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Group 4 metal complexes containing terminal imido ligands 
have received considerable attention over the past few 
However, metalloporphyrin species containing imido ligands 
are quite rare and only a small number have been char- 
acterized.*-Il Smieja et al. recently reported the f i s t  X-ray 
crystallographic study of an organoimido metalloporphyrin 
complex, (~ )O~(=NC6H4-p-N02)2 . '~ , '~  We now wish to 
report a general method for the preparation of the first 
(organoimido)titanium porphyrin complexes from the reaction 
of (TTP)TiC12 with lithium amides. 

As illustrated in eq 1, treatment of (TTP)TiC12 with LiNHR 
results in the formation of Ti(IV) organoimido complexes. In a 
typical reaction, 88 mg of (TTP)TiC1214 (0.11 m o l )  and 35 
mg of LiNHC&I5 (0.36 m o l )  were stirred in toluene (15 mL) 
under N2 at 22 O C .  Within minutes after the addition of solvent 
to the solid starting materials, the green solution turned into 
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(TTP)TiCl, + 2LiNHR - (TTP)Ti=NR + 2LiC1+ NH2R 
1, R = -C6H5 
2, R = -C,H,-p-CH3 
3, R = -C,H,, 

the orange-red color of the phenylimido complex, 1. After the 
reaction mixture was allowed to stir for 4 h, the solution was 
filtered, and the filtrate was concentrated to ca. 2 mL. Hexane 
(4 mL) was added, and the solution was cooled to -20 "C for 
1 h. Filtration yielded an orange-red solid (58 mg, 64%) after 
washing with hexane and drying in vacuo.I6 The tolyl and 
cyclohexyl analogs, 2 and 3, can be prepared in a similar 
manner." 

(15) The lithium amide salts L m C a 5 ,  LMCd-b-p-CH3, and L M C & I I I  
were prepared by adding equimolar n-butyllithium to a diethyl ether 
solution of the appropriate amine at -78 OC. The reaction mixture 
was then allowed to warm to room temperature and stir for 2-4 h. 
The solvent was then removed in vacuo. The lithium salt was triturated 
with hexane and collected by filtration. A near-quantitative yield was 
obtained after washing the lithium amide with hexane and drying the 
product in vacuo. 

300 MHz, ppm relative to TMS): 9.21 (s, 8H, P-H), 8.14 (d, 4H, 

(m, 3H, m-,p-H), 3.85 (d, 2H, 0-H), 2.41 (s, 12H, -C6&cH3). UV- 
vis (toluene, nm): 426 (Soret), 548. MS(E1) calcd (found) (m/e): 806 
(807), [MI'. IR (KBr, cm-I): Bands associated with porphyrin 
ligand: 1473, 1327, 1201, 1181, 1109, 1071, 1007, 889, 846, 802, 
727, 516; bands associated with =NC& 753, 687. 

(17) Analytical Data for (TTP)Ti-NC6&-p-CH3 are as follows. 'H NMR 
(C6D.5, 300 MHz, ppm relative to TMS): 9.21 (s, 8H, B-H), 8.15 (d, 

5.53 (d, 2H, m-H), 3.81 (d, 2H, 0-H), 2.41 (s, 12H, -C6H&Hj). 1.29 
(s, 3H, -CHj). UV-vis (toluene, nm): 426 (Soret), 548. IR (KBr, 
cm-I): Bands associated with porphyrin ligand, 1491, 1333, 1324, 
1202, 1181, 1109, 1070, 1006, 847, 798. 724, 525. MS{EI} calcd 
(found) ( d e ) :  821 (821). [MI+. Anal. Calcd (found) for C S K ~ N ~ T ~ :  
C, 80.36 (80.29); H, 5.28 (5.47); N, 8.52 (8.20). Analytical data for 
( ~ T P ) T ~ = N C ~ H I I  are as follows. 'H NMR (C&, 300 MHZ, ppm 
relative to TMS): 9.24 (s, 8H, P-H), 8.31 (d, 4H, -C&CH3), 8.05 
(d, 4H, -C&CH3), 7.34 (d, 8H, -C&'4CH3), 2.42 (s, 12H, 
-c6&cH3), 0.31 (br, lH, -Cy), 0.19 (br, lH, -Cy), -0.25 (br, 2H, 
-Cy), -0.42 (br, lH, -Cy), -0.65 (br, 2H, -Cy), -0.97 (br, 2H, 
-Cy), -1.59 (br, 2H, -Cy). UV-vis (toluene, nm): 424 (Soret), 548. 
IR (KBr, cm-I): Major bands associated with porphyrin ligand, 1445, 

{EI) calcd (found) ( d e ) :  813 (813), [MI+. 

