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Cp,Ti~3-a.llyl and Cp,Tin3-l-methylallyl react with carbon dioxide, phenyl- 
isocyanate, benzalaniline, acetone and acetonitrile to give insertion products 
which are formed via ally1 migration. Normal insertion is observed with 2,6- 
xylylisocyanide. Carbonylation of Cp,Tiq3-ally1 affords CpZTi(CO), and triallyl- 
methanol. With carbon disulfide and diphenylacetylene, ally1 elimination reac- 
tions are observed. 

Introduction 

In previous papers we described the various types of reaction of alkyl and 
alkenyl compounds Cp,TiR (Cp = $-CsHs) with unsaturated substrates. Reduc- 
tive coupling is observed with ketones [ 1,2], insertion with isocyanides [l-3], 
carbon monoxide [2], carbon dioxide [1,2], isocyanates [1,2], carbon disul- 
fide [2] and acetylenes [S], disproportionation with carbon disulfide [3], and 
metallation with pyridines and quinolines [4,5] _ 

In this report we describe reactions of the ally1 derivatives Cp2Tiq3-ally1 (la) 
and Cp~Ti~“-1-methy1ally1 (lb) with ligands L. Part of this study has been 
described briefly in a preliminary report 161. 

Reaction of these q3-ally1 complexes CpzTiR with sufficiently strong o-donor 
ligands L will induce q3 + n’ ally1 rearrangement with formation of adducts 
CpZTi$-ally1 - L (Scheme 1). For the 1-methylallyl derivative (lb) it is reason- 
able to assume the formation of an adduct in which the ally1 group is bonded 
to Ti via the methylene carbon (Scheme 1) [7-!9]. After adduct formation fur- 
ther reaction occurs. In the adduct stage, the situation is comparable to that in 
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Cp,Tiq3-1-methylally (lb) the aUy1 group is attached to the inserted ligand via 
its substituted end. Proof of this is provided by the IR spectra, which ali show the 
characteristic absorptions for a terminal double bond; Y(C=C) is found in the 
range 1620-1650 cm-’ together with a band in the range 900-920 cm-‘, 
which is ascribed to a CH2 out-of-plane deformation mode (6,_,_,(CH,)) 
PSOI. 

The reactions of la, b with CO2 and CBHsNCO yield products similar to those 
described for other CpzTiR [1,2] compo~unds, i.e. carboxylato derivatives 
Cp,TiOOCCH(R)CH=CH, (2a, b) and amid0 derivatives Cp,TiN(C,H,)C(O)CH- 
(R)CH=CH* (3a, b), respectively. The properties of these compounds are com- 
parable to those earlier reported [ 1,2]. However, the reactions with L = CbH5- 
N=CHCeHS to form the amid0 derivatives Cp,TiN(C,H,)CH(C,H,)CH(R)- 
CH=CH2 (4a, b) proceed entirely differently from that with Cp,Ti-alkyl, for 
which a side-on coordinated benzalaniline complex of titanocene is formed [ 51. 
The light brown crystalline complexes 4a, b formed (70%) are thermally stable, 
paramagnetic and monomeric. The IR spectra of 4a and 4b (Fig. 1) show bands 
at 1290 cm-’ (4a) and 1289 cm-’ (4b), which are tentatively assigned to v(CN) 
(in‘benzalaniline v(CN) is found at 1627 cm-‘; in secondary aromatic amines in 
the range 1260-1340 cm-‘). The presence of a terminal double bond in both 
compounds is indicated by v(C=C) at 1640 cm-’ (4a) and 1649 cm-l (4b) and 
6 ,_,_,_(CH,) at 900 cm-’ (4a) and 902 cm-’ (4b)_ The reactions of la, b with 
acetone and acetonitrile also proceed differently from those with other Cp,TiR 
compounds, for which reductive coupling is observed Cl]. Based on the prod- 
ucts obtained after hydrolysis, as discussed later on, we tentatively ascribe an 
alkoxy type structure Cp,TiOC(CH,),CH(R)CH=CH, (5) to the yellow oily 
products formed with acetone, and an imino type structure Cp,TiN=C(CH,)- 
CH(R)CH=CH, (6a, b) to the purple products obtained with acetonitrile. The 
IR spectra of 6a, b show bands at 1601 cm-’ (6a) and 1603 cm-’ (6b), assigned 
to v(CN), and bands indicative for a terminal double bond, i.e. v(C=C) at 1620 
cm-’ (6a) and 1638 cm-’ (6b) and AO_O_P. (CH,) at 914 cm-’ (6a) and 921 cm-’ 
(6b). 

