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Structure elucidation of 5 was assisted by 2D COSY 'H 
and l3C('H] NMR spectroscopy. A mechanism that is 
consistent with the formation of 5 involves thermally in- 
duced reductive elimination of the two organic substituents 
followed by a formal [1,7]-sigmatropic shift and rear- 
rangement to regain aromaticity. Although sigmatropic 
shifts of this nature involving heteroatoms are not com- 
m0n,1~ they are symmetry-allowed  rearrangement^.'^ Both 
isomers of 2 lead to the formation of 5; however, it is not 
known if reductive elimination occurs first, followed by 
generation of the Z isomer of the styrene intermediate or 
if only the 2 isomer of 2 reductively eliminates and cyclizes. 
Thermolysis of 4 under the same conditions as 2 afforded 
the substituted styrene 6 (eq 4).15 A broad singlet at 11.07 
ppm and two singlets at 3.31 and 2.91 ppm in the 'H NMR 
spectrum of 6 are assigned to the amine and methoxy 
protons, respectively. 

The potential of these palladium-amido complexes to 
facilitate carbon-nitrogen bond formation has been dem- 
onstrated by the thermal generation of the trisubstituted 

(13) Schweizer, E. E.; Crouse, D. M.; Dalrymple, D. L. J. Chem. SOC. 
D 1969,354. 

(14) Woodward, R. B.; Hoffman, R. Acc. Chem. Res. 1968, 1, 17. 
(15) The stereochemistry about the C-C double bond of 6 could not 

be assigned by using NMR techniques. However, from the 'H NMR of 
6 it is clear that only one isomer is present. 

dihydroisoquinoline 5 from compound 2. Although the 
synthesis of dihydroisoquinolines can be achieved by 
conventional organic methods, they can be limited by re- 
action conditions and availability of starting materials.16 
The synthesis of N-alkylisoquinolinium salts via the re- 
action between cationic palladium complexes and acety- 
lenes is known.'' The formation of other heterocycles by 
the reaction of metallated palladium complexes with 
acetylenes is also known;18 however, these reactions pro- 
ceed by insertion of the acetylene into the metal-carbon 
bond rather than the metal-nitrogen bond. Research in- 
volving the reaction of 1 and 3 with other substituted 
acetylenes is currently in progress in order to determine 
whether less electrophilic substrates will undergo similar 
reactions. 
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Supplementary Material Available: Text giving experi- 
mental details of the synthesis of compounds 1-6, tables of NMFt 
data for 1-6, and X-ray crystal structure details and tables of 
fractional coordinates, thermal parameters, and bond distances 
and angles for 4 (25 pages). Ordering information is given on any 
current masthead page. 
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(16) Organic Reactions; Wiley: London, Sydney, 1951; Vol VI, 
Chapters 2-4. 

(17) (a) Wu, G.; Geib, S. J.; Rheingold, A. L.; Heck, R. F. J. Org. Chem. 
1988, 53, 3238. (b) Wu, G.; Geib, S. J.; Rheingold, A. L.; Heck, R. F. 
Organometallics 1987,6,1941. (c) Tao, W.; Silverberg, L. J.; Rheingold, 
A. L.; Heck, R. F. Organometallics 1989,8, 2550. 

(18) (a) Heck, R. F. Palladium Reagents in Organic Synthesis; Aca- 
demic Press: New York, 1985. (b) Sakamoto, T.; Kondo, Y.; Hiroshi, Y. 
Heterocycles 1988,27,2225. (c) Cacchi, S. Pure Appl. Chem. 1990,62, 
713. (d) Pfeffer, M. Recl. Trav. Chim. Pays-Bas 1990, 109,567. 
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Summary: The preparation of the first binuclear titanium 
hydroxide containing an O-H-0 bond is described. The 
X-ray structural analysis indicates that steric factors p rs  
vent the elimination of water. 

Organotitanium compounds are the most widely used 
reagents for the synthesis of basic organic compounds and 
polymers.' To the best of our knowledge there are no 
reports on multinuclear Ti(IV) hydroxides.2~~ Compounds 

(1) Gmelin Handbook of Inorganic Chemistry; Springer-Verlag: 
Heidelberg, Germany, 1977-1990, Organotitanium Compounds 1-5. Sinn, 
H.; Kaminsky, W. Adu. Oganomet. Chem. 1980,18,99. Wilkinson, G.; 
Stone, F. G. A,; Abel, E. W., Eds. Comprehensive Organometallic 
Chemistry; Pergamon Press: Oxford, U.K., 1982; Vol. 3. 

of this type might play an important role in condensation 
and epoxidation reactions. 

