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ABSTRACT

The ability of macroheterocyclic compounds to complex with ionic species has
led to the synthesis and investigation of many multidentate macroheterocyclic
species .

The most stable complexes are formed between macrocyclic polyetheral

ligands (crown ethers) with alkali or alkaline earth metal iona.

There is an

excellent correlation of the stability of these complexes with the size of the
cation and the site of the cavity in the macrocyclic ligand.

Additional factors,

such as the basicity of the ligand and the solvating ability of the solvent,
also play important roles in the stabilization of the complex.
The stability of such complexes has been advantageously used to increase
anionic reactivity and has been successfully applied to several organic fluorina
tions, oxidations, and similar reactions.

The use of macrocyclic ligands in

inorganic syntheses of otherwise difficult to obtain fluoro compounds has not
been reported.
O-carborane and m-carborane, C2BlOHl2, are icosahedral cage systems derived
2_
from Bl 2H12 by replacement of BH with the isoelectronic CH group. These stable
molecules exhibit electron-deficient bonding which can best be explained by
delocalization of electrons.

This delocalization gives rise to stability similar

to that found in aromatic hydrocarbons.

Crown ether activated potassium fluoride

has been successfully employed in the conversion of alkyl, acyl and aryl halides
to their respective fluorides o

Analogously halide substituted carboranes were

prepared, but their fluoro-derivatives were not obtained.
The application of crown ethers in the synthesis of transition metal complexes
is relatively unexplored.

The usual synthesis of fluoro-derivative transition

metal complexes involves highly reactive and toxic fluorinating agents such as
antimony trifluoride, antimony penta fluoride. bromine trifluoride and hydrogen
fluoride,

An attempted preparation of the hexafluoroosmate (IV) ion via a crown

....

activated, or naked

J/

fluoride~was

unsuccessful.

Potassium he xa f l uor oo sma t e (IV),

K20s F6 . was eventually prepared using bromine trifluoride as a fluorinating and
oxidizing agent .
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INTRODUCTION

Crown Ethers:

Applications in Inorganic
Synthesis

Crown Ethers
Metal complexes of naturally

-

occurrlngmgcrn~ecycl~a.such

and corrin ring derivatives,l have been known for over fifty years.

as porphyrin
During the

past decade a number of synthetic macrocycles capable of binding metal ions have
been prepared and investigated.

The initial work by Pedersen focused on macro

cyclic polyethers or crown ethers. 2,3

Subsequent work by Pedersen4 and others 1• S- 8

has led to the synthesis of macrocyclic, macrobicyclic and macrotricyclic molecules
containing oxygen. nitrogen and sulfur atoms in the ring.
The most widely studied ligands are macrocyclic polyethers or crown ethers.
Pedersen reported that during an attempted synthesis of bis (2-(o-hydroxyphenoxy)
ethyl) ether from bis (2-chloroethyl) ether and a sodium salt of 2-(o-hydroxyphe
noxy) tecrahydropyran, which contained some catechol. a small amount of a white
fibrous material was formed. 2,3
observed to be quite

This white material. dibenzo-l8-crown-6, was

insoluble in methanol, but readily soluble in methanol after

the addition of sodium salts. 9

This observation led to the discovery of the com

plexing power of these macrocyclic molecules.

There have now been over one hundred

roacroheterocyclic molecules prepared and investigated. l• 6,9
Nomenclature
The IUPAC nomenclature rules applied to bridged hydrocarbons. such as these
roacrocyclic molecules, give rise to long and cumbersome names"

Consequently,

Pedersen developed an ad hoc system of nomenclature that is commonly used. 2

The

name includes a family name. such as crown, and two numbers. the first of which
represents the number of Btoms in the ring and the second the number of functional

group atoms in the ring.

Any additional nonethyleneoxy-substitutions into the

ring must also be named.

For example the name of the compound synthesized by

Pedersen is dibenzo-lB-crown-6.

Appendix I contains a list of the appropriate names, structures, and ions
bound by many of the better known synthetic macrocyclic polyethers and poly
thioetherso

However, due to tbe diversity of applications of synthetic macrocyclic

ligands, tbe remainder of this paper shall be concerned with polyethers, commonly
referred to

8S

crowns, and a family of bicyclic polyethers, cryptands, prepared

by Leho and coworkers.lO,ll

2.2.2.-cryptand
Preparation
Appendix II contains a list of review articles and other publications dealing
with the preparation of macrocyclic polyethers.

The commercial availability of

some of these compounds has stimulated much of the research in their applications.
Because of this availability, the preparations of these compounds will not be
discussed here.

Complex stability
The ability of the crowns and cryptands to complex a metal cation appears to

( 2)

be a Lewis acid-base phenomenon.

12 The basic heteroatoms surround tbe cation and

apparently stabilize the complex according to the following criteria:
1)

size of the ion and macrocyclic cavity;

2)

number of functional atoms (oxygens in crown ethers);

3)

the coplanarity of oxygen atoms;

4)

the symmetrical placement of oxygen atoms;

5)

basicity of the oxygen atoms;

6)

steric hindrances of the polyether ring;

7)

the tendency of the ion to associate with the solvents;

8)

electrical charge of the ion. 1• 2

Perhaps the greatest of these influences are the size of the lon Bnd the size
of the cavity found in the macrocyclic polyether.

