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8-Lithioquinoline reacts with 2,3,4,5tetramethylcyclopente- 
none to give 8-quinolylcyclopentadiene (112) after acidic 
workup and treatment with ammonia. Two of the possible 
three isomers are formed; the acidic protons on the Cp rings 
show unusual downfield shifts in the ‘H-NMR spectra. Treat- 
ment with strong bases led to the intensely coloured anionic 

4 which was converted into the trimethylsilyl derivative 5 .  
This is a suitable starting compound for the trihalotitanium 
and -zirconium compounds 6 and 7. The two complexes were 
investigated by crystal structure analyses. In both cases the 
quinolyl nitrogen atom is coordinated to the metal. 

Among the enormous number of cyclopentadienyl li- 
gands, there are a few systems where an additional ligand 
is fixed to the five-membered ring by a side chain”]. If the 
second functionality interacts only weakly with the metal 
centre, this system is a so-called semilabile ligand. This type 
of compound is of great current interest since it is possible 
to modify the properties of organometallic catalysts or re- 
agents for stereoselective Amines can serve only 
as donor units; in many cases they interact only weakly or 
not at all with transition metal centres. The coordination 
can be improved by using aromatic amines, especially when 
they are part of a chelating system. There are several ex- 
amples where an amine or a pyridyl unit is fixed to a cyclo- 
pentadienec31. To ensure good chelating properties, a C2 or 
a CR moiety between the nitrogen atom and the ring carbon 
atom is required. If the spacer is an alkyl chain, several 
conformations are possible due to its flexibility. The mol- 
ecule can only act as a chelating ligand when it adopts a 
suitable conformation. If the donor group does not interact 
with the metal, the “side arm” moves freely and the com- 
pounds are often obtained as liquids or non-crystalline sol- 
ids. We synthesised a more rigid system, a quinoline which 
bears a cyclopentadienide at the S-po~ition[~]. 

*“t“ b CH, 

The interesting feature of this system is the fact that the 
C2 spacer between the nitrogen atom and the cyclopen- 
tadienyl is fixed in the planar heterocyclic ring system. 

Therefore only rotation about one carbon-carbon bond is 
possible. 

Results and Discussion 

lal2a and 1 bl2b were synthesised according to the pro- 
cedure, for the preparation of C5Me5HL51. 8-Lithioquinoline 
was allowed to react with 2,3,4,5-tetramethylcyclopen- 
tenone and the formed lithium enolate was converted into 
the corresponding cyclopentadiene by hydrolysis and dehy- 
dratation under acidic conditions. 

Scheme 1 

I 
Li 

The products were distilled under vacuum. If necessary 
they were further purified by chromatography on silica gel. 
Two of the possible three isomers are formed. Immediately 
after distillation the isomer with the acidic Cp proton in 
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position 1 ( la  and lb) is the major one with up to 70% 
abundance. It isomerises partially to 2a (2b) where the Cp- 
double bond is in conjugation with the heterocycle. Foi-ma- 
tion of the third isomer 3a (3b) was not observed. After 
distillation and storing for several days at room tempera- 
ture, l a  (lb) and 2a (2b) were obtained in a ratio of 30:70. 

All isomers show interesting NMR shifts for the acidic 
Cp proton. The quartet for the isomer 2a (2b) is found at 
6 = 4.00 (4.20), the singlet originating from l a  (lb) appears 
at even lower field at 6 = 5.57 (5.53). These unusual NMR 
shifts indicate a hydrogen bond to the quinoline nitrogen 
atom. For 3a (3b) the allylic Cp proton cannot interact with 
the nitrogen atom because it is too far away. This might be 
the reason why this isomer is not formed. The mass spectra 
show intense peaks for the molecular ion (Mi), for M' - 
H and for M+ - CH?. Besides these peaks, only low inten- 
sity fragments are detected. 

The cyclopentadienes can be deprotonated with butyllith- 
ium or with potassium hydride to form the lithium or po- 
tassium salts which are red in the solid state and intensely 
violet in solutions of THF, acetonitrile, or toluene. Until 
now we have no plausible explanation for the formation of 
the colours. The colourless solution of Cp* lithium remains 
colourless upon addition of quinoline. 
Scheme 2 

