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Summary: Manganese complexes with AJMeve been syn- Recently we described the synthesis and structural charac-
thesized with the aim of irstigating Mn(ll) actie centers in terization of the compound [Mf-Cl)Cl3(OCH,CH,OCHg)4-
catalytic ethylene polymerization. Reactions of [{dnCI)Cls(u- (HOCH,CH,OCH)3]» (1), composed of two Mpcubane units

OCH,CH,0CHs)4(HOCH,CH,OCH)3] 2 (1) with an excess of  linked together by twq:-Cl ions (Scheme 19.We have been
AlMe; at room temperature in toluene:@ the heterometallic  exploring the use of for the preparation of the new manganese
cage [MrsAl(u3-OCHCH0CHg) (u-Cl)3(u-OCH,CH;0CHg)o- compounds [MBAI(3-OCH,CH,OCHs)(u-Cl)3(u-OCH,CHs-
(thf(Me)Cl] (2; 30%). A similar reaction carried out under  oCH,),(thf)(Me),Cl] (2) and [MnAls(uz-O)(u-OCH,CH-

reflux led to the formation of the methylalumoxane species o Me)d (3). and here we report the details of their crvstal
[MNAl5(z43-0)(u-OCH,CHOCHs)s(Me)] (3; 51%). X-ray dif- Strﬁﬁfes_)s]( ) P i

fraction studies hae shown complexe2 and 3 to contain

AlMe;t and [Aly(us-O)(Me)] ™ moieties capped by [Mfus- . ,
OCH,CH,OCHg)(1-Cl)3(-OCH,CH,0CHy)(thf,Cll ~ and [Mn- Results and Discussion
(4-OCH,CH,OCH)3] ~ macrounits, respeatély. The tendency When1 was reacted at room temperature with an excess of
of a manganese center to exchange aluminum methyl 9rouPSa|Mes in toluene,2 was obtained in 30% yield. A similar

in 2 and3 is strongly reduced by alkoxide ligands. reaction carried out under reflux led to the formation3oin
Introduction 51% yield. However, direct treatment of MnQlith AlIMes in
. toluene gave an oily product, purification of which was
In the past 10 years, efforts to develop alternatives to group demanding and gave a problematic resziBind3 are sensitive

v mletz(ajll_ocene_ S|rt1)gle-k3|rt]e olegg pol_ymenzatlon caltalysts Eave toward moisture but can be stored as solids at room temperature
resulted in major breakthroughs An important result was the ,,qe ginitrogen for weeks. They are insoluble in aliphatic and

discovery that pentacoordinated iron(ll) or cobalt(ll) derivatives .o+ hydrocarbons but are soluble in thf and,Chi
containing bis(arylimino)pyridine ligands efficiently polymerize Preliminary tests of the catalytic properties ®fand 3 for

ethylene in the_presenc_e O.f methyla_llumo_xane (MAO). . ethylene polymerization have shown no activity. This result
Comprehensive contributions to this topic have been provided agrees with the absence of a M&H; bond in2 and3.

by HIaTky,S aGingrﬁb and Markﬁ.c Gah;nbﬁrotta anld co-worléérs Complex2 (Figure 1) contains two types of manganese(ll)
recently reported an approach to Mn(ll) complexes and com- centers, five-coordinate (Mn1) and six-coordinate (Mn2, Mn3),

Earﬁd thzerp?Irformalnce ml Olﬁf'n polymeuza::on V‘ath th(?t k?f and one four-coordinate aluminum atom (Al1). Each of the six-
e(ll) an i(ll) catalysts. In this approach, they showed that coordinate Mn atoms is surrounded by aneO alkoxo, one

the compound [MnGL,] (L = [2,6-(i-Pr)PhN=C(Me)]- u2-O alkoxo, twogu,-Cl atoms, and two ether O atoms of the

(C?]Hg_l;l))ﬁl]nlcontraslt to its m;n andtgo_i)alt analog?est,_does_tr;]ot coordinated ligand molecule. The coordination sphere of the
exnibit ethylene polymerization activity upon activation wi five-coordinated Mn atom is composed of two-Cl, one

methylalumoxane (MAO). Also, the complexes Mn(agaCyp:- terminal CI. on :
. P ! ) , oneus-O alkoxo, and one O atom of the coordinated
Mn, and Mn(salen)Cl in combination with MAO yielded only thf molecule. The three Mn(ll) moieties are held together by

trace amounts of polymepPs.Generally, several orders of ;
magnitude lower ac?tivi{ies are obser)\//ed for Mn(ll) species us OCH,CH0CH; alkoxo oxygen atom to form a triangular
gnituc . . . . SP Mns(us-O) core. The bond lengths of MO alkoxo range from

bearing Ilggnds which give highly active catalysts with other 2.138(2) A at the octahedral Mn2 atom to 2.186(2) A at the

late transition metals. five-coordinated (trigonal-bipyramidal) Mn1l atom. The #n
*To whom correspondence should be addressed. Fel:048 71 Mn distances |n2 are in the r"’,mge 3.274(2B.388(2) A and

