
TITLE OF INVENTION TRACER-CONTAINING COMPOSITIONS
CROSS REFERENCE(S) TO RELATED APPLICATIONS This
application claims the priority benefit of U.S.
Provisional Patent Application 60/548,085, filed
February 26, 2004, which is hereby incorporated herein
by reference. BACKGROUND OF THE INVENTION 1. Field of
the Invention . The present invention relates to the
field of compression refrigeration and air
conditioning. Specifically, the present invention
relates to a composition comprising refrigerant and
tracer compound(s). Additionally, the present
invention relates to a method for the identification
of refrigerant gases after leaving the custody of the
original manufacturer and the verification of
refrigerant authenticity. The aforementioned method
provides for the detection of tracer compounds, which
in turn, may alert the refrigeration industry to the
occurrence of dilution, adulteration, contamination or
other unauthorized modification of refrigeration
products. 2. Description of Related Art. Environmental
concerns have led the refrigeration industry to high
levels of consciousness around the responsible use of
refrigerants. The refrigeration industry, as well as
the society at large, benefits when everyone who
manufactures, distributes, uses refrigerants, or
services refrigeration and air conditioning equipment
uses all applicable measures to keep equipment
operating at the highest achievable level of energy
efficiency. This reduces the amount of energy consumed
by the equipment. Higher than necessary energy
consumption, as well as leakage of refrigerants, can
contribute to unnecessary pollution of our atmosphere
and waste of existing resources. This unnecessary
waste also comes at a cost to the consumer for
replacement of leaked refrigerant. In response to
environmental concerns, manufacturers of refrigerants
have developed new refrigerant products that allow
higher levels of energy efficiency when used in
properly designed equipment. The new generation HFC
refrigerants have less impact on theenvironment than
older generation chlorinated refrigerants in the event
that they inadvertently leak into the atmosphere. The
HFC refrigerants have zero ozone depletion potential,
and in general have less tropospheric climate change
potential than the refrigerants they replace. In
addition, industry practices now mandate the
elimination of leaks from most types of operating
equipment, and require that refrigerant gas be
recovered from equipment when that equipment is taken
out of service or is opened to allow service work to
be performed. While the new high efficiency
refrigerants and new responsible use policies are
benefiting the environment, the benefit is not as
great as it could be. In some instances, the recovered
refrigerant gases are not properly reclaimed or
recycled. The recovered refrigerant may be re
installed back into other pieces of equipment without
being properly reclaimed and cleaned to remove any
harmful or energy efficiency reducing impurities which
may have been introduced in handling or as a result of
poorly performing or damaged equipment. The equipment
into which this refrigerant is introduced will then
not operate at peak efficiency, and will consume more
energy than necessary. In addition, used refrigerant
can be blended with virgin refrigerant, which
generally results in a non-standard refrigerant gas
composition. Similarly, used refrigerant can be
re-packaged and sold as virgin refrigerant, without
certification of purity and quality. These practices
may result in increased atmospheric pollution and
increased energy use, and places expensive
refrigeration hardware at risk of being damaged. In
addition to negative environmental and equipment
impact , there are economic losses to the refrigerant
manufacturers and distributors. Refrigerant
manufacturers make significant investments into the
development of the quality new refrigerants products.
Refrigerant distributors similarly have invested in
equipment for the proper protection of refrigerants
from contamination during packaging, storage, and
distribution of refrigerants When refrigerants are
diluted or blended with recovered refrigerants, and
sold as virgin refrigerant, manufacturers and
distributors do not receive the benefit of their
investment. For the foregoing reasons, there has been
a need for the ability to positively determine when a
refrigerant composition is diluted or altered in any
way, in a manner that does not compromise performance
or the product properties to any measurable extent.The
present invention addresses this need by providing a
highly secure way to label virgin refrigerant product.
BRIEF SUMMARY OF THE INVENTION The present invention
is directed to a tracer-containing composition, said
composition comprising a refrigeration/heating fluid
and at least one tracer compound, said tracer compound
being present and analytically detectable and being
selected from the group consisting of
hydrofluorocarbons, deuterated hydrofluorocarbons,
perfluorocarbons, fluoroethers, brominated compounds,
iodated compounds, alcohols, aldehydes and ketones,
nitrous oxide and combinations thereof. Additionally,
the present invention relates to a composition as
stated above wherein at least one of said tracer
compound is present as a single pre-determined isomer.
The present invention further relates to a method of
using the present inventive tracer-containing
compositions, said method comprising combining said
tracer compound with said refrigeration/heating fluid
to make a tracer-containing refrigerant composition,
and detecting the presence of said tracer compound in
said tracer-containing refrigerant composition. Said
method may comprise detecting the occurrence of
dilution, adulteration or contamination of said
composition. Also, the present invention relates to
use of the tracer-containing composition in a method
for producing refrigeration comprising evaporating
said composition in the vicinity of a body to be
cooled and thereafter condensing said composition. And
the present invention additionally relates to a method
of using the tracer-containing refrigerant composition
for producing heat comprising condensing said
composition in the vicinity of a body to be heated and
thereafter evaporating said composition. DETAILED
DESCRIPTION OF THE INVENTION Applicants specifically
incorporate the entire contents of all cited refemces
in this disclosure. Further, whan an amount,
concentration, or other value or parameter is given as
either a range, preferred range, or a list of upper
preferable values and lower preferable values, this is
to be understood as specifically disclosing all ranges
formed from any pair of upper range limit or preferred
value and any lower range limit r preferredvalue,
regardless of whether such ranges are separately
disclosed. Where a range of numerical values is
recited herein, unless otherwise stated, the range is
intended to include the endpoints thereof, and all
integers and fractions within the range. It is not
intended that the scope of the present invention be
limited to the specific values recited when defining a
range. The refrigeration/heating fluid of the present
invention may be any common refrigeration/heating
fluid used in the refrigeration industry. Such
refrigeration/heating fluids may be hydrofluorocarbons
(HFCs), hydrochlorofluorocarbons (HCFCs),
perfluorocarbons (PFCs) 1 fluorocarbon ethers (HFEs),
hydrocarbons, carbon dioxide (CO2), ammonia (NH3), or
mixtures thereof. The fluorinated
refrigeration/heating fluids, HFCs, HCFCs, HFEs and
PFCs may be referred to as fluorocarbon refrigerants.
The fluorocarbon refrigerants of the present invention
may have 1-8 carbon atoms, contain at least one
fluorine atom, optionally contain chlorine and oxygen
atoms, and have a normal boiling point of 



from -900C to 800C. These fluorocarbons may be
represented by the general formula CwF2w+2-x-yHxClyOz,
wherein w is 1-6, x is 0-9, y is 0-3, and z is 0-2,
and wherein 2w+2-x-y is a positive integer. Preferred
of the fluorocarbons are those in which w is 1-6, x is
1-5, y is 0-1, and z is 0-1. The present invention is
particularly useful with hydrofluorocarbon and
hydrochlorofluorocarbon-based refrigerants.
Fluorocarbon refrigerants are commercial products
available from a number of sources such as E. I. du
Pont de Nemours & Co., Fluoroproducts, Wilmington, DE,
19898, USA, or are available from custom chemical
synthesis companies such as PCR Inc., P.O. Box 1466,
Gainesville, Florida, 32602, USA, and additionally by
synthetic processes disclosed in publications such as
Chemistry of Organic Fluorine Compounds 2nd (revised
edition), edited by Milos Hudlicky, published by Ellis
Harwood-Prentice Hall Publishers, 1992. Representative
fluorocarbons include but are not limited to: CHCIF2
(HCFC-22), CHF3 (HFC-23), CH2F2 (HFC-32), CH3F
(HFC-41), CF3CF3 (FC-1 16), CHCIFCF3 (HCFC-124),
CHF2CF3 (HFC-125), CH2CICF3 (HCFC-133a), CHF2CHF2
(HFC-134), CH2FCF3 (HFC-134a), CCIF2CH3 (HCFC-142b),
CHF2CH2F (HFC-143), CF3CH3 (HFC-143a), CHF2CH3
(HFC-152a), CHF2CF2CF3 (HFC-227ca), CF3CFHCF3
(HFC-227ea), CHF2CF2CHF2 (HFC-236ca), CH2FCF2CF3
(HFC-236cb), CHF2CHFCF3 (HFC-236ea),
CF3CH2CF3(HFC-236fa), CH2FCF2CHF2 (HFC-245ca),
CH3CF2CF3 (HFC-245cb), CHF2CHFCHF2 (HFC-245ea),
CH2FCHFCF3 (HFC-245eb), CHF2CH2CF3 (HFC-245fa),
CH2FCF2CH2F (HFC-254ca), CH3CF2CHF2 (HFC-254cb),
CH2FCHFCHF2 (HFC-254ea), CH3CHFCF3 (HFC-254eb),
CHF2CH2CHF2 (HFC-254fa), CH2FCH2CF3 (HFC-254fb),
CH3CF2CH3 (HFC-272ca), CH3CHFCH2F (HFC-272ea),
CH2FCH2CH2F (HFC-272fa), CH3CH2CF2H (HFC-272fb),
CH3CHFCH3 (HFC-281ea), CH3CH2CH2F (HFC-281fa),
CHF2CF2CF2CF2H (HFC-338PCC),CF3CH2CF2CH3 (HFC-365mfc),
CF3CF2CF2OCHFCF 3 (Freon(r) E1), CF3CHFCHFCF 2CF3
(HFC-43- 10mee), C4F9OCH3, and C4F9OC2H5.