4a-K 

I 

71 Zr 5 

The anion 4a-K was treated with trimethylsilyi chloride 
to yield 5 as a yellow liquid. It shows dynamic behaviour 
on the NMR time-scale due to the trimethylsilyl 
Reaction of 5 with TiC14 or ZrCL in toluene leads to the 
formation of the complexes 6 and 7, respectively. The ti- 
tanium compound 6 is formed as a red powder in 76% 
yield. In the case of the zirconium complex 7, recrystallis- 
ation from dichloromethane is necessary to obtain 72% of 
pale yellow crystals. Both compounds are nearly insoluble 
in unpolar solvents, such as hexane or toluene, but soluble 
in polar aprotic solvents such as chloroform, dichlorometh- 
ane, or DMSO. In protic solvents like water or methanol, 7 
dissolves without decomposition. However, in the presence 
of aqueous bases the compound is hydrolysed and the pro- 
tonated ligand 1/2 is obtained. The titanium compound 6 

is not stable in water. The mass spectrum of 6 does not 
show a molecular peak, but rather the abstraction of one 
chlorine atom. A second chlorine atom is lost together with 
a hydrogen atom. In the case of 7 the molecular peak is 
observed. The base peak is due to a fragment generated by 
loss of hydrogcn chloride. The NMK spectra which contain 
two signals each for the four Cp-CH3 groups show that the 
molecules have a mirror plane orthogonal to the Cp ring. 
The 'H-NMR signal of the hydrogen adjacent to the quino- 
line nitrogen is a probe for coordination to the nitrogen 
atom. Whereas in the case of free quinoline this 'H-NMR 
signal appears at 6 = 8.81r6l and that of l a  (2a) at about 
8 = 8.9, it shifts to 6 = 9.13 for 6 and to 6 = 9.15 for 7. 
These values indicate, that the nitrogen atom is coordinated 
to the metal. 

To prove this, we performed two single-crystal structure 
analyses. Crystals of 6 and 7 were obtained from saturated 
chloroform solutions at room temperature. 

Figure 1. Crystal structure of 6'4 

la] Selected bond lengths [A] and angles ["I: Til-N1 2.261(2); 
Til-CI1 2.307(1); Til-C12 2.331(1); Til-C13 2.338(1), Ti1-ClO 
2.338(2); Til-C11 2.402(2); Til-C12 2.403(2); Til-C13 2.386(2); 
Ti1 -C14 2.359(2); Cl -Nl-TiI 120.73( 14); C1-Nl -C9 
118.09(17); C9-N1-Ti1 121.02(12); C9-C8-C10 115.3(2); 
C9-C8-C7 119.7(2); C7-CS-CI0 124.9(2). 

Compound 6 is monomeric in the solid state as 
CSH5TiCl,[s'. The titanium is coordinated to the Cp ring, 
three chlorine atoms and the quinolyl nitrogen atom. The 
Ti-N distance is with 2.261(2) A in the usual range for a 
donative nitrogen-titanium bond. Because of the ad- 
ditional nitrogen ligand, the Ti-C1 bonds [2.307( 1) 
A-2.338(1) .&I are elongated by ca. 0.1 A compared to 
C5H5TiC13~*l or C5Me4EtTiC13[91. All atoms of !he quino- 
line system lie in a plane (max. deviation 0.01 A) forming 
a dihedral angle of 96.96" with the Cp ring. The angles at 
the C8 atom indicate that the quinoline is slightly bent 
towards the metal centre. Thus, the CS-C9-C10 angle is 
reduced from the ideal angle of 120" to a value of 115.3" 
and the C7-CS-ClO angle increases to 124.9" whereas the 
C7-C8-C9 angle is not effected significantly. The angles 
around the nitrogen are 118.1' (Cl-Nl-C9), 121.0" 
(C9-N1-Til) and 120.7" (Cl-N1-Til) with a sum of 
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Figure 2. Crystal structure of 7lb] 

c1 

fb] Selected bond lengths [A]: Zrl -N1 2.405(14); Zrl -C11 2.444(5); 
Zrl-C12 2.466(5); Zrl-C13 2.524(6); Zrl -C13A 2.684(6); Zrl-cy- 
clopenadienyl carbon atoms 2.44(2)-2.55(2). 

359.8'. This shows, that the nitrogen atom is in a planar 
arrangement with the lone pair pointing directly to the met- 
al. 

