CHAPTER 6

SYSTEMATIC STUDY OFPARASUBSTITUTED ALKALI METAL ARYLOXIDE

AGGREGATES HIGHLIGHTED BY THEIR INORGANIC CONNECTIVY

6.1 Introduction

During our targeted synthesis of high-connectingtworks using alkali metal
aryloxide aggregates, we studied the viability sihg aryloxidesubstituted at thpara-
position by a halide (Figure 6.1). We were paraelyl interested in this class of
substituted phenols for two reasons: (i) the stiprEectron-withdrawing group may
promote the formation of smaller aggregates, afndh@ previously synthesized sodium
4-F-phenoxide dioxane complex, [(4-BFHGONa)-(dioxane)]y, displayed unique
network bonding through NaxFinteractions. We became interested in using this type of
interaction for other systems as a means of netgwth.

All of the lithium 4-X-phenoxide dioxane complexashere X = F, ClI, Br, I,
previously studied by our group formed tetrameggragates, with the sodium analogues
forming hexameric aggregates without the need fdkyb substituents at thertho-
position? For the heavier alkali metals, the lack of a sitipstt at theortho-position
potentially allows for an increase in the numbeMefs,, bonds, which could lead to

high-connectivity networks when a divergent liniseused.
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The network bonding in the previously synthesizgstlium 4-F-phenoxide
dioxane complex, [(4-F-£1,ONa)-(dioxanej}]y, is unique within the set of alkali metal
aryloxide systems we have studfefihe complex forms a hexameric aggregate that gives
a two-dimensional 4net through dioxane bridges. However, there aweectransannular
Na-Fur interactions between hexameric aggregates, whioteases the dimensionality of
the extended structure to give a three-dimensiaeévork with primitive cubic gcu)
topology. The formation of the Na-F interactionemppted us to further study systems
that could have this type of metal-halide intei@ttiThere are two main sections in this
chapter. The first highlights the complexes thatrfeextended networks from discreet

SBUs, while the second highlights those that fombworks from polymeric inorganic

F Cl Br
OH OH OH OH

Figure 6.1 Para-substituted phenols highlighted in this chapter.

rods.

6.1.1 Hybrid Inorganic-Organic Frameworks

As a class of materials, coordination frameworks arhybrid between purely
inorganic extended materials such as aluminosdgand organic polymers such as
polyolefins® A definition of a coordination network could thé&ree be any material that
contains both inorganic and organic componentsngegtial parts of a network with

infinite bonding in at least one dimension. All thie compounds described so far form
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discreet SBUs that are linked by organic ligandde&d, a vast majority of coordination
networks, whether formed from a single metal ceataluster, fall into this categofyin
these materials, the aggregate acts as a zerasional node and the dimensionality of
the extended structure is derived from connectirgge nodes through organic ligands.
Coordination networks can also be constructed feottended inorganic rods or sheets
that are connected by polyfunctional organic ligghth these materials, which are called
extended inorganic hybrids, one or two of the tdialensions are composed of only M-
X-M bonding, where X = O, N, S, F, among oth&ssn example is shown in Figure 6.2
of a nickel succinate structure, ADH)s(H20)3(CsH404)4-7HO, in which one-
dimensional inorganic chains composed of Ni-O-Nhndiag are cross linked by the
organic succinate ligands to give a two-dimensiahaet structure Another example is
the nickel gallate structure, NifOsH,4)-2H,0, in which one-dimensional Ni-O-Ni chains
are bridged in two-dimensions by the organic gallagands to give a three-dimensional

structure’

Figure 6.2 The extended structure of nickel succinate coirtgirlD
inorganic chains, bridged by organic ligands alangecond dimension to
form sheets. Ni@octahedra in green with carbon and oxygen as ldadk
red sphere, respectively.
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A classification system has been developed torides@xtended structures in
terms of the dimensionality of their inorganic amfganic connectivities. The
classification uses the nomenclatur®’l where | = inorganic, O = organic, X =
dimensionality of the inorganic connectivity, y =nensionality of the organic
connectivity, and the sum of the exponents gives dkierall dimensionality of the
structure. Depending on the dimensionality of theicture 1 = 0-3 and O = 0-3. A
complex such as theet [{(2-tBu-CsH4OK)sE (H,0)}-(dioxane)]y, 5.1 described in
the previous chapter would be classified 43| whereas the 3D diamondoid network
[{{(2- tBu-CsH4ORDb)E (H,0)}-(dioxane)}-(dioxane)k, 5.3 would be classified ad@®.

