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We recently reported both single and double deprotonation of
the methylene backbone of bis(iminophosphorano)methane ligands
to give methanide and bimetallic methandiide complexes of
aluminum1 which extended the application of this ligand system
to this element. The latter bimetallic methandiide species contains
a novel and unusual spirocyclic bridging carbene center. The
reactivity of this novel dimetalated bridging carbene center was
of interest particularly as this complex represents a new type of
carbon center derivatized by aluminum. There has been recent
growth of interest in aluminum complexes2-11 themselves as single
species catalysts for the polymerization of olefins rather than as
activators of the early12 and late12a,13transition metal complexes
because of the electrophilic nature of cationic organoaluminum
compounds.

Insertion of unsaturated small molecules into the metal-carbon
bond and the carbon homologation reaction are fundamental steps
in homogeneous catalysis. Although numerous reports on reactiv-
ity studies of transition metal complexes containing metal-carbon
bonds with various small molecules exist,14 similar studies on
aluminum complexes are limited.15-17 Here we describe the
reactivity of our spirocyclic dimethyl aluminum bis(iminophos-
phorano)methandiide complex1 with heteroallenes to form novel
metallobicyclic compounds through a new CdC bond formation
reaction.

Aluminum bis(iminophosphorano)methandiide, [(AlMe2)2{µ2-
C(Ph2PdNSiMe3)2-κC, κC, κN,κN′ }], 1, reacted with adaman-
tylisocyanate under reflux conditions in toluene to yield
[(AlMe2)2{(Me3SiNdPPh2)2CdC(O)N(Ad)-κO,κN,κN′,κN′′}], 2
(Scheme 1).18 Similarly, 1 reacted with dicyclohexylcarbodiimide
to give [(AlMe2)2{(Me3SiNdPPh2)2CdC(NCy)2-κN,κN′,κN′′,κN′′′}],
3, (Scheme 1).19 In both cases, an excess of the heteroallene gave
neither further homologation reactions nor additional insertion
into, for example, the Al-Me bond. This pattern is parallel to
the behaviour of a related zinc complex reported earlier.20 The
31P NMR of the final reaction mixtures confirmed quantitative
conversion of1 to 2 or 3. The complexes were isolated as a
colorless air-sensitive crystalline solids in high yields.

This reaction in which two aluminum-carbon bonds are
cleaved by one molecule of heteroallene to form new carbon-
carbon double bonds in a novel bicyclic six-membered ring
compounds is unique. Previous work shows that heteroallenes
generally react with compounds containing metal-carbon bonds
to give carboxylato-type derivatives.21

As expected, because complex2 is not symmetric, the two
inequivalent phosphorus centers give rise to two doublets in the

* To whom correspondence should be addressed.Telephone: 780-492-
5310. FAX: 780-492-8231. E-mail: Ron.Cavell@Ualberta.ca.

† X-ray structure determination laboratory.
(1) Aparna, K.; McDonald, R.; Ferguson, M.; Cavell, R. G.Organometallics

1999, 18, 4241-4243.
(2) Bochmann, M.; Dawson, D. M.Angew. Chem., Int. Ed. Engl.1996,

35, 2226-2228.
(3) Bruce, M.; Gibson, V. C.; Redshaw, C.; Solan, G. A.; White, A. J. P.;

Williams, D. J.J. Chem. Soc., Chem. Commun.1998, 2523-2524.
(4) Coles, M. P.; Jordan, R. F.J. Am. Chem. Soc.1997, 119, 8125-8126.
(5) Coles, M. P.; Swenson, D. C.; Jordan, R. F.Organometallics1997,

16, 5183-5194.
(6) Emig, N.; Nguyen, H.; Krautscheid, H.; Re´au, R.; Cazaux, J.-B.;

Bertrand, G.Organometallics1998, 17, 3599-3608.
(7) Radzewich, C. E.; Guzei, I. A.; Jordan, R. F.J. Am. Chem. Soc.1999,

121, 8673-8674.
(8) Cameron, P. A.; Gibson, V. C.; Redshaw, C.; Segal, J. A.; Bruce, M.

D.; White, A. J. P.; Williams, D. J.J. Chem. Soc., Chem. Commun.1999,
1883-1884.