Compound 7 crystallises with one molecule of chloro- 
form in the asymmetric unit. Because of the low quality of 
the crystals, the bond lengths are not as reliable as in the 
case of the structure of 6 .  However, they fall all in the ex- 
pected range. While CsH5ZrC13[R] has a polymeric chain 
structure, so that each zirconium is coordinated by one Cp 
ring and five chlorine atoms, the bulkier C5Me5 ligand 
makes it more difficult for the compound C5MeSZrCl3 to 
be a polymer and a dimeric structure results. Although the 
quinoline donor in 7 occupies one coordination site of the 
metal, the compound is still dimeric as is C5Me5ZrC13['o]. 
The best plane of the quinoline has an angle of 110.7' to 
the Cp ring. Because this angle is not the ideal go", the 
nitrogen lone pair of a perfectly planar quinoline would not 
point directly to the metal centre. Therefore, the heteTocycle 
is distorted with maximum deviations up to 0.07 A from 
the best plane. Thus the nitrogen atom is in the proper 
orientation to interact with the metal centre. The structures 
of 6 and 7 show, that the new ligand 4 has a convenient 
geometry for coordination to transition metal ions. Al- 
though it is rigid, the metal-to-nitrogen bond distance can 
be varied to some extent by rotation of the quinoline moiety 
and by distortion. We are now investigating the binding 
capabilities of the ligands 4 to other transition metals. In 6 
and 7 we want to substitute the chlorine atoms or to reduce 
the metals to obtain highly reactive species. 

Experimental 
2,3,4,5-Tetmmethyl-l-(d-quinolyl)cyclopentadiene (lal2a): A 

solution of 20.8 g (100 mmol) of 8-bromoquinoline in 300 ml of 
THF was cooled to -78°C and 38.5 ml of a 2.6 M solution of n- 
butyllithium in hexane (100 mmol) was added with stirring within 
10 min. After stirring for another 10 min at this temperature, 13.82 
g (100 mmol) of 2,3,4,5-tetramethylcyclopent-2-enone was added 
dropwise. The mixture was allowed to warm to room temp. and 
was then heated at reflux for 1 h. After cooling down, 100 g of ice 
and 20 ml of hydrochloric acid were added and the mixture was 
stirred for 30 min. It was subsequently alkalised with aqueous am- 
monia, then 200 ml of diethyl ether was added and the organic 
layer was isolated. All volatile components were removed under 
vacuum and the product was distilled at 93-97"C/1OP3 mbar to 
give 14.2 g of a crude oil. Further purification by chromatography 
on silica gel (solvent cyclohexanelethylacetate, 3: 1) yielded 12.2 g 
(48.9%) of the two isomers l a  and 2a in a 40:60 ratio. - 'H  NMR 

(m, 12H); 1.97 (s, 3H); 4.00 (q, 3 J =  7.5 Hz, 1H); 5.57 (s, 1H); 
6.99-7.03 (m, 1H); 7.30-7.70 (m, 7H); 8.09-8.14 (in, 2H); 
8.90-9.00 (m, 2fI). - "C{'H) NMR (CDC13): 6 = 11.1, 11.2, 
11.9, 12.0, 12.7, 14.0 (CH,); 52.0, 56.2 (allyl. CH); 120.4, 120.6, 
125.7, 125.9, 126.1, 126.5, 126.6, 130.3, 135.9, 136.2, 149.0, 149.5 
(quinoline CH); 128.5, 128.6, 134.5, 135.6, 137.2, 138.7, 139.0, 
139.5, 141.5. 141.8, 147.3, 147.4 (quat. C). - MS (EI), m/z (%): 

(30) [M+ - H - 2 CH3]. - C,*H,,N (249.36): calcd. C 86.70, H 
7.68, N 5.62; found C 85.90, H 7.69, N 5.59. 