Support for the proposed structures of the compounds 2-6 given in 
Scheme 2 is also provided by the products obtained upon hydrolysis 
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Fig. 1. IR spectrum of C~~T~<C~HS)CH(C~HS)CH(CH~)GH=CHZ (4b) (KBr, Nujol). 
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(Scheme 3). The expected organic compounds are formed in high yields; car- 
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boxylic acids are obtained upon hydrolysis of 2, amides from 3, secondary 
amines from 4, alcohols from 5 and ketones from 6. These results unequivo- 
cally show that the l-methylallyl group is again bonded to the inserted ligand 
via its substituted end. 

The reactions of Cp,Tiq3-ally1 with CO2 and ketones have recently been pub- 
lished independently by Sato et al_ [11,12]. 

In connection with the mechanism of the reactions of CpzTiq3-aIly1 (la) and 
Cp,Tiq’-l-methylallyl (lb) with ligands L, as shown in Scheme 1, it should be 
noted that they all seem to proceed via insertion of L into the Ti-allyl bond. 
With .lb, regioselective product formation is observed, since the insertion takes 
place selectively at the substituted end of the ally1 moiety. This might suggest 
that in the intermediate adduct the 1-methylallyl group is $-bonded to Ti via 
its substituted end. This is unlikely, however, since ~3-l-methylallyl complexes 
tend.to form g’cornplexes with L in which the ally1 group is bonded via the 
methylene carbon [7,S]. Moreover, in the dicyclopentadienyl complexes 
studied here, adducts with the ally1 group bonded via its substituted.end would 
be sterically unfavourable. Also, if both adduct formsexisted in an equilib- 
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rium mixture one would expect a mixture of two insertion products, which is 
not found. We therefore favour an intermediate adduct in which the l-meth- 
ylallyl group is bonded to Ti via the unsubstituted end. Evidently, rearrange- 
ment of the ally1 group then occurs, with formation of the products described. 
The ligands used are all of the type lC=O, , ‘C=N- or -CrN, and possess an 
electrophilic carbon atom, which, upon coordination of the ligands to Ti is in a 
&position with respect to the metal. Possibly, the reaction proceeds via an elec- 
trocyclic process with complete allylic rearrangement. This process is envisaged 
for L = CO2 in Fig. 2, and is based on the mode of reaction of allylic Grignards 
with organic cArbony groups [13]. These reactions, which also proceed with 
main group-metal ally1 complexes (although sometimes less regioselective) 
[ 133, should thus be regarded not as insertions but as ally1 migrations. For such 
reactions it is obviously necessary that the ligands possess an electrophilic car- 
bon atom B to Ti after coordination, thus enabling a 6-membered cyclic inter- 
mediate to be formed. 

We also examined the reactions of la, b with ligands without @-electrophilic 
carbon atoms, as described below. 

Insertion reactions 
Reactions with 2,6-xylylisocyanide. Reaction of Cp,Tiq3-ally1 (la) and 

CpZTiq3-1-methyiallyl (lb) with 2,6-xylylisocyanide results in insertion of the 
ligand into the Ti-allyl bond with formation of the q*-iminoacyl compounds 
Cp,TiC(CH&H=CHR)=N-2,6-(CH3)&H3 (7a, b; Scheme 4). Unlike the reac- 
tions described hitherto, with lb insertion takes place at the unsubstituted end 
of the allylic fragment. The IR spectra of the paramagnetic, monomeric com- 
pounds 7a, b shpw Y(CN) at 1578 cm-’ (7a) and 1585 cm-’ (7b) (Fig. 3). The 
presence of a terminal double bond in 7a is indicated by v(C=C) at 1649 cm-’ 

and ~O.O.p. (CH,) at 910 cm-‘. The band at 970 cm-’ in the spectrum of 7b is 
assigned to a CH out-of-plane deformation mode of an internal tram double 
bond [9,10] (Fig. 3). 

