Solid—Supported Reagents for Organic Synthesis
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I1-i) Inorganic Support: Al,O
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* Alumina — A'203'(H20)n. n=0-3
- thermally-stable, high-surface-area forms lead to use as acid or base catalysis or a6 supports for other cotalviic
matenals (e g meials oxides, sulphides etc)

- composition depends on precursors, temperature, and mode of heating., thermolysis combines hydimxyls 1o
generate water which is driven from the solids

2 and A?

- formed from Al(OH)3 [AIs03:(H»0)3] and AIO(OH) [AbO4-(H0))] to give 3 surtace species OH O

- dehydrated and hydrated forms

- used as a drying agent. catalyst. catalyst support. and tor column choromatography among other apphications
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Tetrahedron 1897, 53 7999-8065

Some Common Reagents on Alumina

* CuBr,/AlLO;: alternative to traditional halolactonization
*15/KI, Bry/CHCl;, or NBS/THF/AcOH: faied to cyclize or did so poorly
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Selective Esterification on Alumina
« Chromatographic alumina and EtOQAc for the transesterification of base sensitive compounds with 1"ROH

« Monoesters of dicarboxylic acids using neutral alumina and dimethyl sulfate or diazomethane

Selective Monomethyt Ecterficzion of ey
Acias using Alumina and Dimenyl Suliate
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Selective Reduction on Alumina

* NaBH,/Al,03 is more selective and less acidic than ils non-alumina counterparts.
% NaBH,, NaBH4AICl;. DIBAL. and NaBH;CN/acid all reduced aldehyde and the a.fi~double bond. but the
chromone was inert to homogeous Meerwein—-Pondort-Verley(MPV) conditions using AI(O'Pr);
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% Under normal NaBH,4 conditions, the enol acetate undergoes rapid hydrolysis.
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* Pyndine- borane/Al,Oy selectively reduces aldehydes in the presence of ketones.
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I-ii) Inorganic Supports: Silica

* Amorphous Silica - polymorphic forms of Si0-,

* May have short-range crystalline order depending on method of preparation

* Solubility markedly increases in solutions pH>9

* Primary particles of colloidal dimensions(1-100 nm) may be discrete (microparticulate), aggregated into larger
secondary particles (1000x). or agglomerated to form a continuous 3-D network (c. g. silica gel).

* May be hydrated or unhydrous — Si0;xH,0

* Acidic catalysis, consider silica as the polycondensation product of orthosillicic acid S{OH)4

* Most often used as catalyst support duc to high sutface area and large pore volumes > high dispersal

* Amenable as a stationary phase for continuous flow reactors

* Reagents

* Oxidants are the most common reagent; for example: FeCly. KMnO,. C W(NO;3)y. Zn(NO ), sodium metaperiodate

* Reactant are also well-precedented: NaBH 4 and Bu;SnH

* Magnesiu onoperoxyphthalate on wet SiOl oxidizes sulfides to sulfoxides without -
hydroxylating Ketones.

* First examples of oxidation of sulfides with
without Baeyer—Villiger reaction

a carbonyl group with MMPP in aqueous media

Syithesis 1997, 764-768

Wet Silica gel O * MMPP normally extremely insilble, limitting its utility.
R{—S—R, MMPP. CH,Cl, ) R —!Sl—-R * Better than most sulfide oxidation reagents, which
1 2 are expensive, toxic. or rare and difficult to prepare.
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of phenols and phenol ethers using Fe 13/8iO

*_Osxidative coupling
* FeCly/Si0, acts as an electron—transfer oxidant for Intermolecular and intramolecular couplings.
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% FeCl3/8i0Q, for ring opening of epoxides:
» Iron is abundant, cheap, and non—toxic
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Supported Chiral Catalysts on Inorganic Materials
Choong Eui Song™ and Sang-gi Lee Chenn Rew. 2002, 107 3465-357¢
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These functionalized Silica are useful for asymmetric hydrogenation.
Effect of Support Material Chosen for Permanganate
* On acidic media such as alumina, KMnQy affords cleavage of aryl-substituted olefins to
ald — KMnQ,. alumina — Tl « Other good supports: Amberlite and Rexyn 101 (H)
. C==C-¥ ——— . CH * Among poor supports: molecular sieves,
e V4 & poor s |
CHaCl: N7 CuSO4+5H,0

X = MeQ, OH, Br, Gl CF53, COMe, H Me

Y = H. COMe, CO,H, Me Synthesis 2001 15451648

* On neutral media such as CuSQ45H,0, KMnO, converts olefins to a—hydroxy ketones.
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J g Chem 1989 A 1824182

* On SiQy, KMnOy easily oxidatively cleaves olefins with 1-3 substituents, including electron-

withdrawing groups.

OAc
\m KMnO4 /510,
— Me

= Conventently performed by elution of
benzene solution through a short column

of KMnOy/S10,

* Traditional methods tailed in this example:
KMnOy/acid or base: KMnO,/MgSQO,.
KMnO,4/NalOy




I-iii) Inorganic Supports: Zeolite

* Zeolites — Cx{('['_\.Si,,_‘.)OZ]XZWI\-I where x, z, and w are # of non—framework cations(C), anions(X),
and molecyles (M, e.g. water): y is the 4 of tetrahedrally coordinated framework clements(T) other than
silicon

Crystalline microporous aluminosilicates with molecular-sized intracrystalline channels and cages
* Natural zeolites contain a mixture of cations (c.g

g Na™ K™ Mg”*, and Ca*) which can be ion-cxchanged.
Most are aluminosilicates where T is Al M is water.

