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The diacetone glucose (DAGH, 1,2:5,6@4isopropylidenea-b-glucofuranose) monoanion DAG binds as a
terminal alkoxo ligand to a variety of transition metals. When it is used in excess, with respect to the oxidation
state of the metal, homoleptic anionic complexes$(DAG)g]®~ are formed. Such complexes contain oxygen-
rich cavities between pairs of DAG ligands appropriate for binding alkali metal cations. The anionic complexes
have been obtained by using [Li(DAG)], and [Na(DAG)],2, whose syntheses and characterization are reported
here. The reaction df and2 with [V(DAG) 3] gave [V(DAGXLi3], 3, and [V(DAG)Nag], 4, respectively. An
alternative synthesis & and4 involves the metathesis reaction band2 with [VCl(thf)s]. This strategy also

led to the synthesis of [Cr(DAGi 3], 5, and [Ti(DAG)Lig], 6. Three pairs of DAG shape a cavity appropriate

for three lithium cations in the case of complex@&$, and6; a cavity is formed for three sodium cations in the
case of4, where the alkali cation is in a tetrahedral &nvironment. In the anionic manganese derivative
[Mn(CI)(DAG)4)%~, the four DAG units arrange in such a way as to bind four Li cations, which form a cationic
cage [Mn(CI)(DAG)Li4] ™, and Cr is bound inside as [Mn(CI)(DAGLi4(us-Cl)], 7. Crystallographic details:

4, prism,P2;, a = 14.735(10) Ab = 15.033(9) A,c = 21.021(10) AB = 107.34(2}, V = 4445(5) B,z = 2,

andR = 7.60; 5, prismatic,C2, a = 22.671(9) A,b = 18.785(5) A,c = 13.886(4) A, = 126.39(2}, V =
4761(3) B, Z =2, andR = 7.32;6, prismatic,P2;, a = 13.888(5) A,b = 18.750(5) A,c = 17.933(5) Ap =
91.84(2y, V = 4667(2) B, Z = 2, andR = 8.75;7, prismatic,P2;, a = 13.306(7) A,b = 21.311(11) Ac =
13.376(6) A8 = 95.01(2), V = 3779(3) B, Z = 2, andR = 9.33.

Introduction inorganic analogues of polydentate ligands, specifically of open-
chain polyethers, is part of a general interest in using protected
sugars as ancillary ligands in both coordination and organome-
tallic chemistry?:6
The use of carbohydrates in the field of inorganic chenfigtry

has been on the whole limited, with a few exceptions, to aqueous

olution studies. Carbohydrates should be considered particu-
arly promising in that they are an inexpensive naturally
%Sccurring ligand source with a number of useful characteristics

The rational design of cavities for the complexation of metal
cationg and organic speciesia the establishment of weak
interactions has been investigated by a number of substantially
different approachek,ranging from crown ethers to more
sophisticated natural or synthetic architectures such as cyclic
peptides etc. These systems have been implicated in meta
transport through membranes and uptake and release process
of metals in living organisms. : : . o

Taking advantage of their coordination geometry, transition ::22 aasnéazcz;r;t(;ﬁégggn:ggdp:rr:g hhegz;o(f%i;?@flety of binding
metals can organize around themselves rich donor atom ligands, Th’e different metals, with the coordination geometries

creating binding cavities appropriate for hosting alkali metal imposed by their nature, electronic configuration, oxidation

Or organic cations. A number of r_elated, _though guite di_fferen_t, states, etc., could assemble around themselves a chiral oxygen-
approaches appeared recently in the literature, dealing with rich cavity able, in principle, of binding neutral or charged

metallohosts or metallacrowns. Our entry in the area of species such as organic molecules and metal cations. This
ability could be further exploited in the fields of molecular
recognition and asymmetric catalysis.
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Diacetone glucose (DAGH, 1,2:5,6-@-sopropylidenea.-

Piarulli et al.

green. The solvent was evaporated under reduced pressure and the

p-glucofuranose) has been used in its deprotonated form DAG green residue washed withhexane (70 mL) and drieth vacuo(3.3
as the simplest monoprotic version of a sugar residue for binding 9, 68%). Crystals suitable for X-ray diffraction were grown by slow
transition metals. To this purpose, organometallic methods, diffusion of heptane into a toluene solution. Anal. Calcd for

which avoid protic conditions, have been developed. In this
paper we report [MDAG)¢]3~ (M’ = Ti, V, Cr) anionic

CroH114i3036V: C, 53.08; H, 7.00. Found: 53.13; 7.02. IR (KBr,
Nujol): 1217 m, 1167 s, 1124 m, 1057 vs, 838.6 s, 804 w, 601.6 w,
496.7 cnT W. perr (ug): 2.60. []%% (c = 1.01 in toluene):—172.

complexes, acting as tris-open chain polyethers (metallapodands) Preparation of [V(DAG) ¢Nag], 4. [Na(DAG)] (1.87g, 6.62 mmol)

in binding alkali metal cations, obtaineth the corresponding
[LiI(DAG)] and [Na(DAG)] derivatives. Preliminary results
have been briefly communicatégl.

