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Figure 1. Drawing of the Ru(TMP)(THF)(N,) molecule showing 50% 
probability ellipsoids and a partial labeling scheme. Hydrogen atoms 
have been omitted for the sake of clarity. 

Fe(porp)(py)(N2) where porp = the dianion of a protoporphyrin 
IX diester.I9 It is clear from the limited li terature available6,18-20 
and our own more recent observations, t h a t  the N2 ligand in the  
mono(dinitr0gen) complexes is highly thermolabile and radiation 
labile (laboratory lighting and X-rays). The growing of a crystal  
of 1, and its subsequent  analysis by X-ray diffraction, were not 
trivial problems. 

The structure  of 1 is shown in Figure 1. The complex shows 
the typically linear Ru+N=N arrangement with the metal being 
essentially in the  plane (0.014 A above the  weighted least-squares 
plane of the  25-atom porphyrin skeleton). The Ru-N(5) distance 
of 1.822 (13) A is slightly shorter  t h a n  t h a t  found in t h e  Ru- 
(N2)(N3)(en)22+ ion21 (1.894 (9) A). Other features of the Ru- 
N-N geometry are comparable in t h e  two compounds and in the  
less accurately determined structures of two ruthenium dinitrogen 
hydrido phosphine c o m p l e x e ~ . ~ ~ - ~ ~  Other averaged bond lengths 
and angles for t h e  metalloporphyrin moiety within 1 show no 
unusual features when compared with those of other monomeric, 
6-coordinate Ru porphyrin c o m p l e ~ e s . ~ ~ - ~ ~  

The chemistry and redox properties of t h e  Ru(I1)  porphyrin 
dinitrogen complexes, particularly the  reactivity of the bound N2, 
remain t o  be elucidated. 
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Lappert and co-workers' ended "The Quest for Terminal 
Phosphinidene Complexesn2 with their reported synthesis and 
structural  characterizations of ( V ~ - C ~ H ~ ) ~ M ( = P A ~ )  where M = 
Mo (X-ray) and W and Ar = C6H2(t-Bu)3-2,4,6. We wish t o  
report  here our synthesis and character izat ion of a novel3 phos- 
phido-capped tr i tungsten cluster supported by alkoxide ligands 
and further to speculate that  its formation may involve the reactive 
intermediate of formula ( ~ - B u C H ~ O ) ~ W P  having a W-P triple 
bond. 

The reaction between W2(OCH2-t-Bu)6(HNMe2)24 and white 
phosphorus, P4, proceeds in hydrocarbon solvents according to  the 
stoichiometry (as determined by 'H NMR spectroscopy) shown 
in eq 

7 5 O ,  4 h 
2W2(0CH2-t-Bu)6(HNMe2)2 + p4 - 
(HNMe2)(t-BuCH20)3W(t13-P3) + W3(P)(OCH2-t-Bu),  + 

3HNMe2 (1) 
The compound (HNM~)(~-BuCH,O),W(~~-P,) was previously 

characterized6 from reaction 1, but the nature of the major 
tungsten-containing compound W3(P)(OCH2-t-Bu)9 was not  
readily established. The elemental analysis indicated an ap- 
proximate empirical formula W(OCH,-t-Bu), ,  and though t h e  
presence of phosphorus was indicated,  none could initially be 
detected by 31P NMR ~ t u d i e s . ~  The compound W3(P)- 
(OCH2-t-Bu)9 is only sparingly soluble in hydrocarbon solvents 
though this allowed the  observation by NMR spectroscopy of two 
types of OCH2- t -Bu  groups in t h e  integral rat io  2:1, with t h e  
former having diastereotopic methylene  proton^.^ Repeated at- 
tempts to obtain single crystals suitable for a single-crystal X-ray 
study failed until crystals appeared in an NMR tube  in which the 
course of reaction 1 was being followed.8 
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slow 
W2(OR)6 + p4 - W2(0R)6(P4) (2a) 

fast 
W2(OR),(P,) - (RO)3W(q3-P3) + (RO)3WzP (2b) 

fast 
W2(OR)6 + (R0)3WGP - W3(Wu,-P)(p-OR)3(OR)6 (2C) 