* Offer shape-selective control, either by transition st
and provide controlled release of reactive re

* Highly selcctive adsorbants, can remove minute components of a reaction mixture,

* High-surface--area insoluble supports for stoichometric reagents
* Minimum framework Si/Al ratio is 1.

ate selectivity or by cxclusion of competing reactions,
agents (e.g. Bry) by diffusion from host into liquid phasc

Disadvantages:

* Some zeolite reagents arc air- and moisture—sensitive.
* Shape-selection excludes moderately large organic molecules.

Zeolite Surface

ZSM-5

ZSM-5 pore system

Fig. 1.1} = Zeolites X. Y: 2eolitz A and ZSM-$ steucturcs and ZSM-S pore system.
* _Titanosilicate Zeolite

* Titanium zeolite TS—[ catalyzes oxidations of alcohol with dilute aqucous H,O; in almost stoichiometric
amount.
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* Environmentaly and commercially viable alternative to chlorohydrin route of propene to propylence oxide.
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11 Mesoporous Silica

Acording to [TUPAC

microporous: < 2 A
mesoporous: 2 A - 50 A
macroporous: ~ 50 A

Typical mesoporous materials include some kinds of silica and alumina that have similarly-sized line mesopores.
A material that contains mesopores in part but is not regular, like silica gel, is not considered a mesoporous materal.
Notable examples of prospective applications are catalysis. sorption. gas sensing, optics. and photovolucs.
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lon-exchange Nt
Kanemite Silicate-organic complex  Mesoporous matenal RF g T larger pore

Fig. § Schematic model for the formation of the mesoporous niateral  1ONEET alkyl chain

from kanemie
Yanagisawa, T.; Shimizu, T.; Kuroda. K_; Kato, C. Bull. Chem. Soc. Jpn.. 1990, 63. 988.
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Functionalization on Silica Gel with Allylsilanes. A New Methad of Covalent
Attachment of Organic Functional Groups on Silica Gel
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They found a new method for the modification of the silica gel surface by use of allylorganosilanes.
The present method will have broad applications in the surface-moditying technology on the silica gel
as a reliable functionalization method .

Immobilization of chiral phosphine ligands on silica gel
by means of the allylsilane method and their use for
catalvtic asvmmetric reactions
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4 Homogeneous reaction.

They have successfully applied their allylsilane modification method to th preparation of some silica—
supported chiral

phosphine ligands and used them as chiral ligands for palladium—catalyzed asymmetric allylic alkylation.



Superior performance of a chival catalvst confined within mesoporous silica
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These results indicate that the control exercised by the MCM-41 on the activity of the ferrocenyl catalyst
is considerable. The profound changes in the regio— and enantio-selectivity are clearly apparent from the data
listed in Table 1.

Extrusion Polymerization:
Catalyzed Synthesis of Crystalline
Linear Polyethylene Nanofibers

Within a Mesoporous Silica
Keisuke Kageyama. jun-ichi Tamazawa, Takuzo Aida*  SCIENCE VOL 285 24 SEPTEMBER 199¢

Fig. 1. Conceptual ~cheme
: for the growth of erystalline
" trasopore fibers of polygﬂ'ylene‘ by
G mesoporous  silica-assisted
extrusion polymerizatio::
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* This observation indicates a potential utility of the honeycomb-like porous framework as an
extruder for nanofabrication of polymeric materials.
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1) Coordination Polymer

h’m'ous coordination polvmers exihibit significsnt (?!l:u':‘;ctrf‘éwtix:]
_ features. such ay |
g 1) highly regular channel structures
T 2) controllable pore size approximating melecular dimensions
3) flexible pores that respond to guest molecules
S ‘ 4) unique surfacc potentials and functionality
L which are betond the scope of conventional microporous
materials. J
- e
A homochiral metal-organic porous .
material for enantioselective . )
separation and catalysis ;o B
Jung Soo Seo, Bongmok Whang Hyeyouna | ee, Suay ins Jun. sinho Oh ; -
Young Jin ieon & Kimnan Kim
Nortse, 2000 404, 000 1 -
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In contrast, the yields of ZnEt, addition products

T - v catalyzed by 1+Ti greatly depend on the dendron size.
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Polymerization in Coordination Nanospaces

Fakashi Ucemura, Sutoshi Horike, and Susom Kitagow s
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In the case of acidic monosubstituted

acetylenes. the basic oxygen atoms
from the carboxylate hgands o 1b
produce reactive acetylide species
that subsequently mituate antonic

polvinerization i the nanochnnel

(Figure 5)
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They have demonstrated that truly designable PCPs with specific basic mteraction sited in the
nanochannels allow the highly accelerated. stereocontrolled. and monomer sclective polymerization
of substituled acctylenes.
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