Experimental Section

General Procedure. All manipulation were performed under an

was added in one portion to a solution of [V(DA)1.87 g, 2.21
mmol) in toluene (70 mL). The resulting purple solution was stirred
at room temperature overnight. Slowly, the solution turned green and
a green crystalline solid precipitated. The solvent was then evaporated
under reduced pressure, and the solid was washednsitxane (50

mL) and driedn vacuo(2.92 g, 80% vyield). Crystals suitable for X-ray
diffraction were grown from a saturated toluene solution at room

inert atmosphere of purified nitrogen using modified Schlenk glassware temperature. Anal. Calcd for/@H11NaOsV: C, 51.55; H, 6.80.
which was oven-dried prior to use and cooled under vacuum. Solvents g nd:- ¢ 51.69: H 6.98. IR (KBr, Nujol): 1225's, 1166 s, 1044 vs

were dried according to standard procedures and stored under nitrogergsg s 801 m, 726 w, 586 w, 512 CPW. e (us): 2.50. p]%b (c
atmosphere. IR spectra were recorded on a Perkin-Elmer 1600 FT_ 75 iy toluene): —237.3.

infrared spectrophotometer (Nujol mulls, using KBr plates) and-UV

vis spectra on a Hewlett-Packard 8452 A diode array spectrophotometer.[\/c' Jthf)s]. [VCI

NMR spectra were obtained using a Bruker AC 200 instrument [200.13
MHz (*H), 50.33 {3C)] or a Bruker DPX 400 instrument [400.13 MHz
(*H), 100.6 {3C)]. Magnetic susceptibility measurements were made
with a Quantum Design MPMS 5 SQUID magnetometer. [@f)3],
[TiCls(thf)s], [CrCls(thf)s], and MnCl-thf, s were prepared by following
a published procedufe.The synthesis of [V(DAG] was performed
as reported?

Preparation of [Li(DAG)], 1. Bu"Li (1.6 M in n-hexane, 154
mmol) was added dropwise to a stirred suspension of DAGH (40.0 g,
154 mmol) in diethyl ether (200 mL) &g. —20°C. When the mixture

was allowed to warm to room temperature, an immediate reaction [VCl s(thf)3]. [VCI

Preparation of [V(DAG)eLi3] via Metathetical Exchange from
3(thf)s] (1.3 g, 3.4 mmol) was added portionwise to
a suspension of [Li(DAG)] (5.4 g, 20.4 mmol) mhexane (150 mL).
The resulting reddish suspension was stirred for 48 h to give a green
precipitate in a reddish solution. The green solid was isolated, dried
under reduced pressure, and suspended in toluene (200 mL). After 3
h, the suspension was filtered to eliminate insoluble LiCl and the solvent
evaporatedh vacua n-Hexane (80 mL) was then added and the green
solid collected on a filter and drieth vacuo (3.58 g, 65%). Anal.
Calcd for GoHi114i3056V: C, 53.08; H, 7.00. Found: C, 53.25; H,
6.96.

Preparation of [V(DAG)¢Nag] via Metathetical Exchange from
3(thf)s] (1.36 g, 3.64 mmol) was added portionwise

ensueql, a gas was given off, and a pale yellow solution formed, which ;4 4 suspension of [Na(DAG)] (6.2 g, 22.0 mmol) fishexane (200
was stirred for a further 6 h. The solvent was evaporated under reducedml_)_ The resulting reddish suspension was stirred for 24 h to give a

pressure, and the resulting oily off-white solid was washed with

n-hexane (150 mL) and dried under vacuum to afford white [Li(DAG)]

(33.5 g, 82%). X-ray-quality crystals were obtained by cooling a

saturated ether solution to°€. Anal. Calcd for GH4LiOg: C, 54.19;

