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from 2,4,6-Trimethylacetophenone: New Inverse Crown Structures

Sharon E. Balillie, Eva Hevia,* Alan R. Kennedy, and Robert E. Mulvey*

WestCHEM, Department of Pure and Applied Chemistry,versity of Strathclyde,
Glasgow, Scotland G1 1XL, U.K.

Receied September 25, 2006

The solution and solid-state characterization of two new mixed alkali-meiat enolate compounds
is reported. These compounds are prepared by reaction of the relevant mixed-metal base [MZrHMDS)
(M = Na, K; HMDS = 1,1,1,3,3,3-hexamethyldisilazide) with a stoichiometric amount of the sterically
demanding ketone 2,4,6-trimethylacetophenone. Thus, the new mixed-metal enolate compognds [Na
Zn{ OC(=CHy)Mes}t f OC(CHs)Mes} ;] (2) and [KaZn{ OC(=CH,y)Mes 6(CHsPh)] (3) are obtained for
M = Na, K, respectively. X-ray crystallographic studies reveal that both compounds adopt the same
structural motif, which define them as inverse crown complexes, a cationic eight-membered [(M{PZnO)
ring which hosts in its core two additional enolate ligands. Each Zn center is bonded to four anionic
enolate ligands framing the structure, whereas the alkali metals form much weaker interactions with the
oxygen atoms and complete their coodination sphere by bonding to a neutral molecule, an unenolised
ketone for M= Na or toluene for M= K.

Introduction are the unprecedented 13,3-fourfold deprotonation of fer-
rocene, ruthenocene, and osmocene by the tris(diisopropylamide)
. o . - . . S[NaMg(N‘Prz)g]6 or the regioselective metalation of toluene at

IS a key reaction in syntheS|_s. Enolates participate in a wide the meta ring position, leaving the more acidic Me site intact,
variety of fundamental organic processes which involved effected by the mixed-metal alkyamido base [(TMEDA)-
bond formation such as alkylations, aldol additions, Michael NaMg(Bu)(TMPY] (TMP = 2,2,6,6-tetramethylpiperididé).

reactions, and acylatiodsTo shed some light on the factors - : 0
e - Previously we reported the synthesis and characterization of
that control the stereochemistries and selectivities of these . . . :
mixed-metal sodiumrmagnesium enolates derived from the

reactions, the characterization andllsolatlon of these mtermedla'.[eketone 2,4,6-trimethylacetophenor® . In the present paper
metal enolates has become an important issue for synthetic

. . - “we extend this study to zinc by investigating the reactivity of
chemists’ Most o_f the m_etal enolates employed in syr_1th_e3|s the alkali-metal amidozincates [MZn(HMD$YM = Na, K:
are (homometallic) alkali-metal enolates, particularly lithium

enolates, which are generally easily accessible by reaction of HMDS = 1,1,1,3,3,3-hexamethyldisilazidejoward 1. This

the relevant ketone with sterically hindered lithium amides. The ketone Is hlghly _sterlcally de_ anding; thus, t_he possibility (_)f
. S competitive addition reactions is reduced, favoring deprotonation
latter are strong bases and poor nucleophiles, minimizing the

ossibility of competitive addition reactions to the carbonyl reactions to form enolates. A further incentive for employing
prou Rgcentl nel?/v S-aroun metal reagents. such as ma negiu this particular ketone is the excellent crystallization properties
group. | y group 9 T 9 hat enolate derivatives can have, which makes them amenable
bis(amides), have started to be used as alternative bases, showml% X-ray crystallographic study.

in certain cases selectivities greater than those of related lithium Zinc enolates are useful intermediates in organic svntfibsis
amides’ In our research group we have developed a new kind - . . . 09 y o
as they can participate in a rich variety of important reactions

of mixed-metal amide of empirical formula MINR;); (M = such as addition to carbonyl compourddransition-metal-