It should be noted that (1) P4 metal-containing conipounds are 
known," (2) asymmetric cleavage of (RO)3M=M(OR)3 com- 
pounds,'* as well as Cp(C0)2M=M(C0)2Cp c o m p o ~ n d s ' ~  (M 
= Mo, W), is well documented, and (3) the comproportionation 
reaction, reaction 2c, has ample precedent in the preparation of 
W3(P3-CR')(OR)9,20 W ~ ( ~ L ~ - O ) ( O R ) I O , ~ ~  and W3(r3-NH)(OR)l~ 
compounds.22 Also, given the existence of phosphaalkyne com- 
p o u n d ~ , ~ ~  RCEP, and the propensity, perhaps above all other 
metals, for tunsten to form W=CR bonds, we believe the quest 
for compounds containing WEP bonds will shortly be fulfilled.24 
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Figure 1. A ball-and-stick drawing of the W3(p3-P)(~-OCH2-t-Bu)3- 
(OCH,-t-Bu), molecule. Pertinent bond distances and angles are given 
in the text. The molecule has a crystallographically imposed C3 axis of 
symmetry. 

In the space group R,, there are two independent W3(p3-P)- 
(p-OCH2-t-Bu)3(OCH2-t-Bu)6 molecules in the unit cell. Each 
molecule has crystallographically imposed C3 symmetry, and the 
two molecules are virtually superimposable, differing so little that 
all parameters are virtually equivalent within the criteria of 3u. 
A view of one of the molecules is given in Figure 1. 

Each tungsten atom is in a square-based-pyramidal coordination 
geometry with the W-P bond occupying the axial site; W-P = 
2.365(4) A. The W-W distance is 2.757 (1) A, and the angles 
within the distorted W3P tetrahedron are W-W-W = 60°, 
W-P-W = 71.3 ( I ) ' ,  and P-W-W = 54.3 ( 1 ) O .  the W-O- 
(terminal) and W-O(bridging) distances are 1.92 (1) and 2.05 
(2) 8, (average), respectively. Structurally and electronically the 
clusters w3(p3-x)(p-oR)3(oR)6 where X = CMe9 and P are 
closely related. Of course, R C  and P are isolobal,10 and we have 
previously reported the characterization of W2(pu-X2)(OR),(py), 
compounds where n = 1 or 2 and X = CH" and P.12 Also, the 
(q3-C3R3) moiety seen in the molecular structure of 
(Me2NCH2CH2NMe2)C13W(q3-C3Me2(t-Bu))'3 is isolobal with 
the (q3-P3) moiety in (HNMe2)(t-BuCH20)3W(q3-P3). Given 
the extensive chemistry of (RO),W=CR'  compound^'^ and to 
a lesser extent (RO)3W=N  compound^,^^ we suggest a similar 
chemistry for (R0)3W=P.'6 In particular, the formation of 
W3(p3-P)(OCH2-t-Bu), in eq 1 could well follow the reaction 
scheme outlined in eq 2. 

(17) Di Vaira, M.; Stoppioni, P.; Peruzzini, M. Polyhedron 1987, 6, 351. 
( 1  8) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Kirkpatrick, C. C. Inorg. 

Chem. 1984, 23, 1021. 
(19) Curtis, M. D. Polyhedron 1987, 6, 759. 
(20) Chisholm, M. H.; Conroy, B. K.; Eichhorn, B. W.; Folting, K.; Hoff- 

man, D. M.; Huffman, J. C.; Marchant, N. S. Polyhedron 1987,6,783. 
Chisholm, M. H.; Conroy, B. K.; Huffman, J. C. Organometallics 1986, 
5 ,  2384. 

