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Summary: A CH-actiation and deprotonation of 8-methyl-8- &N

azabicyclo[3.2.1]oct-2-ene (tropidin&) occurs upon reaction

with TiCl, and ZrCl, to afford the allyl complexes monotro- Z&;\ﬂ/ Lb( CH.OH m oron
pidinyl titanium trichloride @) and ditropidinyl zirconium i

dichloride (7), respectiely. Tropidine {) itself acts as the HCI Cocaine Atropine Scopolamlne
scavenger, and the reactions are accompanied by the formation °

of 1 equi of the hydrochloridel-HCI. The crystal structure of  Figure 1. Tropane alkaloids.
4 is reported.

set have been published by Stephan et alhereas our own
Introduction contribution comprises some manganese, rhenium, and ruthe-
nium complexe$.

Many biologically active compounds feature the 8-azabicyclo-  Further development of this chemistry has been hampered
[3.2.1]octane (tropane) structural motiExamples from the by the difficulty in generatin@ and its subsequent transforma-
tropane alkaloid family are the natural products atropine, tion into the synthetically more useful, but toxic organotin
scopolamine, and cocaine (Figure 1). The synthesis of transitionreagent3 by transmetalation3 is normally obtained from
metal complexes of tropane derivatives is therefore of much tropidine (1) in two steps by prolonged reaction witBuLi at
interest, since this might allow further regio- and stereoselective very low temperatures for several days, followed by the reaction
modification and the development of novel natural product with Me;SnCI5~7 Alternatively, shorter reaction times can be
synthese$. Naturally, tropanes can bind to transition metals realized by the use of a Schlosser-base combin4tithough
through the nitrogen atofhhowever useful functionalizations  the stannane3 readily reacts with metal halides to from
at the positions 24 would require the coordination of these tropidinyl complexes, the concomitant formation of toxic and
carbon atoms to a metal center. For example, the readily volatile trimethyltin halides makes this method impractical for
available bicyclic alkenel (tropidine) represents a suitable any large-scale industrial process (Scheme 1). In contrast, the
starting material, which may allow bonding to a transition metal direct use of tropidine1) would establish cleaner and safer
via the nitrogen lone pair and the carberarbon double bond.  synthetic procedures and would allow this chemistry to be
To the best of our knowledge, we have reported the only further exploited. We have observed that the tropidinyl titanium
example of such a bonding mode albeit via a proposed reductiveand zirconium complexesg[TiCls] (4) and [2):MCl,] (7) can
elimination from a ruthenium hydride compléxRemoval of be effectively prepared in one step by treatmertt wfith TiCl,
the allylic proton inl affords the tropidinyl anion2), which and ZrCl, respectively.
displays separates2 and 4r-electron donor sites and can thus

be regarded as an analogue to the cyclopentadienyl ligand Scheme 1
(Scheme 1). The first mono- and ditropidinyl complexe®-[( —N —N —N
(CsHs)MCly] (M = Ti, Zr) and [(2)2ZrCl,] have been reported .
X . tBuLi or nBuN Me;SnCl
by Bergman and co-workérsind been studied with regard to \ % 9) % N
their use as precatalysts for olefin polymerizatfoMore A ) 3 S
recently, a few titanium complexes of the typ2)[RsPN)TiCl;] s
(R =tBu, iPr) featuring a mixed tropidinyl phosphinimide ligand ML,
/P
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Scheme 2

blue solution, from which puré could be isolated in 88% yield
(based on TiG) after filtration and crystallization (Scheme 2).
TheH NMR spectroscopic data are in perfect agreement with
those previously reportedsuggesting thaé exhibits aCs
symmetric structure in solution. Accordingly, five signals are
observed in thé’C NMR spectrum, with the resonances at 123.6
ppm (C3) and 111.6 ppm (C2, C4) clearly indicating the
presence of an allyl ligantlin addition, the yellowish precipitate
separated by filtration of the Cil, solution could be unam-
biguously identified as the hydrochloride of tropidirieHCI,