Studies have shown that cations

too large to fit within the cavity are bound less stably than those ions which
easily fit within the cavity.2,9.13

Depending on the ratio of the diameter of the

cavity and the metal ion diameter. 1:1. 1:2. or 2:3 ion:
plexes can be formed. 1• 2• l 2,14

wacrocyclic ligand com

However. the fact that a metal ion forms a 1:1

complex with a cyclic polyether does not necessarily indicate that the metal ion
is located within the cavity of the macrocyclic compound.

For example. the cobalt

dichloride dicyclohexano-lB-crown-6 complex can be either a chain or sandwich-type
of complex. 15
Sandwich

(lj )

Chain

The number of functional atoms and the coplanarity of a macrocyclic ligand
are important as individual influences upon the complexing ability of a polyether
but Pedersen has shown 2 that these two influences are closely related.

When

there are seven or more oxygen atoms present in the polyether ring, the atoms are
unable to arrange themselves in a coplanar configuration. 2

Consequently. if there

are no other attainable three dimensional symmetrical configurations. tbe complex
will be less stable than a complex with fewer. but coplanar. functional atoms.
Symmetry is thus an important factor influencing the stability of a poly
etheral or cryptate complex.

Where there are more than seven oxygen atoms. or

if the cation to crown - ether ratio is much greater than one. l 6 three dimensional
symmetry is often attainable.

The most common of these is a configuration in

which the oxygen atoms arrange themselves around the surface of a right circular
cylinder with the apices of the C-O-C angles pointed toward the center of the
cylinder.

This configuration is termed cylindrical symmetry.2

One of the great

est advantages in using a cryptand 1s the three dimensional symmetry afforded by
them.

The cation is completely enclosed within the cryptand leading to such

(9)

very stable complexes as described by Dye and co-~orkers.17.18
Since complexation in croWDS and cryptates can be described as a Lewis acid
base phenomenon. the basicity of the macrocyclic ligand is fundamental to the
formation of a stable complex.

The basicity of the oxygen donors in the ring can

be affected by inductive effects caused by the nonethyleneoxy-substitutions in the
ring.

Saturated groups have a greater electron donating ability than unsaturated

groups.

As a result. saturated compounds are better coroplexing agents. l 4

Dye19 and Lehn 20 have reported that the activation energy for formation of
the 2.2.2.-cryptate complex with a sodium cation is higher than for several crown
ethers.

This is to be expected because the additional ster ie hindrance of the

cryptands makes complex formation energetically less favorable.

However. their

stability after complexation makes their use as a ligand desirable.
The stability of a cation complex results from the balance between the free
energy of the 501ution and of complexation. 21
the formation of a complex.

The solvent plays a major role in

Crowns and cryptands can be dissolved in cormoon ,- r

organic solvents and are also soluble in aqueous solutions.

Commonly methanol or

methanol-water 2• 9,22 have been used; methanol is a poor solvent for crown ethers
buc an exceltent solvent for the inorganic salts. 14

Other commonly used solvents

are tetrahydrofuran. benzene. diethyl ether and dimethyl sulfoxide.
Applications of macrocyclic polyethers
The ability of crowns aod cryptands to form complexes with alkali and alkaline
earth metal ions and a limited number of other ions is their moat noteworthy
characteristic.

This property of complexation allows crowns to solubilize other

wise insoluble ionic compounds in organic solvents.
One of the most interesting examples of this property of crowns was reported
by Ssm and SilJDIlons. 23

They obtained the "purple benzene" solution of potassium

permaogaoate by addition of a crown to the benzene.
(.6)

However. this is one of the

few examples in which an insoluble salt can be dissolved in a nonpolar solvent
like benzene simply by adding the crown ether.

Normally a more polar solvent,

such as methanol, must be used to dissolve the ionic salt~Z3
8S

complexing agents to increase ionic activity

ba~~d.

This use of crowns

application in organic

oxidations, where the concentration of the oxidizing agent can be easily controlled
while in an organic phase, rather than in the more common aqueous phase.
Another practical use that has arisen for crown ethers is their effectiveness
as agents for the solubilization of potassium fluoride in polar and nonpolar
aprotic organic solvents.

This solubilized fluoride, or "naked fluoride," is a

strong nucleophile, providing a facile and efficient means of obtaining organic
fluoride compounds in high yields.

24

Traditional methods for the synthesis of

fluoride compounds involve more difficult and hazardous techniques.
Other anionic species that have been obtained in this "naked form" are the
hydroxide ion used in saponification reactions,9 superoxide ion obtained from
potassium superoxide in dimethyl sulfoxide. Z5 and cyano groups used to displace
halogens in organic reactions o

26

Another development has been the use of the

chelating effece of the macrocyclic polyethers with potassium hydride in tetra
hydrofursn to metallate methane.l2.~f
Platinum (II) complexes of tertiary phosphines are usually soluble in organic
solvents but insoluble in water.

Alkali salts have the reverse solubilities.