3757306. Fax-+048 71 3282348, E-mail: plas@wchwur.chem.uniwroc.pl. compare well with relevant distances (3.154{2)372(1) A)
(1) (a) Britovsek, G. J. P.; Gibson, V. C.; Kimberley, B. S.; Maddox, P. - reported for other divalent Mn complexés.

J:; McTavish, S. J.; Solan, G. A, White, A. J. P.; Williams, DChem. The formation of the AlMg moiety seems to be a result of

Commun.1998 849. (b) Britovsek, G. J. P.; Bruce, M.; Gibson, V. C.; . . . .
Kimberley, B. S.; Maddox, P. J.: Mastroianni, S.; McTavish, S. J.: Redshaw, the interaction of AlMg with protons of coordinated alcohol

C.; Solan, G. A.; Stromberg, S.; White, A. J. P.; Williams, DJJAm. ligands to manganese atomsliniThe interaction proceeds with
Chem. Soc1999 121, 8728. liberation of methane and structural reorganizatio faflowed
(2) small, B. L.; Brookhart, M.; Bennet, A. M. Al. Am. Chem. Soc. b bstituti ; Mn(ll . 9 h cub it b
1998 120, 4049. y substitution of one Mn(ll) atom in each cubane unit by an
(3) For some recent reviews, see: (a) Hlatky, GQBem. Re. 200Q AlMe, moiety (Scheme 1).
%gg %?34& (b) Slt\J(S(;?’ |\\5| (|:< %ﬁzmefsefﬁ (%(ﬁﬂggﬁiggﬁ 2(2;’2 103 The four-coordinated aluminum atom @ (Figure 2) is
.(c) Chen, E. Y. X.; Marks, TThem. Re. . evern,
J. R.; Chadwick, J. C.; Duchateau, R.; FriederichsCONem. Re. 2005 surrounded by two methyl groups and qreO oxo and one
105, 4073.
(4) Reardon, D.; Aharonian, G.; Gambarotta, S.; Yap, G. Forgano- (6) For the synthetic details df, see the Supporting Information.
metallics2002 21, 786. (7) (a) Stelzig, L., Steiner, A., Chansou, B., Tuchagues, THem.
(5) Ban, H. T.; Kase, T.; Murata, Ml. Polym. Sci., Polym. Chem. Ed. =~ Commun 1998 771. (b) Nicei, M., Hoshino, N., Ito, T., Ohio, FChem.
2001, 39, 3733. Lett. 2002 1016.
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Notes

Scheme 1. Possible Mechanism for the Formation of 2 and 3
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u-O alkoxo oxygen atom of the [Aus-O)(Me)]™ unit. Three
AlMe, moieties are held together lig-O oxo oxygen atom to
form the methylalumoxane cation [#lis-O)(Me)]™. In this
unit the A0 and A-C bond distances are in accordance with
those found in [MgAd(us-O)(thffo)s(Me)g] (thffo = 2-tetrahy-
drofurfuroxide) specie%.The six-coordinate sphere of the
manganese Mn(Il) atom in the [Mn(OGEH,OCHg)3]~ moiety
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Figure 1. Molecular structure o2 (ORTEP plot, thermal ellipsoids
set at the 50% probability level). Selected bond distances (A):
Mn1-CI1 = 2.474(2), Mn}:-Cl2 = 2.498(2), MntCl4 =
2.334(2), Mn2-ClI2 = 2.490(2), Mn2-CI3 = 2.503(2), Mn3-CI3
= 2.493(1), Mn3-CI1 = 2.532(2), Mn+-011= 2.186(2), Mn2-
011 = 2.160(2), Mn2-021 = 2.138(2), Mn3-031 = 2.151(2),
Mn3—011 = 2.167(2), Mnt-040 = 2.202(2), Mn2-020 =
2.218(2), Mn3-050 = 2.187(2), Mn3-030 = 2.255(2), All-
021=1.801(2), AIT-0O31= 1.806(2), Alt-C1=1.972(3), Alt-
C2=1.972(3), Mnt--Mn2 = 3.374(2), Mn%--Mn3 = 3.388(2),
Mn2---Mn3 = 3.274(2), Mn2:-Mnl1 = 3.374(2), Mn2--All =
3.602(2), Mn3--All = 3.689(2).

