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matography using 15% EtOAc/hexanes to provide 1.0 g (63% 
yield) of a yellow solid. 'H NMR (CDC13): 6 7.30 (m, 5 H), 5.87 
(8,  10 H), 3.49 (8 ,  2 H), 3.12 (8,  4 H), 0.15 (8, 18 H). 13C NMR 
(CDCld: 6 188.9,138.5,129.1,128.2, 127.1, 126.9,108.6,64.5,59.9, 
1.1. Anal. Calcd for C2sH39NSi2Zr: C, 63.50; H, 7.11; N, 2.55. 
Found: C, 61.82; H, 7.26; N, 2.13. FABMS: (M+) m/z  548. 
3-(Phenylsulfonyl)-7,7-bis(~5-cyclopentadienyl)-6,8-bis- 

(trimet hylsilyl)-3-aza-7-zirconabicyclo[ 3.3.0]octa-1(8),5- 
(6)-diene (5). To a solution of his($-cyclopentadieny1)zirconi- 
um(IV) dichloride (0.77 g, 2.7 "01) in 35 mL of anhydrous THF 
under nitrogen at -78 "C was added n-BuLi (4.1 mL of 1.3 M in 
hexanes, 5.3 mmol). After stirring at room temperature for 1 h, 
1,7-bis(trimethylsilyl)-4-aza-4-(phenylsulfonyl)hepta-1,6-diyne (1.0 
g, 2.7 mmol) was added and the mixture stirred at room tem- 
perature for 2 h. The reaction was concentrated in vacuo and 
purified by flash chromatography using 5% EtOAcfhexanes to 
provide 0.57 g (36% yield) of a yellow solid. 'H NMR (CDC13): 
6 7.78 (m, 2 H), 7.54 (m, 3 H), 5.82 (8,  10 H), 3.90 (8,  4 H), 0.14 

109.5,109.2,56.6,0.8. Anal. Calcd for C&InNO.#Si2Zr: C, 56.19; 
H, 6.18; N, 2.34. Found C, 55.93; H, 6.20; N, 2.28. FABMS: (M+) 
mfz 598. 
3-Benzyl-7,7-bis(~6-cyclopentadienyl)-6,8-bis( triiso- 

propyl~ilyl)-3-aza-7-zirconabicyclo[ 3J.O]octa-l(8),5( 6)-diene 
(6). To a solution of his($-cyclopentadienyl)zirconium(IV) di- 
chloride (0.15 g, 0.50 mmol) in 15 mL of anhydrous THF under 
nitrogen at -78 "C was added n-BuLi (0.72 mL of 1.4 M in 
hexanes, 1.0 mmol). After stirring at room temperature for 1 h, 
1,7-bis(triisopropylsilyl)-4-aza-4-benzylhepta-1,6-diyne (0.25 g, 
0.5 "01) was added and the mixture stirred at room temperature 
for 2 h. The reaction was concentrated in vacuo and purified by 
flash chromatography using 5% EtOAc/hexanes to provide 0.055 
g (16% yield)12 of a yellow solid. 'H NMR (C6D6): 6 7.34 (d, J 

(8,  18 H). 13C NMR (CDC13): 6 193.5, 137.4, 132.8, 129.1, 127.9, 

= 8 Hz, 2 H), 7.16 (dd, J = 8, 8 Hz, 2 H), 7.09 (d, J = 8 Hz, 1 
H), 5.78 (8, 10 H), 3.50 (s,4 HI, 3.23 (e, 2 H), 1.24 (m, 42 H). 'W 
Anal. Calcd for C41GNSi2ZT: C, 68.71; H, 8.79; N, 1.95. Found 
C, 66.99; H, 8.70; N, 1.94. FABMS: (M+ - 1) m/z  715. 
3-Benzyl-7,7-bis( s5-cyclopentadienyl)-6,8-bis( tert -butyl- 