H, 7.19. Found: C, 54.46; H, 7.45H NMR (200 MHz, GDs, 298

K): 6 1.21 (s, 3H, Me), 1.39 (s, 3H, Me), 1.46 (s, 3H, Me), 1.49 (s,

3H, Me), 3.99 (m, 1H, 1, 4.15 (m, 1H, H), 4.35 (m, 1H, H), 4.38

(d, 1H, H,, Jup, = 3.4 Hz), 4.70 (m, 1H, b, 4.72 (d, 1H, H, Jnp, =

3.2 Hz), 6.22 (d, 1H, B Ju, = 3.4 Hz). 3C NMR (50 MHz, GDs,

298 K): 6 26.4, 27.1, 27.4, 28.2, 69.6, 76.5, 79.7, 86.0, 91.3, 107.3,

110.5, 111.8. ¢]%% (thf, 4.86 g dm?): —21.2. Molecular weight

determination by cryoscopy in benzene: 884, [Li(DAS)]
Preparation of [Na(DAG)], 2. NaH (2.82 g, 117.7 mmol) was

green precipitate in a reddish solution. The green solid was isolated,
dried under reduced pressure, and suspended in toluene (200 mL). After
3 h, the suspension was filtered to eliminate insoluble NaCl and the
solvent evaporateith vacua n-Hexane (100 mL) was then added and
the green solid collected on a filter and dried under reduced pressure
(1.43 g, 24%). Anal. Calcd for gH11/NaOseV: C, 51.55; H, 6.80.
Found: C, 52.39; H, 6.90.

Preparation of [Cr(DAG)eLig], 5. [CrCls(thf)s] (0.941 g, 2.51
mmol) was added to a cooled-20 °C) solution of [Li(DAG)] (4.01
g, 15.1 mmol) in toluene (100 mL). Warming to room temperature
gave a green solution, which was then stirred overnight. A white solid
precipitated and was filtered off; the filtrate was redugedacuoto
20 mL, and heptane (70 mL) was added. A green microcrystalline

added in small aliquots to a suspension of DAGH (30.64 g, 117.7 mmol) gqjig precipitated, which was collected on a filter and diiedacuo
in diethyl ether (250 mL). The resulting suspension was then heated ; 79 g 65%). Crystals suitable for X-ray structural determination were

at reflux overnight. The resulting cloudy solution was filtered and the

grown from a saturated toluene solution at room temperature. Anal.

solvent evaporated under reduced pressure. Hexane (150 mL) was thefggicq for 5-C;Hs, CreH12CrLizOss C, 55.15: H. 7.15. Found: C
added to the yellowish oily residue and the resulting suspension stirredgg 70. 4 7.43. ey = 3.82us at 310 K.

for 2 h. The precipitate was collected on a filter and dried under
vacuum (30.2 g, 90%). Anal. Calcd forifligNaGs: C, 51.00; H,
6.73. Found: C, 51.37; H, 6.84H NMR (200 MHz, GDg, 325 K):

0 1.50 (s, 3H, Me), 1.68 (s, 3H, Me), 1.71 (s, 3H, Me), 1.72 (s, 3H,
Me), 4.36 (m, 1H, K, 4.43 (m, 1H, H), 4.51 (m, 1H, K), 4.58 (d,

1H, Hp, Jup, = 3.6 Hz), 4.72 (M, 1H, B, 4.81 (d, 1H, H, Jyp, = 2.6

Hz), 6.34 (d, 1H, H, Jus, = 3.6 Hz). 3C NMR (50 MHz, GDs, 325

K): 6 28.1, 26.6, 26.9, 27.3, 68.9, 74.5, 78.9, 85.1, 90.2, 106.1, 110.2
111.3. )% (thf, 3.42 g dmd): —10.5.

Preparation of [V(DAG)¢Lig], 3. [Li(DAG)] (2.37 g, 8.92 mmol)
was added in one portion to a solution of [V(DAJ)2.46 g, 2.97
mmol) in toluene (60 mL). The resulting purple solution was stirred
at room temperature for 48 h, during which the solution turned bright

(8) Ojima, I. Catalytic Asymmetric SynthesiCH: New York, 1993.
Berrisford, D. J.; Bolm, C.; Sharpless, K. Bngew. Chem., Int. Ed.
Engl. 1995 34, 1059. Steinhagen, H.; Helmchen, @gew. Chem.,
Int. Ed. Engl.1996 35, 2339. Arai, T.; Yamada, Y. M. A.; Yamamoto,
N.; Sasai, M.; Shibasaki, MChem. Eur. J.1996 2, 1368 and
references therein.

(9) Manzer, L.Inorg. Chem.1982 21, 135.

Preparation of [Ti(DAG) ¢Li 3], 6. TiCls(thf); (0.942 g, 2.55 mmol)
was added to a cold~+20 °C) solution of [Li(DAG)] (4.067 g, 15.28
mmol) in toluene (100 mL). Warming to room temperature gave a
brownish solution, which was then stirred overnight. A white solid
precipitated and was filtered off. The solvent was then redisceacuo
to 20 mL, andn-hexane (70 mL) was added. A pale pink microcrys-
talline solid precipitated, which was collected on a filter and diied

' vacuo(2.53 g, 60%). Crystals suitable for X-ray determination were

grown by slow diffusion of heptane into a concentrated toluene solution.
Anal. Calcd for6:0.5GHs, CrsaH11dli30s6Ti: C, 54.23; H, 7.06.
Found: C, 54.56; H, 7.54u = 1.76 ug at 310 K.