To confirm the proposed structures of 7a, b, these compounds were oxidized 
with C6H5SSC6H5 to the tetravalent Ti compounds Cp2Ti(SC6HS)C(CH2- 
CH=CHR)=N-2,6-(CH3)&H3 @a, b) (Scheme 4). The presence of a terminal 
double bond in 8a is indicated by v(C=C) at 1649 cm-’ and &,_,_,_(CH*) at 
924 cm-‘; the presence of an internal trans double bond in Sb is again indicated 
by3 ,.,.,.(CH) at 963 cm -l_ The presence of the -CH&H=CHCHB group in 
this complex is also shown by its ‘H NMR spectrum (Fig. 4). It shows the 
methyl protons as a broad doublet at 6 1.67 ppm, the methylene protons give 
a multiplet signal at 6.3.31 ppm; the olefinic part of the spectrum is not well 
resolved smce it partly coincides with the Cp resonance at 6 5.58 ppm. 

Fig. 2. Proposed mechanism for inyrtion of CO2 into the Ti-Y13-~~l bond: dYl migration- 
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The insertion of 2,6-xylylisocyanide into the unsubstituted end of the ally1 
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moiety of lb is obviously associated with the fact that the ligend does not 
possess a “&electrophilic” carbon atom. This prevents an ally1 migration via an 
electrocyclic mechanism; instead the CH,CH=CHCH, group in the intermediate 
adduct behaves like an alkyl group and a normal insertion, analogous to that 
with Cp,Ti-alkyl, takes place [ 11. 

Carbonylation of Cp2Tiq3-allyl. Reaction of Cp,Tiq3-ally1 (la) with CO does 
not give an q2-acyl insertion product as with other compounds Cp,TiR [2,14]. 
Instead, carbonylation of la (pentane, 20°C, 1 hour) results in the formation 
of products reduced beyond the acyl insertion stage, i.e. Cp,Ti(CO), (45-65s) 
[15] and triallylmethenol(35-50%) (Scheme 5). The assumed first two steps 
in this reaction are well established for other compounds Cp2TiR 12,141. Pos- 
sibly the carbinol is generated via diallylketone, which may be formed by 
alkylation of the acyl intermediate by la. The product formation is very inter- 
esting, since it shows that reduction of CO to an alcohol has taken place in an 
aprotic medium. It provides the first example of insertion of CO into a Ti-C 
bond followed by reaction of the intermediate acyl ligand with other Ti-C 
bonds resulting in C-C bond formation. The reaction therefore is thought to 
proceed differently from the carbonylation of, for instance, Cp,Ti(CH&H5)2, 
which yields CpzTi(CO), and (C&l&H2)2C0. There ketone formation is 

uca 3200 2Lal2am 0 cm-l 

Fig. 3. IR spectrum of Cp~TiC<CH~CH=CHCH~)=N-2.6-<CH&&H~ <?b) <gBr. Nui&- 
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assumed to arise from coupling of an acyl and an alkyl group at the same Ti 
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atom [ 161. The triallyhnethanol formed is obviously easily separated from the 
Ti centre at which it is generated; its formation takes place without hydrolysis. 
The hydrogen needed may originate from the Cp rings, a process which is also 
involved in the thermal decomposition of Cp2TiCH3 [ 31. Our system shows 
that it is possible to overcome the strongly oxophilic character of early transi- 
tion metals, which is important in relation to studies on reduction of CO with 
such metals [17]. This reaction is of course, also of synthetic potential, since it 
involves reduction of CO with C--C bond formation. 

Ally1 elimination reactions 
Reaction of Cp2Tiq3-ally1 (la) with CS2 and C,H&SC,H, results in cleavage 
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Fig. 4: IH NMR spectrum of CP~T~(SC~H&~(CH~CH=CHCH~)=N-2.6-(CH3)2c6H3 (88b) (CDCI~. TMS. 
30°C). 
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of the Ti-allyl bond with formation of the products shown in Scheme 6. With 
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CS1, the ally1 elimination results in coupling of the ally1 fragments to give 1,5- 
hexadiene (80%) and Cp,Tiq*-CS2 (85%) [ 181. This very fast reaction proceeds 
in an entirely different way from that involving CO*, where ally1 m&a&on is 
observed. Obviously the CS, carbon atom is not sufficiently electropl-iilic to 
allow an electrocyclic mechanism as shown in Fig. 2. Instead, as with isocyan- 
ides, the ql’-ally1 group in the assumed intermediate adduct Cp2Tiq1-ally1 . CS2 
behaves like an alkyl group. Alkyl derivatives Cp,TiR react with CS, to form 
Cp,Tiv*-CS2 and Cp,TiR, [3]_ It is possible that also in the reaction with la, 
intermediate disproportionation to Cp2Tiq2-CS2 and Cp2Ti(q1-allyl)2 takes 
place, after which CS, induces ally1 coupling with Cp2Ti(q’-allyl)2 to form 1,5- 
hexadiene and Cp2Tiq2-CS2. 