diphenylsilyl)-3-aza-7-zirconabicyclo[3.3.O~cta-l(8),5(6)- 
diene (7). To a solution of bis(~6-,6-cyclopentadienyl)zirconium(Iv) 
dichloride (0.11 g, 0.38 "01) in 15 mL of anhydrous THF under 
nitrogen at -78 "C was added n-BuLi (0.47 mL of 1.3 M in 
hexanes, 0.76 mmol). After stirring at room temperature for 1 
h, 1,7-bis(tert-butyldiphenylsilyl)-4eza-4-benzylhepta-l,gdiyne 
(0.25 g, 0.38 mmol) was added and the mixture stirred at room 
temperature for 2 h. The reaction was concentrated in vacuo and 
purified by flash chromatography using 5% EtOAc/hexanes to 
provide 0.25 g (62% yield) of a yellow solid. 'H NMR (CDC13): 
6 7.84 (m, 1 H), 7.62 (m, 5 H), 7.38 (m, 14 H), 7.14 (m, 3 H), 7.02 
(m, 2 H), 5.50 (s, 10 H), 3.22 (s,2 H), 3.12 (s,4 H), 1.14 (8, 18 H). 
13C NMR (CDCld: 6 181.6, 138.4, 138.0, 136.4,135.6,129.5,128.7, 
128.6,128.4,127.9, 127.7, 127.5,126.7,109.4,69.2,59.2,30.37,27.2, 
19.1. Anal. Calcd for CMH,&JSi2Zr: C, 74.94; H, 6.74; N, 1.59. 
Found: C, 75.20; H, 7.00, N, 1.51. FABMS: (M+) mfz 880. 

6, 138856-05-0; 7, 138856-06-1; Cp2ZrC12, 1291-32-3; Me,SiC= 
CCH20CH2C=CSiMe3, 18036-67-4; Me3SiC=CCH2N(CH2Ph)- 
CH2C=CSiMe3, 138835-25-3; Me3SiC4CH2N(S02Ph)CH2C= 
CSiMe3, 138856-01-6; (i-Pr)3SiC=CCH2N(CH2Ph)CH2C=CSi- 
(Pr& 138835-26-4; (t-Bu)Ph2SiC=CCH2N(CH2Ph)CH2C= 
CSiPh,(t-Bu), 138835-27-5. 

NMR (CBD~): 6 183.1, 138.6, 123.7, 108.9, 68.6, 59.7, 20.6, 14.4. 

Registry NO. 3, 138856-02-7; 4, 138856-03-8; 5, 138856-04-9; 

(12) The yield of thia reaction ia -70%, but coelution of an impurity 
complicates the isolation of pure material. 
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Summary: Reaction of Me,AI and aza-18-crown-6 fur- 

nished a solid, Me,AI[N(CH,CH,O),CH,CH,] AIM,, whose 
structure was determined by X-ray diffraction. In the 
crystal structure (monoclinic, P2,lm, a = 9.709 (2) A, b 
= 11.697 (3) A, c = 10.767 (2) A, 6 = 111.92 (2)O, Z 
= 2), one AI atom is bonded to two Me groups, the N 
atom, and the two crown ether 0 atoms nearest to the 
N atom: the other AI atom is bonded to three Me groups 
and the N atom. 

Organomagnesium compounds react with appropriate 
crown ethers and cryptands to form coordinated organo- 
magnesium cations and organomagnesiate anions (e.g., eq 
l ) . 2 1 3  As part of that study we investigated the use of aza 

l i 

MgC + a e a + R,Mg (1) 

I 
R 
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crown ethem2p4 Organomagnesium compounds metalate 
the secondary amine functions of these, of course, as shown 
in eq !L5 We wanted particularly to determine the 

structures of the species that would be present in such 
solutions that had been prepared with an excess of &Mg. 
Defining the structures proved to be complicated, however. 

Because the results could themselves be interesting and 
also might help us to understand the solutions prepared 
from R,Mg, we decided to investigate reactions with aza 

(2) Pajerski, A. D. Ph.D. Dissertation, The Pennsylvania State Univ- 
ersity, 1990. 

(3) Squiller, E. P.; Whittle, R. R.; Richey, H. G., Jr. J. Am. Chem. SOC. 
1985,107, 432. Richey, H. G., Jr.; Kuahlan, D. M. J. Am. Chem. SOC. 
1987,109, 2510. Pajerski, A. D.; Parvez, M.; Richey, H. G., Jr. J.  Am. 
Chem. SOC. 1988, 110, 2660. Kuahlan, D. M. Ph.D. Dissertation, The 
Pennsylvania State University, 1987. 