Using a crown ether to solubilize potassium hydroxide in benzene or dichloro
methane. Pt2Cl2(OH)2L2 can be obtained from sym-trans-Pt 2C14 LZ' where U-PEt 3,
PMeZPh or PEt2Ph6

28

Both crowns and cryptands have shown a remarkable ability to complex alkali
and alkaline earth metal cations.

One development of interest is the dissolution

of potassium and cesium metals in tetrahydrofuran and diethyl ether by perhydro
dibenzo-lB-crown-6 forming substantial· concentrations of solvated electrons. 29

Another report followed with the related dissolution of sodium but in this case
a crystalline solid could be obtained when 202020-cryptand and a sodium mirror were
put into a cowman solution.

The crystals were investigated and showed what appeared

to be a sodium cation contained within the cryptate and another sodium ion outside
the cryptate (with a nearest sodium-sodium distance of 7 006 A) that was concluded
to be a sodium anion. 17 • 18
Crown ethers have been used extensively by Cram and co-workersl2.30-36 in
complexing ammonium ions.

The ammonium ions are bound to the oxygen atoms of the

rnacrocyclic polyether by hydrogen bonds.

Another insertion complex is formed

between a crown ether and a diazonium salt.

This complex has also been studied

by Cram and co-workers, but as of yet no crystal has been obtained0 39
Macrotricyclic molecules can also form stable selective anion complexes with
the spherical halide anions.
copy.

Anion complexation was observed by 13C NMR spectros

The anion is held inside the molecular cavity of the cryptand in its

tetraprotonated form by a tetrahedral array of N+-Ht.oX- hydrogen bonds. 3 7

This

structure has been confirmed by the determination of the crystal structure of
4+

[Cl~c: cryptate -H4] ,

38

(where the

C indicates that the substrate is included

in the ligand).

(8)

Carboranes
The application of crown ethers in organic synthesis is related to their
ability to solubilize ionic reagents in nonpolar media and thereby increase the
activity of the ionic species.

Crown ethers have been employed in the conversion

of alkyl, acyl and aryl halides to their respective fluorides in acetonitrile by
l8-crown-6 activated potassium fluoride. 24

Analogously, halide-substituted car-

boranes might undergo similar nucleophilic aromatic substitution .
1.2-C 2Bl OHI2 and l,7-C2BlOH12, o-carborane and m-carborane respectively, are
icosahedral cage systems derived from B12H122- by replacement of BH by the iso
electronic CH (see Figure I).

Carborane chemistry has benefited from intensive

theoretical efforts directed toward understanding their unique bonding.

Bonding
Carboranes have electron-deficient structures in which che total number of
valence electrons is less than the number of atomic orbitals available for bonding.
To explain the remarkable stability of such electron-deficient molecules as carboranes and the heavier boranes, there must be some degree of electron delocaliza
tion.

This picture of delocalization is also consistent wich the aromatic char

acter or "super aromaticity" of

carboranes~

There are two main theoretical bonding

schemes which can effectively explain such bonding:

1) a localized three-center

bond approximation. and 2) construction of molecular orbitals extending over the
entire cage system.

40

Since the former is more useful in open frameworks when

extensive electron delocalization is not expected, only the latter is applicable
to carboranes .
The delocalized bonding and thermal and hydrolytic stability of carboranes
can also be pictured in terms of resonance stability as in aromatic hydrocarbons.

(9)

40

Additional evidence of delocalization of electrons is found in observed inductive
e if ects in

ca~e

su b stitut i on

.

41

react~onS4

The high symmetry and evidence of aromatic character make the carboranes
reasonable candidates for molecular orbital bonding theories.

The first such

calculation was performed by Longuet-Higgins and Roberts~2 which led to the pre

2
diction of a stable B12Hl2
experimental results.

icosahedral anion. which was later confirmed by

These authors assumed that each B-H bond in the molecule

involved a normal two-center two-electron bond. leaving three orbitals and two
electrons on each boron -to be used in the cage framework bonding.

Such a system

involves 36 molecular orbitals, 13 of which are bonding orbitals.

The neutral

2
molecule has only 24 electrons and consequently the B12H12

ion contains two addi

tional,electrons and hence a more stable closed-shell configuration.
/

More compli

cated and extensive molecular orbital treatments of carboranes have been undertaken
by Lipscomb and Hoffrnann. 43,44

Among the most general results of these LCAO-MO

calculations are that the carbon atoms are the most positive locations on the cage.
In

con .~rast

the boron atoms tend to be more negative . the greater their distance

from the carbon atoms.

45

These charge densities are not consistent with relative

electronegativities of boron and carbon .

Chemistry of carboranes
Carboranes exhibit extraordinary resistance to degradationo

Consequently,

it is possible to carry out a variety of reactions on substituent groups attached
to the cage, whLle leaving the cage system intact.