Li, Na, K; M" = Mg, Zn) which at least notionally combine catalyzed reactions with carbon electrophifegnd reactions
the reactivity of a group 1 metal base with the selectivity of a with ?;n ines to generaté-lactamsi* to namF()e butaa few. One of
Mg or Zn bis(amide}. These bases often display a unique 9 ' '
synergic reactivity. Thus, some of the most remarkable examples (6) Andrikopoulos, P. C.: Armstrong, D. R.: Clegg, W.: Gilfilan, C. J.:
that illustrate this cooperative effect between the two metals Hevia, E.; Kennedy, A. R.; Mulvey, R. E.; O'Hara, C. T.; Parkinson, J. A.;
Tooke, D. M.J. Am. Chem. So@004 126, 11612.
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Mixed Alkali-Metat-Zinc Enolate Complexes

the main advantages of using zinc enolates in synthesis is that
they possess a much higher functional group tolerance than is

the case for analogous alkali-metal enolates. However, only a

select few zinc enolate structures have been elucidated, as

illustrated by the fact that the first structure of a Reformatsky
reagent® one of the oldest and most versatile types of
organozinc reagent, anrmetalated ester (BrZnGEOOR), was
elucidated as recently as 1984, nearly a century after the first
publication of this type of compourid.

Enolate ligands can adopt several coordination modes (O-
terminal, C-terminal, O-bridging or C,0-bridging) depending
on the metal they are coordinated to, the reaction solvent, or
the steric bulk of their organic substituents. For zinc there are
a few examples of ester enoldteand amide enolatéSwith
C,0O-bridging structures, where the anionic charge of the enolate
is delocalized with the €C double bond. On the other hand,
there are also some examples of O-bound compotinds,
including a series of enolates derived from simple ketones
reported in 2006 by Hagadotf.

Herein we report the synthesis and characterization of the
mixed alkali-metat-zinc enolates [N&Zn,{ OC(=CH,)Mes} ¢-
{OC(CH)Meg 7] (2) and [KoZn{ OC(=CHz)Meg 6(CHzPh)]

(3), which are, to the best of our knowledge, the first reported
homoanionic mixed alkali-metalzinc enolate compounds as
well as the first bimetallic enolates of this kind to contain zhc.

Results and Discussion

New metal enolate and 3 were synthesized according to
the reactions shown in Scheme 1. In the first part of the
synthesis, the mixed-metal amides were prepared in situ by
combining the alkali-metal amide MHMDS with the zinc bis-
(amide) Zn(HMDS) in hydrocarbon media. The addition of 3
equiv of 1 afforded the new mixed-metal enolat2snd 3 as
colorless crystalline solids in reasonably good isolated yields
(55—65%). For 2, the yield of the reaction is increased
dramatically (from 23% to 55%) when 4 molar equiv bis
employed, as one unenolized neutral ketone molecule remain
coordinated to each sodium. The fact that compo@ni
obtained even when a deficiency bfs employed implies that
the rate of the formation o is faster than the rate of
deprotonation ofl by the mixed-metal base NaZn(HMDSp
form the unsolvated mixed-metal enolate “NaZn(@RR =
C(=CHp)Mes). It suggests also that on&is formed the
unenolized neutral molecules @f coordinated to sodium do
not react over the time window studied (2 h) with the excess of
base still remaining in the solution. For ¥ K, even when the
reaction is carried out using an excess of the ketone, compoun
3is obtained as a single metal product (the byproduct of these

(13) (a) Nakamura, E.; Kuwajima, Tetrahedron Lett1986 27, 83. (b)
Nakamura, E.; Sekiya, K. Kuwajima, Tetrahedron Lett1987 28, 337.
(c) Tamaru, Y.; Ochiai, H.; Nakamura, T.; Yoshida,Ahgew. Chem., Int.
Ed. 1987 26, 1157. (d) Sekiya, K.; Nakamura, Eetrahedron Lett1988
29, 5155. (e) Kinoshita, N.; Kawabata, T.; Tsubaki, K.; Bando, M.; Fuji,
K. Tetrahedron2006 62, 1756.

(14) van der Steen, F. H.; Jastrzebski, J. T. B. H.; van Koten, G.
Tetrahedron Lett1986 27, 83.

(15) Dekker, J.; Budzelaar, P. H. M.; Boersma, J.; van der Kerk, G. L.
M.; Spek, A. L.Organometallics1984 3, 1403.

(16) Reformatsky, S. NBer. Dtsch. Chem. Ge4887 20, 1210.

(17) Hlavinka, M. L.; Hagadorn, J. FOrganometallic2005 24, 4116.