(21) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Kober, E. M. Inorg. 
Chem. 1985, 24, 241. For related synthesis of W3(p3-O)(CH,Ph)(O- 
i-Pr)9 and W3(r3-O)(CH,Ph)2(0-i-Pr)8 compounds, see: Chisholm, M. 
H.; Folting, K.; Eichhorn, B. W.; Huffman, J. C. J .  Am. Chem. Sot .  
1987, 109, 3146. 

(22) Chisholm, M. H.; Hoffman, D. M.; Huffman, J. C. Inorg. Chem. 1985, 
24, 796. 

(23) Appel, R.; Knoll, F.; Ruppert, I .  Angew. Chem., Int. Ed. Engl. 1981, 
20, 731. 

(24) We thank the National Science Foundation for support. 

Contribution from the P. M. Gross Chemical Laboratory, 
Department of Chemistry, Duke University, 

Durham, North Carolina 27706 

Experimental Determination of the *'AI NMR Quadrupole 
Coupling Constant of the Hexaaquoaluminum Ion in Aqueous 
Perchloric Acid and Mixed Acetone-Aqueous Perchloric Acid 
Solution 

J. Mark Garrison and Alvin L. Crumbliss* 

Received January 20, I988 
(9) Chisholm, M. H.; Hoffman, D. M.; Huffman, J. C. Inorg. Chem. 1984, 

23, 3683. Chisholm, M. H.; Folting, K.; Heppert, J. A,; Hoffman, D. 
M.; Huffman, J.  C. J .  Am.  Chem. Sot .  1985, 107, 1234. 

( I O )  Hoffman, R. Angew. Chem., In?. Ed.  Engl. 1982, 21 ,  711. 
(1 1) Chisholm, M. H.; Felting, K.; Hoffman, D. M.: Huffman, J. c. J .  Am. 

Chem. SOC. 1984, 106, 6794. 
(12) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Koh, J.  J. Polyhedron 

1985, 4 ,  893. 
(13) Schrock, R. R.; Pedersen, S. F.; Churchill, M .  R.; Ziller, J. w. or- 

ganometallics 1984, 3 ,  1574. 
(14) Collman, J. P.: Hegedus, L. S.; Norton, J. R.; Finke, R. G. In Principles 

and Applications of Organotransition Metal Chemistry; University 
Science Books: Mill Valley, CA, 1987; Chapter 9 and references 
therein. 

(15) Chisholm, M .  H.; Hoffman, D. M.; Huffman, J. C. Inorg. Chem. 1983, 
22, 2903. Chan, D.-T.; Chisholm, M. H.; Huffman, J .  C.; Marchant, 
N .  S. Inorg. Chem. 1986, 25, 4170. 

( 1  6) Fenske-Hall calculations on the mononuclear fragments (HO),W=X 
where X = N (W-N = 1.74 A) and X = P (W-P = 2.0975 A) indicate 
that although P-to-W 7r bonding is less effective than N-to-W A 

bonding, the u-bonding character is in the reverse order: Chisholm, M. 
FI.: Pasterczyk. J. W.; results to be submitted for publication. 

The *'AI nucleus is quadrupolar, having a nuclear spin, I ,  of 
5 / 2  and a quadrupole moment, Q, of 0.149 X cm2. Inter- 
action of the quadrupole moment with local electric field gradients 
couple the nucleus to molecular motions, thereby giving rise to 
an efficient magnetic relaxation mechanism.' Electric field 
gradients are generated or imposed about the 27Al nucleus by the 
ligand field asymmetry of ligands Or Solvent mo~ecules bound to 
the aluminum(II1) metal ion. In the limit of fast motion, nuclear 
spin VadruPolar relaxation is governed by eq 1 where TQ, TI, 

TQ - L = L = i [  TI T2 40 P(21-  2 1 + 3  I )  T C  
_ -  

(1) 

and T2 are the quadrupolar, spin-lattice, and spinspin relaxation 
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