JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Remarkable Room-Temperature Insertion of Carbon Monoxide

into an Aluminum-Carbon Bond of Tri-tert-butylaluminum
Mark R. Mason, Bingxu Song, and Kristin Kirschbaum
J. Am. Chem. Soc., 2004, 126 (38), 11812-11813+ DOI: 10.1021/ja046411n « Publication Date (Web): 02 September 2004
Downloaded from http://pubs.acs.org on April 1, 2009

t
Bu\
t 20 °C tBu/,,,l /C:O\ \\\tBU
2 'BusAl + 2CO g A
hexanes 'Bu”” \O:C/\ ‘Bu
1 tBU

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 1 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja046411n

JIAIC[S

COMMUNICATIONS

Published on Web 09/02/2004

Remarkable Room-Temperature Insertion of Carbon Monoxide into an
Aluminum —Carbon Bond of Tri- tert-butylaluminum

Mark R. Mason,* Bingxu Song, and Kristin Kirschbaum
Department of Chemistry, MS 602, Waisity of Toledo, Toledo, Ohio 43606

Received June 17, 2004; E-mail: mmason5@uoft02.utoledo.edu

Aluminum alkyls are highly reactive with a variety of simple of carbon monoxide withBusAl. Unlike most aluminum alkyls
molecules including oxygen, water, carbon dioxide, hydrogen, and for which dimerization is strongly favoreBusAl is a monomer
alkenes.? Investigations of this reactivity have led to the develop- at room temperatur.Furthermore!BusAl readily inserts ethylene
ment of commercially important aluminum alkyl catalysts and to give trineohexylaluminum under much milder conditions (€0
cocatalysts for the polymerization of alkerfedienes! and ep- 60 atm) than those needed for insertion of ethylene into dimeric
oxides® as well as for the production of linear terminal alkenes aluminum alkyls such as Mal (110—120°C, 150 atm) and k&t
and alcohold:28 Surprisingly, carbon monoxide is noticeably absent Al (100—120 °C, 50-100 atm)! For dimeric aluminum alkyls,
from the list of simple molecules that participate in the extensive ethylene insertion rates are half-order in aluminum alkyl concentra-
chemistry of aluminum alkyl&2 This is even more surprising when  tion, indicating that dissociation to monomer is required prior to
one considers that some common main group organometallics suchethylene insertion, again suggesting that monomeric aluminum
as lithium alkyls] Grignard reagentsand alkylboranésundergo alkyls would be most likely to insert carbon monoxide.

CO insertion reactions. Addition of carbon monoxide to a flask containing a solution of

The lack of reactivity of aluminum alkyls with carbon monoxide 'BusAl in hexanes quickly resulted in the colorless solution
has been assumed to be the inability of aluminum, as well as otherbecoming bright yellow (eq 1).
main group metals, for M~ CO z* back-bonding. However, recent
work by Strauss shows that carbon monoxide can bind effectively Bu

N\
to Lewis acidic transition metal ions in the absence of back- 2 'BUAl + 2CO 20°C ‘Buu,,,,Al/CzoxAI_,,.“‘Bu "
. . . . 3
bonding!® To do so requires that Lewis bases that would otherwise hexanes 'BU” “o=g’ 'Bu
AN

compete with CO for metal coordination sites, including anions,
be excluded from the reaction system. With this knowledge,
nontraditional homoleptic carbonyl complexes have now been Stirring the reaction solution at room temperature and atmospheric
reported for Ct, Ag*, Au*, Hg?*, Pc#*, and P&". Main group pressure overnight gave yellow crystallin®uy,AIC(O)Bu], (1)
metal ions and complexes should be no exceptioand even in 62% yield22 Analytical samples ofl were obtained by recrys-
decamethylcalcocene has been shown to bind CO under pré3sure. tallization from THF23 The product was formulated as a bridging
Some group 13 elements and their complexes have beentert-butylacyl dimer based on NMR spectroscopy, IR spectroscopy,
demonstrated to bind carbon monoxide in both the presence andand elemental analysis. ThEH NMR spectrum of a €Dg solution
the absence ot-bonding. Borane carbonyl has been known since of 1 exhibits singlettBu resonances at 1.12 and 0.97 ppm with
193712 and complexes such as {8)sBCO (X = Cl, F)* (CRy)s- relative intensities of 2:1. Thé3C{!H} NMR spectrum ofl
BCO® B4sXeCO (X = F, ClI, Br, I),'® and B(CO), 17 have since  similarly shows singlet methyl resonances at 31.04 and 24.96 ppm
been reported. Matrix isolation studies demonstrate that Al, Ga, in an approximate 2:1 ratio for aluminum-boutu and tert-
and In atoms form carbonyl moieties at 2G%Similarly, Sanchez, butylacyl groups, as well as a singlet at 51.64 ppm and a
Arrington, and Arrington reported that monomeric trimethylalu- quadrupolar-broadened resonance at 15.44 ppm for the quaternary
minum forms the carbonyl complex M&ICO in an argon matrix ~ 'Bu carbons. A very low-intensity resonance was observed at 327
at 15-35 K19 No room-stable carbonyl complexes of aluminum ppm assigned to the carbonyl carbon of the acyl.
have been reported, nor have any reactions of carbon monoxide The infrared spectrum df does not exhibit a band in the range
with aluminum alkyls. anticipated for either a terminal carbonyl or a terminal acyl moiety.
The results of Sanchez, Arrington, and Arringtorleserve There is, however, a band at 1527 ¢nassigned ta/(CO) for a
particular mention. In their study, dimeric trimethylaluminum was bridging acyl?*
heated to 300°C, which subsequently led to a 200:1 ratio of To verify the IR and NMR assignments and to confirm that CO
monomer to dimer in the deposited matrix. Increased monomer had indeed been incorporated into the prod@zi;Al was exposed
concentration resulted in increased formation obMEQ at 15— to 99% isotopically enriche¢fCO to give [Bu,Alt3C(O)Bu], (1-
35 K. The IR signature for this complex was lost upon warming. 13C). The IR band at 1527 cm assigned to/(12CO) for 1 was
This can be interpreted in two ways: carbonyl dissociation followed shifted to 1493 cmt for 1-13C as predicted fow(*3CO). ThelH
by dimerization of MeAl, or CO insertion to give an acyl complex.  and3C NMR data are even more conclusive as to CO insertion.
The authors did not comment on the fate of the complex upon The!H NMR spectrum forl-13C exhibits a singletBu resonance
warming other than to state that the spectroscopic signatures forat 1.12 ppm for the termin&u groups on aluminum, and the acyl
MezAICO were lost. Bu resonance at 0.97 ppm is split into a doublet \iit§, of 4.4
On the basis of the results of Sanchez, Arrington, and Arrington, Hz. This coupling compares favorably with that inB€=0 ((Jcy
we hypothesized that an aluminum alkyl that is a monomer at room = 4.7 Hz) andPr'3C=0 ((Jcy = 5.1 Hz)?5 The 3C{1H} NMR
temperature might similarly bind carbon monoxide and, possibly, spectrum exhibits doublet resonances at 51.6 phkt (= 19.9
result in CO insertion. We set out to test this hypothesis by reaction Hz) and 24.9 ppm3(cc = 2.5 Hz) assigned to the quaternary and

1 (BU
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