(18) van Vliet, M. R. P.; van Koten, G.; Buysingh, P.; Jastrzebski, T. B.
H.; Spek, A. L.Organometallics1987, 6, 537.

(19) Hlavinka, M. L.; Hagadorn, J. Forganometallic2006 25, 3501.

(20) We have recently reported the trapping and characterization of an
enolate anion as the result of a 1,6-nucleophilic addittion of a sodium

amidozincate to benzophenone; see: Hevia, E.; Honeyman, G. W.; Kennedy,

A. R.; Mulvey, R. E.J. Am. Chem. So005 127, 13106.
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reactions is the amine HMDS(H)), where each potassium is
bonded to a molecule of toluene, reflecting the higher affinity
of this heavier alkali metal to form metatarbon bonds (and
metat-sr-arene interactions in particular; vide infra) than metal
oxygen bond3! In other words, in this system toluene is a better
donor for potassium than the unenolized neutral ketone mol-
ecule.

As alluded to earlier, we have reported the synthesis and
characterization of a series of mixed sodidmagnesium
enolates, prepared by reaction of the stoichiometric variant
trialkyl (NaMgBus) and tetraalkyl complexes (MNslgBus)
toward the ketond.8 Following the same procedure, we have
now prepared the corresponding trialkyl zincate NaZgRy
mixing together equimolar amounts of BuNa and,Bu
However, compoun@ could not be obtained when this all-
alkyl zincate was treated with 3 or 4 equiv of the ketdn&he
IH NMR spectrum of the crude reaction solution revealed a
mixture of two distinct enolate ligands and significant amounts
of unreacted ketone, together with a butyl ligand. This experi-
ment illustrates the higher covalent and carbophilic character
of Zn versus Mg. Thus, while NaMgRBiis able to react cleanly

OIat room temperature with 3 equiv bto form the desired mixed-

metal tris(enolate) complex, NaZnpfails to react in the same
manner (or at least to completion), instead giving a mixture of
products resulting from the incomplete conversion of the butyl
groups to enolate ligands.

The structures of compounds and 3 were successfully
determined by X-ray crystallographic studies. Figure 1 shows
the complete molecular structurefwhile Figure 2 highlights
its inorganic core. Table 1 gives key bond lengths and angles
for 2. The structure o can be viewed as a cationic eight-
membered [(NaOZnQ)?* ring hosting in its interior two
additional enolate ligands. This ring adopts a chair conformation,
with the sodium atoms displaced on either side of the plane
defined by 01Zn103-01*Zn1*03 (Figure 2). The distortion
of the sodium atoms from planarity can be quantified by the

(21) The preference of potassium for carbon over oxygen coordination
has been recently highlighted in: Barnett, N. D. R.; Clegg, W.; Kennedy,
A. R.; Mulvey, R. E.; Weatherstone, Ehem. Commur2005 375.
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Table 1. Key Bond Lengths (A) and Bond Angles (deg)
within the Structures of 2 and 3

Compound2?
Zn1-03 1.9032(13) NatO1 2.3468(15)
Zn1-01 1.9149(13) NatO3* 2.3501(15)
Zn1-02 2.0130(13) Nat02 2.4574(15)
Zn1-02* 2.0430(13) NazC13 2.840(2)
Nal-O4 2.2543(16) NalC12 2.941(3)
03-zn1-01 145.22(6) O%Nal-03* 128.51(6)
03-Zn1-02 114.26(5) O4Nal-02 161.35(6)
01-7Zn1-02 94.98(5) 0+Nal-02 74.11(5)
03-Zn1-02* 94.80(5) 03%Nal-02 74.36(5)
01-Zn1-02* 108.89(6) Zn+02-Zn1* 99.57(5)
02-Zn1-02* 80.43(5) Znt03-Nal* 93.55(5)
04—Nal-01 116.74(6) Zn+01-Nal 94.68(5)
04—Nal-03* 105.75(6)
Compound3®
Zn1-02 1.9049(12) K+01 2.7082(13)
Zn1-01 1.9085(12) K+03 2.9431(13)
. ) . Zn1-03 2.0179(12) K+C24 3.1414(19)
Figure 1. Molecular structure o2 showing selected atom labeling, Zn1—-03* 2.0398(12) K+C23 3.167(2)
with hydrogen atoms omitted for clarity. K1—02* 2.6534(13)
02-zZn1-01 139.27(5) 02+K1-03 64.86(4)
02-Zn1-03 115.24(5) 0O1tK1-03 62.16(4)
01-zZn1-03 96.23(5) Zn+01-K1 102.50(5)
02-Zn1-03* 99.48(5) Zn+03-K1 92.31(4)
01-Zn1-03* 110.01(5) Zn+02-K1* 99.94(5)
03-Zn1-03* 82.80(5) Zn+03-2Zn1* 97.20(5)
02*—K1-01 109.13(4)