Preparation of [V(DAG)elLis] via [V(DAG)eNag. Anhydrous
lithium chloride (0.16 g, 3.8 mmol) was added in one portion to a
solution of NaBPh (1.29 g, 3.76 mmol) in THF (80 mL). An
immediate reaction ensued, and a pale precipitate formed. The white
suspension was stirred overnight and filtered. [V(DAG)] (1.1 g,

0.63 mmol) was then added in one portion and the resulting purple
solution stirred overnight. The solvent was removed under reduced
pressure and toluene (50 mL) added to the residue. A green solution
with a pale precipitate was obtained; the mixture was filtered, and the
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Table 1. Crystal Data and Data Collection and Refinement Paramete-{ér
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complex4 complex5

complexé

complex7

C79H114CrLi30ss
green; prismatic
0.32x 0.40x 0.52

empirical formula
color; habit
crystal size, mm

GaH114NagO368V
green; prismatic
0.2& 0.40x 0.64

space group P2; Cc2
unit cell dimens
a A 14.735(10) 22.671(9)
b, A 15.033(9) 18.785(5)
c, A 21.021(10) 13.886(4)
B, deg 107.34(2) 126.39(2)
v, A3 4445(5) 4761(3)
z 2 2
fw 1707.6 17125
d(calcd), Mg/n¥ 1.276 1.195
abs coeff, mm? 0.210 0.199
temp, K 120 293
26 range, deg 2.648.0 2.0-50.0
scan type )

w

4335R, = 2.84%)
3055 F > 4.00(F))

WL = ¢2(F) + 0.0130F2

no. of indep reflns
no. of obsd refins
weighting scheme

7165Ry = 4.19%)
5142> 4.06(F))
W= 6%(F) + 0.0050-2

no. of params refined 1018 510
final Rindices (obsd data) R=7.60%,R,=10.61% R=7.32%,R,= 10.20%
goodness-of-fit 1.23 0.82

solvent was removed under reduced pressurélexane (70 mL) was
then added, and the green precipitate was collected by filtration and
dried in vacuo (0.6 g, 59%). Anal. Calcd for gH114i3036V: C,
53.08; H, 7.00. Found: C, 53.25; H, 6.96.

Preparation of [Mn(CI)(DAG) 4Li4Cl], 7. MnCl,-1.5thf (2.55 g,
10.9 mmol) was added portionwise to a solution of [Li(DAG)] (11.62

Scheme 1

4DAGH + 4 Bu"Li

CroH114L13036Ti
colorless; prismatic

0.32x 0.34x 0.72

P2,

13.888(5)
18.750(5)
17.933(5)
91.84(2)
4667(2)

2.0-50.0

w

8520 Rt = 1.52%)

5011 F > 4.00(F))

W= 6%(F) + 0.01462
511

R= 8.75%,R, = 12.59%
0.89

Et,0
-2

CeoH100CloLi sMNO24
colorless; prismatic

0.30x 0.45x 1.00

P2,

13.306(7)
21.311(11)
13.376(6)
95.01(2)
3779(3)

2.0-55.0

020

6923 Rt = 9.60%)

4939 F > 4.00(F))

WL = ¢(F) + 0.030072
715

R=9.33%,R, = 13.70%
0.78

/
Co\u—o/j
v

0 1-Li——0Z
. -0 "7“\0/

g, 43.63 mmol) in toluene (150 mL). Stirring overnight gave a colorless

solution. The solvent was evaporated under reduced pressure and the

residue washed with-hexane (100 mL). The resulting white micro-
crystalline solid was collected and dried (12.3 g, 95%). Crystals suitable
for an X-ray analysis were grown from a saturated toluene solution at
room temperature, and were found to contai£of crystallization.

The solid driedn vacuolost solvent of crystallization. Anal. Calcd
for CagH76ClaLi-MNO,4: C, 48.24; H, 6.36. Found: C, 48.16; H, 6.51.
IR (Nujol; vmaycm™, selected values): 1266 m, 1220 s, 1164 m, 1130
s, 1065 s, 1019 s, 930 m, 808 s, 811 s, 583 m, 537 m.