Additionally, the fluorocarbon refrigerants of the
present invention may be represented by the general
formula CwF2w-xHxOz> wherein w may equal 3 to 8 and x
may equal 0-17 and z may equal 0 to 2, and wherein
2w-x is a positive integer. Such fluorocarbon
refrigerants include unsaturated compounds and other
functionalized fluorocarbons, such as CF3(CF2)3CH=CH2
(perfluorobutylethylene, PFBE), CF3CF2C(O)CF(CF 3)2
(perfluoroethylisopropylketone, PEIK), and
CF3C(O)CF(CF 3)2 (perfluoromethylisopropylketone,
PMIK). More preferred fluorocarbon refrigerants are
the hydrofluorocarbon and
hydrochlorofluorocarbon-based refrigerants, such as,
CHCIF2 (HCFC-22), CHF3 (HFC-23), CH2F2 (HFC-32),
CHCIFCF3 (HCFC-124), CHF2CF3 (HFC-125), CHF2CHF2
(HFC-134), CH2FCF3 (HFC-134a), CF3CH3 (HFC-143a),
CHF2CH3 (HFC-152a), CHF2CF2CF3 (HFC-227ca), CF3CFHCF3
(HFC-227ea), CF3CH2CF3 (HFC-236fa), CHF2CH2CF3
(HFC-245fa), CHF2CF2CF2CF2H (HFC-338pcc), CF3CHFCHFCF
2CF3 (HFC-43-10mee), CF3(CF2)3CH=CH2
(perfluorobutylethylene, PFBE), CF3CF2C(O)CF(CFs)2
(perfluoroethylisopropylketone, PEIK), CF3C(O)CF(CF3)2
(perfluoromethylisopropylketone, PMIK); and the
azeotropic and azeotrope-like fluorocarbon refrigerant
compositions, such as, HCFC- 22/HFC-152a/HCFC-124
(known by the ASHRAE designations, R-401A, R-401B, and
R-401C), HFC-125/HFC-143a/HFC-134a (known by the
ASHRAE designation, R-404A), HFC-32/HFC-125/HFC-134a
(known by ASHRAE designations, R-407A, R-407B, and
R-407C), HCFC-22/HFC- 143a/HFC-125 (known by the
ASHRAE designation, R-408A), HCFC-
22/HCFC-124/HCFC-142b (known by the ASHRAE
designation: R-409A),HFC-32/HFC-125 (R-410A), and
HFC-125/H FC-143a (known by the ASHRAE designation:
R-507). The fluorocarbon refrigerants of the present
invention may optionally further comprise up to 10
weight percent of dimethyl ether, or at least one C3
to C5 hydrocarbon, e.g., propane, propylene,
cyclopropane, n-butane, isobutane, n-pentane,
cyclopentane and neopentane (2,2- dimethylpropane).
Examples of fluorocarbons containing such C3 to C5
hydrocarbons are azeotrope-like compositions of
HCFC-22/HFC- 125/propane (known by the ASHRAE
designation, R-402A and R-402B),
HCFC-22/octafluoropropane/propane (known by the ASHRAE
designation, R-403A and R-403B),
octafluoropropane/HFC- 134a/isobutane (known by the
ASHRAE designation, R-413A), HCFC-
22/HCFC-124/HCFC-142b/isobutane (known by the ASHRAE
designation,R-414A and R-414B),
HFC-134a/HCFC-124/n-butane (known by the ASHRAE
designation, R-416A), HFC-125/HFC-134a/n-butane (known
by the ASHRAE designation, R-417A), HFC-125/HFC-
134a/dimethyl ether (known by the ASHRAE designation,
R-419A), and HFC-125/HFC-134a/isobutane (known by
ASHRAE designation, R-422A). The tracer compound of
the present invention is selected from the group
consisting of hydrofluorocarbon, deuterated
hydrocarbon or hydrofluorocarbon, perfluorocarbon,
fluoroether, brominated compound, iodated compound,
alcohol, aldehydes and ketone, nitrous oxide (N2O) and
combinations thereof. While there may be overlap
between a defined chemical compound, which may be a
refrigeration/heating fluid, and a chemical compound
that may be defined as a tracer compound, the same
compound may not serve as both elements of a given
composition. Suitable tracer compound candidates are
listed in Table 1. TABLE 1PROCESSES FOR THE
PREPARATION OF ARYL- AND HETEROARYL-ALKYLSULFONYL
HALIDES FIELD OF THE INVENTION The present invention
relates to processes for the preparation of
arylalkylsulfonyl halides and heteroarylalkylsulfonyl
halides useful as intermediates in the preparation of,
for example, pharmaceuticals. BACKGROUND OF THE
INVENTION Sulfonyl chlorides are widely used in the
chemical industry such as for the preparation of dyes,
lithographic resists, and pharmaceuticals. They can be
further transformed into other functional groups such
as aromatic sulfones (by Friedel-Crafts sulfonylation
of aromatic substrates) or sulfonamides (by reaction
with amines) (see, e.g., Kirk-Othmer Encyclopedia of
Chemical Technology). Sulfonamides are integral
functional groups of a wide variety of therapeutic
small molecule drugs such as antibacterial agents,
diuretics, and CPLA2 inhibitors. A typical preparation
of sulfonyl chlorides involves reaction of the sodium
salt of a sulfonic acid with phosphorus pentachloride,
sometimes in combination with phosphorus oxychloride
or thionyl chloride, frequently with heating of the
reaction mixture (see, e.g., March, Advanced Organic
Chemistry, 4th ed., John Wiley & Sons, 1992, p.499).