2The asterisk denotes the symmetry operation 2, 1 — vy, 1 — z
b The asterisk denotes the symmetry operation —y, 2 — z

which indicates that in this compound the interactions between
the sodium atoms and the oxygens are approximately the same
Figure 2. Inorganic core o® highlighting the chair conformation  for the anionic enolate ligands as for the neutral ketone. Williard
of the [(NaOZnO}] ring. has reported the structure of a pinacolone-solvated sodium
pinacolate, finding a similar trend for the distinct N@ bond
angle between the O1NalO3* unit and the aforementioned types24 More recently, Henderson has described the synthesis
plane, 145.03(6) The sodium atoms achieve tetracoordination and characterization of a magnesium enolate derived ftpm
by bonding to three enolate ligands, two of them being part of [Mg,{u-OCECH,)Mes} { OC(=CH,)Mes} { OC(CHs)Mes} -
the eight-membered ring, and the remaining enolate is one of(CH3ph)2], which exhibits a tetrameric OMg(O),Mg(u-
the guests of the ring (that is disposed syn to Na) and one 0),Mg(u-0),Mg(O) chain arrangement terminated at each end
molecule of unenolized ketone, acting as donor throughthe by a neutral ketone molecuté This homometallic compound
oxygen atom. The NaO(enolate) bond distances are modestly also shows similar MgO distances for the enolate ligands and
shorter for the ligands that are part of the ring (average length the unenolized ketones, and it has been proposed by the authors
2.348 A) than for the enolates hosted in the core of the ring as a model for aldol addition reactions.
(2.4574(15) A). These distances, although lying in a range  Op the other hand, each sodium atom2imlso 7-engages
similar to those found for other Nealkoxide compound%, are with the olefinic (G=CH,) carbons of one of the enolate ligands
moderately longer than those found for other sodium e”°|atesencapsulated in the ring, as indicated by the short-Gla
derived from ketonel, such as in homometallic [I\,j{a(_)C(= distances (NatC12 = 2.941(3) A and NatC13= 2.840(3)
CH;)Mes} o(TMEDA);] (2.225(3) Af and heterometallic [Na A), in order to compensate for the comparative weakness of
Mgo{ OC(=CH;)Mesg (TMEDA)] (from 2.2901(18) t0 2.3295-  the Na-O bonds in2, as previously mentioned.
(18) A)® which indicates that the NeO(enolate) bonds i e zn center i2is tetracoordinated in a distorted-tetrahedral
are fairly weak, presumab[y as a result of the large steric geometry, bonded to four oxygen atoms from the enolate
demands of the enolato R ligands. ligands. The Za-O bond distances are significantly shorter for
A notable feature of2 is the presence of a molecule of he englates that are part of the eight-membered ring (1.9032-

_unenolized ketone solvating each sodium atom. Although the (13) and 1.9032(13) A) than for the guest enolates (2.0130(13)
important role that solvated alkali-metal enolates may play in 54 2.0430(13) A), which can be can be attributed to the
aldol additions and related enolate reactions has been a mattefjittarent coordinati(;n numbers of both types of ligands; thus

of much discussio# little definite structural information is \yhije the ring enolates connect one sodium and one zinc center,
available on this type of solvated compound. The-Xiketone) 5 gyest enolates bind to two zincs and one sodium. These

bond length ir2 is of the same order as or even slightly shorter 7, 5enolato) bond distances are shorter than those found in
(2.2543(16) A) than the lengths found for the enolate ligands, ey previously characterized zinc enolates. Thus, for example

in the enolate [EZn{ O(OMe)C=(H)N(‘Bu)Me} 4], resulting

(22) Bradley, D. C.; Mehrotra, R. C.; Rothwell, I. P.; Singh, Mkoxo
and Aryloxo Deriatives of MetalsAcademic Press: San Diego, CA, 2001.

