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REACTION OF DIJSOBUTYLALUMINUM HYDRIDE 
WITH BIS(DIPHENYLPHOSPHIN0YL)ETHANE. 

SYNTHESIS AND STRUCTURE OF [Al(C4H9)3]2[dppe] 

MARK F. SELF, SAMUEL A. SANGOKOYA, 
WILLIAM T. PENNINGTON and GREGORY H. ROBINSON* 

Deparrnienr of Clieniisrry, Clenison University. Clenuott, South Carolina 296341905, W.S.A. 

(Received April 17. 1989; in filial form June 20. 1989) 

Reaction of an excess of diisobutylaluminum hydride with bis(diphenylphosphinoy1)ethane (dppe-0,). the 
di-oxygen derivative of bis(dipheny1phosphino)ethane (dppe), in heptane affords the crystalline product 
[AI(C,H,),],[dppe]. The title compound crystallizes in the triclinic space group PI with unit cell 
parameters a = 9.514(3), b = 10.417(4), c = 13.364(4)& a = 97.67(3), p = 102.09(2), 6 = 95.49(3)”, 
V =  1273.1(7)A3, and D, = 1 . 0 ? g ~ m - ~  for Z =  1. Least-squares refinement based on 2455 observed 
reflections ( I  > 3 0  ( I ) )  converged at  R = 0.059, R,  = 0.070. The title compound results from a unique 
reaction wherein dppe and triisobutylaluminum were generated in siru from dppe-0, and diiso- 
butylaluminum hydride, respectively. 

Keywords: Aluminum, alkyl, phosphine, X-ray structure 

INTRODUCTION 

Although the organ-transition metal chemistry of the bidentate phosphine ligands 
bis(diphenylphosphino)methane’-6 and bis(dipheny1phosphino)ethane has been 
extensively the corresponding organ-main group chemistry of these 
ligands has not developed in parallel. Moreover, the literature reveals a paucity of 
structural studies concerning the interactions of main group metals with chalcogen 
derivatives of these bidentate phosphine ligands. Herein we report the synthesis and 
structure of [Al(C,H,),],[dppc] isolated from reaction of bis(diphenylphosphinoy1)- 
ethane (dppe-0,), the di-oxygen derivative of bis(dipheny1phosphino)ethane (dppe), 
with diisobutylaluminum hydride. The formation of [Al(C,H,),],[dppe] is quite 
interesting in that the reaction of dppe and triisobutylaluminum, generated itz sifzr, 
from dppe-0, and diisobutylaluminum hydride, respectively, resulted in the title 
compound. 

EXPERIMENTAL 

Getierd 

Owing to the extreme air- and water-sensitivity of both diisobutylaluminum hydride 
and the title compound, the exclusion of oxygen and moisture from the synthesis and 
subsequent manipulations was essential. To this end, standard Schlenk technique 

* Author for correspondence. 

301 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



302 hl. F. SELF el al. 

was employed in conjunction with an inert atmosphere drybox (Vacuum Atmos- 
pheres HE-43 Dri-Lab). Heptane was distilled from CaH, under an atmosphere of 
argon prior to use. Diisobutylaluminum hydride, purchased from Aldrich Chemical 
Co., was used as received. Bis(diphenylphosphinoy1)ethane was prepared in our 
laboratory.’ ’ X-ray diffraction data were collected on a Nicolet R3m/V diffract- 
ometer. NMR data were recorded on a JEOL FX-9OQ spectrometer or on an IBM 
200 MHz spectrometer as indicated. 

Synthesis of [A1(C4H9)J2[dppe] 

A glass reaction vessel was charged with bis(diphenylphosphinoy1)ethane 
(1.16 mmol) and brought into the drybox where heptane (10cm3) was added. 
Diisobutylaluminum hydride (5.10 mmol) was slowly added ria syringe. Reaction 
was immediate and quite exothermic resulting in a colourless homogeneous solution. 
The reaction vessel was removed from the drybox and heated in an oil bath at 150°C 
for 24 hours. After cooling, the solution was transferred, ria cannula, to a 100 cm3 
Schlenk flask and concentrated under vacuum. Cooling to - 15°C for 48 hours 
resulted in colourless, air-sensitive crystals (80% yield based on the phosphine 
ligand); m.p. 101-102°C. ‘H NMR (JEOL FX-90Q) (CDCI,): 60.381 (d, 12H, Al- 
CH,-CH(CH,),), 0.834 (d, 36H, AI-CH,-CH(CH,),), l .73 (m, 6H, AI-CH,- 
CH(CH,),), 2.16 (t, 4H, P-CH,CH,-P), 7.24 (m, 20H, C,H,). 31P{H} NMR (IBM 
200 MHz) (CDCI,), H,PO, external reference: 6 - 12.057 (s, P-CH,CH,-P). 