These relatively harsh reaction conditions are
unsuitable for the preparation of sterically hindered
sulfonyl chlorides, such as arylalkylsulfonyl
chlorides and the like, which can result in low yields
due to the elimination of sulfur dioxide (Nakayama et
al., Tet Lett., 1984, 25, 4553-4556). A milder,
infrequently used method for the synthesis of sulfonyl
chlorides is the reaction of tetrabutylammonium salts
of sulfonic acids with triphenylphosphine/sulfuryl
chloride (Widlanski et al., Tet. Lett, 1992, 33,
2657-2660), a method that suffers from the
disadvantage of poor atom efficiency. Numerous
sterically hindered sulfonyl halides such as
(2,6-dimethylphenyl)- methanesulfonyl chloride and
other aryl- and heteroaryl-sulfonyl halides are
specifically useful in the preparation of CPLA2
inhibitors for the treatment of asthma or arthritic
and rheumatic disorders as described in, for example,
WO 2003/048122. As discussed above, these
intermediates can be difficult to prepare due to loss
of sulfurdioxide at higher temperatures and formation
of significant amounts of impurities. Thus, new and
improved methods for making these compounds are
needed, and the methods provided herein help meet
these and other needs. SUMMARY OF THE INVENTION In
some embodiments, the present invention provides
processes for preparing a compound of Formula I:
Ar-R-SO 2-X 



I wherein: Ar is aryl or heteroaryl optionally
substituted by one or more substituents, preferably up
to five substituents, that are selected from the group
consisting of halogen, d-C 6 alkyl, C3-C7 cycloalkyl,
heterocycloalkyl, formyl, cyano, nitro, OH, C1- C6
alkoxy, arylalkyloxy, C1-C6 haloalkyl, C1-C3
perhaloalkyl, C1-C6 haloalkoxy, C1-C3 perhaloalkoxy,
NR1R2, NR1COR3, aryl, aryloxy, heteroaryl and
heteroaryloxy; R is C1-C6 alkylenyl; R1 and R2 are
each, independently H, C1-C6 alkyl or C3-C7
cycloalkyl; or R1 and R2 together with the N atom to
which they are attached form a 5- or 6- membered
heterocycle; R3 is H, C1-C6 alkyl or C3-C7 cycloalkyl;
and X is halogen; comprising: a) reacting a compound
of Formula II: Ar-R-L Il wherein L is a leaving group,
with a Group I or Il metal sulfite salt optionally in
the presence of a phase transfer catalyst for a time
and under conditions sufficient to form a sulfonic
acid salt compound of Formula III: (Ar-R-SO 3 1)qM III
wherein M is a Group I or Il metal ion, where q is 1
where M is Group I metal ion, and q is 2 where M is a
Group Il metal ion;b) reacting said compound of
Formula III with a protic acid for a time and under
conditions sufficient to form a sulfonic acid compound
of Formula IV: Ar-R-SO 3H IV and c) reacting said
compound of Formula IV with a halogen substitution
reagent for a time and under conditions sufficient to
form said compound of Formula I. In some embodiments,
the reacting of step a) is carried out in a solvent
comprising water. In some embodiments, the reacting of
step a) is carried out without the presence of a phase
transfer catalyst. In further embodiments, the
reacting of step a) is carried out in the presence of
a phase transfer catalyst. In further embodiments, the
reacting of step a) is carried out in a solvent
comprising water and in the presence of a phase
transfer catalyst In some embodiments, the compound of
Formula III is isolated, preferably by precipitating
the compound of Formula III and optionally filtering
the resulting precipitate. In some embodiments, the
precipitating of the compound of Formula III is
induced by (1) addition of a water-soluble metal
halide salt, which is preferably NaCI; (2) adding
solvent that is not substantially miscible with water,
which is preferably ethyl acetate; or both (1) and
(2). In some embodiments, protic acid of step (b) is
an inorganic acid, which is preferably HCI, HBr,
H3PO4, HNO3, HCIO4, or H2SO4, or a combination
thereof. In some more preferred embodiments, protic
acid of step (b) is HCI. In some embodiments, the
protic acid is gaseous HCI added to the reaction
mixture or solvent containing the compound of Formula
III. In some embodiments, the reacting of step b) is
carried out in a solvent comprising an alcohol, which
preferably is methanol. In some embodiments, the
compound of Formula IV is isolated, preferably by
precipitating the compound of Formula IV, and
optionally filtering the resulting precipitate. In
some embodiments, the compounds of Formula III and
Formula IV are both isolated. In some embodiments, the
halogen substitution reagent is SOCI2, POCI3,
CCI4/triphenylphosphine, oxalyl chloride or oxalyl
bromide, preferably oxalyl chloride.In some
embodiments, the reacting of step c) is carried out in
the presence of an acyl transfer catalyst, which is
preferably a tertiary amide, preferably N
Ndimethylformamide. In further embodiments, the
invention provides processes for preparing a compound
of Formula IV: Ar-R-SO 3H IV wherein: Ar and R are as
defined above; comprising: a) reacting in a solvent a
compound of Formula II: Ar-R-L Il wherein L is as
defined above, with a Group I or Il metal sulfite salt
optionally in the presence of a phase transfer
catalyst for a time and under conditions sufficient to
form a sulfonic acid salt compound of Formula III:
(Ar-R-SO 3 1)qM III wherein M and q are as defined
above; and b) reacting said compound of Formula III
with a protic acid for a time and under conditions
sufficient to form said compound of Formula IV. In
some embodiments, the compound of Formula III is
isolated by precipitating the compound of Formula III
optionally followed by filtering. In some preferred
embodiments, the precipitating is facilitated by (1)
treating the reaction mixture of step (a) with a
water-soluble metal halide salt which is preferably
NaCI; or (2) adding to the reaction mixture of step
(a) solvent that is not substantially miscible with
water, which is preferably ethyl acetate; or by both
(1) and (2). In some embodiments, the reacting of step
(a) is carried out in a solvent comprising water. In
further embodiments, the reacting of step (a) is
carried out in the presence of a phase transfer
catalyst. In further preferred embodiments, the
reacting of step (b) is carried out in a solvent
comprising an alcohol, which is preferably methanol.
In some preferred embodiments, the protic acid of step
(b) is HCI, preferably gaseous HCI added to the
solvent containing the compound of Formula III.In
further embodiments, the present invention provides
processes for preparing a compound of Formula III:
(Ar-R-SO 3 1)qM III wherein M is a Group I or Il metal
ion, where q is 1 where M is Group I metal ion, and q
is 2 where M is a Group Il metal ion; Ar is aryl or
heteroaryl optionally substituted by one or more
substituents, preferably up to five substituents, that
are selected from the group consisting of halogen,
C1-C6 alkyl, C3-C7 cycloalkyl, heterocycloalkyl,
formyl, cyano, nitro, OH, C1- C6 alkoxy, arylalkyloxy,
C1-C6 haloalkyl, C1-C3 perhaloalkyl, C1-C6 haloalkoxy,
C1-C3 perhaloalkoxy, NR1R2, NR1COR3, aryl, aryloxy,
heteroaryl and heteroaryloxy; R is C1-C6 alkylenyl; R1
and R2 are each, independently selected from the group
consisting of H, C1-C6 alkyl and C3-C7 cycloalkyl; or
R1 and R2 together with the N atom to which they are
attached form a 5- or 6- membered heterocycle; and R3
is selected from the group consisting of H, C1-C6
alkyl and C3-C7 cycloalkyl; comprising: reacting a
compound of Formula II: Ar-R-L Il wherein L is a
leaving group, with a Group I or Il metal sulfite salt
optionally in the presence of a phase transfer
catalyst for a time and under conditions sufficient to
form a reaction mixture containing said compound of
Formula III; and isolating said compound of Formula
III by precipitating the compound of Formula III from
the reaction mixture. In some embodiments, the
precipitation is facilitated by (1) treating the
reaction mixture with a water-soluble metal halide
salt which is preferably NaCI; or (2) adding to the
reaction mixture solvent that is not substantially
miscible with water, that is preferably ethyl acetate;
or both (1) and (2). In some embodiments, the reacting
is carried out in a solvent comprising water,
preferably in the presence of a phase transfer
catalyst. 



In some embodiments of each of the foregoing
processes, the water soluble metal halide salt is
NaCI. In further embodiments of each of the foregoing
processes,the phase transfer catalyst is tetrabutyl
ammonium iodide. In further embodiments of each of the
foregoing processes, the compound of formula II, for
example 2,6- dimethyl benzyl chloride or 2,6-dimethyl
benzyl bromide, is reacted with Na2SO3. In further
embodiments of some of the foregoing processes, the
alcohol solvent to which the protic acid is added is
methanol. In further embodiments of some of the
foregoing processes, the protic inorganic acid is
gaseous HCI. In further embodiments, the compound of
Formula IV is isolated via evaporation of the alcohol
solvent. In some embodiments of the foregoing
processes, the reacting of the sulfonic acid species
of Formula IV, for example 2,6-dimethylbenzyl sulfonic
acid, with the halogen substitution reagent, for
example oxalyl chloride, is carried out at less than
about - 10 0C for the duration of the oxalyl chloride
addition. Suitable solvents for this reaction include,
for example, an ether (e.g., tetrahydrofuran) or a
mixture of ethers. In some embodiments of the
foregoing processes, Ar is phenyl optionally
substituted by one or more substituents independently
selected from halogen, C1-C6 alkyl, C3-C7 cycloalkyl,
heterocycloalkyl, cyano, nitro, OH, C1-C6 alkoxy,
C1-C6 haloalkyl, C1-C6 haloalkoxy, NR1R2, NR1COR3,
aryl and heteroaryl, preferably the substituents are
independently selected from C1-C6 alkyl, C1-C6 alkoxy,
halogen, CN, NO2, NR1R2 and NR1COR3. In some preferred
embodiments, Ar is phenyl substituted by one or more
halogen, C1-C6 alkyl, C1-C3 perhaloalkyl, formyl, or
arylalkyloxy substituent. In some embodiments, Ar is
phenyl substituted with at least one substituent at
the 2 position or the 6 position; or substituents at
both the 2 position and the 6 position. In other
embodiments, Ar is phenyl substituted at the 3
position and the 4 position, such as, for example,
3,4-dichloro phenyl. In some further embodiments of
the foregoing processes, R is C1-C4 alkylene, or C1-C6
straight-chained alkylene, preferably methylene or
ethylene, more preferably methylene. In some
embodiments of the foregoing processes, L is
independently halogen, OSO2CH3, OSO2CF3 or OSO2-aryl'
wherein aryl' is a phenyl group optionally substituted
with 1, 2 or 3 substituents independently selected
from C1-C3 alkyl and halogen. Preferably, L is Cl. In
some embodiments of the foregoing processes, M is Na+
ion or K+ ion, preferably Na+ ion.In some preferred
embodiments of the foregoing processes, X is Cl. In
some further preferred embodiments of the foregoing
processes, Ar is phenyl optionally substituted by one
or more substituent selected from halogen, C1- C6
alkyl, C1-C3 perhaloalkyl, formyl, arylalkyloxy, NR1R2
and NR1COR3; R is methylene or ethylene; R1 and R2 are
each, independently, H or C1-C6 alkyl; R3 is H or
C1-C6 alkyl; X is Cl; L is halogen; the metal sulfite
salt of step (a) is Na2SO3; the phase transfer
catalyst of step (a) is present; the sulfonic acid
salt compound of Formula III has the Formula
NaSO3-R-Ar; step (a) further comprises isolating the
compound of Formula III; step (b) further comprises
isolating the compound of Formula IV; and the halogen
substitution reagent of step (c) is oxalyl chloride.
