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Table 1. Crystallographic Data fot

formula Gs2Hs2AlB,CIsN10,  density (caled), g/cih 0.278
fw 1224.65 abs coeff, mnt 0.278
space group orthorhombR2,2:2; 1, A 0.71073
a A 16.924(2) T,K 163

b, 17.483(6) R(F),2% 7.28

c A 20.572(3) WRF?),» % 17.18

v, A3 6087(2) GOF 1.016
z 4

AR(F) = 3IFol — IFl/ZFo. "WR(F?) = {[ZW(F? — FAH
[ZW(FAZ}2

The reactivity of1 with epoxide and carbon dioxide is also
briefly explored.

Experimental Section
All manipulations were performed on a double-manifold Schlenk

The coupling reaction of carbon diOXid? and epqxides in the line under a nitrogen atmosphere or in an argon-filled glovebox.
presence of various catalysts leads to either cyclic carbonatessojyents were dried and deoxygenated by distillation from the ap-

and/or polycarbonates (eq 1)While zinc dicarboxylates have

propriate reagent under a nitrogen atmosphere before use. Potassium

been shown to be the most active catalysts for polycarbonatehydrotris(3-phenylpyrazol-1-yl)borate was prepared according to the

production? a metalloporhyrinate system containing aluminum,
although not very active, has proven to be quite interesting.
This latter catalyst is a living system and hence effective in
block polyether-polycarbonate synthesis. Furthermore, the
addition of 1-methylimidazole rendered the catalyst active for
cyclic carbonate production under mild reaction conditions.
Kisch and co-workers have also reported AlEPHh to be an

published proceduré.'H and?’Al NMR spectra were recorded on a
Varian XL-200E and XL-200 equipped with a broadband probe,
respectively. Aluminum(lll)chloride was purchased from Baker Chemi-
cals and used as received.
Synthesis of {73-HB(3-Phpz)(5-Phpz)Al][AICI 4. To 0.56 g

of AICI; in 30 mL of THF was cannulated an equimolar quantity of
KHB(3-Phpz} in 20 mL of THF. The reaction mixture was stirred
overnight at ambient temperature during which time KCI precipitated

active catalyst system for cyclic carbonate synthesis at ambientfom solution, and was recovered by filtration. The solvent was

temperature and atmospheric pressurdence, these reports
suggest that Al(Ill) complexes may have a rich chemistry with
epoxides and carbon dioxides.

[cat.]

coy + r/ — % 0 0 4 —(O—E—OCH(R)CHz}h @
0 2~/

Recently, the coordination chemistries of aluminum, gallium,

removed by vacuum from the filtrate to provide a white solid product
in slightly less than 50% yield, which analyzed fors{B44B,N1.Al]-
[A|C|4]'2THF/A|C|3’THF Anal. Calcd for G6H5382N12A|3C|703: C,
55.51; H, 4.80. Found: C, 56.03; H, 5.05. THe and'*C NMR
spectra ofl exhibited an array of peaks in the region® ppm and
120-130 ppm, respectively. Although these are consistent with other
related derivatives, in this instance we were unable to unequivocally
assign the resonances. The complex was more definitely identified by
27Al NMR spectroscopy in CDGl The AICl,~ species showed up as

a sharp singlet ab = 100 ppm with the cationf-HB(3-Phpz)(5-

and indium have been explored with the tridentate derivatives Phpz)bAl*, displaying a broad resonance centered at 4 ppm. Crystals

of pyrazolyl hydroborate%. A variety of interesting complexes

have been characterized, and the chemistry associated with thes

derivatives is still in its infancy. As an ongoing part of our
efforts in carbon dioxide activation we have initiated studies

of the title complex were grown from a concentrated ,CH/THF
éolution of the complex by a slow diffusion of diethylether. The
complex cocrystallized with one molecule of THF and one molecule
of diethyl ether.

Synthesis of [PPN][AICL]. A 70 mL of aliquot of tetrahydrofuran

concerning the reactivity of groups 12 and 13 complexes with a5 added to a Schlenk flask containing 0.50g of bis(triphenylphos-

epoxides and carbon dioxide.Of particular interest is a
comparison of the reactivities of a range of Al(lll) complexes
with various structural motifs. In this regard an investigation
of the reaction of AIG§ with one equivalent of potassium tris-

phoranylidene)ammonium chloride ([PPN][CI]) and an equimolar
quantity of aluminum trichloride, and the reaction mixture was stirred
at ambient temperature for 4 h. The solvent was removed in vacuo
leaving behind a white, solid product which was isolated in near

(3-phenylpyrazolyl)hydroborate has been carried out, and herein,quantitative yield. Anal. Calcd for§HzP:NAICI4: C, 61.12; H, 4.27.

we report the X-ray characterization dfif-HB(3-Phpz)(5-
Phpz},AlJ[AICI 4] (1), an interesting and unanticipated product.
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Found: C, 60.87; H, 4.39. AA’Al NMR spectrum of the product
exhibited one sharp resonance for the AtCanion até = 100 ppm.