Notes

Figure 2. ORTEP plot of compound in the solid state. Thermal
ellipsoids are drawn at the 50% probability level. Selected bond
lengths [A] and angles [deg]: FN 2.173(2), T-C2 2.531(2),
Ti—C32.361(2), T+C4 2.242(2), C2C3 1.363(3), C3C4 1.413-

(3); CI1-Ti—CI2 103.31(3), CI£+Ti—CI3 109.72(3), CI2Ti—CI3
102.12(3), C2C3—C4 119.5(2).

the two allyl ligands in [2)2MCl;] (7),5 although most of the
tropidinyl complexes that have been previously characterized
by X-ray diffraction exhibit symmetrically oriented ligantis.
For instance, terminal FHC distances of 2.394(4) and 2.377-
(4) A together with allylic G-C distances of 1.375(6) and 1.374-
(6) A are observed for the only other structurally characterized
tropidiny! titanium complex, [2)(tBusPN)TiCL].” As a result

of the asymmetric binding mode of the tropidinyl ligand4n
the Ti—ClI distances of 2.2832(7) (FClI1), 2.2520(8) (T+
Cl2), and 2.2607(6) A (FCI3) also differ significantly.
Furthermore, they are longer than the—Ul bond lengths
reported for cyclopentadienyl titanium trichlorides, e.g.;-Ti
Cl=2.202-2.248 A in [(GHs)TiCl3], "1 Ti—Cl = 2.242-2.249

by means of NMR spectroscopy and elemental analysis. Two A in [(CsMes)TiClz],22and Ti-Cl = 2.225-2.236 A in [(GH-)-

sets of resonances are observed intthand'3C NMR spectra,
since protonation of the nitrogen atom leads to the formation
of two stereoisomers with the additional proton facing either
the double bond or the G&H, backbone of the tropidine
skeletor® An identical sample ofl-HCl was obtained by
addition of ethereal HCI to a solution dfin diethyl ether. It
should also be noted that full recovery bfis possible by
addition of sodium hydroxide to an aqueous solution of its
hydrochloride and extraction with diethyl ether. In a similar
manner, tropidine 1) is isolated after basic workup of the
reaction mixture obtained by dehydration of tropine (8-methyl-
8-azabicyclo[3.2.1]octan-3-of)10

To unequivocally confirm the formation of a tropidinyl
complex, single crystals oft were subjected to an X-ray
diffraction analysis, and the molecular structure is shown in

TiClg] (CgH7 = indenyl)13

Complex 4 represents an ideal starting material for the
synthesis of other tropidinyl titanium derivatives by chlorine
substitution reactions. Since we have recently introduced a
convenient and versatile route for the preparation of imidazolin-
2-iminato ligand$/-16 which represent another class of Cp-
analogous ligands, we were interested in combining these ligands
with the tropidinyl ligand by reactingd with N-silylated
imidazolin-2-iminesb to afford imidazolin-2-iminato complexes
such as$ (Scheme 2). The elimination of M8ICl constitutes
the driving force for this reaction, and compléxvas isolated
in satisfactory yield as a red solid after stirring in toluene for
48 h. The NMR data suggest th&tadopts aCssymmetric
structure in solution. The tropidinyl resonances are in good
agreement with those observed for the closely related phos-

Figure 2. On first glance, the tropidinyl ligand seems to be bound phinimido complex [2)(tBusPN)TiCly],” whereas the resonances
symmetrically with respect to the chlorine atoms and adopts a observed for the imidazoline moieties are similar to those that

staggered conformation with the-NCH3; moiety bisecting the
Cl1-Ti—CI3 wedge. However, inspection of the metric param-
eters reveals a significant distortion, with the terminat-Ti
and allylic C-C bond distances unequal: €2 = 2.531(2)

A, Ti—C4 = 2.242(2) A and C2C3 = 1.363(3) A, C3-C4
1.413(3) A. A similar deviation has been observed for one of

have been reported for cyclopentadienyl titanium dichlorides
bearing imidazolin-2-iminato ligand$§.The latter have been
successfully employed in olefin polymerization cataly$iand
accordingly,6 and related complexes are currently evaluated
for their suitability to act as non-metallocene early transition
metal polymerization catalysté.In fact, 6 proved to be active