In other preferred embodiments of the processes of the
present invention, step (a) is carried out without the
presence of a phase transfer catalyst. In some such
embodiments, the Ar-R-L of Formula Il is
2,3-dichlorobenzyl chloride and the compound of
Formula I is (2,3-dichlorophenyl)-methanesulfonyl
chloride. In other preferred embodiments, the
processes of the present invention are used to prepare
(3,4-dichlorophenyl)-methanesulfonyl chloride,
(2,6-dimethylpheny)- methanesulfonyl chloride,
(2-methylphenyl)-methanesulfonyl chloride, (2,6-
difluorophenyl)-methanesulfonyl chloride,
2-fluoro-6-(trifluoromethylphenyl)- methanesulfonyl
chloride,
2,6-Bis(trifluoromethylphenyl)-methanesulfonyl
chloride, (2-trifluoromethylphenyl)- methanesulfonyl
chloride, (2-Benzyloxyphenyl)- methanesulfonyl
chloride, (2,3-dichlorophenyl)-methanesulfonyl
chloride or (2- formylphenyl)-methanesulfonyl
chloride. DETAILED DESCRIPTION OF EMBODIMENTS OF THE
INVENTION The present invention provides a process for
the preparation of aryl- and heteroaryl-alkylsulfonyl
halides including
(2,6-dimethyl-phenyl)-methanesulfonyl chloride, an
intermediate in the synthesis of certain cPLA2
inhibitors. In some embodiments, the methods generally
involve the formation of sulfonic acid prior to
conversion to the sulfonyl halide. A general outline
of some embodiments of the processes of the present
invention is provided in Scheme I where constituent
members of the depicted compounds of Formulas I, II,
III, and IV are defined hereinabove.Scheme I Group I
or II metal sulfite salt Ar-R-L (Ar-R-SO3)qM II ste P
1 III step 2 protic acid step 3 Ar-R-SO2-X Ar-R-SO3H j
halogenating jy reagent As shown in Scheme I, sulfonic
acids of Formula IV can be converted to sulfonyl
halides by reaction with a halogen substitution
reagent. Halogen substitution reagents, as used
herein, are reagents that can convert a non-halogen
substituent (such as, for example, H or OH) to a
halogen substituent. Halogen substitution reagents of
the present invention can, for example, convert a
sulfonic acid moiety to a sulfonyl halide moiety.
Numerous reagents capable of carrying out this
conversion are known in the art. Some preferred
halogen substitution reagents include SOCI2, POCI3,
CCI4/triphenylphosphine, oxalyl chloride or oxalyl
bromide. In some more preferred embodiments, the
halogen substitution reagent is oxalyl chloride. The
halogen substitution agent is preferably used in
excess quantity, particularly if there is residual
solvent in either the starting material, solvents or
both. When oxalyl chloride is used as the halogen
substitution agent, it can be used in a range from
about 1 to about 6 equivalents; about 2 to about 4
equivalents or about 3 to about 3.5 equivalents with
respect to the amount of sulfonic acid reagent
(compound of Formula IV). One skilled in the art will
recognize that the amount of halogen substitution
agent used will depend, inter alia, on the amount of
water in the starting material or solvent and the
nature and reactivity of the starting material and
solvents. Suitable solvents for the halogen
substitution reaction (e.g., step 3 of Scheme I)
include any organic solvent that can at least
partially dissolve the compound of Formula IV.
Preferred solvents include non-polar or weakly polar
solvents, includingacetonitrile, aromatic hydrocarbons
such as benzene and toluene, and halogenated solvents
such as 1,2-dichloroethane and methylene chloride.
More preferred solvents are ethers. Suitable ethers
include tetrahydrofuran, dioxane, diethyl ether,
dibutyl ether, diisopropyl ether or mixtures thereof
and the like. A more preferred ether is
tetrahydrofuran. The halogen substitution reaction can
be carried out at any suitable temperature. For
example, in some preferred embodiments, the reaction
can be carried out at about 40 0C to about room
temperature. In some more preferred embodiments, the
reaction can be carried out below about - 10 0C. The
sulfonyl halide-forming step (e.g., step 3 of Scheme
I) of processes of the invention can also be carried
out in the presence of an acyl transfer catalyst, such
as a tertiary amide (e.g., dimethylformamide). The
acyl transfer catalyst can be provided in an amount
sufficient to accelerate the reaction rate. In
preferred embodiments, the acyl transfer catalyst is
present in less than about one equivalent relative to
the amount of sulfonic acid reagent. In more preferred
embodiments, the acyl transfer catalyst is present in
an amount of about 0.01 to about 0.5 equivalents; even
more preferred, about 0.1 to about 0.2 equivalents,
relative to the amount of sulfonic acid reagent. The
compounds of Formula I can be isolated from the
reaction mixture by precipitation and filtration. Any
of numerous well known methods for inducing
precipitation can be used. In some preferred
embodiments, an anti-solvent such as water or a
solvent containing water can be added to the reaction
mixture to induce precipitation. It has been observed
that use of water as an anti-solvent can reduce
decomposition rate of the sulfonyl halide product
relative to the decomposition rate observed when an
organic solvent such as heptane is used, resulting in
improved yields. In some more preferred embodiments,
precipitation can be facilitated by lowering the
temperature of the reaction mixture to, for example,
to below about - 20 



0C. As shown in Scheme I, sulfonic acids of Formula IV
can be prepared by reacting sulfonic acid salts
(sulfonate salts) of Formula III with a protic acid.
Suitable protic acids are of sufficient strength so as
to be capable of converting a sulfonate salt to its
corresponding acid according to the processes of the
invention. For example, the protic acid can be a
strong inorganic acid such as HCI, HBr, H3PO4,HNO3,
HCIO4, H2SO4, and the like. In other embodiments, the
protic acid can be an organic acid. Example organic
acids include formic methanesulfonic acid, p-toluene
sulfonic acid, benzenesulfonic acid, trifluoroacetic
acid and other strong organic acids. In some
embodiments, the protic acid is provided in gaseous
form. In some preferred embodiments, the inorganic
acid is HCI. In some more preferred embodiments, the
inorganic acid is gaseous HCI that is added to the
reaction solvent containing the sulfonate salt. In a
preferred embodiment, the protic acid is provided in
excess molar equivalents relative to the sulfonic acid
salt of Formula III. Formation of the sulfonic acid
compound of Formula IV can be carried out in any
suitable solvent. For example, organic solvents in
which the compound of Formula III is at least
partially soluble are suitable. In some preferred
embodiments, the solvent poorly dissolves metal halide
salts, such as NaCI or KCI, thereby thermodynamically
driving the reaction by precipitation of metal halide
salt. In further preferred embodiments, the solvent
can contain an alcohol, such as methanol, ethanol,
isopropanol, and the like, or a mixture thereof. The
solvent can also contain water. In yet more preferred
embodiments, the solvent contains methanol. Reaction
temperature can be readily determined by the skilled
artisan. For example, the reaction can be carried out
at a temperature below room temperature, such as about
- 20 to about 10 C. In some preferred embodiments, the
reaction is carried out at about 0 or below about 10
0C. The sulfonic acid compound of Formula IV can be
isolated according to routine methods. Isolation can
be carried out, for example, by precipitating the
product from the reaction mixture. Precipitation can
be induced by any suitable means. In some preferred
embodiments, precipitation can be induced by any of,
or a combination of, concentrating the reaction
mixture (optionally azeotroped), cooling (e.g., to
less than about 10 0C), and adding of non-polar
organic solvent such as an alkane (e.g., heptane,
hexane, pentane, etc.). The present invention also
provides a process for preparing a sulfonic acid salt
(sulfonate salt) compound of Formula III by reacting a
compound of Formula II: Ar-R-L (wherein Ar, R and L
are defined hereinabove) with a Group I or Il metal
sulfite salt optionally in the presence of a phase
transfer catalyst as shown in step 1 of scheme 1
above. Any Group I or Il metal sulfite salt is
suitable, for example, and without limitation, Li2SO3,
Na2SO3, K2SO3, MgSO3, CaSO3, and the like. Group I or
Ilmetal sulfite salts can be provided in molar excess
of, for example, about 2 eq, to about 1 eq, relative
to the amount of compound of Formula II. In some
preferred embodiments, the metal salt is Na2SO3 or
K2SO3, more preferably Na2SO3. In a preferred
embodiment, the formation of the sulfonate salt
compounds of Formula III can be carried out in the
presence of a phase transfer catalyst. In some
preferred embodiments, the phase transfer catalyst is
a quaternary ammonium halide, preferably tetrabutyl
ammonium iodide. The phase transfer catalyst can be
provided in an amount suitable to accelerate the
reaction rate. In some preferred embodiments, the
phase transfer catalyst is present in about 0.1 to 2%
or more preferably 0.5 to 1% by weight. Any suitable
solvent can be employed, such as solvent that can at
least partially dissolve Group I or Il metal sulfite
salts. In some embodiments, the solvent contains
water. In some preferred embodiments, the solvent
contains more than about 50%, more preferably about
75%, even more preferably more than about 90%, still
more preferably more than about 95%, and yet more
preferably more than about 99% water. The reaction can
also be carried out at any suitable temperature. In
some preferred embodiments, the temperature is
elevated. In still further preferred embodiments, the
reaction is carried out at about 100 0C. Isolation of
the compound of Formula III from the reaction mixture
can be carried out by any routine method. In some
embodiments, the compound of Formula III is
precipitated from the reaction mixture. In some
preferred embodiments, the precipitation is
facilitated by, for example, treatment of the reaction
mixture with a water-soluble inorganic salt. While not
wishing to be bound by any particular theory, it is
believed the addition of a sufficient amount of
water-soluble inorganic salt thermodynamically drives
the compound of Formula III out of solution, thereby
facilitating isolation and purification. In some
preferred embodiments, the watersoluble inorganic salt
is NaCI or KCI, more preferably NaCI. In further
embodiments, isolation of the compound of Formula III
can be further facilitated by the addition to the
reaction mixture of an organic solvent that is not
substantially miscible with water. Examples of
suitable solvents include ethyl acetate, ethers (e.g.