(23) (a) Seebach, D.; Amstutz, R.; Dunitz, J.Hely. Chim. Actal981 (24) Williard, P. G.; Carpenter, G. B. Am. Chem. S0d986 108 462.
64, 2622. (b) Williard, P. G.; Liu, Q.-Y.J. Am. Chem. Sod 993 115 (25) Allan, J. F.; Henderson, K. W.; Kennedy, A. R.; Teat, SChem.
3380. Commun200Q 1059.
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from the reaction of EtZni¥®r, with an N,N-dialkylglycine
ester? where each enolate ligand links two zinc centers to give
rise to a tetrameric 20, cyclic arrangement, the Zr0 bond
lengths lie in the range 2.028(52.076(6) A. These facts show
that the enolate ligands i@ are bonded to the zinc centers
through strongr-covalent bonds while the sodium atoms interact
much more weakly with the anionic oxygens, forming additional
m-interactions with neighboring olefinic carbons.

The basic structural motif o2 has been previously found
for the series of “inverse crown” complexe$MiMo(Ni-
Pr)a}oX2] (M = Li, Na; M2 = Mg; X = OR, H)?" [{-
(TMEDA)MMg(BU)2} 2(OBU),] (M = Na, K)2* and [K:Ca-
{OC(=CH,)Mes} ¢ 2THF]X but also extends to several other .
homometallic and heterometallic systetiEhe aforementioned %
potassium-calcium complex [KCa{ OC(=CH,)Mes} g-2THF] P
(Figure 3a) was the first example of a homoleptic inverse crown, &y~
as enolate ligands occupy bOth_hOSt rng and guest S|te§, a_nd ItFigure 4. Molecular structure o8 showing selected atom labeling,
is the closest precedent & as it contains the same anionic  yjth hydrogen atoms omitted for clarity.
ligands. However, the main structural distinction is the reversal
in the solvation of the metals. To explain, in this potassium/ cqyalent character exhibited by zinc in its bonding in comparison
calcium enolate, a molecule of THF is bonded to each divalent i that of magnesium.
calcium center, whereas the potassium atoms are unsolvated The potassiumzinc enolate3 adopts a centrosymmetric
and form a series of-stabilizing interactions with the neighbor- gty cture analogous to that & (Figure 4) with a cationic
ing phenyl rings and olefinic carbons from the enolate ligands. (KOZn0),]2* eight-membered ring hosting an additional two
This reversal in metal solvation can be rationalized by the larger opglate ligands. However, in this case, the alkali metal is
size and softer character of calcium in comparison to zinc.  gojyvated by a different donor molecule. Thus3ia molecule

As previously mentioned, the number of metal enolates that of toluene binds to each potassium center through-ggsten?d
have been structurally characterized is relatively scai@eour The six K—C(toluene) distances are within a short range (from
knowledge, the only examples of bimetallic homoanionic 3.307(2) to 3.449(2) A), which shows that although individually
enolates that combine one alkali metal and one divalent metalthese interactions are weak, collectively they must be significant,
are the K/Ca compound mentioned abt\and a series of Na/  as revealed by the relative shortness of theQ{centroid)