In both structures, a hexameric molecular aggregat®ormed (1) and the resulting
extended structure is based solely on the orgagaads. The two-dimensional structure,
5.1, is therefore %0? and the three-dimensional structufe3, is PO® Using the
transition metal examples described above, theehisldccinate structure is classified
I'O', since the two-dimensional structure has one diimeneach of inorganic and
organic connectivity, whereas the three-dimensianekel gallate structure iS®? A
structure with classification’®” would be a completely inorganic structure, wheraas
structure with 90° would be an extended structure with only orgamionectivity. This
classification system is not meant as a substitorteother systems, such as Schlafli
symbols, but rather as a way to readily identififeeded materials that have a mixture of
extended inorganic and organic components. Comgpléaen our own group with this

type of connectivity will be highlighted in the &hsection of this chapter (Section 6.3).

187



6.2 Coordination Frameworks From Discreet SBUs

6.2.1 Synthesis
The equimolar reaction of 4-F-phenol with KHMDSIijd-dioxane resulted in the
instant formation of a precipitate, which dissolved vigorous heating. High-quality
crystals of [(4-F-GH4OK)e-(dioxane)]y (6.1) were grown from the reaction solution
after optimizing the concentration and temperatfoe crystal growth. Subsequent
equimolar reactions of 4-l-phenol with KHMDS or [@BU-BUOH]y under similar
crystallization conditions gave high-quality crystaf [(4-1-CsH,OK)e-(dioxaneg]y (6.2)

and [(4-1-GH4ORDb)-(dioxaneg)y (6.3).

6.2.2 Molecular Structures

The aggregate of [(4-F«8,0K)¢:(dioxane)]y, 6.1, is composed of a hexameric
potassium aryloxide aggregate coordinated by elgixane molecules (Figure 6.3). The
formation of the hexameric aggregate was expecateduse all of the sodium aryloxides
substituted at thpara-position by halides formed hexameric aggregafEisere are three
different potassium bonding environments within Hggregate. The first, K1 and its
symmetry equivalent, are coordinated by two dioxar@ecules as well as a fluoride
atom from a neighboring aggregate. As mentionethénintroduction, the sodium 4-F-
aryloxide analogue also has a short Nadistance of 2.5449 (7) A. The KigFdistance
in 6.11is 2.7385(7) A, which is well within the Ky distances ir6.1 of 2.7021(8) —
2.7656(9). A list of important bond lengths and laegs reported in Table 6.1. A survey

of the CSD shows there are 62 structures that bbose K-F distances, which range
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between 2.544 - 3.393 A with a mean of 2.845Fhe K1-F, distance ir6.1is therefore
on the shorter end of this range. The second patasK2, which is the metal in the
middle of the hexameric aggregate, is coordinatedrily one dioxane. This is the same
bonding that was seen in the sodium analogue. Aing potassium, K3, is coordinated
by one dioxane molecule as well as one fluoridenfeoneighboring aggregate. The K3-
Far distance for this potassium is 2.7948(7) A. In sioglium analogue, the equivalent
sodium metal is only coordinated by one dioxaneetualk. Both F1 and F2 in the
aggregate, and their symmetry equivalents, bridgendighboring aggregates. In the
sodium analogue, only the two fluorides in the nedof the aggregate act as bridges to

other aggregates.

(@) (b)

Figure 6.3 Structure 0f6.1 showing (a) the full hexameric aggregate with
eight coordinated dioxane molecules, and (b) theammeric aggregate
with dioxane molecules removed for clarity.