ethyl ether and the like), alkanes (e.g., hexanes,
petroleum ether, etc.), aromatics (e.g., benzene,
toluene, xylene, etc.), and the like, with ethyl
acetate being most preferred. While again not wishing
to be bound by a particular theory, it is believed
that the addition oforganic solvent aids in
maintaining impurities in solution when precipitating
the compound of Formula III. In some preferred
embodiments, the reaction mixture can also be cooled
(e.g., less than about 10 0C) to help induce
precipitation. Numerous advantages of the present
invention are apparent to the art-skilled. For
example, preparation of the sulfonic acid intermediate
prior to sulfonyl halide formation allows for improved
yields by avoiding sulfur dioxide loss typically
observed in the preparation of sterically hindered
sulfonyl halides. Additionally, the preparation and
isolation methods described herein help maximize
yields. In some embodiments of the invention,
multi-step processes are carried out stepwise and each
intermediate is isolated before proceeding to the next
step. In other embodiments of the invention, some of
the intermediates are isolated and others are not. In
yet other embodiments, none of the intermediates are
completely isolated and all of the reactions take
place in a single reactor vessel. It is understood in
the generic description above and for other groups
described herein that, in each instance any variable
group may be independently substituted by their
allowed groups. Thus, for example, where a structure
is described wherein two R2 groups are simultaneously
present on the same compound; the two R2 groups can
represent different groups. It is appreciated that
certain features of the invention, which are, for
clarity, described in the context of separate
embodiments, can also be provided in combination in a
single embodiment. Conversely, various features of the
invention which are, for brevity, described in the
context of a single embodiment, can also be provided
separately or in any suitable subcombination. The term
"alkyl", employed alone, is defined herein as, unless
otherwise stated, either a straight-chain or branched
saturated hydrocarbon moiety. In some embodiments, the
alkyl moiety contains 1 to 12, 1 to 10, 1 to 8, 1 to
6, or 1 to 4 carbon atoms. Examples of saturated
hydrocarbon alkyl moieties include, but are not
limited to, chemical groups such as methyl, ethyl,
n-propyl, isopropyl, -butyl, tertbutyl, isobutyl,
sec-butyl; higher homologs such as n-pentyl, n-hexyl,
n-heptyl, noctyl, and the like. The term "alkylenyl"
refers to a bivalent straight-chained or branched
alkyl group.As used herein, "haloalkyl" refers to an
alkyl group having one or more halogen substituents,
up to and including perhalogenated species. Thus,
examples of haloalkyl groups include perhaloalkyl
groups such as CF3, C2F5, CCI3, C2CI5, and the like,
as well as groups having less than perhalo
substitution, such as CHF2, CHCI2 and the like. The
term "perhaloalkyl" is intended to denote an alkyl
group in which all of the hydrogen atoms are replaced
with halogen atoms. The term "alkoxy", employed alone
or in combination with other terms, is defined herein
as, unless otherwise stated, -O-alkyl. Examples of
alkoxy moieties include, but are not limited to,
chemical groups such as methoxy, ethoxy, isopropoxy,
sec-butoxy, tert-butoxy, and homologs, isomers, and
the like. The term "haloalkoxy", employed alone or in
combination with other terms, is defined herein as,
unless otherwise stated, -O-haloalkyl. Examples of
haloalkoxy moieties include, but are not limited to,
chemical groups such - OCF3, and the like. The term
"cycloalkyl", employed alone or in combination with
other terms, is defined herein as, unless otherwise
stated, a monocyclic, bicyclic, tricyclic, fused,
bridged, or spiro monovalent non-aromatic hydrocarbon
moiety of 3-8 or 3-7 carbon atoms. Also included in
the definition of cycloalkyl are moieties that have
one or more aromatic rings fused (i.e., having a bond
in common with) to the nonaromatic ring. Any suitable
ring position of the cycloalkyl moiety can be
covalently linked to the 



defined chemical structure. Examples of cycloalkyl
moieties include, but are not limited to, chemical
groups such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, norbornyl, adamantyl,
spiro[4.5]decanyl, and homologs, isomers, and the
like. As used herein, "heterocycloalkyl" refers to a
cycloalkyl group (e.g. of 3-12 atoms) wherein one or
more (e.g., up to 4 atoms) are replaced by a
heteroatom such as an O, S, N or P atom. Also included
in the definition of heterocycloalkyl are moieties
that have one or more (e.g., two) aromatic rings fused
(i.e., having a bond in common with) to the
nonaromatic heterocyclic ring, for example
phthalimidyl, naphthalimidyl pyromellitic diimidyl,
phthalanyl, and benzo derivatives of saturated
heterocycles such as indolene and isoindolene groups.
In some embodiments, heterocycloalkyl is a 3-12
membered group having 1-4 heteroatoms the same or
different selected from oxygen, nitrogen and sulfur,
having one or two benzene rings fused thereto, said
group being bonded via a ring carbon or a nitrogen
atom.The terms "halo" or "halogen", employed alone or
in combination with other terms, is defined herein as,
unless otherwise stated, fluoro, chloro, bromo, or
iodo. The term "aryl", employed alone or in
combination with other terms, is defined herein as,
unless otherwise stated, an aromatic hydrocarbon of up
to 14 carbon atoms, which can be a single ring
(monocyclic) or multiple rings (bicyclic, up to three
rings) fused together or linked covalently. Any
suitable ring position of the aryl moiety can be
covalently linked to the defined chemical structure.
Examples of aryl moieties include, but are not limited
to, chemical groups such as phenyl, 1-naphthyl,
2-naphthyl, dihydronaphthyl, tetrahydronaphthyl,
biphenyl, anthryl, phenanthryl, fluorenyl, indanyl,
biphenylenyl, acenaphthenyl, acenaphthylenyl, and the
like. The term "aryloxy" as used herein means a group
of formula - O-aryl, where the term "aryl" has the
definition as previously described herein. The term
"arylalkyl" or "aralkyl," employed alone or in
combination with other terms, is defined herein as,
unless otherwise stated, an alkyl, as herein before
defined, substituted with an aryl moiety as defined
herein. Examples of arylalkyl moieties include, but
are not limited to, chemical groups such as benzyl, 1-
phenylethyl, 2-phenylethyl, diphenylmethyl,
3-phenylpropyl, 2-phenylpropyl, fluorenylmethyl, and
homologs, isomers, and the like. The term
"arylalkyloxy" as used herein means a group of formula
- O-arylalkyl, where the term "arylalkyl" has the
definition as previously described herein. As used
herein, "heteroaryl" groups are monocyclic and
polycyclic (e.g., three rings) aromatic hydrocarbons
that have at least one heteroatom ring member such as
sulfur, oxygen, or nitrogen. Heteroaryl groups
include, without limitation, pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, triazinyl, furyl, quinolyl,
isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl,
pyrryl, oxazolyl, benzofuryl, benzothienyl,
benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl,
tetrazolyl, indazolyl, 1,2,4-thiadiazolyl,
isothiazolyl, benzothienyl, purinyl, carbazolyl,
benzimidazolyl, 2,3-dihydrobenzofuranyl,
2,3-dihydrobenzothienyl,
2,3-dihydrobenzothienyl-S-oxide,
2,3-dihydrobenzothienyl-S-dioxide,
benzoxazolin-2-on-yl, indolinyl, benzodioxolanyl,
benzodioxane, and the like. In some embodiments,
heteroaryl groups can have from 1 to about 20 carbon
atoms, and in further embodiments from about 3 to
about 20 carbon atoms. In some embodiments, heteroaryl
groups have 1 to about 4, 1 to about 3, or 1 to 2
heteroatoms. In some embodiments, heteroaryl is an
aromatic 5-24 membered mono- or poly- (e.g., di- or
tri-) cyclic group having 1-4 heteroatoms the same or
different selected from oxygen, nitrogen and sulfur.