46

Most of carborane chemistry

involves substitutions on the carbon atoms either by the reaction of substituted
acteylenes with bis (ligand) decaborane compounds such as the synthesis of 1
i sopropeny 1-0- carborane from i sopropeny1 ac e ty 1eni!;__ :

I . = CH

= c -c
CH

3

~

CH

2

7

or by wetallation of the carbons and subsequent reaction with other

reagen~

An example of such a reaction is the synthesis of o-carboranyl dicarboxylic acid. 4 1

LiC- CLi

\0/

\

BlOH lO

One of the main motives behind such work is the possibility of incorporating the
thermally stable carboranes into high polymers such as silicones to increase
thermal stability.47

Halogen derivatives
Direct halogenation of carboranes, unlike most reactions carried out on these
molecules, leads only to boron-substituted products.
or iodine has been shown to be highly stereospecific.

Attack by bromine. chlorine
First the more negative

boron atoms furthest from the carbon atoms are attacked, followed by the adjacent
barons.

41

The carbon atoms and those barons directly bonded to them do not appear

to undergo electrophilic Friedel-Crafts halogenation.

This observed sequence of

substitution correlates well with ground state charge distributions predicted on
the basis of nonempirical molecular orbital methods. 4 5• 48,49

While the stoichio~-

·:letery, catalysts and reaction conditions may affect the product distribution.
the sequence of substitution appears invariant.
Direct fluorination by hydrogen fluoride is largely non-selective yielding
boron-substituted derivatives containing from one to ten fluorine atoms o

Excess

fluorine forms B-decafluorocarborane but no substitution occurs at the carbon. 50
Photochemical halogenation by chlorine and bromine is somewhat less selective
than Friedel-Crafts halogenation as might be expected for a free radical reaction.
The initial substitution generally starts with the boron atoms furthest frow the

(12)

carbons, but in the case of chlorine the reaction proceeds until all ten borons
have been halogenated.

41

Photochemical bromination proceeds slowly giving only

the mono through tetra-substituted carboranes.

Reactions of halogen derivatives
Boron-halogen bonds in carborane derivatives are generally quite stable.

In

contrast to tne hydrolytic stability of all other B-polyhalocarboranes t the B-deca
fluorQcarboranes will hydrolyze either on immersion in water or exposure to moist
air .

50

An important and distinctive property of B-halogenated carboranes is their
participation in nucleophilic substitution reactions with copper (I) chloride.
It has been found that all halogen atoms in 9-bromo-. 9-iodo-. 9.l2-dibromo- and
9,12-diiodocarboranes are replaced by chlorine when these compounds are treated
with copper (I) chloride at 250 - 350 0

c. 5 2

The reaction of 8.9.10.12-tetraiodo

o-carborane with excess copper (I) chloride results in the replacement of only
three iodine atoms by chlorine. 52

The mechanism for these substitution reactions

has not been established. although Zakharkin and Kalinin 53 suggest a four-center
transition state involving the attack of copper (I) chloride upon the B-Br bond.
followed by the splitting out of copper (I) bromide.
A related reaction of some synthetic importance is the Ullman reaction of
B-iodo-o-carborane with copper powder in tetrahydrofuran yielding 8.B'-bis(o-car
boranyl)0 52
Gu "
THF

Although the boron-halogen bond in carborane halogen derivatives are less
reactive toward nucleophilic substitution than the halogen derivatives of benzene

(13)

and the metallocenes, the application of crown ethers in nonaqueous solvents
provides a possible synthetic route to otherwise unobtainable

pol~uorocarboranes.

9-bromo-o-carborane and 9.10-dibromo-m-carborane were obtained by stoichiometric
Friedel-Crafts bromination of the respective unsubstituted carboranes.

Then a

series of reactions were undertaken va<iYing the solvents, reactant concentrations.
and reaction conditions.

The goal was to find the optimum conditions for the pre

paration of 9-fluoro-o-carborane and 9,lO-difluoro-ro-carborane.

(14)

Hexafluoroosmate (IV) ion
. The application of crown ethers in the synthesis of transition metal complexes
has received little attention.

But the recent work by Fakley and Pidock 28 indicates

that transition metal alkyl- or aryl-complexes containing cyanide can be obtained
by using crown ethers in organic solvents.

The synthesis of fluorinated transition

metal complexes usually involves a fluorinating agent such as hydrogen fluoride or
bromine-trifluoride.

Both of these reagents are difficult to

of their high reactivity and toxicity.

~ork

with because

Consequently, a synthesis of hexafluoroos

mate (IV) ion via a crown ether activated/or naked

fluorid~

ion was undertaken.

In the classic work of Ruff and his collaborators, although their work was
directed mainly to making simple fluorides such as osmium tetrafluoride and iridium
tetrafluoride, they observed that fluorination of a
,

metallic osmium intimately

mixed with an alkali-metal fluoride. produced white salt-like subscances6

54

These substances were.more carefully examLned by Hepworth, Robinson and Westland. 54
They prepared several quinquevalent salts of osmium and iridium by fluocination
of the metal or of a metal halide by brominetrifluoride o
The research described within this report was an attempt to prepare potassium
hexafluoroosmate (IV). K20sF6' from osmium tetrabromide, OSBr4654,55

Since little

information was found describing the physical characteristics of potassium hexa
fluoroosmate (IV), the compound was synthesized by traditional routes employing
bromi
rom~ne

tr~.

f l, uor id e as an OX1. dd.z
i
..
LZLng
an d fl uor~nat~ng
agent o S4

The K
compound obtained is now being studied by Patterson and co-workers
20sF 6
at the University of Maine at Orono to obtain the low temperature luminescence and
absorption spectra.
spect~by

They hope to assign the absorption bands of the electronic

means of a crystal. field model with spin-orbit coupling and the vibra

tional modes using standard group theory methods for octahedral complexes.