~Li QO
o)
P NI
o1 of [LI(DAG)]4, 1
v =DAG ( see the numbering scheme of DAGH)

Et,0

e

DAGH + NaH
—H,

1/n [Na(DAG)],

Bu'Li in cold (—20° C) diethyl ether (Scheme 1). The standard

X-ray Analysis for 4—7. Crystal data and data collection and  workup procedure allowed the isolation of the desired product

refinement parameters are summarized in Table 1 for all four

compounds. The crystals were enclosed in Lindemann glass capillaries
which where then sealed under nitrogen. The measurements wered

performed on a Siemens P4 diffractometer, using MorKdiation ¢

= 0.710 69 A) monochromatized by a graphite crystal. The data were
collected at low temperature for all complexes excgpthe crystals

of which gave good diffraction at room temperature. For this complex,
the intensities were corrected for absorption (minimum/maximum
transmission factors 0.89/0.93) using thiescan method? The
structures were solved by direct methtdand refined using the
SHELXTL-IRIS system? The hydrogen atoms were located in
calculated positions and refined by a riding model with fikkd values.
Some compounds also contain crystallization solvent molecules; in
particular, complex contains disordered (occupation factor 0.5) ethyl
ether molecules, complexincludes a well-defined toluene molecule
and a disordered benzene moiety, and compleantains three toluene
molecules. The absolute configuration was defined by the known
chirality of the diacetone glucose molecule. The final atomic coordi-
nates are listed in the Supporting Information for complekeg3.

Results and Discussion

Alkali Metal Derivatives of Diacetone Glucose. The
lithium derivativel was obtained by deprotonating DAGH with

(10) North, A. C. T.; Phillips, D. C.; Mathews, F. 3cta Crystallogr.,
Sect. A: Cryst. Phys., Diffr., Theor. Gen. Crystallog®68 A24, 351.

(11) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr.1994 27, 435.

(12) SHELXTL-IRISSiemens Analytical X-Ray Instruments Inc.: Madison,
W1, 1992.

in good vyields.

The product is tetrameric in solution as shown by MW
etermination (cryoscopy in benzene}H and 13C NMR
analyses revealed only one sugar species even at low temper-
ature. A comparison with the NMR spectrum of DAGH reveals
a pronounced deshielding of the protons H3 and H1, 0.3 ppm
for the anomeric proton and 0.45 ppm for the proton directly
bound to the carbon which bears O1 binding lithium (see O1
in Figure 1). A deshielding of 0.3 ppm is observed for proton
H8 which we attribute to the EOG6 interaction (see O6 in
Figure 1). Figure 1 refers to the DAG fragment taken from the
structure ofl,% where lithium is chelated by O1 and O6. The
methyl groups of the protecting groups are not affected by the
presence of the metal. Details of the synthesit afe reported
here, while its crystal structure is described in ref 5e.

The sodium derivative [Na(DAG)E, was obtained by adding
NaH to a chilled {40 °C) suspension of DAGH in diethyl ether
(Scheme 1) and could be obtained in pure form by recrystal-
lization from coldn-hexane. ThéH NMR spectrum (298 K)
shows broad signals which sharpen upon an increase in
temperature to 325 K. In contrast, a decoalescence of the signals
was not observed at low temperature. The spectrum at 325 K
shows a clear deshielding of the anomeric proton H3 (0.4 ppm)
compared to that of the free DAGH, but the effect of the H
substitution on H1 is less remarkable (0.2 ppm) than it is in the
case ofl. The [0]%% values for complexe4 and 2 did not
differ greatly from that of free DAGH. The absence of an X-ray
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Figure 2. Structural skeleton common to complex@s6 (M = Li,
Na; M' =Ti, V, Cr).

Scheme 2

Figure 1. Atom-labeling scheme for the DAG ligand, 1,2:5,6@H- \\oﬂ
isopropylidenes-glucofuranose. C'}A‘O /\
analysis for2 means that we have no evidence of its molecular [V(DAG)s] + 3 [M(DAG)] ~2uene 0\\'//°\M/o—
complexity in the solid state. Further, its poor solubility in M=Li 1 -MCl o~ | \O/ ~o—
benzene prevented the MW determination in solution. Itis well- M= Na 2 }Vl/o NI
known that alkali metal alkoxidés!4 display a variety of ' /O/c'>
aggregation degrees both in the solid state and in solution /
depending, among other things, on the presence of additional [V(DAG)gM]
bonding sites on the alkoxo residue. This is particularly true M=Li 3
for DAG. Compoundsl and 2 cannot be compared to any M =Na, 4
previously reported alkali metal carbohydrate derivatives, which
are usually obtained from aqueous solution and contain the protic \O\O\W
form of the sugar along with water molecule®®. Compounds Cu\o m
1 and 2 are particularly suitable in metathesis reactions with c’) | O 4—
transition metal salts under nonprotic conditions. b) MCly(thf); ] + 3 [Li(DAG)] 2luene ;M\ Ll

Alkali Metal Cation Complexation by Anionic -Licl O\ <|D OLB
[M'(DAG)¢]3~ Complexes. The title compounds are accessible M =V, Cr,Ti O/%i/
via two different synthetic routes illustrated in Scheme 2, 4 /0
reactions a and b. [M(DAG)sLis]

In the first case (reaction a), the preformed homoleptic neutral M =Cr 5
diacetone glucose complex is reacted with the DAG alkali metal M = Ti"s

salt [M(DAG)] [M = Li, Na]. For vanadium, the reaction
between [V(DAG)]? and the alkali metalDAG salt was
carried out in toluene, from whicB or 4 could be recovered
after removal of the solvent. Both compour@isind4 have
been obtained as crystals suitable for the X-ray analysis (see
Experimental Section). Complex8snd4 along with5 and6
are accessible alspia the more straightforward metathesis
reaction (reaction b in Scheme 2).