(9) Coslédan, F.; Hitchcock, P. B.; Lappert, M. F.J. Chem. Soc., Chem.
Commun.1999, 705-706.

(10) Jegier, J. A.; Mun˜oz-Hernández, M.-A.; Atwood, D. A.J. Chem. Soc.,
Dalton. Trans.1999, 2583-2587.

(11) Ong, C. M.; McKarns, P.; Stephan, D. W.Organometallics1999, 18,
4197-4204.

(12) See for example: (a) Britovsek, G. J. P.; Gibson, V. C.; Wass, D. F.
Angew. Chem., Int. Ed.1999, 38, 428-447. (b) Bochmann, M.J. Chem. Soc.,
Dalton Trans.1996, 255-270. (c) Brintzinger, H. H.; Fischer, D.; Mu¨lhaupt,
R.; Rieger, B.; Waymouth, R. M.Angew. Chem., Int. Ed. Engl.1995, 34,
1143-1170. (d) Theopold, K. H.Eur. J. Inorg. Chem.1998, 15-24.

(13) See for instance: (a) Britovsek, G. J. P.; Gibson, V. C.; Kimberley,
B. S.; Maddox, P. J.; McTavish, S. J.; Solan, G. A.; White, A. J. P.; Williams,
D. J. J. Chem. Soc., Chem. Commun.1998, 849-850. (b) Gibson, C. V.;
Brookhart, M.Chem. Eng. News1998, 76, 11-12. April 13, 1998. (c) Small,
B. L.; Brookhart, M.J. Am. Chem. Soc.1998, 120, 7143-7144. (d) Small,
B. L.; Brookhart, M.; Bennett, A. M. A.J. Am. Chem. Soc.1998, 120, 4049-
4050.

(14) See for instance: (a) Wigley, D. E.; Gray, S. D. InComprehensiVe
Organometallic Chemistry (II); Abel, E. W., Stone, F. G. A., Wilkinson, G.,
Eds.; Pergamon: Oxford, 1995; Vol. 5, Chapter 2, p 88. (b) Winter, M. J. In
ComprehensiVe Organometallic Chemistry (II); Abel, E. W., F. Stone, G. A.,
Wilkinson, G., Eds.; Pergamon: Oxford, 1995; Vol. 5, Chapter 3, p 155. (c)
Woodward, S.; Winter, M. J. InComprehensiVe Organometallic Chemistry
(II) ; Abel, E. W., F. Stone, G. A., Wilkinson, G., Eds.; Pergamon: Oxford,
1995; Vol. 5, Chapter 5, p 281.

(15) Korolev, A. V.; Guzei, I. A.; Jordan, R. F.J. Am. Chem. Soc.1999,
121, 11605-11606.

(16) Eisch, J. J. InComprehensiVe Organometallic Chemistry (II); Abel,
E. W., F. Stone, G. A., Wilkinson, G., Eds.; Pergamon: Oxford, 1995; Vol.
11, Chapter 6, pp 277-311.

(17) Eisch, J. J. InComprehensiVe Organometallic Chemistry (II); Abel,
E. W., F. Stone, G. A., Wilkinson, G., Eds.; Pergamon: Oxford, 1995; Vol.
1, Chapter 10, pp 431-502.