(8) Beckhaus, R. lisynthetic Methods of Organometallic and Inorganic
Chemistry Herrmann, W. A., Ed.; Thieme: Stuttgart, Germany, 2000; Vol.
9, pl
(9) At elevated temperatures, the protonation of the two conformers of
1 with the methyl group either in equatorial or axial position with respect

to the six-membered ring should occur, since an activation energy for the

nitrogen inversion of 10.3 kcal/mol has been determined experimentally
for tropane; see: Nelsen, S. F.; Ippoliti, J. T.; Frigo, T. B.; Petillo, PJA.
Am. Chem. Sod 989 111,1776.

(10) Ladenburg, AJustus Liebigs Ann. Cheri888 217, 118.

(11) Engelhardt, L. M.; Papasergio, R. I.; Raston, C. L.; White, A. H.
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(12) Pevec, AActa Chim. Sle. 2003 50, 199.

(13) Ready, T. E.; Day, R. O.; Chien, J. C. W.; Rausch, M. D.
Macromoleculesl 993 26, 5822.

(14) Tamm, M.; Randoll, S.; Bannenberg, T.; Herdtweck,@em.
Commun2004 876.

(15) Tamm, M.; Beer, S.; Herdtweck, E. Naturforsch2004 59b, 1497.

(16) Tamm, M.; Randoll, S.; Herdtweck, E.; Kleigrewe, N.; Kehr, G.;
Erker, G.; Rieger, BDalton Trans.2006 459.
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in ethylene homopolymerization as well as ethylene/1-hexene employed; however, the ease of its reisolation from the reaction

copolymerizatior®
The successful preparation of2]TiCls] (4) directly from
tropidine (1) suggests that this reaction might be generally

mixture would in fact not lead to a significantly more efficient
protocol. In addition to their suitability to act as non-metallocene
early transition metal polymerization catalystsde supra,*’

applicable to the preparation of transition metal tropidinyl tropidinyl titanium complexes such dsare potentially useful

complexes. Thus, the reactionbivith ZrCl, was investigated.
Treatment of a suspension of Zk@h dichloromethane with

reagents for synthetic applications, e.g., alkaloid synthesis, in

view of the many transformations employing allyl titanium

produced an instantaneous purple coloration of the reactionspecieg? Finally, we are currently studying the possibility of

mixture together with the formation of a white precipitate.
Attempts to isolate a monotropidinyl complex2)ZrCls], after
addition of 2 equiv ofl failed. However, the total addition of

4 equiv resulted in the formation of an orange reaction mixture,
from which the ditropidinyl complex R).ZrCl;] (7) was
obtained in good yield after filtration and evaporation (eq7l).

preparing various novel tropidinyl transition metal complexes
in a similar fashion by direct use and CH-activation of tropidine

.
Experimental Section
All operations were performed in an atmosphere of dry argon

had been synthesized before via the stannane route (Schemey using Schlenk and vacuum techniques. Solvents were dried by

1), and its structure determined by means of X-ray diffraction
analysis>® In our hands, the spectroscopic data of the complex
7 obtained directly from tropidinelf are in full agreement with

standard methods and distilled prior to use. Tropidine has been
prepared by a modified proceddreriginally published by Lad-
enburg!® The 2-(trimethylsilylimino)imidazolines was prepared

those previously reported. Furthermore, characterization of the according to a recently published protoébElemental analyses

off-white solid isolated by filtration of the C¥Cl, solution of

7 confirmed the formation of 2 equiv of the hydrochloridie
HCI based on ZrGl (vide supra. The difficulty in isolating a
monotropidinyl complex, §)ZrClg], is not surprising in view
of other reports on the inefficiency in directly preparing
monocyclopentadienyl zirconium complexes of the type [CprCl
from cyclopentadiene derivatives and ZrClnstead, such
complexes are best obtained by metathesis of zirconocen
dichlorides, [CpZrCl,], and ZrCk.1°2° Similarly, treatment of

7 with ZrCly in dichloromethane affords a purple solution,
suggesting that R)ZrCl3] is formed as an intermediate during
the formation7 (eq 1).