The Cr and Ti derivative§ and6 were obtained by reacting
6 equiv of [Li(DAG)] with [CrCls(thf)s] and [TiCls(thf)3],
respectively, in toluene. An initial solubilization of the metal
chlorides is noticed accompanied by the formation of green (Cr)
and violet (Ti) solutions from which LiCl slowly precipitates.

Filtration of LiCl followed by concentration of the resulting
solutions causes the precipitation of the Cr complex whereas
addition of heptane is necessary to obtain compleXttempts
to prepare the analogous vanadium spe8ies4 using [VCk-
(thf)3] were not as successful, as LiCl did not precipitate in
toluene. However, when the reaction was carried out in
n-hexane followed by extraction of the products in toluene, pure
3 and4 were obtained.

Complexes3—6 have similar structures, details of which are
reported here fod—6 only, while the structure a8 is given in
the preliminary communicatiotf. A comprehensive picture of
the structure of the three complexes is given in Figure 2.

In complexes4A—6, the metal atom has a slightly distorted

(13) Gais, H.; Dingerdissen, U.; Kger, C.; Angermund, KJ. Am. Chem.

So0c.1987 109, 3775. Boche, GAngew. Chem., Int. Ed. Engl989 octahedral coordination involving six DAG moieties. The most
28 277. Amnett, E. M.; Moe, K. DJ. Am. Chem. Sod 991 113 relevant structural parameters of the three complexes are
7288. : : : .

(14) Caulton, K. G.; Hubert-Pfalzgraf, L. Gchem. Re. 199Q 90, 969. summarized in Table 2. With respect to the three main axes of
Mehrotra, R. C.; Rai, A. KPolyhedron1991, 10, 1967. the octahedron, the sugar moieties aresgif with C1-O1—

(15) Dheu-Andrics, M. L.; Perez, £arbohydr. Res1983 124, 324. M—01—-C1 atoms adoptig a U shape. A molecular super-
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Table 2. Relevant Distances (A) and Angles (deg) for Compleze$

3(M=Li,M'=V) 4(M=Na, M =V) 5(M =Li,M' = Cr) 6(M = Li, M’ = Ti)
M’'—Olay 2.027(11) 2.048(10) 2.009(6) 2.056(8)
01-M'~OlLiange 83.7(2)-92.2(2) 87.0(4)92.7(4) 83.1(3593.1(3) 82.1(3)92.7(3)
M'—01-Cla, 125.4(3) 127.0(9) 125.0(6) 126.5(7)
MeM'sy 2.84(1) 3.17(1) 2.86(2) 2.89(2)
M-+-Ol,, 1.90(1) 2.26(1) 1.91(2) 1.91(2)
M-++O6y 2.07(1) 2.32(1) 2.07(2) 2.05(2)
O1++*M+++06, 92.4(5) 83.6(4) 93(1) 92(1)
146.3(5) 131.9(5) 147(1) 147(1)
157.9(5)
O1++*M+++O1l,, 91.0(7) 79.6(4) 89(1) 90(1)
06+++M+++06s, 103.4(7) 119.3(4) 104(1) 104(1)
S N - oi6a)

Figure 3. Comparison of the alkaline metal ion cavities in complexes
3 and 4, showing the deformation induced by the larger-Nation.

position of the four structures obtained by fitting the metal, the Fi9ure 4. Atomic arrangement around the transition metal center in
alkali metal ions, and all Oland Ch atoms indicates an almost complexes3—6, showing aA configuration.

perfect overlap betwees?® and5, which are isomorphous with
very close cell dimensions, and wifh The overlap o# with
the+othe_r thre_e structures is_ rather poor, due to the presence o eatures deserve comment. For compleges, the MLCT
Na™ which widens the cavity determined by the two DAG angition gives rise to a small positive Cotton effect. The d

moieties (Figure 3). Each alkali metal atom is tetracoordinated { 4nsitions have a correspondingly more pronounced negative
to a pair of adjacent sugar molecules through O1 and O6 andctton effect for the lower value transition and in the case of