(CDCI,): 6 = 0.86 (d, 35= 7.7 Hz, 3H); 1.66 (s, 6H), 1.89-1.93 

249 (88) [M'], 24X (81) [M+ - HI, 234 (100) [Mf - CH31, 218 

2,3.4.5-Tetrameth~l-l-i2-meth~~l-8-quino~vI/cvclop~n~adi~ne (lb/ 
2b): A solution of 4.4 g (20 mmol) of 8-bromoquinoline in 50 ml 
of THF was cooled to -78°C and 11.0 ml of a 2.0 M solution of 
n-butyllithium in pentane (22 mmol) was added with stirring within 
10 min. After stirring at this temperature for another 10 min, 3.5 
g (25 mmol) of 2,3,4,5-tetramethylcyclopent-2-enone was added 
dropwise. The mixture was allowed to warm to room temp. and 
heated at reflux for I h. After cooling down, 50 g of ice and 5 ml 
of hydrochloric acid were added and the mixture was stirred for 30 
min. It was then alkalised with aqueous ammonia, 100 ml of pen- 
tane was added and the organic layer was separated. All volatile 
components were removed under vacuum and the product was dis- 
tilled at 115- 125 "C/lO-' mbar to give 3.2 g (60%) of a crude oil. 
The product was purified by chromatogr-aphy on silica gel (solvent 
cyclohexanelethylacetate, 3:l) to yield l b  and 2b. - 'H NMR 
(CDCI,): l b  6 = 1.55 (s, 6H); 1.78 (s, 6H); 2.64 (s, 3H); 5.53 (s, 
1H); 6.84 (dd, 1 H); 7.12-7.50 (m, 3H); 7.90 (d, 1H). 2b 6 = 0.71 
(d, 3 J =  7.6 Hz, 3H); 1.82 (s, 3H); 1.87-1.88 (m, 6H); 2.58 (s, 
3H); 4.20 (q, 3 J =  7.6 Hz, 1H); 7.09-7.55 (m, 4H); 7.89 (d, 1H). 
- I3C{'H) NMR (CDCI,): l b  6 = 11.2, 11.3 (CH3); 25.6 (quino- 
line CH,); 56.3 (allyl. CH); 121.3, 125.7, 126.4, 130.5, 136.2 (quino- 
line CH): 135.6, 138.9, 139.0, 141.8, 147.0, 157.4 (quat. C). 2b 6 = 

12.0, 12.2, 13.0, 14.2 (CH3); 25.7 (quinoline CH3); 52.1 (allyl. CH); 
121.4. 125.0, 125.3, 125.8, 136.0 (quinoline CH); 126.7, 126.8, 
131.2, 134.6, 138.4, 142.7, 146.7. 157.8 (quat. C). - MS (EI), mlz 
(%): 263 (85) [M+], 262 (100) [M+ - HI, 248 (98) [Mf - CH,], 
232 (20) [Mf - H - 2 CH,], 218 (10) [M+ - 3 CH,]. - C19H21N: 

calcd. 263.1674, found 263.1647 (MS). 

2,3,4,5- Tetramethyl-I - [8-quinolyl) trimet~iy1sil)ilcyclopentadiene 
(5):  4.99 g (20 mmol) of lal2a was addcd to a suspension of 0.88 
g of potassium hydride (22 mmol) in 200 ml o f  THE After 6 h 2.61 
g (24 mmol) o f  trimethylsilyl chloride was added and the mixture 
was heated at reflux for 1 h. The solution was concentrated under 
vacuum to 50 ml, and 200 ml of pentane was added. The precipi- 
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tated potassium chloride was filtered off, the solvent was removed 
under vacuum and the product distilled at 101-103°C/10-3 mbar 
to yield 5.53 g (86%) of yellow 5.  - 'H NMR (CDC13, 335 K): 
F = 0.19 (s, 9H, SiMe3), 1.68 (s, 12H, 4 X CH,); 7.28-7.34 (m, 
lH), 7.49-7.55 (m, 2H), 7.70-7.75 (m, IH), 8.08-8.13 (m, lH), 
8.86-8.91 (m, 1 Hj. - 13C/'H} NMR (CDCI3j: 8 = -2.6 (SiMe3j; 
12.0-13.5 (broad, CHI); 120.6, 125.9, 126.7, 128.6, 131.1, 136.0, 

248 (53) [M+ - SiMe,], 73 (28) [SiMe:]. - C21H,,NSi (321.54): 
calcd. C 78.45, H 8.46, N 4.36; found C 78.27, H 8.44, N 4.35. 

Trichloro[2,3,4,5-tetru~nethyl-l- (8-quimolylJ cyclopentudienyl]- 
tilanium(IV) (6): 1.12 g (5.9 mmol) of titanium(1Vj chloride was 
dissolvcd in 50 ml of toluene. To the obtained solution, a solution 
of 1.90 (5.9 mmol) of 5 in 20 ml of toluene was added at -10°C 
during 1 h. The reaction mixture was warmed up to room temp. 
and stirred for 15 h to give a red precipitate. The solid was filtered 
and dried under vacuum to yield 1.81 g (76%) of 6. - 'H NMR 
(CDCI,): 6 = 2.17 (s, 6H); 2.52 (s, 6H); 7.57-7.63 (m, 2H); 
7.71-7.79 (m, 1H); 7.96-8.01 (m, 1H); 8.37-8.41 (m, IH): 
9.12-9.15 (m, IH).  - 13C{lH} NMR (CDCI): 6 = 14.7, 15.4 
(CH,); 122.2, 127.9, 128.1, 130.7, 138.6, 152.0 (quinoline CH); 
129.0, 131.8, 137.0, 137.3, 142.1, 151.6 (quat. C). - MS (EI), mlz 

[M+ - TiCI3]. - CI8Hl8NTiCl3 (402.59): calcd. C 53.70, H 4.51, 
N 3.48; found C 53.51, H 4.69, N 3.27. 