(4) Squiller, E. P. Ph.D. Dissertation, The Pennsylvania State Univ- 
ersity, 19M 

(5) For a review of aluminum amides, including their preparation, see: 
Lappert, M. F.; Power, P. P.; Sanger, A. R.; Sriveatava, R. C. Metal and 
Metalloid Amides; Ellis H o r w d  Chichester, U.K., 1980, Chapter 3. 
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c3* 
Table I. Final Atomic Coordinates’ (Esd’s in  Parentheses) 

and Iso t rodc  Thermal Parameters* 

Figure 1. ORTEPg drawing of Me2Al[ N18C6]A1Me3, indicating 
the atom-labeling scheme. H atoms are assigned arbitrary radii; 
other atoms are shown with 50% probability ellipsoids. 

crown ethers of trialkylaluminum compounds (R3Al), 
which are hlectronic  with dialkyhagneaium compounds. 
When we began this study, there already were reports of 
reactions between organoaluminum compounds and crown 
ethers or aza crown ethers, and more have since appeared. 
These studies mainly concern structures of solids isolated 
from the reactions. In many of these studies: however, 
the crown ethers either have no nitrogen atoms or only 
tertiary nitrogen atoms; therefore, metalation (eq 3) cor- 

R3AI + H$3 # R 2 M S  + RH (3) 

responding to that in eq 2 is not involved. A smaller 
number of involve aza crown ethers having sec- 
ondary nitrogen atoms. The crown ethers, however, have 
either two or four such atoms, and the Al atoms are bonded 
to two or three “metalated“ nitrogen atoms and retain only 
one bond or no bond to an alkyl group. 

Results and Discussion 
Reactions of Me3Al and HN15C5 (1,4,7,10-tetraoxa-l3- 

azacyclopentadecane) in benzenetoluene solutions must 
proceed as in eq 3 (R = Me). The ‘H NMR spectra of 
solutions having (after reaction) two methyl groups per 
crown ether showed one significant methyl absorption (6 
-0.48) and crown ether absorptions shifted from those of 
free crown ether. When more Me3A1 was used (methyl: 

(6) Atwood, J. L.; Hmcir, D. C.; Shakir, R.; Dalton, M. S.; Priester, R. 
D.; Rogers, R. D. Organometallics 1982,1,1021. Atwood, J. L.; Priester, 
R. D.; Rogers, R. D.; Canada, L. G. J. Inclusion Phenom. 1983,1, 61. 
Atwood, J. L.; Elgamal, H.; Robinson, G. H.; Bott, S. G.; Weeks, J. A.; 
Hunter, W. E. J. Inclusion Phenom. 1984,2,367. Bott, S. G.; Elgamal, 
H.; Atwood, J. L. J. Am. Chem. SOC. 1985,107,1796. Zhang, H.; Means, 
C. M.; Means, N. C.; Atwood, J. L. J. Crystallogr. Spectrosc. Res. 1985, 
15,445. Robinson, G. H.; Bott, S. G.; Elgamal, H.; Hunter, W. E.; At- 
wood, J. L. J. Inclusion Phenom. 1985,3, 65. Bott, S. G.; Alvanipour, 
A.; Morley, S. D.; Atwood, D. A.; Means, C. M.; Coleman, A. W.; Atwood, 
J. L. Angew. Chem., Znt. Ed. Engl. 1987, 26, 485. Robinson, G. H.; 
Hunter, W. E.; Bott, S. G.; Atwood, J. L. J. Organomet. Chem. 1987,326, 
9. Robinson, G. H.; Zhang, H.; Atwood, J. L. J. Orgammet. Chem. 1987, 
331,153. Richey, H. G., Jr.; BergStresser, G.  L. Organometallics 1988, 
7, 1459. 