ZrCl, + 4 equivl — [(2)ZrCl,] + 2 equivl-HCI (1)
7

In summary, we have presented a facile synthesis of tropidinyl

titanium and zirconium complexes, which can be conveniently
prepared directly from tropidinelf and TiClk and ZrCh,
respectively. This reaction does not require any additional

e

(C, H, N) were performed on a Elementar Vario EL elemental
analyzer.!H and 3C NMR spectra were measured on Jeol JNM
GX 270, Jeol JNM GX 400, or Bruker DPX 400 spectrometers
using the solvent as internal standard. CI-MS spectra were recorded
on a Finnigan MAT 90 device.

(Tropidinyl)titanium Trichloride, [( 73 7%-CgH12N)TiCl 5] (4).
A solution of 2.31 g (12.2 mmol) of TiGlin 50 mL of hexane was
treated dropwise over a period of 5 min with tropidine (3.0 g, 24.4
mmol, 2 equiv) at room temperature. The addition of the bicyclic
amine leads to an instantaneous precipitation of a solid, which was
separated by filtration after stirring for additional 15 min. The
isolated green precipitate was extracted with dichloromethane to
give a blue solution. After filtration, the solvent was removed
vacugq Yyielding 2.96 (10.7 mmol, 88%) of as a blue, crystalline
solid. An analytically pure sample was obtained by precipitation
of 4 from a dichloromethane solution using hexane. Single crystals
of 4 could be isolated by slow diffusion of hexane into a solution
of 1 in dichloromethane. Anal. Calcd forgB;,CIsTiN (276.41):
C, 34.76; H, 4.38; N, 5.07. Found: C, 34.98; H, 4.43; N, 511D.
NMR (270 MHz, toluenedg): 6 5.15 (t, 1H,H3), 4.84 (dd, 2H,
H2+H4), 3.12 (m, 2HH1+H5), 1.97 (s, 3H, N-CH3), 1.20 (m,

reagents, since tropidine itself acts as a base toward itSqH, H6+H7). 13C NMR (67.9 MHz, tolueneads): o 123.6 C3),

coordinated counterpart. The mechanism of formation presum-

ably involves coordination ol via its nitrogen and olefinic
donor moieties, whereby the interaction with the Lewis-acidic

metal halides enhances the acidity of the coordinated tropidine

ligand and activates the allylic-€H bond toward deprotonation.

111.6 C2+C4), 64.6 C1+C5), 41.5 C8), 33.8 C6+C7). MS (Cl,
70 eV): m/z (relative intensity) 275 (77, M), 240 (66, M- — CI),
205 (13, M- — 2Cl), 122 (100, GH12N).
(1,3-Di-tert-butylimidazolin-2-iminato)(tropidinyl)titanium
Dichloride (6). 4 (0.230 g, 0.83 mmol) was dissolved in 10 mL of

This method resembles the preparation of monocyclopentadienyltoluene and treated with 0.225 g (0.84 mmol) of 1,3edt-butyl-

and constrained geometry titanium complexes directly from
cyclopentadienes and Tigwhich can be accomplished in the
presence of an additional base such aszNEtor even in the
absence of any basic HCl scavendeit remains to be
investigated if a base other than tropidin® (tself can be

(17) (a) McKnight, A. L.; Waymouth, R. MChem. Re. 1998 98,2587.

(b) Britovsek, G. J. P.; Gibson, V. C.; Wass, D.Ahgew. Chem., Int. Ed.
1999 38, 428. (c) Gibson, V. C.; Spitzmesser, S. €hem. Re. 2003
103 283. (d) Park, S.; Han, Y.; Kim, S. K.; Lee, J.; Kim, H. K.; Do, ¥.
Organomet. Chenm2004 689, 4263.

(18) Stelzig, S.; Waymouth, R. M.; Tamm, M. Unpublished results.

(19) Winter, C. H.; Zhou, X.-X.; Dobbs, D. A.; Heeg, M. Qrgano-
metallics1991, 10, 210.

(20) Hitchcock, P. B.; Lappert, M. F.; Liu, D.-S.; Ryan, ERalyhedron
1995 14, 2745.