390 nm and 490 nm respectively.Circular dichroism curves
ere determined for complexe®-6, and several common

thus forms two six-membered rings-MD6—C8—C2—-C1-01. V3 a second negative Cotton effect, whereas férGrlarge
The three Na ions in complex4 show an additional, though  positive Cotton effect is found corresponding to #igy— 3T
weaker, coordination, to O3 of a third sugar with the'NeO3 and“T,g— *Ayg transitions, respectively. A comparison of these
distances ranging from 2.75(1) to 3.13(1) A. stereochemical properties with those of**o-amino acid’

The three [M(DAG)] moieties in complexe8—6 give rise complexes having the same configuratiorBasd4 shows the
to a unit having theA absolute configuration (Figure 4). In  same sign and similar magnitudes faif®. Another striking
order to establish a structural correlation between the solid statesimilarity, as far as these properties are concerned, applies to

and its solution, a study of the optical properties of complexes [V(DAG)3] and its pyridine adduct; which showed similar
3—6 was undertaken. optical rotatory values §]?%> = —200.7 and—226", respec-

Absorption spectra of toluene solutions were measured, andt'vely) and which were assigned the sameconfiguration.

their salient features are summarized as follows. For complexes A vanadium anionic _complex, [V(OPHis(dme}],1© with

3 and4, three absorption bands are observed and are attributed>°™M® structural S'm"‘?‘“‘.'es to cpmp'lexhas been reported.. In
to a MLCT transition (the first one) and to the twdtdansitions this complex, each lithium cation is com_plexe_d to a pair of
(see Table 3). Their values are in good agreement with literature 2XY9ENS from two phenoxo groups. This anionic complex

hould n nsider metallacrown, since the alkali metal
values for the octahedral hexaaquo complexes (526 and 500S ould not be considered a metallacrown, since the alkali meta

) X tion i mplex the important intervention of the DME
nm). The absorption spectrum of compkxn THF shows a cation is complexed by the importa ervention ot e

shift of the two bands assigned t8 tlansition (430 and 668 [Sl\?ll,\zeDrKé)I;]E? fhzeti?ezn;g?ésg%j;gaé é?etrﬁisglg]?fecgggfies
nm) to 368 and 552 nm, respectively. We ascribe the shift to

an increased electron density on the metal due to the formation 6y | ever, A. B. P.Inorganic Electronic Spectroscopglsevier: Am-

of a separated ion pair, with the Na ions being outside the cavity sterdam, 1968.

and being complexed by THF molecules. The same consider-(17) Magill, C. P.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, dnorg. Chem.
ations hold for the G and TP+ complexes and6, for which (18) %,Sﬁ’gc?’h?\,i?é?-k; Scott, M. J.: Armstrong, W. #horg. Chem1988

the literature values for hexaaquo complexes are also 581 and 27, 4333.
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Table 3. Absorption and CD Maxima for Complex&s-6

transition in molar
complex uv, nm activity € M(H,0)s" CD, nm ellipticity sign

3 284 0.35 95.6 MLCT 284 2300 positive
412 0.108 29.5 3Ty 3Ty 417 —5973 negative
622 0.05 13.7 3T1g— 3Ty 616 —6409 negative

4 288 0.186 115.4 MLCT 288 2300 positive
430 0.07 42.7 3T 3Tg 440 —5977 negative
668 0.34 21.4 ST1g— 3Ty 660 —6401 negative

5 298 0.33 73.8 MLCT 275 272 positive
464 0.16 35.8 Tog—*Aog 480 —3460 negative
615 0.14 31.8 Tig—*Agg 609 16439 positive

6 287 1.04 218.5 MLCT 288 272 positive
525 0.03 6.3 STog— 3Ty 558 —596 negative

rich cavities, the size of which depends on the ionic radius of
the transition metal ion. Changes in the coordination number
and coordination geometry would generate other cavities and
allow the design of appropriate receptors for alkali metal and
organic cations as a function of the transition metal parameters.
In this context, a number of observations have been made during
the synthesis of complexe8—6. The synthesis of [M
(DAG)eNag] was successful but only in the case of vanadium.
In the case of Cr and Ti, the reaction between @i(thf)s]

and [Na(DAG)] led to formation of a honey-like suspension
and no solid could be isolated. This could suggest that the
sodium cation is not completely encapsulated within the two
pairs of DAG, due to the unsuitable cavity size. In order to
complete its coordination sphere, Nases, very probably,
oxygen donor atoms from other [[DAG)g]®~ units. Formation

of a polymeric form was also observed for reactions involving
the potassium cation. All reactions, which employed K(DAG),
with [M'Cl(thf);] never led to any discrete [NDAG)eKg] Figure 5. Structure of complex.
forms. This reflects the fact that the cavity provided by two