the OCHCH,OCH; ligands. The formation of the manganese
complex3 containing an [Ad(usz-O)(Me)]* unit is unusual. We
suppose that the [Alusz-O)(Me)]™ unit is formed by the
addition of an AlMe moiety to the oxygen atom in Me
AIOAIMe,.° This is reminiscent of the hydrolysis of AlMge
which forms the methylalumoxane (MAO) polymerization
cocatalyst?

The tendency of the alkylaluminum AlMemoiety in 2 to
exchange methyl groups with a manganese chloride is strongly
reduced by alkoxide ligands. Further investigation showed that,
even with an excess of AlIMethe manganese chlorine atoms
remained untouched. Similarly, i8 the methylalumoxane
moiety [Als(us-O)(Me)]™ does not provide an alkyl function
to the manganese atom. This is in contrast to our earlier
observations. During the reaction of the methylalumoxane
moiety with CpZrCl, the methyl group of [Ad(us-O)(Me)s]*
is replaced by a ligand alkoxo oxygen atom, providing alkyl
functions in returrii! The described structures of compour2ds

(8) Sobota, P.; Utko, J.; Ejfler, J.; Jerzykiewicz, L. Brganometallics
2000 19, 4929.

(9) (@) Sinn, H.; Kaminsky, W.; Vollmer, H. J.; Woldt, RAdw.
Organomet. Chenl98Q 18, 99. (b) Pasynkiewicz, S2olyhedron199Q
9, 429. (c) Storre, J.; Schnitter, C.; Roesky, H. W.; Schmidt, H. G;
Noltemeyer, M.; Fleischer, R.; Stalke, D. Am. Chem. Sod 997 119
7505. (d) Atwood, J. L.; Hrncir, D. C.; Priester, R. D.; Rogers, R. D.
Organometallics1983 2, 985. (e) Atwood, J. L.; Zaworotko, M. J. Chem.
Soc., Chem. Commuth983 302. (f) Lewirski, J.; Bury, W.; Justyniak, I.;
Lipkowski, J.Angew. Chem., Int. EQ00§ 45, 2872.

(10) (a) Koide, Y.; Barron, A. ROrganometallics1995 14, 4026. (b)
Mason, M. R.; Smith, J. M.; Bott, S. G.; BarroA. R. J. Am. Chem. Soc
1993 115 4971. (c) Koide, Y.; Harlan, C. J.; Mason, M. R.; Barrén R.
Organometallics1994 13, 2957. (d) Koide, Y.; Bott, S. G.; Barroi\. R.

of 3is formed by three ether and three alkoxo oxygen atoms of Organometallics1996 15, 22.
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Figure 2. Molecular structure 08 (ORTEP plot, thermal ellipsoids
set at the 50% probability level). Selected bond distances (A):
Mn1-011 = 2.117(2), Mnt021 = 2.119(2), Mn}-031 =
2.111(2), Mnt020 = 2.242(2), Mn}:-030 = 2.257(2), Mnt
010 = 2.258(2), Al1-011 = 1.811(2), Al2-021 = 1.815(2),
AlI3—031= 1.815(2), Al:-O1 = 1.828(2), Al2-O1 = 1.830(2),
AI3—01 = 1.829(2), Alt-C1 = 1.974(2), Al1:-C2 = 1.982(2),
Al2—C4 = 1.976(2), Al2-C3 = 1.978(2), AI3-C5 = 1.972(2),
AI3—C6 = 1.978(2), Mn1--Al3 = 3.3471(11), Mni:-All =
3.3536(9), Mn1--Al2 = 3.3604(11), Alt--Al3 = 3.1163(10),
All---Al2 = 3.1323(10), Al2--Mnl1 = 3.3536(9), Al2--All =
3.1323(10), Al2--Al3 = 3.1425(10), Al2--Mnl1 = 3.3604(11),
Al3---Al1l = 3.1163(10), Al3--Al2 = 3.1425(10), Al3--Mn1 =
3.3471(11).