As used herein, "heterocycle" refers to a heteroaryl
or heterocycloalkyl group. The term "heteroaryloxy" as
used herein means a group of formula - Oheteroaryl,
where the term "heteroaryl" has the definition as
previously described herein. As used herein, the term
"leaving group" refers to a moiety that can be
displaced by another moiety, such as by nucleophilic
attack, during a chemical reaction. Leaving groups are
well known in the art and include, for example,
halides and OSO2-R' where R' is, for example, alkyl,
haloalkyl, or aryl optionally substituted by halo,
alkyl, alkoxy, amino, and the like. Some example
leaving groups include chloro, bromo, iodo, mesylate,
tosylate, and other similar groups. As used herein,
the term "reacting" refers to the bringing together of
designated chemical reactants such that a chemical
transformation takes place generating a compound
different from any initially introduced into the
system. Reacting can take place in the presence or
absence of solvent. As used herein, the term
"precipitating" is used as known in the art and
generally refers to the formation of solid (e.g.,
precipitate) from a solution in which the solid is
dissolved. The solid can be amorphous or crystalline.
Methods of precipitation are well known in the art and
include, for example, increasing the proportion of
solvent in which a solute is insoluble, decreasing
temperature, chemically transforming the solute such
that it becomes no longer soluble in its solvent, and
the like. The compounds of the present invention can
contain an asymmetric atom, and some of the compounds
can contain one or more asymmetric atoms or centers,
which can thus give rise to optical isomers
(enantiomers) and diastereomers. The present invention
includes such optical isomers (enantiomers) and
diastereomers (geometric isomers), as well as, the
racemic and resolved, enantiomerically pure R and S
stereoisomers, as well as, other mixtures of the R and
S stereoisomers and pharmaceutical^ acceptable salts
thereof. Optical isomers can be obtained in pure form
by standard procedures known to those skilled in the
art, and include, but are not limited to,
diastereomeric salt formation, kinetic resolution, and
asymmetric synthesis. It is also understood that this
invention encompasses all possibleregioisomers, and
mixtures thereof, which can be obtained in pure form
by standard separation procedures known to those
skilled in the art, and include, but are not limited
to, column chromatography, thin-layer chromatography,
and highperformance liquid chromatography. The
compounds provided herein can also include their salts
formed from, for example, mineral or organic acid
salts of basic residues such as amines; alkali or
organic salts of acidic residues such as carboxylic
acids; and the like. The invention includes acceptable
salt forms formed from the addition reaction with
either inorganic or organic acids. Additionally, this
invention includes quaternary ammonium salts of the
compounds herein, which can be prepared by reacting
the nucleophilic amines with a suitably reactive
alkylating agent such as an alkyl halide or benzyl
halide. Lists of suitable salts are found in
Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Company, Easton, Pa., 1985, p. 1418, the
disclosure of which is hereby incorporated by
reference. Compounds of the invention can also include
all isotopes of atoms occurring in the intermediates
or final compounds. Isotopes include those atoms
having the same atomic number but different mass
numbers. For example, isotopes of hydrogen include
tritium and deuterium. Compounds of the invention can
also include tautomeric forms, such as ketoenol
tautomers. Tautomeric forms can be in equilibrium or
sterically locked into one form by appropriate
substitution. The processes described herein can be
monitored according to any suitable method known in
the art. For example, product formation can be
monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy (e.g., 1H or 13C),
infrared spectroscopy, spectrophotometry (e.g.,
UV-visible), or mass spectrometry, or by
chromatography such as high performance liquid
chromatography (HPLC) or thin layer chromatography.
The reactions of the processes described herein can be
carried out in suitable solvents which can be readily
selected by one of skill in the art of organic
synthesis. Suitable solvents can be substantially
nonreactive with the starting materials (reactants),
the intermediates, or products at the temperatures at
which the reactions are carried out, e.g.,
temperatures which can range from the solvent's
freezing temperature to the solvent's boiling
temperature. A given reaction can be carried outin one
solvent or a mixture of more than one solvent.
Depending on the particular reaction step, suitable
solvents for a particular reaction step can be
selected. In some embodiments, reactions can be
carried out in the absence of solvent, such as when at
least one of the reagents is a liquid or gas. Some
example solvents suitable for the processes described
herein include halogenated hydrocarbons (e.g.,
methylene chloride), aromatic hydrocarbons (e.g.,
benzene, toluene, etc.), and ethers (e.g., diethyl
ether, tetrahydrofuran, etc.). The reactions of the
processes described herein can be carried out at
appropriate temperatures which can be readily
determined by the skilled artisan. Reaction
temperatures will depend on, for example, the melting
and boiling points of 



the reagents and solvent, if present; the
thermodynamics of the reaction (e.g., vigorously
exothermic reactions are typically carried out at
reduced temperatures); and the kinetics of the
reaction (e.g., a high activation energy barrier
typically necessitates elevated temperatures).
"Elevated temperature" refers to temperatures above
room temperature (about 20 C) and "reduced
temperature" refers to temperatures below room
temperature. The reactions of the processes described
herein can be carried out in air or under an inert
atmosphere. Typically, reactions containing reagents
or products that are substantially reactive with air
can be carried out using air-sensitive synthetic
techniques that are well known to the skilled artisan.
Upon carrying out preparation of compounds according
to the processes described herein, the usual isolation
and purification operations such as concentration,
filtration, extraction, solid-phase extraction,
recrystallization, chromatography, and the like may be
used, to isolate the desired products. In some
embodiments of the processes described herein, the
following exemplified compounds can be made from their
respective preparation materials as shown in Table 1,
and in the Examples, below.Table 1The invention will
be described in greater detail by way of specific
examples. The following examples are offered for
illustrative purposes, and are not intended to limit
the invention in any manner. Those of skill in the art
will readily recognize avariety of noncritical
parameters which can be changed or modified to yield
essentially the same results. EXAMPLES EXAMPLE 1
PREPARATION OF (2,6-DIMETHYL-PHENYL)-METHANESULFONYL
CHLORIDE Step 1: Preparation of
(2,6-Dimethyl-phenyl)-methanesulfonic acid sodium salt
Sodium sulfite (442.4 g) was added to a stirred
mixture of 2-chloromethyl-1 ,3- dimethyl-benzene
(526.6 g), tetrabutylammonium iodide (6.4 g) and water
(3.0 L). The mixture was warmed to reflux for 1h. As
the mixture cooled to room temperature, sodium
chloride (526 g) and ethyl acetate (1.4 I) were added.
The mixture was stirred and cooled to <10C. The
product was collected by filtration and washed with
ethyl acetate (250 mL) and acetone (500 mL). The
product was dried in vacuo at 600C to constant weight
to give (2,6-dimethyl-phenyl)-methanesulfonic acid
sodium salt (634 g, 88%). 1H NMR (300 MHz, DMSOd6): d
7.17-6.91 (m, 3H, ArH), 3.96 (s, 2H, CH2), and 2.29
(s, 6H, CH3). Step 2: Preparation of
(2,6-Dimethyl-phenyl)-methanesulfonic acid Methanol
(2.2L) and (2,6-dimethyl-phenyl)-methanesulfonic acid
sodium salt (185 g) were combined in a multi-necked 5L
flask equipped with overhead stirring. The mixture was
cooled to 0 0C and hydrogen chloride (112 g) was
passed through the mixture, maintaining an internal
temperature of <10 0C. The mixture was stirredfor 2h
and allowed to warm to room temperature. The mixture
was clarified by filtration. The filtrate was
concentrated to 600 ml. volume at ambient pressure and
azeotroped with toluene (3X600 ml_). Heptane (1.1 L)
was added to the mixture as it cooled to <10 0C. The
solid product was collected by filtration and washed
with heptane (100 ml_). The product was dried at 40 0C
in vacuo to constant weight to give
(2,6-dimethyl-phenyl)-methanesulfonic acid (149 g,
89%). 1H NMR (300 MHz, DMSOd6): d 7.0-6.91 (m, 3H,
ArH), 4.40 (s, 2H, CH2), and 2.34 (s, 6H, CH3). Step
3: Preparation of
(2,6-Dimethyl-phenyl)-methanesulfonyl chloride
Tetrahydrofuran (3.0 L),
(2,6-dimethyl-phenyl)-methanesulfonic acid (300 g,
containing 12% water by KF analysis, or 266 g
corrected for water content), and N,Ndimethylformamide
(15 g) were combined in a 5L multi-necked flask
equipped with overhead stirring. The reaction mixture
was cooled to - 200C and oxalyl chloride (655.5 g) was
added slowly over 1 h. The reaction mixture was
clarified by filtration and concentrated to a volume
of 1L. The filtrate was transferred to a flask
equipped with overhead stirring and cooled to - AO0C.