The potassium and rubidium aggregates of the iotstguted phenoxide, [(4-1-
CsH4OK)g:(dioxaneg]y (6.2) and [(4-1-GH4,ORDb):(dioxaneg]y (6.3), are isostructural so

only 6.2is discussed in this section.
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Potassium 4-I-phenoxide dioxar@2, forms a hexameric triple-stack of dimers
aggregate coordinate by dioxane, similar6t@ (Figure 6.4). However, there are two
major differences between the molecular structufdée first is that two of the outer
edges of the hexameric aggregat® .@have opened up. The two K3-O3 distances in the
aggregate are 4.011 A, whereas the rest of theKdiStances are 2.623(1) — 2.895(1) A
with a mean of 2.711 A. It is unclear why it is egetically favorable for these two edges
to open, although the difference in energy betwibenopen and closed forms may be
quite small. In our previous work, the center of @ryloxide aggregate readily opens,
forming the prismatic hexamer, to accommodate as®d sterics (or encapsulate water)
with no energetic penalfyAn argument for the decrease of steric hindrareevéen
aryloxide ligands could be made for the formatidr6.@, but K3 is coordinated by three
dioxane molecules. The potassium should highly faaoclose interaction with the
anionic aryloxide oxygen over coordination by adiidnal dioxane molecule. However,
this is the first hexameric aryloxide aggregate nettee metal is trisolvatet These K-
Obiox Interactions may help weaken the ky@nteraction. In the rubidium analogu@3,
these two outer edges are only slightly longer93.4) than the other Rb-distances,
which have a range of 2.737(4) — 2.847(4) A andeamof 2.805 A. There is one other
hexameric structure that has the same open aggrégaiding as6.2, which is the
pyridine solvate of potassium 2-methylphenoxideterestingly, the structure has two
hexameric aggregates in the asymmetric unit trebath tetrasolvated by pyridine. The
first aggregate has the same bondin§.2with the two open edges on the corners, while

the second aggregate has the commonly seen clgsledstack of dimers motif.
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The second major difference between the moleailaicture of6.1 and6.2, is
that the potassium centers &2 no longer have additional halide interactions. The
potassiums in both of the complexes are coordinayetie same number of Lewis bases,
however in6.1 four of the potassiums have a KrFinteraction, but in6.4 this
coordination has been replaced by dioxane. Thexefthrere are still three different
coordination environments for the potassiums, boiv K1 is coordinated by two
dioxanes, K2 by one dioxane, and K3 is coordindtedhree dioxanes, for a total of
twelve dioxanes solvating the aggregate. Sincesgaten (and sodium in the previous
work) does not form a strong KaXinteraction with any of the halides except fluesidn
argument could be made that the high electronagai¥ the fluoride promotes these

interactions.

(a) (b)

Figure 6.4 Structure 0f6.2 showing (a) the full hexameric aggregate with
twelve coordinated dioxane molecules, and (b) teeameric aggregate
with dioxane molecules removed for clarity.

6.2.3 Extended Structures

With all eight dioxanes bridging to other aggregatplus the eight transannular

K-Far interactions, the hexameric aggregaté.ihhas 16 connections to other aggregates
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(Figure 6.5a,b). However, the aggregate is onlyeaht-connected node because it
connects to every neighboring aggregate througtldduidges (Figure 6.5c¢). There are
three different types of double bridges betweerreggies. The first type is the double
dioxane bridge, which has been seen before in aamplhighlighted in Chapters 4 and
5. This type of bridge accounts for two of the kqaints of extension. The second type
of double bridge is the mixed dioxane and transkmri-Fa, bridge, which accounts for
four of the total points of extension. An exampléelos type of bridge can be seen with
F3 coordinating to K3 of a neighboring aggregateilavithe dioxane molecule
coordinated to K2 bridges to K2 of the same neiginigoaggregate. The third type of
double bridge, which accounts for two of the tgiaints of extension, is the double K-
Far bridge. This bridge is seen with K1 (of aggregai®) coordinated by F2 from a
neighboring aggregate (“B”) while F2 of aggregate ‘toordinates to K1 of aggregate
“B”. Interestingly, the O1 aryloxide group is thaly part of the aggregate not involved
in transaggregate bonding.