Production of Propylene Carbonate from Propylene Oxide and
CO,. In a typical run, 0.10 g (0.099 mmol) of §3-HB(3-Phpz)(5-
Phpz}AlJ[AICI 4] was placed in a Parr stainless steel reactor along
with approximately 15 mL (0.209 mol) of propylene oxide. The reactor
was charged with 7501200 psi of carbon dioxide and heated at 60
°C with stirring for 24 h. *H NMR spectroscopy was used to determine
the conversion of propylene oxide to propylene carbonate. The percent
conversion using complek as catalyst was 38% or 802 turnovers for
a 24-h time period. On the other hand, [PPN][AJCémployed as
catalyst resulted in 56.8% conversion of POG®propylene carbonate
during the same time period.

X-ray Crystallography of Complex 1. Crystal data and details of
data collection are given in Table 1. A colorless block fowas
mounted on a glass fiber with epoxy cement, at room temperature and

(7) Trofimenko, S.; Calabrese, J. C.; Thompson, Jn&g. Chem 1987,
26, 1507.
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cooled to 163 K in a B cold stream. Preliminary examination and
data collection were performed on a Rigaku AFC5 diffractometer (Mo
Ka 4 = 0.710 73 A radiation). Cell parameters were calculated from
the least-squares fitting of the setting angles for 25 reflections. aThe
scans for several intense reflections indicated acceptable crystal quality.
Data were collected for 420< 20 < 50.C°. Three control reflections,
collected every 150 reflections, showed no significant trends. Back-
ground measurement by stationary crystal and stationary countero
technigue at the beginning and end of each scan for 0.50 of the total
scan time. Lorentz and polarization corrections were applied to 5923
reflections forl. An empirical absorption correction was applidghdx

= 0.9999,Tmin = 0.8458). A total of 5923 unique reflections fir

with |I| = 2.00l1, were used in further calculations. The structures were
solved by direct methods [SHELXS, SHELXTL-PLUS program
package, Sheldrick (1988)]. Full-matrix least-squares anisotropic Figure 1. Thermal ellipsoid drawing of the cation of compléxin
refinement orf?, for all non-hydrogen atoms yieldd®{F) = 0.0728, 50% probability with the atomic numbering scheme.

wR(F?) = 0.1718, andS = 1.016 at convergence fdr [ShelxI-93,

Shedrick (1993)]. Hydrogen atoms were placed in idealized positions Table 2. Selected Bond Lengths (And Angles (deg)for the
with isotropic thermal parameters fixed at 0.08. Neutral atom scattering Cation in1

factors and anomalous scattering correction terms were taken from ref  Ci(1)—Al(2) 2.128(6) Cl(2y-Al(2) 2.115(6)
11. CI(3)-Al(2) 2.118(6) Cl(4)-Al(2) 2.112(6)
_ _ Al(1)—N(7) 1.949(8) Al(1}-N(1) 1.951(9)
Results and Discussion Al(1)—N(11) 2.037(9) Al(1)-N(5) 2.039(8)
Inan attempt to synthesiz:ﬁ_HB(S-Phpzi]AICI 2 from AICI3 Al)—NE) 2.0450) AlLFNE) 2.066(8)
and 1 equiv of K[HB(3-Phpz) in THF, we have prepared the N(7)—Al(1)—N(1) 179.3(4) N(7¥Al(1)—N(11) 90.3(3)
product which results from a redistribution process. This was N(1)—AI(1)—N(11)  89.4(3) N(7)-Al(1)=N(5) 89.3(3)
immediately evident from affAl NMR spectrum of the product, H%:Q:EB:NQ ggzg; “Ei}l—iﬁll()l)—?u’zlé?) 132'3((3))
where the strong, sharp signal for AiCiwas observed at 100 N11)-A(1)-N@)  95.7(3) N(G)FAI(L)—N(3) 84.8(3)
ppm. The analogous reaction carried out using the sterically N(7)—Al(1)=N(9) 91.7(3)  N(1)-Al(1)—N(9) 87.7(3)
less-demanding K[HB(3,5-Mpz)] reagent had previously been  N(11)-Al(1)—N(9) 85.0(3) N(5>-Al(1)—N(9) 94.5(3)
demonstrated by Cowley and coworkers to afford the salt I(\l:l((gz'.))_p,;\ll((lz))_,\cl:(l%) ﬂgggg g:g?—ﬁ:%_g:% ﬂg-ggg
resulting from a (rjed;lstnbhutl%n Illr<eact|on (eq:z%Ne:'eBrtgeFl)ess, Ci(A)-AI2)—Cl(1)  109.3(3) CI2yrAlR)—CI(l)  109.2(3)
it was anticipated that the bulky nature of the .( -PBpz) CI(3)-Al(2)—CI(1)  107.4(2) C(1¥N(1)-Al(1) 129.9(7)
anion would, .combmed with the small ionic radius of tlhe N(2)—N(1)—Al(1) 123.3(6) N(4>N(3)—Al(1) 113.9(6)
aluminum cation, prevent such a reaction from occurring. C(12)-N(3)—Al(1) 40.5(7) N(6)-N(5)—AI(1) 115.2(6)
Indeed, an X-ray crystallographic study of the reaction product ﬁg)l)_l\ll\(lg)_A?(IS) 122-228 ggg?mgg—ﬁ:gg Eggg%
revealed one phenyl pyrazolyl group belonging to each of the N N : N :
HB(3-Phpz} ligands had isomerized to the 5-position in order g&gg:”((f)ﬁfgﬂ) i%gég% N(12)-N(11)-Al1)  116.6(6)