Mg enolates obtained by reaction of either NaMgBu Na- distance (3.081 A3° The potassium center also interacts with
MgBu, with variable amounts df, as for example [NaMg{u- three enolate ligands, two of them being part of the host ring,
OCE=CHz)Mest o(TMEDA)] (Figure 3b)2 The latter compound  whereas the third occupies a “guest” position. However, these
has a structural arrangement significantly different from that of interactions are relatively weak, as indicated by a comparison
2. Thus, the sodium/magnesium enolate presents a linearof the K—O bond distances found f@& (2.6534(13), 2.7082-
tetranuclear Na-Mg---Mg-+-Na chain arrangement connected (13), and 2.9431(13) A) with those in the homometallic enolate
by six enolate ligands. Thus, while both compounds possess a[K 4{ OC(=CHz)Mes 4(CHzPh)]2° (range 2.528(6)2.706(6) A;
{(OR,LM(u-ORXM(OR);} 2~ ate core, in the sodium/magnesium mean 2.631 A). The potassium centers3rcomplete their
enolate, each sodium is coordinated to two terminal enolates,coordination sphere by forming a seriesetontacts with the
positioned in the same plane as the Mg centers of theuMg( olefinic carbons of the guest enolate ligands K124 =
O):Mg inner ring, giving rise to a linear structure; however, in  3.1414(193) A and K*C23 = 3.167(2) A). As previously
contrast in2, each sodium is bonded to three enolate ligands discussed for compourig] the structure o8 is similar to that
and is situated above and below the plane defined by GZnO of the potassiumcalcium inverse crown [BCa{ OC(=CHy,)-
--0*Zn*O* adopting the cyclic inverse crown structure. Given Mes}¢2THF].1® The K—O distances in the latter (2.633(2),
the similar sizes of magnesium and zinc, this fundamental 2.702(2), and 2.842(2) A) are in the same range as tho8g in
difference in the structures of these mixed-metal enolates must

be at least in part attributed to electronic factors and the greater  (28) For examples of metalr-arene interactions see: (a) Gokel, G. W.;

De Wall, S. L.; Meadows, E. Eur. J. Org. Chem200Q 2967. (b) Forbes,

G. C.; Kennedy, A. R.; Mulvey, R. E.; Roberts, B. A.; Rowlings, R. B.
(26) van der Steen, F. H.; Boersma, J.; Spek, A. L.; van Koten, G. Organometallic2002 21, 5115.

Organometallics1991, 10, 2567. (29) This K—C(centroid) bond length is within the range found for other
(27) (a) Drewette, K. J.; Henderson, K. W.; Kennedy, A. R.; Mulvey, compounds crystallographically characterized that contain a potassium center

R. E.; O'Hara, C. T.; Rowlings, R. BChem. Commur2002 1176. (b) solvated by a neutral molecule of toluene: Andrikopoulos, P. C.; Armstrong,

Gallagher, D. J.; Henderson, K. W.; Kennedy, A. R.; O'Hara, C. T., Mulvey, D. R.; Kennedy, A. R.; Mulvey, R. E.; O'Hara, C. T.; Rowlings, R. B.

R. E. Rowlings, R. BChem. Commur2002 376. Eur. J. Inorg. Chem2003 3354.
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Table 2. Selected3C NMR Chemical Shifts (6 in ppm) for Table 3. Key Crystallographic and Refinement Parameters
Enolate Ligands for Compounds 2 and 3
compd 0(=CO) O(=CHy As? solvent 2 3
2 166.59 83.98 82.61 ds-pyridine empirical formula G@sH108N&0sZNy CgoHaaeK206ZN;
3 168.64 84.94  83.70 sepyridine M, 1468.45 1360.50
[Nay{ u-OC(=CHx)Mests-  169.94 79.60 90.34 ds-benzene cryst syst triclinic monoclinic
(TMEDA),] space group P1 P2;/c
[K{ OC(=CHz)Meg} 4 171.23 7458  96.65 dg-benzene alA 11.0238(3) 11.0836(2)
4(toluene)] b/A 12.6380(3) 20.0998(3)
a Ao corresponds to the difference in chemical shift between the two gjﬁe ]%5567265’18(%) 1960'3947(3)
13C resonances arising from the carbararbon double bonds=CO and 9 '
- g pldeg 76.930(2) 101.590(1)
=CHz. yldeg 68.384(1)
VIA3 1979.71(9) 3577.91(11)
however, the potassium centers in this potassigcaicium z 1 2
enolate form more stabilizing-interactions involving not only X)Kof indep fins 138’&%) 1;%%)
the olefinic carbons of the enolates but qlso the aromatic rings. goodness of fit 1.020 1017
On the other hand, the 20 bond distances are nearly R1( > 20(1)) 0.0395 0.0344
identical with those found within compourg] showing again WR2 0.0917 0.0801

the strongo-coordination of the enolates to the zinc centers
which frame the inverse crown ate motif while the softer
potassium cations form much weaker interactions with the
oxygen atoms and adhere to the framework through additional

n-contqcts. .At.th'~°? point It ShOUId. be noted that thisand Zn—0 bonds that frame an anionic ate structure, onto which
zr-bonding distinction for the alkali metal and its Zn (or Mg) the alkali metals cling through weaker bonds to the anionic

copartner has become a signature feature of inverse Crownoxygens and through ancillarybonds to olefinic carbon atoms.
complexes and other related mixed-metal compounds and clearly

plays a major part in the often special reactivity that such Experimental Section