Although the bridging between aggregates is ratimque, the eight-connected
node gives an extended structure withu topology. This topology has now been seen

multiple times in our own work and in othéfs.
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@) (b)

(€) (d)

Figure 6.5 Structure of6.1 showing (a) the hexameric aggregate with the
eight bridging dioxanes shown as well as the e@gfitoxide ligands that
bridge through K-k interactions. (b) lllustration of the aggregate
showing the eight bridging dioxane (blue arrows) aight bridging aryl
ligands (green arrows). (c) The hexameric aggregatielged to
neighboring aggregates through 8 double bridge}. Tlte extended
structure withbcu topology. The hexameric aggregates are shownuas bl
spheres and both types of bridges are shown &s stic

Since6.2 and 6.3 are isostructural, only the extended frameworlé & will be
highlighted. The hexameric aggregate is coordindigda total of twelve dioxane
molecules (Figure 6.6a,b). However, the aggregatenly linked to six neighboring

aggregates because each link is formed througloxaée double bridge. To highlight
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one of the double bridges, Rb3 and Rb1l bridge tiltodioxane to Rb2 and Rb3,
respectively, of a neighboring aggregate. Thishis first of our extended framework
structures that is linked solely through the doubéxane bridge motif.

The 6-connected extended structure6dd forms an extended structure with
primitive cubic pcu) topology. Surprisingly, there are only a few otltomplexes
presented in this manuscripb.4, 5.5 5.6) that havepcu topology. This is unusual
because of the common formation of gea net during our previous work with sodium
aryloxides and the frequent formation of this net topologyramsition metal chemistfy.
As was mentioned in Chapter 4, the 6-connegeud net is the second most common
type of net, with 12.9% of all three-dimensionaisieaving this topolog$).

The introductions in Chapters 4 and 5 discussed $maller aggregates may be
well suited to form high-connectivity nets becauwdethe decrease in steric hindrance
from the aryloxide groups. This was shown to be tuith formation of the 7-connected
networks. This argument for smaller aggregates ughér strengthened by the
characterization 06.1-6.3. All three hexameric aggregates have either sixteetwelve
points of network extension, but only form an 8-@connected nets because of the
formation of the double bridges. With the largerxdmeric aggregate it becomes
increasingly difficult to bridge to a high numbédrather aggregates, so the formation of

the double bridge occurs.
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(@) (b)

() (d)

Figure 6.6 Structure of 6.3 showing (a) the hexameric aggregate
coordinated by 12 bridging dioxane molecules. Tadbaon atoms of the
aryloxide are removed for clarity. (b) lllustratiof the aggregate showing
the twelve bridging dioxanes (blue arrows). (c) Tlexameric aggregate
bridged to neighboring aggregates through 6 dioxadgmeble bridges. (d)
The extended structure wititu topology. The hexameric aggregates are
shown as blue spheres and dioxanes are shown asdeagtey sticks.

6.3 Coordination Frameworks Built From Inorganic Rods

6.3.1 Synthesis

The equimolar reaction of 4-Cl-phenol or 4-Br-phenmith KHMDS or
[RbOBU-BU'OH]y in 1,4-dioxane resulted in the instant formatidm @recipitate, which

dissolved on vigorous heating. High-quality crystalof both [(4-ClI-
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CsH4OK)3-(dioxane)]y (6.4), [(4-Br-CsH4OK),-(dioxaneysly (6.5, and [(4-Br-
CeH4ORDb)-(dioxane)]y (6.6) were grown from the reaction solution after ojtimg
their concentrations and temperatures for crystaith. Subsequent equimolar reactions
of 4-'Pr-phenol with KHMDS under similar crystallizatimonditions gave high-quality

crystals of [(4'Pr-CsH4OK),-(dioxane) gy (6.7).

6.3.2 Structures

The asymmetric unit of [(4-CI4E40K)3-(dioxane)]y (6.4) is composed of a
potassium 4-bromophenoxide trimer where two ofgbtassium atoms are coordinated
by a dioxane molecule. Symmetry expansion of tlyenasetric shows that the potassium
aryloxide does not form a discreet SBU, but ratherinorganic rod built from K-
interactions (Figure 6.7a,b). There are two diffeéréonding environments for the
potassiums. Both K1 and K2 are coordinated by oakecnle of dioxane, as well as two

o-aryloxide oxygen atoms and ongaryloxide oxygen. The potassium in the middle of

the inorganic rod, K3, is pseudo-octahedrally cowmtbd by two s-aryloxide oxygen
atoms and four ,-aryloxide oxygen atoms. Interestingly, there gngdicant differences
in the K-Oy bond distances around K3. On one face of the edtaim there are three
short K-Qy bond distances that range between 2.668(3) — @yY# and on the face
there are three long longer Ks(bond distances of 2.791(3) — 2.877(3) A.