(16) Analytical Data for (TTP)Ti-NC&s are as follows. 'H NMR (C6D6, 

-C&4€H3), 8.03 (d, 4H, -C&4CH3), 7.30 (d, 8H, -C&CHs), 5.72 

4H, -C&&H3), 8.04 (d, 4H, -C&'dCH3), 7.30 (d, 8H, -C&dCHs), 

1335, 1202, 1181, 1107, 1070, 1006, 886, 846, 798, 723, 524; MS- 
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The new porphyrin complexes were characterized by 'H 
NMR, W-vis,  and IR spectroscopy. The 'H NMR spectra 
confirm the expected diamagnetism of these do Ti(IV) com- 
plexes. For the phenyl- and tolylimido complexes, the j3-pyrrole 
resonance appears as a sharp singlet at 9.21 ppm. This signal 
is shifted downfield slightly for the cyclohexyl derivative, 
appearing as a singlet at 9.24 ppm. These chemical shifts are 
very similar to that observed for (TTP)Ti-0 (9.24 ppm), 
suggesting that the oxo and imido ligands exhibit similar 
x-donating ability to the titanium atom. The porphyrin tolyl 
protons appear as two doublets, each integrating to four protons, 
and a multiplet, integrating to eight protons. The magnetic 
equivalence of the four tolyl groups is consistent with a time- 
averaged C4" symmetry of the metalloporphyrin complexes. The 
protons associated with the axial imido ligand are shifted upfield 
relative to those of the corresponding free amine. This 
phenomenon is consistent with the position of the imido 
substituent above the porphyrin ring current. 

The electronic absorption spectra of 1-3 are characteristic 
of porphyrin complexes with an intense Soret peak at 426 nm 

additional Q-band at 548 nm. These absorption spectra are 
similar to those of other titanium porphyrins.I8 Addition of THF 
to a toluene solution of (l"TP)Ti=NC& produces no change 
in position or intensity of the absorption maxima, indicating 
that THF does not appear to bind to the position trans to the 
imido group. 

Infrared spectra of complexes 1-3 exhibit intense porphy- 
rinato stretching modes in the region of 1500 to 500 ~ m - ' . ' ~ , ' '  
These bands are similar to those observed in the spectrum of 
(TTP)Ti=O. Although the Ti=O stretch in (TTP)Ti=O is 
readily observed as an intense band at 983 cm-1,18-20 unam- 
biguous assignment of a metal nitrogen double bond stretch has 
not been possible. However, two additional bands are present 
in the spectrum of (mP)Ti=NC& (753 and 687 cm-I) and 
may be assigned as the out-of-plane bending and puckering 
modes associated with the phenyl ring of the imido ligand. 

Crystals of (nP)Ti=NC&, 1, suitable for single-crystal 
X-ray diffraction were grown by layering a benzene solution 
of 1 with hexane. Complex 1 crystallized in the centrosym- 
metric space group Pi with 2 molecules per unit The 
porphyrin framework of (TTP)Ti=NC& is saddle-shaped. The 
geometry about the Ti is square-pyramidal with the four pyrrole 
nitrogens forming the basal plane and the imido group at the 
apical site. The titanium atom is displaced from the mean plane 
of the pyrrole nitrogens toward the imido ligand by 0.52 8,. 
The Ti-N(5) distance is 1.703(2) 8, and compares well with 
that reported for (OAr')2Ti=NC6H4C6H4Nc~E~ (Ti-N = 
1.708(5) A, Ti-N-C = 170.4(4)"; OAr' = 2,6-diiso- 
pr~pylphenoxide)~~ but is noticeably shorter than the distance 