“synergic” mixtures can display. General Considerations All reactions were performed under a
Compound£ and3 have also been characterized in solution protective argon atmosphere using standard Schlenk techniques.
using NMR spectroscopy (see hte Experimental Section); Hexane and toluene were dried by heating to reflux over sodium
however, given the low solubility of these mixed-metal enolates benzophenone ketyl and distilled under nitrogen prior to use.ZnCl
in arene solvents such as toluene or benzene, Heind13C was purchased from Aldrich Chemicals@1 Msolution in diethyl
NMR spectra have had to be recorded in the more polar solventether. Butylsodiur#f and Zn(HMDS)* were prepared according
deuterated pyridine. As evidenced by these spectra, the solutiorio literature methods. NMR spectra were recorded on a Bruker DPX
structures of and3 in this solvent are different from those in 400 MHz spectrometer, operating at 400.13 MHz'férand 100.62
the solid state. Thus, for both compounds, the solvating ligands MHz for *°C. Elemental analyses of compouriand3 could not
within the solid stateX and toluene fo2 and3, respectively) D€ obtained, due to their instability. L
appear free in solution, whereas only one single set of enolate Xay Crystallography. Single-crystal diffraction data were
signals is observed. Furthermore, the chemical shifts of the recorded by a Nonius Kappa CCD diffractometer using graphite-
resonances attributed to the mesityl and+H@H, moieties in monochromated Mo K radiation § = 0.710 73 A). The structures

. . fined by full-matrix least squares and agaifstto
the 'H and3C NMR spectra are nearly identical f@rand 3. were re ! e
. - .. convergence using the SHELXL-97 progréfSpecific crystal-
This suggests that., n the presence of a strong Coordmatlvelographic data and refinement parameters are given in Table 3.
solvent such as pyridine, these mixed-metal compounds undergo Synthesis of [NaZn,{ OC(=CH,)Mes} of OC(CHz)Mes} 5] (2)
cleavage, probably to generate the solvent-separated ion Paizn (IMDS), (1.8 mL, 5 mmol) was added to a suspension of

[M(pyridine) "[Zn(enolatey] ~, which would explain the ob-  NaHMDS (prepared in situ by reaction of BuNa (0.8 g, 5 mmol)

' characterized in solution and in the solid state. Their crystal
structures show a common motif, a cationic eight-membered
ring (MOZnO), hosting two enolate ligands, which defines them
as inverse crowns. These compounds have strong, anchoring

servations mentioned above. and HMDS(H) (1.05 mL, 5 mmol)) in hexane (15 mL), affording
As recently described by Hagadorn, the difference between a white suspension. 2,4,6-Trimethylacetophenone (3.34 mL, 20
the chemical shifts in th&C NMR spectrum of th&c—O and mmol) was then added. The mixture was heated under reflux for

=CH, resonances can be considered as a good indication 0f30 min. Toluene (5 mL) was introduced at this stage, and the
the degree of polarization of the=€C bond and the nucleo-  mixture was gently heated until all the white solid had dissolved,
philicity of the enolate ligand® The Ao values of2 and3 (see affording a pale orange solution. Allowing this solution to cool
Table 2) are significantly lower than those obtained for the Slowly to room temperature produced a crop of colorless crystals
analogous monometallic sodium and potassium enolates, con{yield 2.27 g, 63%)'H NMR (400 MHz, 25°C, GsDsN): 6.84 (s,
sistent with the reduced polarization of the-ldnolate bonds ~ 12H, mH Mes, enolate), 6.79 (s, 4ki3-H Mes, ketone), 4.90 (s,

in the mixed-metal compounds and the greater covalent charactePr0ad, 6H, &=CHH'), 3.97 (s, broad, 6H, €CHH'), 2.65 (s, 36H,

