusual reactions on
titanacyclopentadienes included the two Scheme 1 zﬁ ; ‘R ‘

types of bond activations as shown in >
Scheme 1. When a solution of a
titanacyclopentadiene 1 was heated, the
corresponding dihydroindenyltitanium
complex 3 was obtained via complex 2.
Complex 2 is formed via coupling
between the Cp ligand with the diene
moiety of the titanacycle, and isomerizes
to complex 3 along with C-C bond

cleavage. When the complex 2 reacted
with TiCl, or azobenzene, the corresponding chlorodihydroindene 5, or indene 6 was obtained. In these cases, no
C-C bond cleavage occurred. In contrast, the reaction with a nitrile afforded the corresponding benzene and
pyridine derivatives. In addition, treatment of titanjum complex 3 with an oxidant gave indene derivatives 9
along with migration of R group. In these reactions, C-C bond cleavage was observed. Although we already
found several interesting reactions in the titanacyclopentadienes, here I started the systematic investigation using
nitrogen containing reagents for the reaction of titanacyclopentadienes.

2. Coordination Effects on Protonolysis Reaction of Dihydroindenvltitanium Complexes

So far, our group reported that even dihydroindenyltitanium complexes 3 are produced in high yields,
protonolysis of 3 with phenethyl alcohol gave the corresponding tetrahydroindenes 4 in low yields. Here I found
that the presence of coordinating reagents significantly affected on product yields and selectivity of the reaction
as shown in Scheme 2. When the same reaction was carried out in the presence of pyridine, dihydroindene 5 was
obtained instead of 4. Probably, When pyridine was coordinated to the titanium, it kicked out the diene moiety.
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Schema 2

Then protonilysis gave dihydroindene 10. In contrast, L\r » [
when complex 3 was quenched in the presence of L~ Tance . CpTi{l) H .
phosphine ligands such as PPhs, PEt; or PBus, indene {L=PRy) L

derivative 9 was obtained in moderate Yyields. R ~) R
Probably, the difference is due to their higher basicity 3"

and stronger stabilizing ability 6f low valent titanium L= PV)I [CpTL,,H]

|
species than pyridine. These results clearly showed the R
significant effect of coordination on protonolysis. .@[R @ER m:
a "
3. Successive C-C Bond Cleavage of Cyclopentadienyl Ligand on Titanacyclopentadiene
Previously, I showed the coordinating reagents significantly affected the protonolysis of titanium complex3.
Now, I investigated the effect of bidentate ligand on titanium complex 3 (Scheme 3). When complex 3 was treated
with amine proton in the presence of bipyridine, successive C-C bond cleavage of the Cp ligand occurred on the
dihydroindenyltitanium complexes to produce compounds 12. The reavtion with 2-aminopyridine also gave the
similar effect to afford the compound 13. Because it can as a bidentate ligand and proton source during the
reaction. The double bond positional isomers ware verified by X-ray crystallography as the TCNE adducts of 12
and 13(R=Pr). Formation of new dihydroindenes 12 and 13 can be explained by repeating a metathesis and
[1,5]-Ti shift in dihydroindenyltitanium complexes. Coordination of the bidentate ligand would change the
situation of steric repulsion around the titanium metal to control the equilibrium of these dihydoroindenyltitanium

complexes.
Scheme 3 \
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4. Successive C-C Bond Cleavage on Cp Ligand and Skeletal Rearrangement in Titanium Complex

Surprisingly, titanium complex 3 reacted with Scheme4
melamine to from the unexpected cycloheptatriene 14 @

NH,
NJ\\N '
and 15 as shown in Scheme 4. Probably, steric /lN/)\NHz Et ]
hindrance leaded to the cyclopropanation during the £t + ‘6\5
! ltani - B Et = &
) 14 15

reaction from the titanium complex 3. Then cope
rearrangement formed the cycloheptatriene 14 and 15. 3

5. Conclusion
In this work, various new reactions of dihydroindenyltitanium complexes were found by using a series of

nitrogen containing reagents.. In the protonolysis, the presence of pyridine and phosphine ligands affected for
the coordination mode of the diene moiety of the titanium complex. When the reaction was carried out with
bidentate ligand and aniline or 2-aminopyridine, the successive C-C bond cleavage occurred. This result
strongly supports that the C-C bond cleavage of the dihydroindenyltitaniums occurs successively. Moreover, the

reaction with melamine gave vinylcycloheptatriene derivatives. These results demonstrated the remarkable
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effects of the employed ligands on the reaction course of the dihydroindenyltitanium complexes.
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FHEFH KD Study on Novel Carbon-Carbon Bond Cleavage Reaction of Cyclopentadienyl Ligands
on Titanacyclopentadienes (F¥ 37 UXRV Y DPL 2 EOI 7RI P I Z)NVEBENFOEHRTKFE
—REMEATMRISICET 2838 SEINZFHMHRIL. S5EMNGAD, BEFIEIKSCEE LN
FORIFPIINEN, FYFI ORI UBEBIIBENTIL. RE-REFEERDYMZE N
MEEFHRBRATRINT 5 LN BEKENRBIZDNTORREZRRTNS,