Reaction of la with diphenylacetylene, which proceeds very slowly (6 days), 
results in ally1 elimination with formation of propene and Cp2TiC,(C,H,),(85%) 
1191 (Scheme 6). Possibly, as in the reaction with CS2, the Ti-allyl bond is 
cleaved with formation of propene (with hydrogen abstraction from the solvent 
of reactants) and some form of titanocene, which reductively couples two 
acetylene units. It is noteworthy that, in contrast to the reaction with CSZ, no 
ally1 coupling to 1,5-hexadiene is observed. 

Experimental 

All experiments were carried out under argon unless otherwise stated. Sol- 
vents were distilled from benzophenoneketylsodium under nitrogen. The com- 
pounds Cp2Tiq3-ally1 (la) and Cp2Tiq3-1-methylallyl (lb) were prepared 
according to ref. 20.2,6-Xylylisocyanide was prepared according to ref. 21. 
CO, and CO were purchased from Gardner Cryogenics or J-T. Baker Chemicals_ 
Phenylisocyanate, benzalaniline, acetone, acetonitrile, carbon disulfide and 
diphenylacetylene were purchased and used without purification. 

IR spectra were recorded on a JASCO-IRA-2 spectrophotometer using Nujol 
mulls between KBr discs. EPR spectra were recorded on a Varian E-4 EPR spec- 
trometer with DPPH as external reference. ‘H NMR spectra were taken with a 
60 MHz Hitachi Perk&Elmer R-24B spectrometer with TMS as internal stan- 



dard. Chemical shifts are denoted in ppm downfield to TMS at 6 = 0. Electron 
impact mass spectra were recorded by Mr. A. Kiewiet on an AEI MS-902 instru- 
ment using an ionizing voltage of 70 eV. Combined gas chromatography-mass 
spectrometry was performed on a Finnigan 3300 system, interfaced to a Finni- 
gan 6110 computer_ The instrument was operated either in the electron impact 
mode, or in the negative ion chemical ionization mode, using a reactant gas 
mixture of N,O and CH4, to generate the OH- ion [22,23]. Samples were intro- 
duced via a 25 m X 0.5 mm id. WCOT glass capillary column coated with CP 
Si15 (Chrompack, The Netherlands). 

Molecular weights were determined by cryoscopy in benzene. 
Melting points and decomposition temperatures of solids were determined 

using a low temperature DTA apparatus; heating rate 2-3” C/min. 
Elemental analyses were performed in the Analytical Department of the 

Chemical Laboratories of this University. 

Preparation of Cp~TiOOCCH(R)CH=CH~ (24 6) 
CO, was admitted to a solution of 2.00 mmol of Cp,Ti_r3-ally1 in 40 ml of 

nlpentane at room temperature. The reaction started almost immediately and 
was complete after 2 hours. The resulting blue solution was filtered and cooled 
to -78°C to give blue crystals of 2a (1.50 mmol; 75%). The product is very air- 
sensitive and readily soluble in aliphatic and aromatic hydrocarbons and ethers. 
Elemental analysis_ Found: C, 63.48; H, 5.85; Ti, 17.88. C,,H,,O,Ti calcd.: C, 
62.01; H, 5.58; Ti, 17.66% Mol. weight (cryoscopically in benzene): found 
255 (calcd. 263). Melting point (DTA) 50°C. Dec. temp. (DTA) 172°C. EPR 
(n-pentane, 30°C): singlet at g = 1.979 (line width 5 G). IR (KBr, Nujol): 
6 o_o.p_(CH~) 915 cm-‘, Y(OCO, sym) 1450 cm-‘, v(OC0, asym) 1532 cm-‘, 
v(C=C) 1650 cm-‘. The compound 2b was prepared in the same way (85%). 
Elemental analysis. Found: C, 64.79; H, 6.16; Ti, 17.01. C15Hi702Ticalcd.: C, 
65.00; H, 6.18; Ti, 17.28%. Melting point 12°C. EPR (n-pentane, 30°C): singlet 
at g = 1.978 (line width 5 G). IR (KBr, Nujol): 6,_,_,_(CH*) 918 cm-‘, v(OC0, 
sym) 1441 cm-‘, ~(0C0, asym) 1528 cm-‘, v(C=C) 1642 cm-‘. 