(18) Preparation of2. (All experimental manipulations were performed
under rigorously anaerobic conditions using Schlenk techniques or an argon-
filled glovebox.) [(AlMe2){µ2-C(Ph2PdNSiMe3)2-κC, κC, κN, κN′}] 1 (0.20
g, 0.30 mmol) and adamantylisocyanate (0.053 g, 0.30 mmol) were dissolved
in toluene (10 mL) and heated at 120°C for 24 h. The resultant solution was
concentrated to one-third of the original volume, and the flask was left at rt
for 2 days. Colorless crystals were obtained which were filtered and dried
under vacuum. Yield 0.18 g, 71.2%. IR data (Nujol Mull): 1348s, 1340s,
1304m, 1268m, 1252s, 1190w, 1138w, 1109s, 1052s, 1031m, 1014s, 1000m,
922w, 852s, 788m, 762m, 750m, 741m, 713m, 694s, 659m, 601w, 532m.1H
NMR (C6D6): δ 7.60 (m, Ph), 7.39 (m, Ph), 6.90 (m, Ph), 6.68 (m, Ph), 2.14
(s, CH2-Ad), 1.92 (s, CH-Ad), 1.53 (br dd, CH2-Ad), 0.12 (s, CH3-Al),
0.09 (s, CH3Si), -0.0.2 (s, CH3Si), -0.09 (s, CH3-Al). 13C {1H} NMR
(C6D6): δ 178.8 (br s, C-O), 134.0 (m,o-phenyl), 133.8 (m,o-phenyl), 133.3
(m, i-phenyl), 132.9 (m,i-phenyl), 131.8 (d,p-phenyl), 131.3 (d,p-phenyl),
128.3 (m,m-phenyl), 128.0 (m,m-phenyl), 58.5 (s, C.-Ad), 55.9 (dd, P-C-
P, 1JPC ) 128 Hz, 123 Hz), 42.3 (s, CH2-Ad), 36.7 (s, CH2-Ad), 30.5 (s,
CH-Ad), 4.7 (s, CH3Si), 3.7 (s, CH3Si), 0.9 (s, CH3-Al), -5.3 (s, CH3-
Al). 31P{1H} NMR (C6D6): δ 31.6 (d), 28.97 (d)2Jpp ) 61.5 Hz. Anal. Calcd
for C46H65Al2N3OP2Si2: C, 65.14; H, 7.72; N, 4.95. Found: C, 65.09; H,
7.89; N, 4.84.

(19) Preparation of3: In a fashion analogous to the preparation of2,
dicyclohexylcarbodiimide (0.046 g, 0.22 mmol) was combined with1 (0.15
g, 0.22 mmol). Yield 0.15 g, 73.9%. IR data (Nujol Mull): 1438s, 1357s,
1332s, 1296s, 1269s, 1251s, 1188s, 1111s, 1088s, 1071m, 1034s, 999m, 962m,
902s, 891m, 850s, 821m, 783s, 742s, 716m, 685s, 652s, 600s, 577m, 533s,
497s.1H NMR (C6D6): δ 8.44 (m, Ph), 7.37 (m, Ph), 7.29 (m, Ph), 7.12 (m,
toluene), 7.03 (m, toluene), 6.38 (m, Ph), 6.26 (br, Ph), 5.97 (br, Ph), 3.60 (br
s, i-Cy), 2.26 (br m, Cy), 2.10 (s, toluene), 1.73 (br s, Cy), 1.47 (m, Cy), 1.21
(m, Cy), 1.04 (m, Cy), 0.73 (m, Cy), 0.39 (s, CH3Si), -0.03 (s, CH3-Al),
-0.21 (s, CH3-Al). 13C{1H} NMR (C6D6): 187.8 (br t, CdC, 2JPC ) 4.7
Hz), 137.8 (s, Tol), 136.5 (m,o-Ph), 135.0 (m,i-Ph), 133.6 (m,o-Ph), 132.6
(m, o-Ph), 132.0 (s,p-Ph), 131.3 (s,p-Ph), 131.2 (m,i-Ph), 129.3 (s, Tol),
129.0 (m,m-Ph), 128.5 (s, Tol), 125.6 (Tol), 65.0 (t, P-C-P, 1JPC ) 106
Hz), 64.2 (s, CH-Cy), 33.5 (s, CH2-Cy), 32.8 (s, CH2-Cy), 27.4 (s, CH2-
Cy), 26.1 (s, CH2-Cy), 21.4 (s, Me-Tol), 4.8 (s, SiMe3), 0.6 (br s, Al-Me),
-3.4 (br s, Al-Me). 31P{1H} NMR (C6D6): δ 30.15 (s). Anal. Calcd for
3‚toluene C48H72Al2N4P2Si2: C, 68.15; H, 8.32; N, 5.78. Found: C, 67.85;
H, 8.45; N, 5.64.

(20) Kasani, A.; McDonald, R.; Cavell, R. G.Organometallics1999, 18,
3775-3777.