to relieve steric straini{de supra.
a Estimated standard deviations are given in parentheses.

K[HB(3,5-Me,pz),] + AICI, —
[{n*-HB(3,5-Me,pz),} ,AI[AICI ,] (2)

Table 2. The geometry about the aluminum center in the cation
is that of a slightly distorted octahedron; i.e., it exhibits a
tetragonal distortion where the AfNbctahedron is compressed
along the N(1}-Al(1)—N(7) axis relative to the other two. The
Al(1)—N(1) and AI(1)-N(7) bond distances are 1.949(8) and
1.951(9) A respectively, whereas the other four AKN bond
distances have an average value of 2.047[9] A. This most
probably results from an electronic effect, as a consequence of
the electron-withdrawing phenyl substituents migrating to the
5-position. The average deviation from planarity of the three
AIN4 planes is 0.008A. The AIGI unit is tetrahedral as
expected with an average ACI bond distance of 2.118[6]A.
Rearrangement of the 3-phenyl substituent is schematically
represented in Scheme 1. A similar isomerization has previously
been observed by Looney and Parkin, where a unimolecular

X-ray quality single crystals of j;>-HB(3-Phpz)(5-Phpz) -
AlJ[AICI 4], (1), were grown from a concentrated dichlo-
romethane/tetrahydrofuran solution of the complex by slow
diffusion of diethylether over a period of several hours. The
structure consists of discretgrff-HB(3-Phpz)(5-Phpz} Al
and [AICl]~ ions with no short interionic contacts. One
molecule each of THF and diethylether were also found in the
crystal lattice. Figure 1 illustrates a drawing of the cation, and
selected bond lengths and angles for the cation are listed in

(8) Cowley, A. H.; Jones, R. A,; Geerts, R. L.; Nunn, C.Ahgew Chem,
Int. Ed. Engl. 1988 27, 277.



2684 Inorganic Chemistry, Vol. 35, No. 9, 1996 Notes

rearrangement of the bis(8rt-butylpyrazoyl)hydroborate ligand  copolymerization of propylene oxide and €@ afford poly-
in (y2-H,B(3-t-butylpz})AI(CH3), to provide the more stable  carbonates was observEd.However, a control experiment
isomer{ 2-H,B(3+-butylpz)(5t-butylpz)} Al(CH3), was noted. employing AICL~ with the innocent PPN counterion as a
On the basis of kinetic measurements obtainidH NMR catalyst for the PO/C@Ocycloaddition revealed it to be even
spectroscopy, a free energy of activation of 32.7 kcal/mol was more effective, providing a turnover rate of 1200 mol of PC/
determined, which is consistent with the proposal that the mol of [PPN]JAICIs)/24 h. Hence, the presence of the cation
reaction occurs by a 1,2-shift of thert-butylpyrazole group.  in complex1 does not significantly affect the catalytic process.
In the instance reported upon herein the barrier for rearrange-
ment is somewhat lower, since the process occurs readily at Acknowledgment. The financial support of this research by
ambient temperature. the National Science Foundation (Grant CHE91-19737) and the
Complex1 was found to be an effective catalyst or catalyst Robert A. Welch Foundation is greatly appreciated. The authors
precursor for the production of propylene carbonate (PC) from wish to thank Professor A. Clearfield for use of the Rigaku
CO, and propylene oxide (PO) under rather mild reaction AFC5-R X-ray diffractometer.
conditions. That is, at 60C under CQ pressures less than
1200 psi, comples catalyzed the conversion of propylene oxide Supporting Information Available:  Tables of atomic coordinates
and carbon dioxide to the corresponding cyclic carbonate with and isotropic displacement parameters, anisotropic thermal parameters
a turnover rate of 800 mol of PC/mol of/24 h. No and complete bond lengths and angles for comgdleand ball-and-
stick drawings of complet including solvent molecules and complete
(9) Looney, A.; Parkin, GPolyhedron1990 9, 265. atomic_num_bering sgheme (13 paggs). This materigl is gontgined in
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