Hydrolysis of Cp,TiOOCCH(CH&H=CHz (26) 
To a solution of 1.00 mmol of 2b in 30 ml of ether, 1 ml of Hz0 was added 

at room temperature. The solution was then exposed to air, upon which the 
coiour changed from blue to yellow. After 1 hour the ether solution was fil- 
tered, dried over CaCIZ and evaporated to give-CH2=CHCH(CH3)COOH (0.68 
mmol; 68%) 1241. ‘H NMR (CCL, 30°C): 6(CH3) 1.29 ppm (d, 3J 7 Hz), 
6(CHCHp) 3.12 ppm (quintet), 6(CH=CH*) 4.90--6.60 ppm (m), s(COOH) 
10.80 ppm (br, s). MS (100°C): iW (m/e) 100. IR (KBr): 6,_,_,_(CH2) 921 
cm-‘, v(C=C) 1642 cm-‘, v(C=O) 1712 cm-‘. 

Preparation of Cp,TiN(C&l~)C(O)CH(R)CH=CH, (3a,.b) 
To a solution of 2.00 mmol of CpZTi~3-aRyl in 40 ml of n-pentane, 2.00 

mm01 of phenylisocyanate were added at room temperature. After stirring for 
l_hour the resulting blue solution was filtered and cooled to -78”C, which gave 
blue crys+& of 3a (1.20 mmol; 60%). The productis very air-sensitive and 
readily soluble in aliphatic and aromatic hydrocarbons and ethers. Elemental 
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70%). ‘H NMR (CCL,, 30°C): 3(-CH,-) 2.42 ppm, (t, 3J 7 Hz), s(NH) 3.9 ppm 
(br, s), 3(CHC6H,) 4.24 ppm (t, 3J 7 Hz), ?i(CH=CH,) 4.79-6.07 ppm (m), 
8(C6H5) 6.12-7.54 ppm (m). MS (100°C): M’ (m/e) 223. IR (KBr): SO_O_p_- 
(CH,) 918 cm-‘, Y(CN) 1312 cm-‘, v(C=C) 1638 cm-l, v(NH) 3400 cm-‘. 
Compound 4b was hydrolysed in the same way to give CH2=CHCH(CH3)CH- 
(C6HS)NHCsHS (70%) [27]. ‘H NMR (CCL,, 30°C): S(CH3) 1.01 ppm (d, 
3J 7 HZ), 6(CHCH3) 2.50 ppm (sextet, 3J 7 Hz), 3(NH) 3.8 ppm (br, s), 
6(CHCsH5) 4.00 ppm (d, ‘(J 7 Hz), 6(CH=CH2) 4.82-6.08 ppm (m), 6(&H,) 
6.12-7.40 ppm (m). IMS (80°C): iW (m/e) 237. IR (KBr): 6,_,_,_(CH,) 915 
cm-‘, v(CN) 1313 cm-‘, v(C=C) 1639 cm-‘, v(NH) 3400 cm-‘. 

Reaction of Cp2Tiq3-I-methylaiiyyl with acetone and subsequent hydrolysis 
To a solution of 2.00 mmol of Cp,Tiq3-1-methylallyl in 40 ml of ether, 2.00 

mmol of acetone were added at room temperature. After stirring for two hours 
the resulting yellow-brown solution was evaporated to dryness to leave a yellow 
oil (5b). Hydrolysis of this in 30 ml of ether with an excess of HCl in Hz0 at 
room temperature gave a red suspension (Cp,TiCl,). Filtration gave a light yel- 
low ether solution which was dried over CaCl, and evaporated to leave CH,= 
CHCH(CH,)C(CH&OH (1.30 mmol; 65%) [28] ‘H NMR (CDCI,, 30°C): 
&(CHCH,) 0.90 ppm (d, 3J 7 Hz), G(C(CH,),) 1.03 ppm (s), 3(OH) 1.86 ppm 
(s), 6(CHCH,) 2.07 ppm (quintet), 6(CH=CH2) 4.60-6.00 ppm (m). MS 
(100°C): M’ (m/e) 114. IR (KBr): 6,,,_,_(CH2) 911 cm-‘, v(C=C) 1641 cm-‘, 
v(OH) 3420 cm-‘. 