(21) Gambarotta, S.; Strologo, S.; Floriani, C.; Chiesi-villa, A.; Guastini,
C. Inorg. Chem.1985, 24, 654-660.

9314 J. Am. Chem. Soc.2000,122,9314-9315

10.1021/ja001445q CCC: $19.00 © 2000 American Chemical Society
Published on Web 09/13/2000



31P NMR spectrum. The13C APT NMR spectrum for the
backbone P-C-P carbon center appeared as a positive doublet
of doublets, confirming the presence of the two non-equivalent
phosphorus atoms. Proton and carbon NMR spectra for2 also
showed the expected two sets of Al-Me, phenyl, and SiMe3 group
resonances. The isocyanate carbon was observed as a broad singlet
at 178.8 ppm. The phosphorus NMR spectrum of3 shows only
one singlet because both of the phosphorus atoms are equivalent
in this symmetric molecule. Accordingly also the13C APT carbon
signal of the P-C-P unit appeared as a positive triplet because
of the coupling of this center with two equivalent phosphorus
atoms. Surprisingly, however, complex3 displayed two sets of
Al-Me and phenyl resonances in both proton and carbon NMR;
thus, the molecule must preserve the a boat con-
formation of metallocylic rings indicated in the crystal structure
(vide infra) in solution. The two equatorial phenyl rings show
two separate ortho and meta carbon resonances (as broad signals)
probably because of the restricted rotation about the P-Ph bond.

The molecular structures of both222 and323 were confirmed
by X-ray crystallography. An ORTEP24 plot of the core structure
of 3 is illustrated in Figure 1. The molecular structure shows two
six-membered metallocyclic rings sharing an edge and adopting
a distorted boat conformation in which the newly constructed
ligand bridges the two dimethyl aluminum centers. In both the
complexes the ligand therefore acts as a dianionic tetradentate
ligand, and the aluminum atoms adopt a distorted tetrahedral
geometry. Thus, in each case insertion of the heteroallene yields
a new carbon-carbon double bond, the only difference being that
in one heterocycle,2, an oxygen atom replaces one of the two
NCy units seen in3. The C(1),C(2), P(1), P(2), N(3), N(4) atoms
in complex 3 lie in one plane (Figure 1b) as do likewise the
corresponding atoms (C(1), C(2), N(3), O) in complex2. In
complex3 the Al(1), N(1), P(1), N(3) atoms and Al(2), N(2),
P(2), N(4) atoms also lie in one plane. These planes make an

angle of 46.55(7)° and 48.09(5)° with the central plane, respec-
tively. The Al-nitrogen distances{Al(1)-N(3) and Al(2)-N(4)}
are shorter than those to the nitrogens of the Al-phosphinimine
units{Al(1)-N(1) and Al(2)-N(2)} distances indicating that the
charge is more localized on the former atoms. In both complexes
2 and3 the C(1)-C(2) bond is shorter than than the single bond
and longer than the double bond. The Al-N and Al-O distances
are shorter than dative bond lengths but longer than normal single
bonds in comparison to other four coordinate Al-N and Al-O
compounds.25 The PdN bond distances are elongated, and the
endocyclic P-C bond distances are shorter; however, the exo-
cyclic P-C distances are unchanged compared to the values in
the free ligand.26 All of these factors suggest that there is electronic
delocalization within the tetradentate dianionic ligand as repre-
sented in Scheme 2.

Summarizing, heteroallenes react with the spirocyclic dimethyl
aluminum bis(iminophosphorano)methandiide complex to give
novel bicyclic aluminum complexes in which a new carbon-
carbon multiple bond is formed. These products also provide rare
examples of aluminum bicyclic ring systems. Further reactivity
studies are underway.
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Scheme 1

Figure 1. (a) An ORTEP24 view of [(AlMe2)2{(Me3SiNdPPh2)2CdC-
(NCy)2-κN,κN′,κN′′,κN′′′}] 3 showing the atom labeling scheme. The
hydrogen atoms and all butipsocarbon atoms of the phenyl groups have
been removed for clarity. Remaining atoms are represented by Gaussian
ellipsoids at the 20% probability level. Bond lengths and bond angles
are given in ref 23. (b) An oblique view of the bicyclic frame of3.

Scheme 2
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