BE—BERXFRTHD. AMAOER. FRCESARR. INETUBARETRVEIN TV
BIEDORBICDONTIRRTH S, REB-REESITEERETHD . TN2 YT 2DEE 5 Tz,
NI LIRS, BBERZANVSZEXIDENZYBT ORISVPERENTVWS, EEOFET S
MRETI. 4BEAYOECHEETHZ )N ) ok EAWERE-REESUNRIE 2B 4 RE
LTHD, TNZAVWCERNBEEERREORRET> TS, 5T, RAEOFY /28T
i, ORI DIZIINENRR-REHESOYMEH > TRIBCEE TS WD, OSRESEERT
BEEAERDRRNWRKIBEEZRT I EBRWEINTWE, FHIL. ZOFF /) E2ORBIIBNT,
Ba B TEMATREZTZAE. TOHRICE> TZORKEVWREZHETE 2D T hE
EZNFIEF L.

E2ETH, F¥ /2 #EDRE-RFESTBIRIZICET S, BERMFONRITDOVWTIRART
Wa, ORI PIINEMFEETSFF 70Xy DT &R mRICK->TPE RO
AT ZNVFY URENERELT S, INETIER, INE27INIA-INTHEETZ2EMBTE57M50
RoA o5V iMEIETRLOND Z &N T, TRIRMUARETIE, 7IVa—NVEDORIEE
PUPUEETFTHEDZET. ABRYNCE RO > F U RREB LT B ENRNEINTNS, T BIT,
TR EEMVBITSIET, PEROA T UNEEEENICEB LN I LS M ERo T,
ORI, PERDOA CTFINFE EEICEY DUARMT S I EICkD, YRS YT oIVE
MFOERMERNENT DI ENSHHAINS. £/, TRAT 4 EDKIETIE. TIVFNEDELMZ
o TA T BB ENRBROND &SN o, T RAT4 EEUD UV EDBRERDE, B
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S MERFMEE DR ELMEDENICE > THAZIN TV S,

E3IETIE, ZERMTFTHIEEUD Y, BEU2-7I /YD OHRIZDODVTRRTNS,
NS ZAWERBTI, SIETHRRZBEREMFOHREIIREERD. ERNARE - REES
OUVEENEZ D, PIFNEOBREANE B2 RaA O FUNBRBTERT 2 ZENE
HEINTW3, SERYIT. XBESBERINSZTOBEZHAKREELTBY, FEUD &7
JEUD T, 5 BREMIO_ERSOMBREANEBRNICBEONS ZEEERLTWS, Zh
5DBRREORBRT., —EEMFORMICK> T, F¥ VEFED OMENZAAESHSHBEINT
Wnwas,

FBAETIE, PEFOA TN FIUEEEATI D EDRIBIZDVWTRNTNS, AT 3 I,
MED2-T7I/)BUDEEULABEEZLDICHEDLS T, FOEEMILERD,. EoN Y
OANTY M) ZOFEBENRBELSND I ENINo7z. ZOXIIZ, ANBABMFOEVICE>TIHEZ
ERINICERDMNENT D ZETEETR LY. ZORGOEEOSFMIKREHS M TN, F¥
= ANRFRMER S OEZN 70 TaN A KB I NAT I U OERE,. D Cope iz
M Ko THENHRANEETH 5.

BEETI, LRORBIHRET 214720 v 7)) D RIBIZDOWTRRTWS, BIEETIE. Pk
ROA FoINFIUEEDOTO N AERISTRIGEEIEL TWE2, ZhzT7 V)b, 7o
FINTARICERDBZET, MIETHHY T D TEFPRESNDZEEZRHBLTWS, ZZTHR
BREVWDIL, MIEXTORREZRRZD, 1 T 0BRBRE-REBEAZHEOTRERLTVWSEZ
THd. RKEFRDEWIILS T, RE-RIEESOFEIRINICET 2 Z EFAEREKENIRT
HD. BT, FIFI ORI IT % NCS THELTHLSTUNMNSA REERIEZL, &
Bl ouRyVySIoNETIPIoNEMBRTHBRETZZ B RHELTVS,

PEDOXDITAMIETIE, FFFL 70X IDICHITDI 20X T oNEN BALFO
BRIZE o TEDORSHRAVERNCE IR EBAHBEINTNS, ZNBIE. ChETIBERAD
BNFHLWRIBHER TS 2 LEFHC, BATFORRICEL > TRIR-—KFESUMOBREHETES Z
EERHUUIZOIIRERKENEETH S, Lo TEHL. L RFEE LT (ERRE) ofi2gs
SN2ERHDHDERD B,
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