(7) Robinson, G. H.; Sangokoya, S. A. Organometallics 1988, 7,1453. 
Robinson, G. H.; Self, M. F.; Sangokoya, S. A.; Pennington, W. T. J. Am. 
Chem. SOC. 1989,111,1520. Sangokoya, S .  A.; Moise, F.; Pennington, W. 
T.; Self, M. F.; Robinson, C. H. Organometallics 1989,8,2584. Self, M. 
F.; Pennington, W. T.; Laeke, J. A.; Robinson, G. H. Organometallics 
1991, 10, 36. 
(8) Robinson, G .  H.; Rae, A. D.; Campana, C. F.; Byram, S. K. Or- 

ganometallics 1987,6, 1227. Robinson, G. H.; Appel, E. S.; Sangokoya, 
S. A.; Zhang, H.; Atwood, J. L. J. Coord. Chem. 1988.17, 373. 

atom X Y z B,,b A2 
A1 (1) 0.6827 (1) 0.2500 0.3982 (1) 3.34 (2) 
A1 (2) 0.6137 (1) 0.2500 0.0627 (1) 3.61 (3) 
O(1) 0.6511 (2) 0.0690 (2) 0.3645 (2) 4.48 (5) 
O(2) 0.8744 (2) 0.0490 (2) 0.6357 (2) 4.85 (5) 
O(3) 0.9122 (3) 0.2500 0.7969 (3) 5.43 (8) 
N 0.5349 (3) 0.2500 0.2130 (3) 3.24 (7) 
C(1) 0.4391 (3) 0.1484 (2) 0.2016 (3) 3.89 (6) 
C(2) 0.5294 (3) 0.0423 (3) 0.2444 (3) 4.34 (7) 
C(3) 0.7514 (3) -0.0253 (3) 0.4201 (3) 5.07 (8) 
C(4) 0.7806 (3) -0.0387 (3) 0.5642 (3) 5.07 (8) 
C(5) 0.8974 (3) 0.0495 (3) 0.7733 (3) 5.37 (8) 
C(6) 0.9932 (3) 0.1484 (4) 0.8372 (3) 5.97 (9) 
C(7) 0.5837 (4) 0.2500 0.5279 (4) 4.26 (9) 
C(8) 0.8916 (4) 0.2500 0.4273 (4) 4.13 (9) 
C(9) 0.5679 (4) -0.2500 0.1019 (4) 4.5 (1) 
C(10) 0.7370 (3) 0.1153 (3) 0.0733 (3) 5.75 (8) 

Since the structure has a mirror plane, y coordinates of atoms 
in this plane were not allowed to refine; these atoms were allowed 
0.5 occupancy factors. * Anistropically refined atoms are given in 
the form of the isotropic equivalent displacement parameter de- 
fined as 4/3[a2B(l,l) + b2B(2,2) + c2B(3,3) + ab(cos y)B(1,2) + ac- 
(cos fl)B(1,3) + bc(cos a)B(2,3)]. 

Table 11. Bond Lengths (A) and Angles (deg) (Esd’s in 
Parentheses)” 
Bond Distances 

Al( 1)-N 1.975 (3) 0(2)-C(4) 1.397 (3) 
Al(l)-O(l) 2.151 (2) 0(1)-C(3) 1.446 (3) 

Al(l)-C(7) 1.969 (3) 0(2)-C(5) 1.413 (3) 
Al(l)-C(8) 1.933 (3) 0(3)-C(6) 1.402 (3) 
A1(2)-N 2.032 (3) N-C(l)  1.485 (3) 
A1(2)-C(9) 1.979 (4) C(l)-C(2) 1.490 (3) 
A1(2)-C(10) 1.957 (3) C(3)-C(4) 1.478 (4) 
0(1)-C(2) 1.423 (3) C(5)-C(6) 1.483 (4) 

Bond Angles 
O(1)-Al(1)-O(1)’ 159.76 (9) C(2)-0(1)-C(3) 114.3 (2) 
O(l)-Al(l)-N 79.94 (5) C(4)-0(2)-C(5) 113.3 (2) 
O(l)-Al(l)-C(7) 92.49 (5) C(6)-0(3)-C(6)’ 116.0 (3) 
O(l)-Al(l)-C(8) 95.86 (5) Al(l)-N-A1(2) 117.2 (1) 
N-AI( 1 )-C (7) 110.7 (1) Al(l)-N-C(l) 106.3 (1) 
N-A1(1)-C(8) 119.1 (1) Al(B)-N-C(l) 110.1 (1) 
C(7)-Al(l)-C(8) 130.2 (2) C(1)-N-C(1)’ 106.2 (2) 
N-Al( 2)-C (9) 103.8 (1) N-C(l)-C(P) 111.3 (2) 
N-Al(S)-C(lO) 110.9 (1) O(l)-C(2)-C(l) 107.0 (2) 
C(9)-A1(2)-C(10) 111.9 (1) O(l)-C(3)-C(4) 110.5 (2) 
C(lO)-Al(2)-C(lO)’ 107.3 (2) 0(2)-C(4)-C(3) 109.4 (2) 
Al(l)-O(l)-C(2) 112.8 (1) 0(2)-C(5)-C(6) 108.4 (2) 
Al(l)-O(l)-C(3) 130.5 (2) 0(3)-C(6)-C(5) 109.6 (2) 