Reaction of CpzTiq3-ally1 and Cp,Ti~3-l-methylallyi with acetonitrile and sub- 
sequent hydrolysis 

To a solution of 2.00 mmol of Cp,Ti~3-l-methylallyl in 40 ml of n-pentane, 
2.00 mmol of acetonitrile were added at room temperature. After stirring for 
1 hour the light brown solution was evaporated to dryness to give a yellow oil 
which upon standing for about 2 hours solidified and turned purple. This 
purple product (6b) was suspended in 40 ml of n-pentane and 1 ml of Hz0 was 
added at room temperature, the solution was exposed to air, and after about 
24 hours a turbid white mixture formed. The solution was filtered, dried over 
CaCl, and evaporated to leave CH,=CHCH(CH,)C(O)CH, (1.20 mmol; 60%) 
[29]. ‘H NMR (CDC13, 30°C): 6(CH3) 2.00 ppm (s), s(CHCH,) 1.04 ppm (d, 
3J 7 Hz), 6(CNCH3) 3.05 ppm (quintet), 6(CH=CH1) 4.79-6.01 ppm (m). MS 
(100°C): M’ (m/e) 98. The compounds 6a, b are paramagnetic in solution. IR 
(6a, KBr, Nujol): 6,_,_,_(CHz) 914 cm-‘, v(CN) 1601 cm-‘, v(C=C) 1620 cm-‘. 
IR (6b, KBr, Nujol): 6,_,_,_ (CH,) 921 cm-‘, Y(CN) 1603 cm-‘, v(C=C) 1638 
cm-‘. 

Preparation of Cp,TiC(CH&H=CHR)=N-2,6-(CH,),C&?, (7a, 6) 
To a solution of 2.00 mmol of CpzTi~3-allyl in 40 ml of n-pentane, 2.00 

mmol of 2,6-xylylisocyanide were added at room temperature_ After stirring 
for 1 hour the resulting red-purple solution was filtered and cooled to -78°C 
to give red-purple crystals of 7a (1.00 mmol; .50%). The product is very air-sen- 
sitive, and is readily soluble in aliphatic and aromatic hydrocarbons and ethers. 
Elemental analysis. Found: C, 74.77; H, 6.96; Ti, 13.42. Cz2Hz4NTi calcd.: C, 
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75-42; H, 6.91; Ti, 13.67%. Mol. weight (cryoscopicahy in benzene): found 
346 (cakd. 350). Melting point (DTA) 122°C. Dec. temp. (DTA) 129°C. EPR 
(ether, 30°C): singlet at g = 1.988 (line width 3 G). IR (KBr, Nujol): &O_O_p_- 
(CH,) 910 cm-‘, v(CN) 1578 cm-*, P(C=C) 1649 cm-‘. The compound 7b was 
prepared in the same way (80%). Elemental analysis. Found: C, 75-61; H, 7-33; 
Ti, 12.55. &H,,NTi calcd.: C, 75.82; H, 7,19; Ti, 13.15%. Mol. weight 
(cryoscopically in benzene): found 334 (c&d. 364). Melting point (DTA) 
101°C. Dec. temp. (DTA) 11O’C. EPR (ether, 30°C): singlet at g = 1.988 (line 
width 4 G). IR (KBr, Nujol): 6,_,_,_(CH, trams) 970 cm-‘, v(CN) 1585 cm-‘. 

Preparation of Cp,Ti(SC&dC(CHKH=CHR)=N-2,6-(CH3),C6H, (84 6) 
To a solution of 1.00 mmol of Cp,TiC(CH&H=CH2)=N-2,6-(CH3)2CsH3 (7a) 