Each inorganic rod is linked to four other rodsotigh dioxane bridges to give an
extended structure that resembles parallel staék4*aets (Figure 6.7c). Using the

nomenclature discussed in the introduction, thecoeld be described as havingf
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topology since there is one direction of networkvgih with the inorganic rod and two

directions of network growth with the bridging deme molecules.

(@) (b)

(©

Figure 6.7 (a) Structure 06.4 showing a slice of the extended inorganic
structure formed through KQinteractions. (b) Simplified view of the
inorganic chain showing only the KxQinteractions. (c) Expanded view
of the extended structure showing the inorganis taridlged by dioxanes
to give parallel stacks of‘hets.

The formation of the inorganic rod structure wamptetely unexpected since all
of the sodium analogues of the 4-halo-aryloxideméx discreet SBUs. Moreover, all of
the alkali metal aryloxide complexes our group bBgsthesized to date have formed
discreet SBUs coordinated by a Lewis base, except the cesium 4-ClI-2,6-

dimethylphenoxide structurd,?7, which had no coordinated dioxane. Thereférd falls
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into a class of compounds that is a hybrid betw@enganic extended structures and
traditional metal-organic frameworks.

Synthesis of the potassium 4-bromophenoxide anelogu[(4-Br-
CsH4OK)-(dioxane) 5]y (6.5), yielded a complex very similar &4. In addition, a series
of experiments was carried out to crystallize psiam 4-R-phenoxide dioxane
complexes, where R = M&r, ‘Bu, 'Pn, Ph. All of these experiments failed to produce
crystalline materials except the isopropyl analogf(d-Pr-CsH.OK),-(dioxane) gy
(6.7). The complex is included in the series preseh@@ because it is isostructural to
6.5. As such, only6.5 will be discussed further.

The asymmetric unit 06.5 is composed of a potassium 4-Br-phenoxide dimer
where one of the potassium atoms (K2) is coordihdig a molecule of dioxane.
Symmetry expansion gives an extended structureaing 6.4. The only difference is
there are three unique potassium environmendsdifspace group2;/c) and two unique
potassium environments &5 (space groupPnmg. In 6.5, K1 is the potassium atom that
is in the middle of the inorganic rod and is pseodtahedrally coordinated by only
aryloxide anions, while K2 is on both edges of thd, and is coordinated by both
dioxane and three aryloxide anions (Figure 6.8)cédagain, the central potassium, K1,
has both three short KADbond distances of 2.675(2) - 2.685(2) A and thoeg K-Op,
distances of 2.816(2) - 2.866(2) A. Sirk&is isostructural t®.4, the extended structure
is the same as seen in Figure 6.7 with a one-dimeaisinorganic rod that is connected

to four other rods through dioxane bridges.
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(a) (b)

Figure 6.8 (a) Structure 06.4 showing a slice of the extended inorganic
structure formed through K- interactions. (b) Simplified view of the
inorganic chain showing only the KxQinteractions.

The rubidium analogue of 4-Br-phenoxide, [(4-BHGORDb)-(dioxanej]y (6.6),
is composed of a rubidium aryloxide pentamer thaiordinated by dioxane. Symmetry
expansion of the asymmetric once again gives a tpat does not form a discreet
SBU but rather an inorganic rod built from RRrOnteractions (Figure 6.9a). All of
aryloxide oxygen atoms in the structure agéoridges. There are three different bonding
environments for the five rubidium centers. All thfem are coordinated by foun-
aryloxide oxygen atoms but the dioxane coordinatbanges between the metals. In
fact, there are two types of coordinated dioxarntaénstructure. In the first, the oxygen of
the dioxane coordinates to one metal with jainteraction. In the second type of
coordinated dioxane, the oxygen of the dioxanedasdbetween two metals as &
bridge (Figure 6.9b). This type of,-bridge has been seen numerous times for THF
solvated complexes. In terms of the rubidium environments, both RbH &b5 are
coordinated by onej-dioxane, while Rb2 and Rb3 are coordinated by ondioxane