of zinc. On the other hand, the chemical shift differences ©-CHs Mes, enolate), 2.44 (s, 6H, C(Of, ketone), 2.26 (s, 18H,

betweerR and3 are very similar, showing that the alkali metal 1p3((§|_1|3H MES'\'A En("l"’gg)ég'zl\ms* 15?;2"'3 agdﬁ'(_:"';b'glzsll kef)o“e)-

in these compounds has little influence in solution, which {°H} ( N Z » GDsN): 31 C=0),
: . - : 166.59 (GC=CHH'), 143.61 Cipso, Mes, enolate), 141.14C s,

supports the idea that in pyridine soluti@rand3 are present Mes, ketone), 138.77Chua Mes, ketone), 135.99C o Mes

as the solvent-separated ion pair compounds [M(pyridihe) ' ' vTvam ' ’ I ertho :

[Zn(enolatey] . (30) Schade, C.; Bauer, W.; Schleyer, P. v.JROrganomet. Chem.

To conclude, two mixed alkali-metakinc enolate inverse 1985 295 C25.
crowns derived from 2,4,6-trimethylacetophenone have been , (31) BUger, H.; Sawodny, W.; Wannagat, Il.Organomet. Chenl.965

synthesized using the mixed-metal tris(amides) [MZn(HMDS) Y (32j Sheldrick, G. M. SHELXL-97, Program for Crystal Refinement;
as the base. These first compounds of their type have been fullyUniversity of Gitingen, Gatingen, Germany, 1997.
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enolate), 135.40G,a2 Mes, enolate), 132.9&(wn. Mes, ketone), NMR (100.63 MHz, 25°C, CsDg): 168.64 (CC=CHH'), 145.50

129.31 Cmeta Mes, ketone), 128.57Cheta Mes, enolate), 83.98 (Cipsor Mes),140.12 Cipso, CHsPh), 137.35 Corine, Mes), 136.63

(OC=CHH'), 32.58 (C(OrH3), 21.51 p-CH3, enolate), 21.39p0¢ (Cpara Mes), 131.42, 130.6 Thrtho aNACrneta CHzPN), 130.09 Crreta

CHs, ketone), 20.98d-CHs, enolate), 19.54a-CH;, ketone). Mes), 121.77 Cpara CHsPh), 84.94 (O&-CHH'), 23.34 CH3, CHs-
Synthesis of [KZn,{ OC(=CH2)Mes}¢(CH3Ph)] (3). K(H- Ph), 23.03 §-CHs, Mes), 22.61 ¢-CH3, Mes).

MDS) (1.0 g, 5 mmol) was suspended in hexane (15 mL). Zn-

(HMDS), (1.8 mL, 5 mmol) was added, and the mixture was stirred
for 30 min, affording a white suspension. 2,4,6-Trimethylacetophe- _ Acknowledgment. We thank the EPSRC (Grant Award No.

none (2.5 mL, 15 mmol) was then introduced, and the mixture was GR/R81183/01), the EU (Marie Curie Fellowship to E.H.), the
heated under reflux for 30 min. The solution changed from colorless Carnegie Trust (through a vacation scholarship to S.B.), and
to pale orange, and most of the white solid remained suspended the Royal Society/Leverhulme Trust (Fellowship to R.E.M.) for
At this stage toluene (5 mL) was added and the mixture was gently generously sponsoring this research.

heated until all the solid had dissolved, affording an orange solution.

Cooling this solution slpwly to room temperature produced a crop Supporting Information Available: CIF files giving crystal

of colorless crystals (yield 1.85 g, 54%)4 NMR (400 MHz, 25 data and figures giving NMR spectra for compou@dmd3. This

°C, GsDsN): 7.32 (m, 2H,Hpaa CH3Ph), 7.21 (M, 8HHortno and material is available free of charge via the Internet at http:/
Hmeta CHsPh), 6.81 (s, 12Hm-H Mes), 4.91 (s, broad, 6H,€ pubs.acs.org

CHH’), 3.94 (s, broad, 6H, €CHH'), 2.69 (s, 36Hp-CH3, Mes),
2.44 (s, 6H, Els, CHsPh), 2.23 (s, 18Hp-CHs, Mes). 13C{H} OMO060878K