TABLE I 
Summary of the crystallographic data for [AI(C,II,),],[dppe]~ 

Empirical formula 
hlolecular weight 
Colour; habit 
Size 
Space group 
Unit cell dimensions 
0.8,  
b, A 
c, A 
a, deg 
P, deg 
Y. deg 
Cell volume, A’ 
Z 
D,/gcm-’ 
Diffractometer 
Radiation 
Temperature 
20 range 
Reflections collected; unique 
Reflections observed 
GOF 
R 
R *. 

C,,~~, ,AI,P* 
795.18 
colourless; parallelepiped 
0.50 x 0.30 x 0.25 mm 
Triclinic, Pi 

9.514(3) 
10.417(4) 
13.363(4) 
97.67(3) 
102.09(2) 
95.49(3) 
l273.1(7) 
1 
I .01 
Nicolet R3m/V 
hlo-Ka (7. = 0.71073) 
21°C 
3.50 to 45.0’ 
3579; 3355 (R,,,,, = 0.038) 
2455 (I > 341)) 
2.21 
0.059 
0.070 
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TABLE I1 
Atomic coordinates ( x  10‘) and equivalent isotropic thermal parameters (A’ x lo3) for 

“C,H,),l,[dPPel. 

3863(1) 
3285(1) 
4565(4) 
5983(5) 
6450(7) 
5510(9) 
41 18(8) 
3641(6) 
2362(4) 
963(5) 
- 178(5) 

46(6) 
1415(6) 
2571(5) 
5253(4) 
2052(5) 
15 IS( 12) 
418(9) 

1777(9) 
5255(5) 
6132(8) 
7565(6) 
6063(8) 
2102(5) 
2187(5) 

821(6) 
3512(6) 

450(1) 

1788(4) 
2353(5) 
3324(6) 
3736(6) 
3 19 I(6) 
2227(5) 
I072(4) 
473(5) 
946(6) 

1964(6) 
2550(5) 
2114(5) 
454(4) 

- 1355(5) 
-2403(9) 
- 1999(9) 
- 3635(7) 
-2256(5) 
- 1853(1 I )  
-2447(8) 
- 747(8) 

-2792(5) 
-4243(5) 
-4998(6) 
- 449q6) 

- 1779(1) 
8467(1) 
7300(1) 
7883(3) 
8 154(4) 
7650(5) 
6861(5) 
6606(4) 
7098(3) 
8945(3) 
85 12(4) 
886 I(5) 
9650(4) 

10088(4) 
9730(3) 
9656(3) 
6021(3) 
5142(6) 
4254(5) 
5036(5) 
73 I6(4) 
6629(8) 
67 14(6) 
6175(6) 
8083(4) 
SOSS(4) 
8208(5) 
8867(4) 

* Equivalent isotropic U defined as one third of the trace of the orthogonalized Uij tensor. 

Strirctirral solirtiori arid refiiertierit 

A colourless parallelepiped crystal of [Al(C,H,),],[dppe] was mounted in a thin- 
walled glass capillary under an inert atmosphere of argon. Cell dimensions and an 
orientation matrix for data collection, obtained from a least-squares refinement of 
the settings angles of 30 carefully centred reflections in the range 
15.43 < 28 -= 29.04”, corresponded to a triclinic cell with parameters a = 9.514(3), 
b = 10:417(4), c = 13.364(4)81, a = 97.67(3), p = 102.09(2), 6 = 95.49(3)”, V = 
1273,1(7) A’, and D, = 1.04 g cm-3 for 2 = 1. The space group was determined to 
be P1 (No. 2). The structure was solved by direct methods and refined, based on 2455 
observed reflections with intensities I > 30(Z), using SHELXTL.” Non-hydrogen 
atoms were refined using anisotropic thermal parameters. Hydrogen atoms were 
located by standard difference Fourier techniques, and were included in the structure 
factor calculations at  idealized positions (dC-” = 0.96 A). Isotropic group thermal 
parameters were refined for the phenyl and methylene bridge-head hydrogen atoms 
(U,,, = 0.082(4)), the isobutyl methylene hydrogen atoms (U,,, = 0.13( l)), the iso- 
butyl methyne hydrogen atoms (U,,, = 0.19(2)), and the isobutyl methyl hydrogen 
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atoms (Uiso = 0.23(1)). The weighting scheme was based on counting statistics and 
included a factor (p = 0.0003) to downweight the intense reflections. The maximum 
peaks on the final difference map correspond to 0.36 and -0.34 e/8,,, respectively. 
Refinement converged at  R = 0.059 ( R ,  = 0.070). Relevant crystallographic data 
are given in Table I. Final coordinates are given in Table 11. 