and one ,-dioxane, and Rb4 is coordinated by twedioxane molecules.
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The extended structure 6f6 is composed of an inorganic rod that is built up
through Rb-Q; interactions. Unlike the extended inorganic roti§.4, 6.5 and6.7, the
inorganic rods of are not bridged through dioxaR&gure 6.9d). Although all five
rubidium centers are coordinated by dioxane, althaf dioxanes are terminal, which
gives isolated inorganic rods. In this seré®,is very much like the cesium 4-ClI-2,6-
dimethylphenoxide structurd.(/) that is built up through only CsaQinteractions. Each
of the isolated inorganic rods are surrounded Ryogher rods in a hexagonal packing
array. The closest possible interactions betweds awve Rb-B{; interactions, which are
still 4.080 A at the closest contact. As a pointeference, there are five structures in the
CSD that have Rb-Br interactions that are less thansum of the ionic radii (3.69 A)
and those distances range from 3.330 — 3.657Idterms of the nomenclature discussed
in the introduction, the inorganic rods would bassified as a'0° structure. One final
note of interest is that the rods are helical aswshin Figure 6.9c, even though the space
group isP 2;/c since the rods in the extended structure havenalieg handedness. The

rod shown in Figure 6.9c has a left-handed hetigait.
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Figure 6.9 (a) Structure 06.6 showing a slice of the extended inorganic
structure formed through K«Qinteractions. (b) Simplified view of the
inorganic chain showing only the KaPand K-Gyox interactions. (c) View
of the K-Qy inorganic chain highlighting the helical structufe)
Expanded view of the extended structure showingsthlated inorganic
rods.
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TABLE 6.1

KEY BONDS LENGTHS [A] AND ANGLES f) FOR6.1-6.7. MEAN PARAMETERS ARE IN BRACKETS

IVl'OAr M-O Dioxane OAr'M'OAr IVl'OAr'I\/I

6.1 2.5997(7) — 2.8602(7) 2.7021(8) — 2.7656(9) 84.10(2) — 168.99(2) 85.12(2) — 175.41(3)
(M=K) <2.7129> <2.7244> <95.43> <98.04>

6.2 2.623(1) — 2.895(1) 2.781(1) — 2.831(1) 82.27(2) — 175.18(4) 91.14(4) — 113.18(5)
(M=K) <2.711> <2.805> <95.62> <97.85>

6.3 2.737(4) — 3.193(4) 2.855(4) — 2.997(5) 77.45(12) — 172.45(12) 88.55(15) — 173.73(15)
(M=Rb) <2.864> <2.928> <92.89> <101.33>

6.4 2.668(3) — 2.812(3) 2.682(3) 77.49(10) — 161.64(11) 77.67(9) — 152.53(15)
(M=K) <2.737> <98.75> <104.28>

6.5 2.675(2) — 2.866(2) 2.695(1) 73.51(4) — 161.09(3)  75.74(3) — 149.51(8)
(M=K) <2.755> <102.01> <99.66>

6.6 2.774(3) — 3.016(3) 3.089(4) — 3.329(3) 70.05(9) — 162.22(9) 82.09(8) — 173.3(1)
(M=Rb) <2.899> <3.209> <93.20> <102.2>

6.7 2.673(1) — 2.909(1) 2.8425(8) 72.51(2) — 161.77(4)  74.18(2) — 152.08(3)

(M=K) <2.783> <100.74> <99.57>




6.4 Summary

The characterization of thepara-substituted aryloxide aggregate$,1-6.7,
demonstrate that this class of compounds can kebdilsed as SBUs in the synthesis of
extended coordination frameworks. Furthermore etktended structures are constructed
from two unusual types of interactions. Along withoxane bridges, the three-
dimensional structure 06.1 forms strong K-k interactions, while the extended
structures 06.4-6.6 are composed of inorganic rods built from M-O-Meiractions that
are then cross-linked by bridging dioxane moleculds types of interactions seen in
6.1-6.7 opens an area of new chemical and structural gatmans that may be possible
for extended structures built from alkali metal saggates.