in 30 ml of n-pentane, 0.50 mmol of C6HSSSC6H5 was added at -78°C. On 
warming to room temperature (2 h) a yellow precipitate of 8a formed..After 
several washings with n-pentane 0.80 mmol (80%) of crude product was iso- 
lated. The compound can be purified by recrystahization from ether. It is 
moderately air-sensitive, insoluble in ahphatic hydrocarbons, but soluble in 
ether, THF and benzene. ‘H NMR (CDCI,. 30°C): 6(CH3) 2.09 ppm (s), 
6(-CH2-) 3.40 ppm (d, 3J 7 Hz), 6(CH=CH2) 4.90-6.00 ppm (m), 6(Cp) 5.64 
ppm (s), S(ary1) 6.70-7.40 ppm (m). IR (KBr, Nujol): 6,_,_,_(CH,) 924 cm-‘, 
Y(C=C) 1649 cm-‘, v(CN) 1682 cm-‘. The compound 8b was prepared in the 
same way (80%). Elemental analysis. Found: C, 72.94; H, 6.63; Ti, 9.90_ 
C,,H,,NSTi cakd.: C, 73.55; H, 6.60; Ti, 10.12%. ‘HNMR (CDC13, 30°C) 
s(CHCH,) 1.67 ppm (br, d), S(arylCH3) 2.01 ppm (s), S(CHZ) 3.31 ppm (m), 
6(Cp) 5.58 ppm (s), 6(aryl) 6.70-7.30 ppm (m), the olefinic protons could 
not be assigned_ IR (KBr, Nujol): 6,_,_,_(CH, bans) 968 cm-‘, Y(CN) 1680 
cm-‘. 

Carbonylation of Cp,Tiv3-ailyl 
CO was admitted to a solution of 4.00 mmol of Cp,Ti~3-aIlyl in 40 ml of 

n-pentane at room temperature. Reaction started immediately and was com- 
plete after 1 hour. The resulting brown solution was cooled to -78°C to give 
red-brown crystals of Cp,Ti(CO), (1.80 mmol; 45%; ‘H NMR; IR) [15]. Evap- 
oration of the mother liquor gave a brown oil containing (CH,=CHCH,),COH. 
For purification of this carbinol, an ether solution of the oil was exposed to air, 
upon which a yellow precipitate formed_ After 1 hour the ether solution was 
filtered, dried over CaCl, and evaporated, to give (CH,=CHCH,)&OH (0.45 
mmol; 35%) [30]. ‘H NMR (CC14, 30°C): 6(OH) 1.48 ppm (s), 6(-CH2-) 2.13 
ppm (d, 3J 7 Hz), G(CH=CH2) 4.80-6.20 ppm (m). 13C NMR (acetone-& 
30°C); 6(-CH1) 44.2 ppm, s(CH=CH;) 117.8 ppm;6(CH=CH2) 134.8 ppm, 
6(COH) 72.9 ppm. IR (KBr): 6,_,_,_(CH2) 914 cm-‘, v(C=C) 1648 cm-‘, v(OH) 
3480 cm-‘. The electron impact mass spectrum (120°C) showed no molecular 
ion (m/e 152), but only fragments such as [M - C3Hs]+ (m/e 111) and C4HSO’ 
(m/e 69). The moleWIar weight was determined by negative ion chemical 
ionization mass spectrometry, which showed the [M - H]- ion at m/e 151, 
formed by proton-abstraction by the OH- ion [22,23]. 

To determine exact yields, the experiment was also- performed in a NMR 
tube. Cp,Tiq3-aIIy1 was dissolved in C,D, in a NMR tube and stored under-CO. 
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After about 24 hours the originally purple, paramagnetic solution had become 
brown and diamagnetic. The ‘H NMR spectrum showed Cp,Ti(CO)z (65%) and 

(CH,=CHCH&COH (50%) to be present; Other signals could not be assigned. 

Reaction of CpzTiq3-allyl with carbon disulfide 
To a solution of 2.00 mmol of Cp,Tiq3-alIy1 in 30 ml of n-pentane, 2.00 

mmol of carbon disulfide were added at room temperature. A yellow precipi- 
tate of Cp2Ti$-CS2 formed immediately (1.70 mmol; 85%; IR) [lS], and the 
colourless n-pentane solution contained 1,5-hexadiene (0.80 mmol; 80%; GC). 

Reaction of Cp2Tiq3-allyl’with diphenylacetylene 
To a solution of 2.00 mmol of Cp,Tiq3-ally1 in 30 ml of n-pentane, 4.00 

mmol of diphenylacetylene were added at room temperature. After 6 days a 
green precipitate of Cp,TiC,(CsH& had formed (1.70 mmol; 85%; ‘H NMR; 
IR) [ 191, and the light brown n-pentane solution contained propene (GC). 
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