RESULTS AND DISCUSSION 

The great versatility of the bidentate phosphine ligands bis(dipheny1phosphino)- 
methane and bis(dipheny1phosphino)ethane has long been recognized in transition 
metal chemistry.' - l o  Importantly, the organo-main group chemistry of these 
ligands, particularly that of their oxygen and sulfur derivatives, remains largely 
unexplored. This laboratory recently initiated investigations into the organo- 
aluminum chemistry of these ligands. 

While our initial investigation into this chemistry described the synthesis and 
structure of the [AI(CH,),],[dppm] adduct, isolated from reaction of the bidentate 
phosphine ligand with trimethylal~minum,'~ subsequent experiments with oxygen 
and sulfur derivatives of dppm proved quite intriguing. We recently reported the 
synthesis and structure of [A1(CH,)][dpprn-O,],[AI(CH3),],, isolated from reaction 
of trimethylaluminum with dppm-0,.'4 This product proved quite interesting in that, 
unlike the [Al(CH,),],[dppm] compound, condensation occurred as both methylene 
hydrogen atoms of the central carbon atom of each ligand were cleaved along with 
four AI-CH, bonds (thereby eliminating methane). This compound was also intrigu- 
ing due to the penta-coordination of the central aluminum atom in the compound. 
The triethylaluminum analogue has recently been reported." The isolation of these 
products further piqued our curiosity regarding the organoaluminum chemistry of 
the chalcogen derivatives of bidentate phosphine ligands and prompted us to 
examine the di-thio derivative of dppm, bis)diphenylthiophosphino)methane (dppm- 
S,). Reaction of diisobutylaluminum hydride with dppm-S, afforded the novel 
[Al(C,H,)]2[dppm-S][Al(C4H,!,S], product.16 This compound, resulting from a 
unique condensation reaction involving the reduction of both P=S bonds and the 
subsequent cleavage of AI-H, AI-R, and S-P, and C-H bonds, contained a rare 
Al,S, core. 

In an effort to assess the effects of the hydrocarbon bridge in these systems 
(-CH,- versus -CH,CH,-) on the reactivity, diisobutylaluminum hydride was 
allowed to react with dppe-0,; [Al(C,H,),],[dppe] was the only product isolated. As 
can be seen from the X-ray crystal structure of [AI(C,H,),],[dppe] (Figure l), the 
title compound resides about a crystallographic inversion centre which lies at  the 
centre of the C(13)-C(13a) bond. The independent AI(1)-P(I) bond distance of 
2.560(2) 8, is within the expected range for aluminum-phosphorus add~c t s . ' ~* '~* ' '  

The mechanism leading to the title compound is worthy of note. It is proposed that 
the first step in the process involves reduction of both P O  fragments of the bidentate 
phosphine ligand by diisobutylaluminum hydride (Figure 2). The water generated 
reacts stoichiometrically with remaining diisobutylaluminum hydride to produce the 
organoaluminum-dioxygen dimer (A). Similar aluminum-oxygen A1,0, dimeric 
species have been previously r e p ~ r t e d . ' ~ . ' ~  Indeed, the sulfur analogue of (A) has 
recently been observed in the condensation product of dppm-S, and diisobutyl- 
aluminum hydride.16 It is reasonable that one alkyl group of each of the two 
four-coordinate aluminum atoms subsequently serves as an alkyl bridge to the two 
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C12Oa1 
c11701@ cI 

C116a1 

ClZOl 

FIGURE 1 A view of the [AI(C,H,),],[dppe] molecule showing the atom labelling scheme. Thermal 
ellipsoids show 30% probability levels; hydrogen atoms have been omitted. Selected bond distances (A) 
and angles (deg): Al(1)-P(I), 2.560(2); AI(l)-C(14), 1.989(5); AI(I)-C(lX), 1.982(5); Al(I)-C(22), 2.009(5); 
P( I)-C( I), 1.825(5); P( IFC(7), 1.821(4); P( I)-C( 1 3 ,  1.842(4); C( l3)-C( 134 ,  1.518(8); Al( I)-P( I)-C( I), 