According to Parshal14 Re, Cr, Mo, V, Zr, and Ti are 
active catalysts in this field. Our interest in model com- 
pounds for metal oxides on silica surfaces5 prompted us 

(2) Rohl, H.; Lange, E.; Giissl, T.; Roth, G. Angew. Chem. 1962, 74, 
155. Chem. Werke Hiils AG, Ger. Patent 1153365, 1961; Chem. Abstr. 
1964, 60, 17941794. Bochmann, M.; Jaggar, A. J.; Wilson, L. M.; 
Hursthouse, M. B.; Motevalli, M. Polyhedron 1989,8,1938. Bochmann, 
M.; Jaggar, A. J.; Hurathouse, M. B.; Mazid, M. Polyhedron 1990,9,2097. 

(3) For a report on a Ti(II1) hydroxide of composition [CpTi- 
(OH)l2CloHs, see: Guggenberger, L. J.; Tebbe, F. N. J. Am. Chem. SOC. 
1976, 98, 4137. 
(4) Parshall, G. W. Homogeneous Catalysis; Wiley-Interscience: New 

York, 1980. 
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to study hydrolysis reactions of titanium compounds. 
This paper describes the preparation and characteriza- 

tion of the fiist titanium hydroxide containing an O-H-O 
bond. 

The reaction of Cp*TiCl, (1; Cp* = q5-C5Me5)s with 
( ~ B u ) ~ S ~ ( O H ) ~ '  (2) in a molar ratio of 1:l gives 
Cp*TiC120Si(tBu)20H8 (3). The hydrolysis of 3 leads to 
the target molecule [Cp*Ti(OH)OSi(tBu),O]? (4). Re- 
garding the reaction pathway, it is interesting to mention 
that 3 is not converted to 4a with elimination of HC1 in 
the presence of Et3N. 

CI Bu 
I I Et3N Bu OH 

\ /  
2cp*Tct3 + 2 si - 2Cp*Ti-O-Si-OH 

1 CI Bu 
BG -2HC' I I 

3 2 

Bu Bu 

\Si/ 

4a 

Bu tBu 
\ /  
Si 

si 
/ \  
Bu i su  

4 

Compound 4 is a yellow, crystalline solid showing 
characteristic OH absorptions (3665 and 3220 cm-l) in the 
IR spectrum. FD mass spectroscopy of 4 indicates M+ - 
OH (m/z = 731) and M+ - tBu (m/z = 691) as well as the 

(5) Roesky, H. W.; Hesse, D.; Bohra, R.; Noltemeyer, M. Chem. Ber. 
1991,124, 1913. Winkhofer, N.; Roesky, H. W.; Noltemeyer, M.; Rob- 
inson, W. T. Angew. Chem. 1992,104,670. Haoudi-Mazzah, A.; Mazzah, 
A.; Schmidt, H.-G.; Noltemeyer, M.; Roesky, H. W. 2. Nuturforsch., B 
1991, 46, 587. Liu, F.; Schmidt, H.-G.; Noltemeyer, M.; Freire- 
Erdbriigger, C.; Sheldrick, G. M.; Roesky, H. W. 2. Naturforsch., B, in 
press. Roesky, H. W.; Mazzah, A.; Hesse, D.; Noltemeyer, M. Chem. Ber. 
1991,124,519. 

(6) Llinas, G. H.; Mena, M.; Palacios, F.; Royo, P.; Serrano, R. J. 
Orgunomet. Chem. 1988,340,1156. 

(7) Weidenbruch, M.; Pesel, H.; Van Hieu, D. 2. Nuturforsch., B 1980, 
35,31. 