DAG units is too small. The results outlined above, in the case Scheme 3

of sodium and potassium, leave open the possibility of shaping

the cavity of the receptor according to the size or to other

parameters of the guest cation.

o- \.-Li—O
. P . . 7 A4 - Lo
In order to clarify the selectivity of the cavities for differently MnClythf; s + 4 [LI(DAG)] —2Uene, AN
sized metal cations, a few cation exchange reactions were -Licl Q L L—o

undertaken. As already noticed by Armstrong (see above),
dramatic color changes from green to purple in the case of
complex4 and to violet blue foil3 occur on dissolution of the
complexes in THF, owing to a probable destruction of thezVLi I . - .
and VNg cores. The reactions are nevertheless reversible, andaglr?gr'rzgggslgﬁ’mlr'g% [i';]/lns(g;i?nd)gcg] - Its synthesis was
the original complexes are restored by replacing THF with P hen the insolubl 11 5th : d with |
toluene or heptane. To capitalize on this property, we dissolved W. en the Insoluble MnGi1.5thf was r.e'act'e with a toluene
complexes3, 5, and6 in THF and added a 2-fold excess of sqlut|on of [L|(DA(_3)], 1,_ complete solublllzatlon_was observed
NaBPh in order to prepare the analogous sodium derivatives. without any precipitation of t_h_e expected LICl. However,
However, no reaction occurred. On the contrary, treatment of concentration followed by addition cpthexane gave complex

a THF solution of complex with LiBPh, (formedin situ by 7 in good y|eld. The toluene sonlut|on, cooled to @ gave
reacting NaBPh and anhydrous LiCl in THF) led to the crystals suitable for X-ray analysis. The structure is shown in
quantitative formation of comple3, as confirmed by elemental Figure 5. o ) ] ] ]
analysis and absorption spectra. This is also shown by the | Manganese is five-coordinate |n§square-pyram|dal coordina-
structural data«fde infra) from which it is evident that the  tion geometry. The four DAG moieties are arranged around
cavity complexing the sodium ion is widened because of the the Mn atom [average MrO1 distance 2.181(8) A] like the -
size of the cation. The preferred complexation of lithium cation €98 of a spider, capturing the four lithium cations through their

forming a six-membered metallacycle is in agreement with the ©1 and O6 atoms. On the side opposite to these bonds, a
several reports in the literatute. chloride anion is directly linked to Mn [MrCI1 = 2.325(4)

A]. Each Li* is linked to two adjacent O1 atoms at different
distances [average shortesH®1 distance 1.86(2) A, average
longest Li-O1 distance 1.96(2) A] and to only one 06 atom
[average Li-O6 distance 1.98(2) A]. Each O1 coordinates two
(19) AH_aE_C;OﬁlgnFéb&,; g.agillMﬁ'ti?t?g'RB?tég?c? %9H eﬁ?j%ﬁ'\"féged'q" Li* cations. Three of the four coordination sites of lare
133 39. Hancock, R. D.: Martell, A. ESupramol. Cheml1996 6, thus completed by oxygen atoms, and the coordination sphere
401. of each Li is saturated by a chloride anion [average-Cil2

g |
\ /OQ
7

A remarkable change, though only substantiated by a single
example, has been observed on moving to a nonhomoleptic
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distance 2.48(2) A] shared by all four cations. Thus the resulting the binding cavity can be achieved by changing the nature and/
coordination geometry around each*Lion is that of a or the parameters (oxidation state, coordination number, etc.)
tetrahedron distorted toward a trigonal pyramid. of the transition metal. The homochirality and the oxygen-rich
In complex7, unlike in complexes3—6, all four cavities nature of DAG introduce some characteristic features into the
determined by the four adjacent DAG units are involved in metallohosts reported here, which are able to mimic the
binding four lithium cations. The resulting monocationic cavity coordination environment experienced by the guest cations in
is able to bind the Ci anion, which is shared equally by the aqueous solutions.
four alkali metal cations. The result in Scheme 3 and the
structure of7 show how the different geometrical arrangements
of the DAG residues around the metal can be tuned for binding
not only cations but also anions or, in general, for carrying salts.
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Assembling transition metals and sugars led to the generation Supporting Information Available: Tables giving full details of
of a novel class of metallohosts or metallacrowns. This has X-ray data collections and refinements, atomic coordinates and isotropic
been achieved in a preliminary approach by using diacetoned?Splacemem parameters, anisotropic displacement parameters, _and bond
glucose (DAGH) as a monoprotic alkoxo group. In the anionic distances and angles for complexds7 (52 pages). Ordering
complexes [M(DAG)¢]*~, each pair of DAG ligands functions information is given on any current masthead page.
as an oxygen-rich cage for binding alkali metal cations. Shaping 1IC9706717