Water (900 mL) was added over 30 minutes, maintaining
an internal temperature of <-10C. The product was
collected by filtration, washed with water and
heptane, and dried to give (2,6-dimethyl-phenyl)-
methanesulfonic chloride (277 g, 96%). 1H NMR (300
MHz, CDCI3): d 7.25-7.04 (m, 3H, ArH), 5.17 (s, CH2),
and 2.50 (s, 6H, CH3). EXAMPLE 2 PREPARATION OF
(2-METHYLPHENYL)-METHANESULFONYL CHLORIDE Step 1:
Preparation of (2-Methylphenyl)-methanesulfonic acid
sodium salt Using the procedure described in Example
1, Step 1, a-bromo-o-xylene (100 g, 0.54 mol) afforded
(2-methylphenyl)-methanesulfonic acid sodium salt (75
g, 66%), a white solid. LC-MS showed the molecular ion
of the sulfonic acid. (G8382-72, G8382-49)Step 2:
Preparation of (2-Methylphenyl)-methanesulfonic acid
Using the procedure described in Example 1, Step 2,
(2-methylphenyl)- methanesulfonic acid sodium salt (12
g, 58 mmol) afforded (2-methylphenyl)- methanesulfonic
acid (10.6 g, ~100%), a pale yellow solid. (L25213-78)
Step 3: Preparation of
(2-Methylphenyl)-methanesulfonyl chloride Using the
procedure described in Example 1, Step 3,
(2-methylphenyl)- methanesulfonic acid (10.6 g, 57
mmol) afforded (2-methylphenyl)-methanesulfonyl
chloride (11.8 g, 100%). 1HNMR (400 MHz, CDCI3) d 2.48
(s, 3 H), 4.97 (s, 2 H), 7.3 (d, J=7.3 Hz, 2 H),
7.33-7.41 (m, 1 H), 7.45 (d, J=7.6 Hz, 1 H).
(L25213-80) EXAMPLE 3 PREPARATION OF
(2,6-DIFLUOROPHENYL)-METHANESULFONYL CHLORIDE Step 1:
Preparation of (2,6-Difluorophenyl)-methanesulfonic
acid sodium salt Using the procedure described in
Example 1, Step 1, 2,6-Difluorobenzyl bromide (50 g,
0.24 mol) afforded
(2,6-difluorophenyl)-methanesulfonic acid sodium salt
(38.9 g, 70%), a white solid. (G8324-105) Step 2:
Preparation of (2,6-Difluorophenyl)-methanesulfonic
acid Using the procedure described in Example 1, Step
2, (2,6-difluorophenyl)- methanesulfonic sodium salt
(10 g, 44 mmol) afforded (2,6-difluorophenyl)-
methanesulfonic acid (9.5 g), a viscous orange oil,
which was used without purification. (L26913-131) Step
3 Preparation of (2,6-Difluorophenyl)-methanesulfonyl
chloride Using the procedure described in Example 1,
Step 3, (2,6-difluorophenyl)- methanesulfonic acid
(9.5 g, 44 mmol) afforded
(2,6-difluorophenyl)-methanesulfonyl chloride (1.3 g,
14%). 1HNMR (400 MHz, CDCI3) d 5.02 (s, 2 H), 7.00-7.1
1 (m, 2 H), 7.40-7.57 (m, 1 H). (L26913-136)EXAMPLE 4
PREPARATION OF 2-FLUORO-6-(TRIFLUOROMETHYLPHENYL)-
METHANESULFONYL CHLORIDE Step 1: Preparation of
2-Fluoro-6-(trifluoromethylphenyl)-methanesulfonic
acid sodium salt Using the procedure described in
Example 1, Step 1, 2-fluoro-6-
(trifluoromethylphenyl)benzyl bromide (15 g, 61 mmol)
afforded 2-fluoro-6-
(trifluoromethylphenyl)-methanesulfonic acid sodium
salt (15 g, 89%), a white solid. 1HNMR (400 MHz,
DMSO-d6) d4.02 (s, 2 H), 7.26-7.66 (m, 3 H).
(L26913-185) Step 2: Preparation of
2-Fluoro-6-(trifluoromethylphenyl)-methanesulfonic
acid Using the procedure described in Example 1, Step
2, 2-fluoro-6- (trifluoromethylphenyl)-methanesulfonic
acid sodium salt (15 g, 53 mmol) afforded 2-
fluoro-6-(trifluoromethylphenyl)-methanesulfonic acid
(15 g), a pale orange oil, which was used without
further purification. 1HNMR (400 MHz, DMSO-d6) d 4.12
(s, 2 H), 7.39-7.73 (m, 3 H). (L26913-190) Step 3:
Preparation of
2-Fluoro-6-(trifluoromethylphenyl)-methanesulfonyl
chloride Using the procedure described in Example 1,
Step 3, 2-fluoro-6-
(trifluoromethylphenyl)-methanesulfonic acid (15 g, 53
mmol) afforded 11 g of crude product which was
purified by low-temperature crystallization from
hexanes to afford
2-fluoro-6-(trifluoromethylphenyl)-methanesulfonyl
chloride (9.0 g, 62%). 1HNMR (400 MHz, CDCI3) 5.31 (s,
2 H), 7.38-7.51 (m, 1 H), 7.58-7.68 (m, 2 H). (L26913-
192) EXAMPLE 5 PREPARATION OF
2,6-BIS(TRIFLUOROMETHYLPHENYL)-METHANESULFONYL
CHLORIDE Step 1: Preparation of
2,6-Bis(trifluoromethyl)benzoyl fluoride Using the
procedure described by W. Dmowski and K. Piasecka-
Maciejewska, Tetrahedron Lett. 1998, 54, 6781-6792,
7.0 g of 2,6-bis(trifluoromethyl)benzoic acid was
converted to the acid fluoride (7.0 g, 100%), an
orange solid. 1HNMR (400 MHz, DMSOd 6) d 8.17 (t,
J=8.0 Hz, 1 H), 8.40 (d, J=8.0 Hz, 2 H) (L27132-12,
15) Step 2: Preparation of
2,6-Bis(trifluoromethylphenyl)benzyl alcohol Using the
procedure described by W. Dmowski and K. Piasecka-
Maciejewska, Tetrahedron Lett. 1998, 54, 6781-6792,
7.0 g of 2,6- 



bis(trifluoromethyl)benzoyl fluoride was converted to
the alcohol (6.6g, 100%), a pale yellow oil. 1HNMR
(400 MHz, CDCI3) d 4.95 (s, 2 H), 7.59 (t, J=8.0 Hz, 1
H), 7.94 (d, J=7.8 Hz, 2 H). (L27132-16) Step 3:
Preparation of 2,6-Bis(trifluoromethylphenyl)benzyl
bromide To a solution of
2,6-bis(trifluoromethylphenyl)benzyl alcohol (6.6 g,
28 mmol) and 1,3-bis(diphenylphosphino)propane (6.9 g,
17 mmol) in CH2CI2 (50 mL) at 0 0C was slowly added
carbon tetrabromide (11 g, 33 mmol). The mixture was
stirred overnight at room temperature then added via
pipette to 200 mL Et2O. The mixture was filtered
through Celite(r) and concentrated. The yellow oil was
suspended in 2% EtOAc-Hex and filtered through a pad
of SiO2 to afford the bromide (7.2 g, 84%), a
colorless oil. 1HNMR (400 MHz, CDCI3) d 4.78 (s, 2 H),
7.59 (t, J=7.9 Hz, 1 H), 7.92 (d, J=7.9 Hz, 2 H).