(15)

EXPERIMENTAL

Materials
Anbydrous potassium fluoride (Alfa Inorganics) was dried in vacuo for three
hours at 60 0 C.
containing

The anhydrous potassium fluoride was then stored in a deBicator

Drierite~

Acetonitrile (Matheson), tetrahydrofuran (Baker), a-xylene

(Matheson), dimethylformamide (Fisher) and dimethyl sulfoxide (Fisher) were dis-
tilled and stored over molecular sieves (type 5A, Fisher) to insure dryneas.
Sulfur dioxide (Matheson Gas Products) and bromin~rifluDride (Matheson Gas Pro
ducts) were used without further purification.
The crown ether used in all reactions was dibenzo-18-crown-6 (Aldrich, 98%
pure).
tion.
"

The ether was .dried for two hours at 100 0 and used without further purifica
Osmium tetroxide (Alfa Inorganics) and hydrogen

were used as obtained.

~Qmide(48%,

Matheson)

O-carborane and m-carborane (graciously supplied by Pro

fessor H. Bushweller of SUNY at Albany) were used without further purification.

Spectroscopic measurements
All inirared spectra were obtained using a Perkin-Elmer model 137 spectro
photometer .

The samples were in the form of potassium bromide pellets.

Electronic

spectra were recorded on a Perkin-Elmer model 200 UV-VIS spectrophotometer in
11
aqueous solution. B NMR and GC-MS spectra were obtained at the University of
Michigan under the guidance of Professor Ro Rudolph.
Preparation of starting materials
9-bromo-o-carborane was prepared by a Friedel-Crafts bromination of o-carborane
using aluminum tribromide as a catalyst and one equivalent of bromine.

This pro

cedure developed by Smith, Knowles and Schroeder 56 can be used to obtain all of
the mone-, di-, tri-, and tetrabrominated carboranes.

In a typical experiment the

apparatus used was a SO rol Pyrex glass flask fitted with a reflux condenser and a
dropping funnel.

0.027 g of aluminum powder (1.0 mmol) was placed in the flask

and the system was flushed with nitrogen.
(17)

0.24g of bromine (1.5 romol) was added

dropwise while cooling the flask with a water-ice slush.
aluminum bromide, 1 .28g of bromine (8.0mmol)

w~6eadded.

After the formation of
l.l5g of o-carborane

(8.0 mrnol) was dissolved in 10ml of cold carbon disulfide and this solution was
slowly added to the chilled aluminum tribromide-bromine mixture.
warmed and then refluxed for two hours.
the hot solution was filtered.
recrystallized from hexane.
tiona

It went colorless after refluxing and

The solvent was evaporated, and the products were

9-bromo-o-carborane was purified by vacuum sublima

O.953g of product was obtained or a yield of 54%.

found to be 190-191

o

The mixture was

The melting point was
0

C with a reported melting point of 19U

C.

56

9,lO-dibromo-m-carborane was prepared in the same manner as described above.
The only change was to double the amount of bromine used in the Friedel-Crafts
reaction.

The product was recrystallized from carbon tetrachloride and purified

by vacuum sublimation.

O.61g or a yield of 30%

wer~obtained

after sublimation.

The melting point was 189 0 C,whicb corresponded to the reported melting point. 56
General method used in naked fluoride experiments
Each reaction was carried out in a 50 ml Pyrex glass flask fitted with a
reflux condenser.

The system was protected from moisture by a Drierite drying tube.

25 mi of dry solvent

w~

placed in the reaction flask along with catalytic

amounts of dibenzo-lB-crown-6 and an excess of anhydrous potassium fluoride.
This mixture was stirred by a magnetic stirring device, and after 30 minutes the
substrate waS added •• The mixture was continuously stirred and refluxed.

After

refluxing for 48 hours, a qualitative test for bromide using a chlorine-water
mixture was performed. following the literature procedure (57).

When the test

indicated no bromide present the mixture was refluxed for an additional 24 hours.
After 72 to 96 hours of refluxing. the mixture was filtered while still warm.
Products were Lsolated by recrystallization and purified by vacuum sublimation or
additional crystallizations.

(18)

In a typical experiment 0.5 mmol of a bromo-substituted carborane was added
to a solution of 0.145g of an~~drous potassium fluoride (2b5mmolc) and catalytic
amounts of dibenzo-lB-crown-6

(~36g,O.lmrool).

boiling point of the solvent used.
results.
s~ectra.