(21) The first amine-assisted synthesis of cyclopentadienyl transition
metal complexes was reported a long time ago, albeit in very low yield:
Birmingham, J. M.; Seyferth, D.; Wilkinson, G. Am. Chem. S0d.954
76, 4179.

(22) Sinnema, P.-J.; van der Veen, L.; Spek, A. L.; Veldman, N.; Teuben,
J. H. Organometallics1997, 16, 4245.

(23) Zhang, Y.; Mu, Y.Organometallic2006 25, 631.

2-(trimethylsilylimino)imidazoline §) over 5 min. The solution was
stirred for additional 48 h, affording a color change from blue to
deep red together with the formation of a brownish precipitate. The
precipitate was isolated by filtration and washed several times with
hexane. Further concentration of the mother lignidacuoled to
the precipitation of additional brown solid, which was isolated by
filtration and washed with hexane. Following this procedure, 0.199
g (0.46 mmol, 55%) ob was obtained as a red-brown crystalline
material.'H NMR (400 MHz, benzenek): 6 5.75 (s, 2H, (NE),),
5.50 (t, 1H,H3), 4.60 (br s, 2HH2+H4), 3.81 (br s, 2HH1+H5),
2.58 (s, 3H, N-CH3) 1.82 (m, 2HH6+H7), 1.75 (m, 2HH6+H7),
1.51 (s, 18H, C(El3)3). 1*C NMR (100 MHz, benzenesg): 6 128.0
(C3), 125.4 (C2+C4), 108.1 ((NCH)y), 65.1 (C1+C5), 58.0
(C(CHg)3), 39.9 (C8), 36.0 C6+C7), 29.0 (CCH3)3). MS (ClI, 70
eV): m/z(relative intensity) 434 (19, M), 377 (3, M" — (CCHg)s),
312 (16, M~ — CgHyoN), 240 (4, Mt — CyiHpoNg), 123 (16,
CgH13N).

(24) (a) Sato, F.; Urabe, H.; Okamoto,Ghem. Re. 200Q 100, 2835.

(b) Mikami, K.; Matsumoto, Y.; Shiono, T. IrScience of Synthesis
Thieme: Stuttgart, Germany, 2002; Vol. 2, p 457.
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Bis(tropidinyl)zirconium Dichloride (7), [( 7% 7*-CgH12N),ZrCl 5. cooling system at the window of a rotating anode (Nonius Fr591)
ZrCl4 (0.239 g, 1.03 mmol) was suspended in dichloromethane and with graphite-monochromated ModKradiation § = 0.71073 A).
the suspension treated dropwise with 0.560 g (4.55 mmol, 4 equiv) Data collection was performed at 173 K within theange of 1.86
of tropidine (1) over 5 min. On addition, the suspension slowly < 6 < 25.32. A total of 22 846 reflections were integrated. Raw
turns violet and finally to bright orange, and a white voluminous data were corrected for Lorentz and polarization effects and, arising
precipitation was observed. The solution was separated from thefrom the scaling procedure, for latent decay and absorption effects.
solid, which was identified as tropidine hydrochloride, and the After merging Rn = 0.039) a sum of 2028 (all data) and 1864 [
filtrate was evaporated to dryness, yielding 0.279 g (0.69 mmol, > 20(l,)] intensities remained and all data were used to refine 166
67%) of 7 as an orange crystalline solid. Anal. Calcd fofld,4- parameters. The structure was solved by a combination of direct
CloNoZr (406.50): C, 47.28; H, 5.95; N, 6.98. Found: C, 45.02; methods and difference Fourier syntheses. All non-hydrogen atoms
H, 5.76; N, 6.42. Since this compound was previously fully were refined with anisotropic displacement parameters. All hydro-

chraracterize@no further purification was attemptetd NMR (400 gen atoms were found and refined with individual isotropic
MHz, benzened): 6 5.39 (t, 2H,H3), 4.04 (br s, 4AHH2+H4), displacement parameters. Full-matrix least-squares refinements were
3.54 (br s, 4H,H1+H5), 2.29 (s, 6H, N-CH3), 1.86 (m, 4H, carried out by minimizingy w(F,2 — F)? and converged with R1
H6+H7), 1.68 (m, 4HH6+H7). 13C NMR (67.9 MHz, benzene- = 0.0260 [, > 20(l5)], WR2 = 0.0634 (all data), GO 1.076,

ds): 0 130.9 C3), 86.3 C2+C4), 66.4 C1+C5), 40.7 C8), 38.4 and a shift/error 0f<0.001. The final difference Fourier map shows
(C6+C7). MS (CI, 70 eV): m/z (relative intensity) 404 (11, N, no striking featuresAeminmax = +0.630.37 e A3).25