(8) Compound 3: A solution (0.87 g, 3 mmol) of 1 in toluene (50 mL) 
is added dropwise to a mixture of 2 (0.43 g, 3 mmol) and EGN (0.31 g, 
3 mmol) in toluene (30 mL) at  -30 "C. After the addition is complete, 
the solution is stirred at  room temperature for 4 h and finally for 0.5 h 
at 70 OC. The solution is filtered and concentrated (7 mL). After addition 
of hexane (10 mL) and a cooling process (-34 "C), 1.2 g (95%) of orange 
colored crystals is obtained; mp 125 OC. Anal. Calcd for C18H&1202SiTi 
(M, 429.3): C, 50.36; H, 7.98; C1,16.52. Found C, 50.1; H, 7.7; C1, 16.3. 
'H NMR (CDC13, TMS): 6 1.04 (s,18 H), 2.24 (s,15 H), 2.25 (s, 1H). "si 
NMR (CDC13, TMS): 6 -6.7. MS (EI): m / z  371 (M+ - Bu). IR (KBr): 
3608 8,2961 8,2931 8,1471 8,975 vs, 825 8,799 8,647 8,450 8,391 s cm-'. 

(9) Compound 4: A solution of H20 (0.072 g, 4 mmol) and of EGN 
(1.01 g, 10 "01) in THF (5 mL) is added dropwise a t  0 OC to a solution 
of 3 (1.72 g, 4 mmol) in toluene (60 mL). During the addition a white 
solid is formed. The color of the solution changed from orange to yellow. 
After 2 h the white solid is recovered by filtration and washed with 
toluene (20 mL). The filtrate is evaporated to dryness in vacuo and the 
residue recrystallized from THF/hexane (1:l) to give a yellow crystalline 
solid (1.39 g, 93%) of 4, mp 223 OC. Anal. Calcd for C36H6806Si2Ti2 (M, 
748.9): C, 57.74; H, 9.15; Si, 7.50; Ti, 12.79. Found: C, 58.0; H, 9.1; Si, 
7.5; Ti, 12.3. IR (Nujol) 3666 m, 3210 br m, 931 s, 913 s, 826 m, 821 m, 
682 m, 647 m, 426 m cm-'. ?3i NMR (CDCl,, TMS): 6 -19.3 (9). 

d 

Figure 1. Structure of 4 in the crystak (upper, a) top view; (lower, 
b) side view (without methyl groups). Selected bond lengths (pm) 
and angles (deg): Ti(l)-O(l) = 187.2 (2), Ti(l)-0(3) = 183.4 (2), 
Ti(l)-0(6) = 182.2 (2), Ti(l)-C(l) = 237.1 (3), Ti(2)-0(2) = 183.7 
(2), Ti(2)-O(4) = 183.6 (2), Ti(2)-0(5) = 184.4 (2), H(1)-0(1) = 
83.7, H(2)-O(2) = 84.9, H(2)-O(1) = 207.1; O(l)-Ti(1)-0(3) = 
103.0 (l), O(l)-Ti(1)-0(6) = 100.7 (1); 0(3)-Ti(l)-0(6) = 107.3 
(l) ,  0(4)-Ti(2)-0(2) = 102.6 (l) ,  0(2)-Ti(2)-0(5) = 104.0 (1). 

simultaneous elimination of water and a tBu group (m/z 
= 693). The lH NMR spectrum shows two nonequivalent 
signals for the tBu groups (intensity ratio 1:1,6 0.95,0.96 
ppm) and one for each of the methyl (6 2.06 ppm) and OH 
protons (6 7.9 ppm, broad). The lH NMR spectrum in 
solution is consistent with the X-ray crystal structure. The 
Cp* groups are both on the same side of the molecule, 
resulting in nonequivalent tBu groups. The protons of the 
OH group in 4 show rapid exchange, when D20 is added 
to a sample in an NMR tube. The OH signals (6 7.9 ppm) 
disappear, while the water signals (6 4.8 ppm) are in- 
creased. Compound 4 is completely decomposed in water 
after several days; however, in the solid state in open air 
decomposition is not observed. Compound 4 has been 
completely characterized by a single-crystal X-ray analy- 
sisl0 (Figure 1). 