The mixture was refluxed at the

Table I summarizes the experiments and their

The reaction products where characterized by melting points and infrared
which indicated no reaction had occured.
Table I

Substrate

Solvent

Reflux temperature

% recovery of substrate

(oC)

81

acetonitrile
dimethylformamide
dimeth~ sulfoxide
o-xylene
su I fur dioxide
tetrahydrofuran

acetonitrile
dimethylformamide
sulfur dioxide
tetrahydrofuran

*

89

_153

9u

189
142
R.T.*
66

04 (decomposed)
95
95
90

81

90

153
R.T.*

93
100
82

66

Since sulfur dioxide is a gas at room temperature

(~)

all reactions involv

ing sulfur dioxide were performed in a sealed tubeb

Preparation of K20sF6
Osmium tetrabromide was prepared from osmium tetroxide by refluxing with 48%
hydrogen bromide following the literature procedure (54).

The black osmium

tetrabromide crystals were slowly dried over a small flame until all of the solvent
was removed.

Then they were dried over a flame for two hours to produce black

friable crystals.
Osmium tetrabromide is soluble in dimetb~ sulfoxide, dimethylformamide and

(19)

acetonitrile.

Table II summarizes the reaction conditions that were attempted.

In a typical experiment 0.51g of osmium tetrabromide (l. Ommol) was added to a
warm solution of 1.75g of anhydrous potassium fluoride (.03 mole) and catalytic
amounts of dibenzo-18-crown-6 (.01 mole).
and the hot solution

~as

filtered.

The mixture was refluxed for 24 hours,

The crystals were isolated by evaporation and

recrystallization from alcohol-water.

The crystals were characterized by electronic

spectra and physical appearance.
Potassium hexabromoosmate (IV) was prepared following the literature procedure
(55).

Similar experiments to those attempted with osmium tetrabromide were under

taken.

The products were characterized by electronic spectra.

The results of

these experiments are also summarized in Table II.
Table II
Substrate

Solvent
acetonitrile
dimethyl sulfoxide
dirnethylformamide
acetonitrile
dimethylformamide
dimethyl sulfoxide
sul fur dioxide

% recovery of substrate
98

97
92
100

97
98

o

Potassium hexafluoroosmate (IV) was eventually obtained by the oxidation and
fluorination of osmium tetrabromide by bromine trifluoride following the litera
ture procedure (54).

All experiments involving bromine trifluoride were run in

a quartz reaction vessel.
ultraviolet-vDDble spectra.

The yellow compound obtained was characterized by
A yield of 0.198g of potassium nexafluoroosmate (IV)

or 27% was obtained from O.493 jof osmium tetroxide.

(20)

DISCUSSION

Carboranes
The infrared spectrum of 9-bromo-o-csrborane (Figure II) exhibits the charac
teristic C-H and B-H stretching regionsa

The decrease in the B-H stretch intensity

compared to the same absorption in the spectrum of o-carborane (Figure III) is
due to the substitution of a bromine atom for a hydrogen atom.

The bromine substi

tution has been shown to be selective substituting first at position 9,41 but
positions 8,9,10, and 12 have nearly equal framework charges.
The infrared spectrum of 9,lO-dibromo-m-carborane (Figure IV) also exhibits
the strong

~~R

and

C~H

stretching absorptionsa

Again the B-R absorption of the

unsubstituted m-carborane (Figure V) is greater than the B-H absorption in the sub
stituted species.

The substitution occurs at the 9,10 positions as predicted by

theoretial calculations and shown

by

experimental evidence. 4 I,56,58.59

Products from the attempted syntheses of 9-fluoro-o-carborane and 9,10
difluoro-m-carborane were isolated by recrystalization techniques .
te~t

A qualitative

for bromide was performed on the solvents aEter the products were isolated.

Initially the test reagent was silver nitrate. but the [ Ag(dibenzo-18-crown-6)]
NO] complex formed making the detection of silver bromide difficult .

employing chlorine-water was later used for the test.
indicated that no bromide was present.

A method

In all cases the test

The infrared spectra and melting points of

these products also indicated that no reaction had taken place.

There was a

possibility that small amounts of the desired products were synthesized but they
were intimately mixed with the unreacted substrate.
an ideal means to sepQrate the compounds a

Gas chromatography would be

A sample which was thought to contain

some of the fluoro derivative was sent to the University of Michigan for a GC-MS
II

spectrum.

Professor Ra Rudolph supervised both GC-MS and n·.NMR spectra.

of these spectra indicated that none of the fluoro derivative was formed.

(22)
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The work in this report indicates that the stability of the halogen-boron bond
is such that nucleophilic substitution is very difficult.

The hydrolytic stability

of polyfluorocarboranes is much less than that of the other

50

polyhalocarboran~S.

Perhaps a greater understanding of nucleophilic substitutions in carborane molecules
could be obtained by work involving the replacement of fluorine atoms in B-poly
fluorocarboranes.

The possibility of employing crown ethers to increase the

reactivity of ionic species in the synthesis of B-substituted carboranes from B
polyfluorocarboranes remains to be investigated.

Osmium compounds
Osmium tetroxide is a volatile and toxic compound.

Therefore great caution

was used in handling and preparing all of the osmium compounds.
Products from the attempted crown activated fluoride synthesis of potassium
hexafluoroosmate (IV) were isolated by recrystallization techniques.

Potassium

hexafluoroosmate (IV) is a yellow solid which dissolves in water producing a
yellow solution .