(R = -C&, -C6HyP-CH3) or 424 nm (R = -C6H1 1) and an 
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Figure 1. Molecular structure and atom-numbering scheme for (m)- 
Ti-NC&-c6& (1). Thermal ellipsoids are drawn at the 50% prob- 
ability level. Selected bond distances (A): Ti-NS, 1.703(2); Ti-NI, 
2.101(3); Ti-N2, 2.100(2); Ti-N3, 2.098(2); Ti-N4, 2.104(2); 
Ns-CZI, 1.386(4). Selected bond angles (deg): Ti-N5-Cz1, 170.6(2); 
Nl-Ti-N4, 86.29(9); NZ-Ti-Nd, 150.64(9); NZ-Ti-Ns, 86.45(9); 
N3-Ti-Nl, 151.68(9); NZ-Ti-NI, 86.35(9); N3-Ti-N4, 86.69(9). 

reported for (Ar'O)2Ti=NC&(py')2 (Ti-N = 1.719(3) 8,, Ti- 
N-C = 173.1(3)"; py' = 4-pyrr01idinopyridine).~~ The imido 
ligand is nearly linear with a Ti-N(5)-C(21) angle of 
170.6(2). The slight deviation from 180" is possibly due to 
close intermolecular contacts with adjacent methyl groups. For 
example, C(107) of one molecule is 3.693 8, from C(24) of the 
imido phenyl of a neighboring molecule. Consequently, the 
nearly linear Ti-N-C angle is suggestive of substantial 
Ti-Ni,id, triple bond character. 

As illustrated in eq 2, the imido complexes are readily 
hydrolyzed to the corresponding free amine and (TTP)Ti=0.22 

(TTP)Ti=NPh + H 2 0  - (TTP)Ti=O + H2NPh (2) 

(?ITP)Ti=NPh + PPh, + PhCECPh - no reaction (3) 

('ITP)Ti=NPh + S, - no reaction ( 5 )  

Treatment of (lTP)Ti=NC6H5 with PPh3 in the presence of an 
alkyne results in no reaction (eq 3).23 In contrast, chromium 
porphyrin organoimido complexes have been reported to yield 
the corresponding phosphinimine and Cr"(P0R) when treated 
with PPh3.I0 Finally, it has been shown that treatment of 
terminal sulfido- and selenidotitanium porphyrin complexes with 
the elemental chalcogenide results in the formation of a 
perchalcogenido species (eq 4).24 In an attempt to prepare a 
mixed (Ti-N-S) three-membered metallacycle, (TTP)Ti=NPh 

(22) An NMR tube containing a C6D6 solution of (TTP)Ti-NC6H5 and 
sealed under Nz with a rubber septum was injected with 1 pL of 
degassed water. The IH NMR spectrum clearly showed the complete 
conversion of the imido complex to (TTF')Ti=O and the free amine. 
Signals for (lTP)Ti=O (C6D6, 300 MHZ, ppmj: 9.24 ( S ,  8H, P-H), 
7.99 (d, 8H, -C&CH3), 7.28 (d, 8H, -C&KH3), 2.42 ( s ,  12H, 

-C,#I5NHzj, 6.3 (d, 2H, -CasNH2), 5.4 (br, 2H, CsHsNH2). 
-C&CHj). Signals for C6HsNH2: 7.05 (t, -CdsNHz), 6.7 (t. lH, 

(23) An NMR tube containing a c6D6 solution of (TTP)Ti=NC& (1.6 
mg, 1.98 x mmol), PPh3 (3.7 mg, 1.41 x mmol), and 
PhCSCPh (7.0 mg, 3.93 x lo-* mmol) and sealed under nitrogen 
was monitored at ambient temperature over a 15 day period. 'H NMR 
spectra indicated that no reaction occurred. 
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was treated with elemental sulfur (eq 5) .  After stirring of the 
mixture with mild heating for 12 h in t o l u e n e m ,  no reaction 
was detected by 'H NMRaZ5 Further studies involving the 
synthesis and reactivity of early transition metal porphyrinato 
organoimido complexes are underway. 

(25) (TTP)Ti-NC& (7.0 mg, 8.66 x "01) was treated with s8 
(2.4 mg, 9.38 x mmol) in a solution of 10 mL of toluene and 5 
drops of THF for 12 h with mild heating under a Nz atmosphere. After 
the heat was removed and the reaction mixture had cooled to room 
temperature, the solvent was removed in vacuo. A 'H NMR in c.5& 
of the reaction mixture indicated that no reaction had taken place. 
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