The side view in Figure 1 shows an eightrmembered ring 
in a boat form where one hydrogen atom (H(2)) of the OH 
groups forms a transannular bridge while the other hy- 

(10) (a) Crystallographic data for 4 (-150 OC): monoclinic, a = 1208.3 
(2) pm, b = 2113.6 (2) pm, c = 3195.9 (10) pm, @ =  90.54 (2)O, V = 8.162 
(3) nm3, space group C2/c, Z = 8, pdd = 1.22 Mg m-3, 7177 independent 
reflections (F, > 4a(F0)), 28 = 7-50', weighting scheme w-l = 
O.OOOW, refinement R = 4.94%, R, 5.48, for all data. (b) Further dettuls 
of the structure determination (atomic coordinates, complete bond 
lengths and angles, structure factors, and displacement parameters) have 
been deposited a t  the Fachinformationszentrum Karlsruhe, Gesellschaft 
fiir wissenschaftlich technische Information mbH, D-7514 Eggenstein- 
Leopoldshafen 2, Federal Republic of Germany. Any request for this 
material should quote the full literature citation and the reference num- 
ber (CSD 56398). 
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drogen atom is end-on bonded. The hydrogen bridge (H- 
(2)-0(1)) gives an increase of the coordination number at 
O(l), resulting in an increase of the Ti(l)-O(l) bond length 
(187.2 (2) pm). Normally a water molecule would result 
and then be eliminated. In this case, however, steric 
factors prevent the reaction of the OH groups. A frozen 
situation results. We have not been able to eliminate water 
from 4 on a preparative scale to yield 5." However, 5 has 

- - 4 - -H20 ~ ~ X - T I / O \ T I - C ~ *  

I b CiE4Ub.d I 
'Si' 

0 'SI' 0 

( iBd2 

5 - - 
been prepared in 45% yield by reacting Cp*Li, TiC13.3T- 
HF, ( tB~)~s i (OLi )~ ,  and oxygen.12 

The titanium atoms in 4 have a tetrahedral coordination, 
forming the well-known piano-stool structure. The dis- 

(11) Heating 4 in the presence of a molecular sieve forms compound 
5 in moderate yield. 

(12) Compound 5: A solution of Cp*Li (0.71 g, 5 mmol) and TiClS- 
3THF (1.85 g, 5 mmol) in THF (60 mL) is stirred for 2 days. A second 
solution of (tBu)2Si(OLi)2 (0.94 g, 5 "01) in THF (40 mL) is added 
dropwise at -78 OC. The solution turns deep green. After the solution 
ie stirred for 24 h, the solvent is removed in vacuo. The reaidue is treated 
with hexane (70 mL) and fmally filtered. A small amount of O2 ia passed 
through the solution until it turns yellow. After the solution is concen- 
trated (30 mL) and oooled in a refrigerator, 0.83 g (45%) of yellow cryetala 
eeparat& mp 142-144 OC. MS (EI): m / z  673 (M+ - Bu). I R  1392 m, 
1261 m, 1096 m, 1018 m, 903 8,863 8,824 8,641 8, 572 m cm-'. 

tances within the eight-membered ring are comparable 
with those in known examples.6 To demonstrate that the 
OH group in 3 does not migrate from the silicon to the 
titanium atom, an X-ray investigation was undertaken. 
The single-crystal structure shows clearly that in 3 the OH 
group is bonded to si1ic0n.l~ 

A few multinuclear hydroxide derivatives of zirconium 
have been reported;" however, none contain 0-H-0 
bonds. 
Acknowledgment. This work was supported by the 

Deutache Forschungsgemeinschaft, the Fonds der Chem- 
ischen Industrie, and the Volkswagen-Stiftung. F.L. is 
thankful to the Alexander von Humboldt Foundation for 
a fellowship. 

Supplementary Material Available: Tables of crystallo- 
graphic details, positional parameters, isotropic and anisotropic 
parameters, and all bond distances and angles and a figure showing 
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(13) Crystallographic data for 3: monoclinic, a = 877.6 (1) pm, b = 
1309.5 (3) pm, c = 1067.4 (1) pm, fi  = 109.62 (1) O, V = 1.1561 (3) nm*, 
space group PL,, 2 = 2, p d  = 1.23 M g  m-s, 1822 independent refledions 
[F, > 3a(F,,)], 28 = 2-45O, weighting scheme w-l = $(F) + O . W ,  
refinement R = 4.18%, R, = 5.42% for all data.'" 