All products from the attempted synthesis retained the red osmium

tetrabromide color. botb as a solid and in solution.

If low yields of the product

were obtained the electronic spectra would have indicated the presence of the
hexafluoroosroate (IV) ion.

The electronic spectra however indicated that only

the bromo derivative was present.

Other recent studies have suggested that when

the product complex is anionic/the isolation of the complex is very difficult
because the counter ion [K (Crown ether)]

+

stabilizes the product in solution.

There are generally no such difficulties when the role of [K (crown ether)]
is purely catalytico

+

If the hexafluoroosmate (IV) ion could be obtained by crown

activated fluoride techniques. it is questionable whether the potassium salt of
the complex could be isolated and purified.
In the reaction of potassium bexabromoosmate (IV) with catalytic amounts of
dibenzo-18-crown-6 in sulfur dioxide a red solid was obtained.

(27)

From the infrared

spectrum of the substance it was concluded that it contained no sulfur dioxide.
The electronic spectrum of the substance shows the strong absorptions at 490,
450 and 250nm characteristic to the hexabrornoosmate (IV) ion.
no melting point but decomposed at 235 0 C.

The substance had

From the available information it was

concluded that the red substance is the [K 2 (dibenzo-18-crown-6)]
28
Similar transition metal complexes have been reported.

OsBr6 complex.

Crystals of potassium hexafluoroosmate (IV) were obtained following a tradi
tional procedure using bromine trifluoride as an oxidizing and fluorinating agent.
The crystals were characterized by electronic spectroscopy, but no conclusive
evidence was obtained.

The crystals were given to Dr. Patterson and co-workers

at the University of Maine. Orono.

Dr . Patterson hopes to obtain the low-tempera

ture luminescence and absorption spectra in tbe visible and near infrared regions.
Hexafluoroosmate (IV) ions give sharp d-d transition absorptions which do not
involve the high-intensity. short wavelength charge transfer bands.
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APPENDIX I
Basic structure

Attached groups

12-crown-4

l,2-Benzo

Ions bound by ligands

l,2-Benzo; 5,6-benzo
2-Methylj 4-methyl;
6-methylj 8-methyl

N8,K

1,2-Cyclohexano

Li, Na. K, Rb

l,2-Benzo; 3,4-benzo

Li. Na

l,2-Butylbenzoj
3,4-butylbenzo

Li,Na,lC,Rb

l,2-Cyclohexanoj
3,4-cyclohexano

Na,K

l,2-Butylcyclohexano;
3,4-butylcyclohexano

Li,Na,K

14-crown-4

o
15-crown-S

1,2-Benzo

1.0

I

0

l,2-ButylbenzQ

Li,Na.K

I, 2-Naph to

~

1,2-Cyclohexyl
l,2-BuCylcyclohexano

Li,Na,K,Cs

1,2-0ecalyl
1,2-Benzoj 3,4-benzQ

K

l,2-Vinylbenzo (polymer)

Li.Na,K,Rb,Cs

l,2-Cyclohexanoj
3.4-cycLohexano
l,2-4-MethylbenzQ

(29)

Na,K

16-crown-5
i,2-Benzo; 6,7-benzo

Na

l,2-Cyclohexano;
6,7-cyclohexano

I7-crown-S

3,4,5-Naphthano

+
Na , K, Sr , Ba , Ag

1,2-Benzo; 3,4-benzo

Li.Na,K,Rb

1.2-Benzo

Li,Na,K,Rb,Cs

1,2-Cyclohexano

Li.Na,K,Cs,NH
4,
Ba,Ag

1,2-4-Methylbenzo

Na,K

1.2-tert-Butylbenzo

K,Sr

l,2-tert-Butylcyclohexano

Na

18-crown-6

l,2-Benzo; S,6-benzo

1.2-Cyclohexano;
5,6-cyciohexano

Li.Na,K,Rb.Cs,NH4 ,

RNH3,Ca,Sr,Ba,Ag+~

Cd~Hg+,SrJLa3+,Hg +,
PbL+.Tl +,Ce 3+,Te3 +,
V3 +, Fe 3 + Co 2 + Zn 2 +

. .

i.2-Benzo. 5.6-cyclohexano
l,2-Benzo; 3,4-benzo
1.2-Methylbenzo.
5.6-rnethylbenzo

Na,K,Ba

1,2-Butylbenzo;
5,6-butylbenzo

K,Cs

1.2-cert-Butylcyclohexano;
5,6-tert-butylcyclohexano

(30)

Li,Na.K,Rb,Cs.~,

Ca

18-crown-6 (continued)

1,2-Benzo; 3.4-benzo;
7,8-benzo

Li.Na,K,Rb

l,2-2,3-Napbtho
1,2-2.3-Naphtho;
5.6-2.3-naphtho

I9-crown-6

1,2-Vinylbenzo (polymer)