Notes
Table 1. Crystallographic Data for 2 and 3

2 3
CCDC no. 299461 299462
cryst syst monoclinic monoclinic
space group P2:/n (No. 14) P1 (No. 2)
a(h) 14.271(4) 8.995(3)
b (A) 15.302(5) 9.550(3)
c(A) 14.920(5) 15.102(5)
a (deg) 90 90.09(2)
p (deg) 91.69(2) 90.27(2)
y (deg) 90 111.26(2)
V (AY( 3256.7(18) 1100.6(7)
z 4 2
density (g cm?) 1.495 1.292
u(Mo Ka)) (mm1) 1.536 0.688
T(K) 100(2) 100(2)
no. of rfins (measd) 21678 14 091
no. of rflns (indep) 7023 4952
no. of rflns (obsd) 5119 4545
no. of params 321 244
R1( > 20(1)) 0.0442 0.0326
wR2 (all data) 0.0968 0.0741

dropwise until the solid dissolved. The clear solution was then
layered with hexanes (10 mL). After 2 weeks crystal? ¢£.94 g,
30%) were taken directly from the solution. Anal. Calcd fogtze-
AlsMnOy: H, 8.41; C, 38.55; Mn, 11.76. Found: H, 8.17; C, 38.83;
Mn, 11.94.

[MnAl 3(/,63-0)(OCH2CH2OCH3)3(MG)6] (3). A Schlenk flask
was charged witll (1.54 g, 0.86 mmol), toluene (30 mL), and thf
(50 mL). The clear solution was stirred vigorously at°td and 5
mL of AlMe; (2.0 M solution in toluene, 10.0 mmol) was added
dropwise. The mixture was warmed and refluxed for 0.5 h. The
resulting solution was layered with hexanes (20 mL) and left for
crystallization. After 2 weeks pink crystals 8{0.86 g, 1.17 mmol,
51%) formed. Anal. Calcd for H43AICI;MNn3Og: H, 5.91; C,
31.13; Cl, 19.34; Mn, 22.48. Found: H, 5.81; C, 31.01; Cl, 19.86;
Mn, 22.73.

Crystal Structure Analysis. Preliminary examination and

and3 are important to understand the poor manganese catalystntensity data collections were carried out on a KUMA Kbddixis

performance. Further studies are necessary to find preferredoI
geometries and specific ligands able to create an active

iffractometer with graphite-monochromated Mo Kadiation and

with a CCD camera. All data were corrected for Lorentz, polariza-
tion, and absorption effects. The structures were solved by direct

manganese site. . ) methods and refined by full-matrix least-squares methods on all
Experimental Section F2 data using the SHELXTL (version 5.10) program. Carbon-

General Procedures All experiments were performed under a bonded hydrogen atoms were included in calculated positions and
dry dinitrogen atmosphere using Schlenk-type glassware. Solventsrefined in the riding mode. Experimental details are given in Table
were dried over sodium wire and then distilled from the appropriate 1, and full data tables are included in the Supporting Information.
drying reagent (sodium benzophenone ketyl for thf, calcium hydride Crystallographic data fo2 and 3 have been deposited with the
for CH,Cl,, sodium fom-hexane and toluene) under dinitrogen prior Cambridge Crystallographic Data Centre. The CCDC numbers are
to use. Starting materials were obtained from commercial suppliers given in Table 1. Copies of the data can be obtained free of charge
and used as received, except as specifically noted. MicroanalysesPn application to the CCDC, 11 Union Road, Cambridge CB2 1EZ,
were conducted by an ASA-1 (GDR, Karl-Zeiss-Jena) instrument U.K. (fax, (internat.)+ 44(1123)336-033; e-mail, deposit@ccdc.cam.
(in house). ac.uk).

[Mn 3Al(u3-OCH,CH,OCH3)(OCH,CH,OCH3),(thf) 2(Me),-
Cl4] (2). A Schlenk flask was charged with(3.00 g, 1.68 mmol), Acknowledgment. We thank the State Committee for
toluene (60 mL), and thf (20 mL). The clear solution was stirred Scientific Research (Poland) for support of this research (Grants
vigorously at—20 °C, and 25.8 mL of AlMe (2.0 M solution in PBZ-KBN-118/T09/19 and 3 TO9A 083 26).
toluene, 51.6 mmol) was added dropwise. The mixture was warmed
to room temperature and concentrated to 40 mL. The resultant  Supporting Information Available: Text, figures, and tables
precipitate was filtered off, and the filtrate was concentrated again giving experimental and crystallographic details and CIF files giving
to 10 mL. Next, a mixture of CkCl, and thf (1:1) was added  crystallographic data. This material is available free of charge via
the Internet at http://pubs.acs.org.
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