The work presented in the previous three chaptass ¢dhown there is a real
paradigm shift between using transitional metald #rve heavier alkali metals in the
synthesis of extended materials. Transition mekal) isolated and as clusters, regularly
give networks with high-symmetry and low-connedtiviopologies. In contrast, the
synthesized alkali metal aryloxide aggregates hgiven multiple examples of low-
symmetry extended networks that are mainly higllgnected. It is more surprising for
these systems to give an extended structure wighobrthe common topologies lildka
or pcu. For example, the only complexes in this entirglibat havepcu topology are

the isostructurab.2 and6.3.
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6.5 Experimental Section

6.5.1 General Procedures

All experimental manipulations were performed undelry nitrogen atmosphere
using standard Schlenk techniques, or in an arijled-fglovebox™® All glassware was
flame-dried under vacuum before use. Hexane wasddmmediately before use by
passage through columns of copper-based catalgishlamina (Innovative Technology),
and stored over 4 A molecular sieves. Dioxane washased from Acros and was
distilled over sodium benzophenone underpior to use. The phenols were purchased
from Aldrich and were recrystallized from hexan@¢iMDS was purchased from Aldrich
and was used as received. [RbOBUOH]y, was prepared by literature methdds.
Deuterated solvents were purchased from Cambrilgepe Laboratories and were dried
by storage over 4 A molecular sievésl and **C NMR spectra were recorded on a
Bruker AVANCE DPX-400 spectrometer at 293 K, andeveeferenced internally to the

residual signals of the deuterated solvents.

6.5.2 X-ray Crystallography

Crystals were examined under Infineum V8512 oile Blatum crystal was affixed
to a thin glass fibre mounted atop a tapered coppmmting-pin and transferred to the
100 K nitrogen stream of a Bruker APEX Il diffraoteter equipped with an Oxford
Cryosystems 700 series low-temperature apparate. p@rameters were determined
using reflections harvested from three sets of ZJ @ scans. The orientation matrix
derived from this was passed to COSMO to deterntiree optimum data collection

strategy™> Cell parameters were refined using reflectiongwit 10 (1) harvested from
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the entire data collection. All data were corredimdLorentz and polarization effects, as
well as for absorption. Tables A.8 and A.9 list #tey crystallographic parameters for
6.1-6.7. The structures were solved and refined using SHIEL'® Structure solution
was by direct methods. Non-hydrogen atoms not pteisethe direct methods solution
were located by successive cycles of full-matrastesquares refinement &A. All non-
hydrogen atoms were refined with parameters fosaropic thermal motion. Hydrogen
atoms were placed at idealized geometries and atlow ride on the position of the
parent atom. Hydrogen thermal parameters wereoskRi the equivalent isotropic U of

the parent atom, 1.5x% for methyl hydrogens.

6.5.3 Preparation and Characterization

6.1 [(4-F-GH4OK)¢-(dioxane)ly - KHMDS (3 mmol, 598 mg) was added to a
stirred solution of 4-F-phenol (3 mmol, 340 mg)dioxane (20 mL). A white precipitate
formed, which completely dissolved on heating tlodutson to reflux. X-ray quality
crystals were obtained by slowly cooling the remgltsolution in a hot water batf
NMR shows 0.15 equivalents of dioxane relativeht® phenoxide, not 0.67 equivalents
as in the crystal structure. Crystalline yield:Dd) 69.2%. y (ds-DMSO, 293K) 3.56 (s,
7.2H, CH, dioxane), 5.98 (tripletJ,r= 8.0 Hz, 12Hp-H, Ar), 6.49 (dd3}, = 8.0 Hz,
12H, mH, Ar).

6.2 [(4-1-CgH4OK)¢-(dioxanek]y - KHMDS (3 mmol, 598 mg) was added to a
stirred solution of 4-I-phenol (3 mmol, 660 mg)dioxane (16 mL). A white precipitate
formed, which completely dissolved on heating tlodutson to reflux. X-ray quality

crystals were obtained by slowly cooling the rdmgltsolution in a hot water batfH

205



NMR shows 0.35 equivalents of dioxane relativeh® phenoxide, not 1 equivalent as in
the crystal structure. Crystalline yield: 0.22 @.86. 4 (ds-DMSO, 293K) 3.56 (s,
16.7H, CH, dioxane), 5.86 (doublet}; ;= 8.0 Hz, 12Hp-H, Ar), 6.83 (doublett), =
8.0 Hz, 12Hm-H, Ar).