Li,Na,K,Rb,Cs

1.2-Benzo; 3.4-benzo

K

l,2-Benzo; 3.4-benzo
5.6-benzQ

b

S
20-crown-7
1.2-Benzo;J,4-benzo

~'"
~(

"3

I

lj

K,Cs

1.2-Benzo; 3.4-benzo;
5-pentamethylene
1.2-Benzo; 3,4-benzo;
5-oxygen

5

21-crown-7

,,,c:1VJ

?,

1.2-Benzoj 3,4-benzo

K.Cs.Na,Li

a

K,Cs

1.2-Cyclohexano; 3,4
cyclohexano

Li,Na,K,Cs.Rb

l.f

1.2-Benzo; 3,4-benzo;
S,6-benzo

24-crown-8
a

K,Cs

1,2-Benzo; 5,6-benzo
l,2-Cyclohexano; 5,6
cyclobexaoo
1,2-B~n£o~~3;Q~~eti?ot

5.6-benzo; 7,8-benzo
1.2-2,3-Naphthoj 5,6
2,3-naphtho

Li,Na,K,Rb,Cs

30-crown-10
l,2-Cyclobexano; 3,4
cyclohexano

Li,Na,K,Rb

1,2-Benzo; 3,4-benzo

K

60-crown-20
1,Z-Cyclohexano; 3,4
cyclohexano

1 .1.1. - c ryp t and

H,Li

1.1.2.-cryptane

. 1

:

d. :'

)

.. -

;

0.;:.

Li,Na,K,Rb,Cs,Mg
Ca, Ba. Sr

2.10 2. -crypta nd

Li,, Na.K, Rb,Cs. Mg
Ca,Sr,Ba

2.2.2.-cryptand

••

Li,Na,K,Rb,Cs,Mg

J

Ca,Sr,Ba,Tl +
1,2-Benzo '

Na,K,Ba

l,l-Benzo; 3-4-benzQ

Na,K,Ba

(32)

3.2.2.-cryptand
Li,Na.K,Rb,Cs.Mg
Ca. Sr. Ba

3.2.3.-cryptand
Li.Na.K,Rb,Cs.M.g
Ca,Sr,Ba

3.3.3.-cryptand
Li.Na,K,Rb,Cs,Mg
Ca.Sr.Ba

1.4-dithia-1S-crown-5

"3

o

A

S

2,3-4-Metbylbenzo

K,Ag

2.J-4-Methylbenzo

K,Ag

8.9-Benzo; 17,18
benzo

K.Ag

0

0

1,4-dithia-18-crown-6

1.7-ditbia-1B-crown-6

(33)

l,10-dithia-18-crown-6

I~

IS

14,l5-Benzo

K)Ag

8,9-Benzo; 17,18
benzo

K,Ag

2,3-Methylbenzo;
11.12-methylbenzo

Na.K,Ag

a

Na,K,Ag

l"t

l,4,10,l3-tetrathia
18-crown-6

II

\:1..

a

These macrocyclic ligands are able to complex ions without additional non
echyleneoxy substitutions.
For a more complete compilation of ion binding synthetic multidentate
roacrocyclic ligands see J.J. Christensen. D.J. Eatough and R.M. Izatt, Chern.
Rev•• ~' 351 (1974).

(34)

APPENDIX II
Publications dealing with synthetic procedures for the preparation of
rnacrocyc1ic ligands.
Macrocyclic polyethers
L

C.J. Pedersen. J . Am. Chern.

2.

C.J. Pedersen, J. Am. Chern. Soc •• 92. 386&391 (1970)

3.

C.J. Pedersen. J. Am. Chem. Soc •• 89,

4,

C.J. Pedersen and H.K. Frensdorff. Angew. Chern. Internat.
Edit •• 11. 16 (1972)

5.

G.W. Gokel and H.D. Durst. Syntheses. 516 (1976)

6.

Newkone. McClure, Simpson. and Danesh Khoshboo. J. Am.
Chern. Soc •• !ll.. 3232 (1975)

7.

Tarnowski and Cram. J. Chern. Soc. Chern. Comm •• 661 (1976)

8.

Parsen. J. Chern. Soc •• Perkin, 245 (1975)

9.

Krespan. J. Org. Chern ••

12.

Soc ••

89. 7017 (1967)

2~9S

(1967)

3144 (1974)

For practical purifications of l8-crown-6 see:
1.

Goke1, Cram, Liotta. Harris, and Cook. J. Org. Chern ••
2445 (1974)

~,

2.

Tina-Pol and Grunwald, J. Am. Chern. Soc ••

~)

2879 (1974)

Macrocyc1ic po1ythioechers
and Michna. J. Org. Chem. ) ~. 2079 (1974)

1.

Oc hr ymowyc z , Mak.

2.

W. Rosen and D. H. Busch. J. Ain. Cbem. Soc ••

3.

W. Rosen and D.H. Busch. J. Chern. Soc. Chern. Comma • 148 (1969)

4.

w.

Rosen and D.H. Busch. Inorg. Chem ••

2.,

2.!.. 4694

(1969)

262 (1970)

Macrocyc1ic polyamines

I.

1.

A,B.P. Lever. Advan. Inorg . Chern. Radiochem .•

2.

J.J. Christensen. D.J. Eatough and R.M. Izatt. Chern Rev., 74.
351 (1974) and references therein.

(35)

27, (1965)
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