Trichlovol2, 3,4,5-tetrumethyl-l- (8-quinolyl) cyclopentudien~~l]- 
zirconiumjIV) (7): 1.05 g (4.5 mmol) of zirconium(1V) chloride was 
suspended in 40 ml of toluene and at -10°C a solution of 1.45 g 
(4.5 mmol) of 5 in 20 ml of toluene was added during 1 h to the 
suspension. It was subsequently warmed up to room temp. and 

149.9. - MS (EI), m/z (%): 321 (19) [M+], 306 (100) [M+ - CH31, 

(Yo): 366 (100) [M+ - Cl]; 330 (42) [M+ - 2 C1 - HI; 248 (30) 

stirred for 15 h. The solvent was removed under vacuum and the 
residue was extracted with 2 X 50 ml of CH2C12. Upon cooling 7 
precipitated as pale yellow crystals (0.90 g). Concentration of the 
inother liquor gave another 0.54 g of 7 (total yield 72%)). - 'H 
NMR (CDC13): S = 2.02 (s, 6H), 2.34 (s, 6H), 7.60-7.80 (m, 3H); 
7.94-7.99 (m, IH), 8.41-8.46 (m, 1H); 9.14-9.17 (m, 1 Hj. - 
13C{'H} NMR (CDCI3j: 6 = 12.8, 13.5 (CH,); 121.9, 127.9, 128.1, 
132.2, 139.7, 151.7 (quinoline CH); 128.6, 129.1, 129.3, 131.4, 
132.1, 151.4 (quat. C). - MS (EI), mlz (Yoj: 445 (11) [M+]; 409 

ZrC13]. - Cl8HI8Cl3NZr (445.93): calcd. C 48.48, H 4.07, N 3.14; 
found C 47.91, H 4.22, N 3.05. 

(100) [M+ - HCl]; 372 (10) [M+ - 2 C1 - HI; 248 (22) [MI - 

Crystal Structure Determination of 6 and 7[111: X-ray data of 6 
were collected with a Siemens-Stoe AED2 diffractometer. those of 
7 with a Syntex R3 diffractoinetcr by using Mo-K, radiation and 
the w-scan technique. Additionally for 6. Friedel pairs (&o were 
collected up to 2 0  = 50". The data of 6 were corrected for absorp- 
tion (Y-scans, 0.93 < T < 1 .On). An empirical absorption correc- 
tion for 7 was not possible as the crystal quality was very poor. 

The structures were solved by direct methods (SHELXS 86)1121 
and refined by full-matrix least-squares techniques of all reflections 
based on (SHELXL 93)[121. Non-hydrogen atoms were refined 
anisotropically. For 6 all hydrogen atoms were located in a differ- 
ence Fourier map and refined isotropically. For 7 hydrogen atoms 
were included in calculated positions and only common isotropic 
temperature factors were refined. Crystallographic data are given 
in Table 1. 

Table 1. Crystallographic data and parameters of the crystal struc- 
ture determinations 

compound 6 7 .  CHClj [31 

formula 

formula weight 
crystal system 

space group 

cell constants 

a [A1 
b [A1 
c [A1 
P ["I 
v ~ 4 ~ 1  

CI [ c d  
d [g c ~ n - ~ ]  

crystal size [mm] 
29,, ; hkl range 

no. of reflections measured 

no. of unique reflections 

no. of observed reflections 
no. of parameters 
R1 
W R 2  

Ap [e A-3] 
temperature ["C] 

ClsH18C13NTi 
402.6 

orthorhombic 
PZlnb 

8.327 (4) 

14.260 (7) 

14.737 (7) 

90 

1750 

4 

9.4 

1.53 

0.3x0.3x0.8 

65" ; 0/+12, 0/+21, 0/+22 

50' ; -910, -1610, -1710 
4780 

4665 

4377 

28 1 
0.026 

0.065 

-0.341W.34 

-70 

11.33 (1) 

12.02 (1) 

17.04 (2) 

108.38 (8) 

220 1 

4 
12.3 

1.71 

0.2 x 0.3 x 0.5 

40" ; 0/+10, 01+11, -16/+15 

2065 

2065 

1392 

25 1 

0.082 

[41 

[51 
0.206 r61 

-0.9/+ 10 171 

FI 
ambicnt 
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