C(14kAl(l)-C(22), 1 I1.3(2); C(18)-Al(l)C(22), 116.3(2); P(l)-C(13)-C(13a), 1 I1.9(3); C(I)-P(l)-C(7), 
103.5(2); C( I)-P( I)-C( 13), 104.3(2); C(7)-P( I)-C( 13). 103.7(2). 

l15.2(1); Al(I)-P(l)-C(7), l16.2(1); Al(l)-P(I)-C(I3), 112.6(1); C(I4)-AI(l)-C(IX), 121.0(2); 

Ph2P(0)CH2CH2(O)PPh2 ('-Bu)lA'H c Ph2PCH2CHzPPhz + 2H20 

\ 
R 

\ 7 R 

A l  'A1 

FIGURE 2 Proposed mechanism for the formation of [AI(C,H,),],[dppe]. 
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306 hl. F. SELF et al. 

formerly three-coordinate aluminum atoms as indicated in (B). Bridge cleavage of 
the A1-0 and Al-R fragments as indicated in (B) (dashed lines) would provide the 
required two units of triisobutylaluminum. Subsequent reaction of triisobutyl- 
aluminum with dppe would readily provide [Al(C,H,),],[dppe]. 

It is evident that the oxygen and sulfur derivatives of btdentate phosphine ligands 
exhibit substantially different reactivities with organoaluminum species. Future 
contributions will further address the effects of the hydrocarbon bridge in these 
bidentate phosphine ligands. 
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bond distances and angles, thermal parameters (9 pages), and observed and calcu- 
lated structure factors (12 pages) are available from the authors. 

REFERENCES 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 

I I .  
12. 

13. 

14. 
15. 
16. 
17. 

18. 

19. 

N. Van Order, Jr., W.E. Geiger, T.E. Bittenvolf and A.L. Rheingold, J. Arii. Clieni. SOC., 109, 5680 
(1987). 
M.O. Albers, D.C. Liles, D.J. Robinson and E. Singleton, Orgatiot~ie~allics, 6, 2179 (1987). 
B. Delavaux, B. Chaudret, F. Dahan and R. Pollblanc, Orgarionietallics, 4 ,  935 (1985). 
B. Chaudret, F. Dahan and S. Saba, Urgarion~etallics, 4 ,  1490 (1985). 
J.A. Iggo, D.P. hlarkham, B.L. Shaw and hl. Thornton-Pett, Cl~eni Conmi., 432 (1985). 
R.J. Puddephatt, J. Clierii. Rev., 112, 99 (1983). 
J.A. Rahn, D. Delian and J.H. Nelson, Inorg. C h i . ,  28, 215 (1988). 
D.C. Bradley, H. Chudzynska, h1.M. Faktor, D.M. Frigo, M.B. Hursthouse, B. Hussain and L.M. 
Smith, Poljhedron, 14, 1289 (1988). 
F.A. Cotton, h1.P. Diebold and P.A. Kibala, biorg. Clieni., 27, 799 (1988). 
S.J. Berners-Price, R.K. Johnson, C.K., hlirabelli, L.F. Faucette, F.L. hlcCabe and P.J. Sadler, 
Imrg. C/ieni., 26, 3383 (1987). 
S.A. Sangokoya, Ph.D. Dissertation, University of Maryland, College Park, h1.D. (1983). 
G.hl. Sheldrick, “SHELXTL, Crystallographic Computing System, Revision 5.1” (Nicolet Instru- 
ments Division, Madison, WI, 1986). 
G.H. Robinson, hl.F. Self, S.A. Sangokoya and W.T. Pennington, J.  Crjstallogr. Spect. Res., 18, 
285 (1988). 
G.H. Robinson, B. Lee, W.T. Pennington and S.A. Sangokoya, J. h i .  Clieni. SOC., 110,6260 (1988). 
B. Lee, S.A. Sangokoya, W.T. Pennington and G.H. Robinson, J. Coord. Clieni., in press. 
G.H. Robinson, M.F. Self, W.T. Pennington and S.A. Sangokoya, Organoniefallics, 7 ,  2424 (1988). 
D.C. Bradley, H. Chudzynska, hl.hl. Faktor, D.hl. Frigo, h1.B. Hursthouse, B. Hussain and L.M. 
Smith, Poljliedron, 7, 1289 (1988). 
F.A. Cotton and G. Wilkinson, “Advanced Inorganic Chemistry”, Fifth ed. (John Wiley and Sons, 
New York, 1988), p. 218. 
L. Synoradzki, M. Boleslawski and J. Lewinski, J. Organonief. C h i . ,  284, I (1985). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