(14) Lasser, W.; Thewalt, U.; J. Organa".  Chem. 1984, 276, 63. 
Babcock, L. M.; Day, V. W.; Klemperer, W. G. J. Chem. SOC., Chem. 
Commun. 1988, 519. Babcock, L. M.; Day, V. W.; vemperer, W. G. 
Znorg. Chem. 1989,28,806. Hidalgo, G.; Pellinghelli, M. A.; &yo, P.; 
Serrano, R.; Tiripicchio, A. J. Chem. SOC., Chem. Commun. 1990,1118. 

Mono( amido-dlphosphine) Complexes of Yttrium: Synthesis and X-ray 
Crystal Structure of (Y (q3-CsH,)[ N(SIMe,CH2PMe2)2]]2(p-Cl)2 

Michael D. Fryzuk,+lt T. S. Haddad, and Steven J. Rettigt 
Department of Chemkby, University of British cdumble, 2036 Win Mail, 

Vancouver, BC, Canada V6T 121 
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Summw: The reaction of allylmagnesium chloride with 
the bls(amido-phosphine) complex YCI [N- 
(SiMe,CH2PMe2),] , (1) resub in displacement of one of 
the tridentate ligands rather than simple metathesis of the 
chkwlde to generate the new complex (Y(q3-C3H,)[N- 
(SIMe2CH2PMe2),]],(p-CI),. Careful product analysis 
showed that the ldenwy of the magnesium byproduct was 
In fact the bls(amide) derivathre Mg [ N(SiMe,CH,PMe,),] ,; 
Improved procedures utilize the diallylmagnesium com- 
pound Mg(C3H,),(dbxane), which obviates the production 
of MgCI,. Attempts to Introduce hydrocarbyl groups on 
the "(ligand) derivative YCI, [N(SlMe,CH,PMe,),] by 
control of stoichiometry have so far failed, with the ex- 
ceptlon of the formation of the bis(ally1) derivative [Y- 
(~3-C3H,)2[N(SIMe2CH,PMe2)2] by the reaction with M g  
(C&I,),.(dbxane); thk bk(a#yl) derivative acts as a catalyst 
precursor for the polymerization of ethylene. 

'E. W. R. Steacie Fellow (1990-1992). * Experimental Officer: UBC Crystallographic Service. 

Phosphine ligands are still found infrequently in com- 
plexes in the group 3l* and lanthanide metals.' We have 
recently described derivatives of yttrium(II1) containing 
two hybrid ligands that incorporate an amide ligand 
flanked by two phosphine donors into a potentially tri- 
dentate chelate array; complexes of the formula YCl[N- 
(SiMe2CHzPMe2)212 (1) have been shown to be seven-co- 
ordinate and Although the hydrocarbyl deriv- 
ativea YR[N(SiMe&H$MeJ2]2 (2; R = Ph, PhCHJ could 
be prepared by metathesis of the chloride of 1 with or- 
ganolithium or potassium reagents: the chemistry of these 
complexes waa dominatad by hydrocarbon elimination and 

(1) Fryzuk, M. D.; Haddad, T. S.; Berg, D. J.; Rettig, S. J. Pure Appl. 

(2) Fryzuk, M. D.; Haddad, T. S. J.  Am. Chem. SOC. 1988, 110, 

(3) Hitchcock, P. B.; Lappert, M. F.; MacKinnon, I. A. J. Chem. SOC., 

(4) Fryzuk, M. D.; Haddad, T. S. J. Chem. Soc., Chem. Commun. 1990, 

(5) Fryzuk, M. D.; Haddad, T. S.; Rettig, S. J. Organometallics 1991, 

(6) Piera, W. E.; Shapiro, P. J.; Bunel, E. E.; Bercaw, J. E. Synlett 

Chem. 1991, 63, 845-850. 

8263-8265. 

Chem. Commun. 1988, 1557. 

1088-1090. 

10, 2026. 

1990, 1,  74. 

0276-733319212311-2967$03.00/0 0 1992 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Se
pt

em
be

r 
8,

 2
00

9 
| h

ttp
://

pu
bs

.a
cs

.o
rg

 
 P

ub
lic

at
io

n 
D

at
e:

 S
ep

te
m

be
r 

1,
 1

99
2 

| d
oi

: 1
0.

10
21

/o
m

00
04

5a
00

5