Primed atoms are related to unprimed atoms by the symmetry 
operations x ,  - y ,  z. 

crown ratio significantly greater than 2), one or two ad- 
ditional methyl absorptions were seen. The spectra of 
solutions obtained from reactions of Me3A1 and HN18C6 
(1,4,7,10,13-pentaoxa-16-azacyclooctadecane) were gener- 
ally more complicated. Two methyl absorptions (-0.38 and 
-0.46 in a -5:l ratio) were seen a t  a m e t h y l ”  ratio 
of 2, and as many as six methyl absorptions a t  higher 
methylmown ratios. With either crown ether, the corre- 
lation between solution composition and number and areas 
of absorptions was unclear. 

A crystalline solid was isolated from a concentrated 
toluene solution prepared from Me3A1 and HN18C6 in a 
21 ratio. The ‘H NMR spectrum of the solution obtained 
from dissolving (benzene-d,) this solid resembled but was 
somewhat simpler than the spectra of solutions prepared 
directly from HN18C6 and excess Me3Al (without isolation 
of a solid). The areas of the methyl and crown ether 
absorptions showed the presence of five methyl groups per 
crown ether, the composition expected for the solution 
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from which the solid precipitated. Methyl absorptions 
(relative areas in parentheses) were a t  6 -0.23 (11, -0.28 
(3), -0.30 ( l ) ,  -0.44 (<l/J, and -0.60 ( l ) ,  and crown ether 
multiplets lay between 6 2.3 and 4.1. 

As had been expected, the crystal structure (Figure 1) 
has a Me2Al unit bonded to  the N atom. The structure 
has a mirror plane, which passes through the N atom, the 
0 atom most remote from N, and the A1 atom and both 
C atoms of the Me2Al group. This A1 atom is penta- 
coordinate, and all bond distances involving it are normal. 
Besides the bonds to the N atom (1.975 (3) A) and the 
methyl C atoms (1.969 (3) and 1.933 (3) A), the other two 
bonds are to the two crown ether 0 atoms (2.151 (2) A) 
nearest to the N atom. The remaining ring 0 atoms are 
well out of bonding distance. The geometry about this Al 
can be regarded as distorted trigonal bipyramidd, with the 
N atom and the two Me groups having equatorial positions 
and the 0 atoms occupying apical positions (O(1)-Al- 
(l)-O(l)' 159.76 (9)O). The other Al atom, which also lies 
in the mirror plane, is tetracoordinate. Three bonds are 
to  methyl C atoms (1.979 (4) and 1.957 (3) A) and the 
fourth bond is to the N atom (2.032 (3) A). As would be 
expected, these bonds are somewhat longer than those to 
the other Al atom. The geometry about the tetracoordi- 
nate Al atom is very nearly tetrahedral. The disposition 
of groups around the Al atoms and the substantial distance 
between them (3.420 (1) A) indicate the absence of AI-Al 
bonding. 

Structures of crystalline solids are influenced by crys- 
tal-packing considerations that do not apply in solution. 
Nevertheless, i t  is noteworthy that in spite of the con- 
gestion around the N atom, M e s a  is bonded to i t  rather 
than to an 0 atom. This is in accord with the strong donor 
abilities of N atoms of the type &NM, where M is a polar 
metal or organometallic fragment. Other crystal structures 
containing Me3A1 bonded to a N atom8 of this sort or to 
a similar 0 atom (R0M)'O have been observed. While 
consistent with a major component in the solutions having 
this structure, the NMR observations are insufficient to  
establish its presence. 