389 (5, M — CHgy), 282 (8, M" — CgH1,N), 122 (98, GH12N),

108 (34, 122— CHy). Acknowledgment. We are indebted to Prof. Dr. Robert M.

Tropidine Hydrochloride, 1-HCI. Tropidine (0.500 g, 4.0  Waymouth (Stanford) and Simon Stelzig (Mainz) for the fruitful
mmol) was dissolved in diethyl ether and subsequently treated with collaboration on “The Use of Bioorganometallic Tropidinyl
3 mL of an HCI solution in diethyl ether (2 M, 6.0 mmol). Upon  Titanium Complexes in Metal-Catalyzed Olefin Polymeriza-
addition of the acid, a white precipitation was formed, which was tijon”, which has been generously funded by the Bavarian
isolated by filtration, washed with additional diethyl ether, and dried Californian Technology Center (BaCaTeC).
in vacua Then 0.622 g (3.9 mmol, 97%) of tropidine hydrochloride,

1-HCI, was obtained as a white crystalline material. Anal. Calcd Supporting Information Available: Tables of crystallographic

for CgH1.CIN (159.65): C, 60.18; H, 8.84; N, 8.77. Found: C, (ata, atomic coordinates, atomic displacement parameters, bond
60.05; H, 9.11; N, 8.75*H NMR (400 MHz, dmsodg): ¢ 11.57 distances, bond angles, and a fully labeled ORTEP drawing for
(br s, 1H, NH), 10.98 (br s, 1H, M), 5.91 (m), 5.82 (M), 5.68  complex4. Crystallographic data in CIF format. This material is
(m), 3.96 (q), 3.88 (), 3.76 (br s), 2.90 (d), 2.65 (d, NgJ; 2.63 available free of charge via the Internet at http://pubs.acs.org.

(d, NCHz), 2.27 (m), 2.08 (m), 1.79 (MC NMR (100 MHz,

dmsods): 0 128.2 C3), 124.8 C2+C4), 124.6 (C3), 124.0 OMO0609564

(C2+C4), 61.4, 60.4, 58.6, 57.1, 38.3, 34.0, 32.7, 31.6, 30.9, 29.3,
28.0, 25.8. (25) (a) Data Collection Software for NoniusCCD devices; Delft, The

. I Netherlands, 2001. (b) Otwinowski, Z.; Minor, Wlethods Enzymol997,
Single-Crystal X-ray Structure Determination of Compound 276, 307ff. (c) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi,

4. CgH1CIeNTi, M, = 276.41, blue fragment (0.08 0.20 x 0.25 A.; Burla, M. C.; Polidori, G.; Camalli, M. Sir92). Appl. Crystallogr.
mm?), monoclinic,P2;/c (No. 14),a = 7.0547(1) Ab=21.9532- 1994 27, 435. (d)International Tables for CrystallographyVilson, A. J.
(3) A, ¢ =7.6005(1) AS = 109.5536(79, V = 1109.23(3) &, Z C., Ed.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1992;
="4, deaied = 1.655 g cm3, Fooo = 560, u = 1.447 mmt. Vol. C, Tables 6.1.1.4, 4.2.6.8, and 4.2.4.2. (e) Spek, APlaton A

v N . . Multipurpose Crystallographic ToplUtrecht University: Utrecht, The
Preliminary examination and data collection were carried out on a Netherlands, 2006. (f) Sheldrick, G. MhelxI-97 Universita Gettingen:

k-CCD device (Nonius Mach3) with an Oxford Cryosystems Gittingen, Germany, 1998.