6.3 [(4-1-CsH4ORDb)¢-(dioxane)]y - [RbOBU-BUu'OH]y (1 mmol, 230 mg) was
added to a stirred solution of 4-1-phenol (1 mn&#0 mg) in dioxane (9 mL). A white
precipitate formed, which completely dissolved aating the solution to reflux. X-ray
quality crystals were obtained by slowly cooling thesulting solution in a hot water
bath. '"H NMR shows 2.2 equivalents of dioxane relativetie phenoxide, not 1
equivalent as in the crystal structurg.(ds-DMSO, 293K) 3.56 (s, 106H, GHdioxane),
5.84 (doublet®), 4= 8.0 Hz, 12Hp-H, Ar), 6.80 (doubletd, ;= 8.0 Hz, 12HmH, Ar).

6.4 [(4-Cl-CH,OK)3-(dioxane)k - KHMDS (3 mmol, 598 mg) was added to a
stirred solution of 4-Cl-phenol (3 mmol, 390 mg)dimxane (10 mL). A white precipitate
formed, which completely dissolved on heating tlodutson to reflux. X-ray quality
crystals were obtained by slowly cooling the resgltsolution in a hot water bath.
Crystalline yield: 0.48 g, 81.8 %y (ds-DMSO, 293K) 3.56 (s, 8H, CHdioxane), 5.94
(doublet*J 1= 8.0 Hz, 6Ho-H, Ar), 6.55 (doubletdy ;= 8.0 Hz, 6HmM-H, Ar).

6.5 [(4-Br-CgH4OK) »-(dioxane) sl - KHMDS (3 mmol, 598 mg) was added to a
stirred solution of 4-Br-phenol (3 mmol, 520 mg)dioxane (15 mL). A white precipitate
formed, which completely dissolved on heating tlodutson to reflux. X-ray quality
crystals were obtained by slowly cooling the rasgltsolution in a hot water bath.
Crystalline yield: 0.25 g, 32.9%4 (ds-DMSO, 293K) 3.56 (s, 4H, CKldioxane), 5.92

(doubletJy 1= 8.0 Hz, 4Ho-H, Ar), 6.69 (doubletdy = 8.0 Hz, 4HM-H, Ar).
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6.6 [(4-Br-CsH4ORDb)s-(dioxane)]y - [RbOBU-BU'OH]y (1 mmol, 230 mg) was
added to a stirred solution of 4-Br-phenol (1 mmidi3 mg) in dioxane (14 mL) and
hexane (14 mL). A white precipitate formed, whidmpletely dissolved on heating the
solution to reflux. X-ray quality crystals were alrted by slowly cooling the resulting
solution in a hot water bath. Crystalline yieldl®.g, 43.5 %. 4 (ds-DMSO, 293K) 3.56
(s, 40H, CH, dioxane), 5.88 (doublet}y ;= 8.0 Hz, 10Hp-H, Ar), 6.28 (doubletd, =
8.0 Hz, 10HM-H, Ar).

6.7 [(4!Pr-CgH4OK) »-(dioxane) gy - KHMDS (3 mmol, 598 mg) was added to a
stirred solution of 4Pr-phenol (3 mmol, 409 mg) in dioxane (7 mL) andare (5 mL).
A white precipitate formed, which completely disssd on heating the solution to reflux.
X-ray quality crystals were obtained by slowly dagl the resulting solution in a hot
water bath!H NMR shows 0.15 equivalents of dioxane relativette phenoxide, not
0.25 equivalents as in the crystal structure. @flyse yield: 0.28 g, 79.3%.y (ds-
DMSO, 293K) 1.09 (s, 18H, CldHs),), 3.07 (multiplet®} 4 = 8.0 Hz 4H,CH(CHs)y),
3.56 (s, 2.5H, Chf dioxane), 6.08 (doublet} = 8.0 Hz, 4H,0-H, Ar), 6.65 (doublet,

33n= 8.0 Hz, 4HMH, Ar).
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