Experimental Section 
All operations were carried out under an atmosphere of nitrogen 

in a glovebox equipped with an efficient system to circulate and 
purify the nitrogen. The aza crown ethers, HN15C511 and 
HN18C6,12 were prepared using previously reported procedures. 
NMR Spectra. The crown ether (0.2 mmol) was dissolved in 

benzene& (0.4 mL, distilled from CaHJ, and a toluene solution 
of M e a  (2.0 M) was added. The resulting solution was allowed 
to stand for 24 h and then placed in an NMR tube. The tube 
was sealed and then heated at 80 "C for 30 min to further increase 
the probability that no NH remained. The 'H NMR spectra (200 
MHz) were taken at 25 OC; chemical shifta are relative to the CH3 
of toluene (6 2.10). The methy1:crown ratios that are cited were 
determined from the relative areas of 'H NMR absorptions due 
to Me-Al groups and absorptions due to the crown ether; these 
experimental values are similar to the ratios that are calculated 
on the basis of the amounts of reactants that were used. 

X-ray Crystal Structure Determinati~n.'~ A toluene so- 

Notes 

lution of trimethylaluminum (1.0 mL, 2.0 M, 2.0 mmol) was added 
to a Solution of HN18C6 (219 mg, 1.0 mmol) in toluene (1.0 mL) 
that was stirred with a magnetic stirring bar. After 24 h, the 
solution was transferred to a glass tube which then was sealed. 
The tube was heated at 80 "C for 30 min, brought back into the 
glovebox, and opened. The contents were placed in a vial, and 
the cap was left slightly loose so that the solvent could evaporate 
slowly. After 1 week, a significant amount of clear, colorless, 
platelike crystals (mp 174-175 "C) had deposited from the so- 
lution. The reported 'H NMR chemical shifts of a solution of 
this solid are relative to benzene& (6 7.15). 

The crystals were cut to an appropriate size, and one with 
approximate dimensions 0.42 X 0.52 X 0.70 mm was sealed in a 
glass capillary. Diffraction data for this crystal (Cl,H&O&12, 
mol w t  = 391.47) were collected at 20 O C  with an Enraf-Nonius 
CAD-4 automatic diffractometer using graphite-monochromatized 
Mo Ka (0.71073 A) radiation. Lattice constants were obtained 
by least-squares refinement of the setting angles of 25 reflections 
with 10 < 8 < 15": a = 9.709 (2) A, b = 11.697 (3) A, c = 10.767 
(2) A, B = 111.92 (2)", V = 1134.4A3, Z = 2, DcaLd = 1.146 g ~ m - ~ ,  
F(OO0) = 428. Unit cell parameters indicated a monoclinic cryatal 
system. Systematic absences indicated that the space group was 
P2,lm or P2,; solution and refinement in the former was suc- 
cessful. Intensity data were collected by the w / 2 8  ecan technique, 
scan width (1.20 + 0.35 tan e)", using variable scan speed 
(1.83-2.35" min-l) in the range 2 < 8 < 23". The intensities of 
1661 unique reflections were measured, of which 1266 had I > 
3 4  and were used. The intensities of 3 reflections, chosen as 
standards and measured at regular intervals, decreased by 2.4%; 
the data were corrected for decay by appropriate scaling. Data 
were also corrected for Lorentz and polarization effects but, since 
the value of p (0.146 mm-') indicated that absorption was not 
severe, were not corrected for absorption. 

The structure was solved by direct methods using MULTAN82 
and refined by full-matrix least-squares calculations on Fs. In 
the final cycles of least-squares refinement, 124 parameters were 
varied including the positional parameters and anisotropic thermal 
parameters of all non-hydrogen atoms. Hydrogens were located 
from a difference map and fixed at geometrically idealized PO%- 
itions13 with C-H = 0.95 A and fixed isotropic temperature factors 
(B = 4.0 A2) in the final rounds of the refinement cycles. The 
refinement converged with R = 0.056 and R, = (ZA2/ZwF2)1/2 
= 0.070 where w = [($F,, + (0.080FJ2]-1. At the conclusion of 
the refinement, (A/u)- < 0.01, the difference map had no peak 
larger than 0.37 e A-3, and S = 1.55. Atomic scattering factors 
for non-H atoms were taken from Cromer and Mannl' and for 
H atoms from Stewart, Davidson, and Simpson.ls Allowance was 
made for anomalous dispersion.16 
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