(L27132-17) Step 4: Preparation of 2,6-Bis(t
fluoromethylphenyl)-rnethanesulfonic acid sodium salt
Using the procedure described in Example 1, Step 1,
2,6- bis(trifluoromethylphenyl)benzyl bromide (7.2 g,
23 mmol) afforded 2,6-
bis(trifluoromethylphenyl)-methanesulfonic acid sodium
salt (3.2 g, 32%), a white solid. (L27132-19) Step 5:
Preparation of
2,6-Bis(trifluoromethylphenyl)-methanesulfonic acid
Using the procedure described in Example 1, Step 2,
2,6- bis(trifluoromethylphenyl)-methanesulfonic acid
sodium salt (0.19 g, 0.44 mmol) afforded
2,6-bis(trifluoromethylphenyl)-methanesulfonic acid
(0.14 g, 100%), anorange solid, which was used without
further purification. 1HNMR (400 MHz, DMSOd b) d 4.25
(S, 2 H), 7.64 (t, J=8.5 Hz, 1 H), 7.96 (d, J=7.8 Hz,
2 H). (L27132-21) Step 6: Preparation of
2,6-Bis(trifluoromethylphenyl)-methanesulfonyl
chloride Using the procedure described in Example 1,
Step 3, 2,6-
bis(trifluoromethylphenyl)-methanesulfonic acid (0.14
g, 0.44 mmol) afforded 99 mg of crude product which
was purified by low-temperature crystallization from
hexanes to afford
2,6-bis(trifluoromethylphenyl-)methanesulfonyl
chloride (33 mg, 23%), a white powder. 1HNMR (400 MHz,
CDCI3) d 5.56 (s, 2 H), 7.70 (t, J=8.0 Hz, 1 H), 7.97
(d, J=8.0 Hz, 2 H). (L27132-23) EXAMPLE 6 PREPARATION
OF (2-TRIFLUOROMETHYLPHENYL)-METHANESULFONYL CHLORIDE
Step 1: Preparation of
(2-Trifluoromethylphenyl)-methanesulfonic acid sodium
salt Using the procedure described in Example 1, Step
1, 2-(trifluoromethyl)benzyl bromide (25 g, 0.14 mol)
afforded (2-trifluoromethylphenyl)-methanesulfonic
acid sodium salt (22.2 g, 60%), a white solid. LC-MS
showed the molecular ion of the sulfonic acid.
(G9381-183) Step 2: Preparation of
(2-Trifluoromethylphenyl)-methanesulfonic acid Using
the procedure described in Example 1, Step 2, (2-
trifluoromethylphenyl)-methanesulfonic acid sodium
salt (22.2 g, 84 mmol) afforded
(2-trifluoromethylphenyl)-methanesulfonic acid (20.3
g, -100%), a pale yellow solid. (G9381-183) Step 3:
Preparation of
(2-Trifluoromethylphenyl)-methanesulfonyl chloride
Using the procedure described in Example 1, Step 3,
(2- trifluoromethylphenyl)-methanesulfonic acid (20.3
g, 84 mmol) afforded (2-
trifluoromethylphenyl)-methanesulfonyl chloride (19.6
g, 90%) as a white solid after crystallization from
petroleum ether. 1HNMR (400 MHz, CDCI3) d 5.15 (s, 2
H), 7.60(t, J=7.6 Hz, 1 H), 7.66 (t, J=7A Hz, 1H),
7.80 (dd, J= 7.5 & 2.8 Hz, 2 H). (G9381- 184) EXAMPLE
7 PREPARATION OF (2-BENZYLOXY-PHENYL)-METHANESULFONYL
CHLORIDE Step 1: Preparation of
(2-Benzyloxy-phenyl)-methanesulfonic acid Sodium
sulfite (4.2 g) was added to a stirred mixture of
1-benzyloxy-2- bromomethyl-benzene (8.9 g),
tetrabutylammonium iodide (59 mg) and water (150 ml).
The mixture was warmed to reflux for overnight. As the
mixture cooled to 0 0C, it was acidified by 6N HCI.
Extraction by ethyl acetate (100ml x 6) was performed
(some remained in the aqueous layer). The combined
organic phases were dried over MgSO4. The filtrate was
concentrated in vacuo. The product was triturated by
ethyl ether to give
(2-benzyloxy-phenyl)-methanesulfonic acid (678 mg,
8%). 1H NMR (400 MHz, DMSO-D6): d ppm 3.82 (s, 2 H)
5.09 (s, 2 H) 6.86 (t, J=7.45 Hz, 1 H) 6.96 (d, J=8.08
Hz, 1 H) 7.14 (t, J=7.83 Hz, 1 H) 7.32 (d, J=7.33 Hz,
1 H) 7.38 (t, J=7.33 Hz, 2 H) 7.46 (d, J=9.09 Hz, 1 H)
7.52 (d, J=7.07 Hz, 2 H). Step 2: Preparation of
(2-Benzyloxy-phenyl)-methanesulfonyl chloride
Tetrahydrofuran (10 ml), (2-benzyloxy-phenyl)
methanesulfonic acid (138 mg), and
N,N-dimethylformamide (2 drops) was cooled to - 780C
and oxalyl chloride (315 mg) was added slowly. The
reaction mixture was stirred for 3 h from - 780C to
O0C. The reaction mixture was clarified by filtration.
The filtrate was washed with iced-water and heptane,
and dried to give (2-benzyloxy-phenyl)-methanesulfonyl
chloride (114 mg, 77%). 1H NMR (400 MHz,
CHLOROFORM-D): d ppm 5.06 (s, 2 H) 5.15 (s, 2 H) 7.04
(m, 2 H) 7.42 (m, 7 H). EXAMPLE 8 PREPARATION OF
(2,3-DICHLOROPHENYL)-METHANESULFONYL CHLORIDE Step 1:
Preparation of (2,3-Dichlorophenyl)-methanesulfonic
acid sodium salt To a suspension of 2,3-dichlorobenzyl
chloride (0.68 mL, 5.0 mmole) in 20 mL water was added
sodium sulfite (630 mg, 5.0 mmole) and the mixture was
heatedto reflux overnight. The reaction mixture was
evaporated exhaustively on the rotary evaporator and
dried under vacuum to give the sodium salt of
(2,3-dichlorophenyl)- methanesulfonic acid as a white
solid. 1H NMR (400 MHz1DMSO-D6) d ppm 3.97 (s, 2 H)
7.28 (t, J=7.83 Hz, 1 H) 7.49 (m, 2 H) Step 2:
Preparation of (2,3-Dichlorophenyl)-methanesulfonic
acid The sodium salt of
(2,3-dichlorophenyl)-methanesulfonic acid (5.0 mmole)
was suspended in 50 mL MeOH and stirred at 50 0C for 1
hour, then cooled to - 10 0C. HCI gas was bubbled in
for several seconds and the resulting white suspension
was stirred at - 10 0C for 1 hour. The mixture was
filtered through Celite(r) and evaporated. The
resulting residue was triturated with 60 mL dry
acetone and filtered. The filtrate was evaporated to
give a yellow semi-solid. This solid was triturated
with 40 mL 2:1 ether: hexane. The resulting solid was
filtered and washed with hexane to give 902 mg
(2,3-dichlorophenyl)-methanesulfonic acid. 1H NMR (400
MHz1DMSOD6) d ppm 3.96 (s, 2 H) 7.27 (t, J=7.83 Hz1 1
H) 7.49 (m, 2 H) Step 3: Preparation of
(2,3-Dichlorophenyl)-methanesulfonyl chloride
(2,3-dichlorophenyl)-methanesulfonic acid (260 mg, 1.0
mmole) was dissolved in 5 mL dry THF and cooled to
O0C. A catalytic drop of DMF was added followed by
oxalyl chloride (0.44 mL, 5.0 mmole). The reaction
mixture was allowed to warm to room temperature over
90 minutes and then filtered through Celite(r),
rinsing the Celite(r) with an additional 15 mL dry
THF. The filtrate was evaporated to a volume of ca. 5
mL and then 5 mL water was added in small portions,
cooling the vessel in a water bath. The mixture was
extracted with 2 x 25 mL EtOAc and the combined
organics were washed with saturated sodium
bicarbonate, brine, and dried (MgSO4). Filtration and
evaporation gives the crude product as a yellow oil.
Chromatography on silica gel using a gradient of 5%
EtOAc/Hexane to 30% EtOAc/Hexane gives 142 mg
(2,3-dichlorophenyl)-methanesulfonyl chloride as a
white solid. 1H NMR (400 MHz, CHLOROFORM-D) d ppm 5.09
(s, 2 H) 7.25 (t, J=7.96 Hz, 1 H) 7.45 (m, 1 H) 7.53
(dd, J=8.08, 1.52 Hz 1 H)EXAMPLE 9 PREPARATION OF
(2-FORMYL-PHENYL)-METHANESULFONYL CHLORIDE Step 1:
Preparation of 2-Bromomethyl-benzaldehyde To
a-bromo-o-tolunitrile (10 g, 51 mmol) in DCM at O0C
was added DIBAL-H (1M in hexane, 55 mL, 55 mmol) and
the reaction mixture was stirred at the same
temperature for 3.5h before pouring into a solution of
cold 5% HBr. After stirring for an additional 15 min,
the layers were separated and the aqueous layer was
extracted with DCM and the combined organic layers
were washed with NaHCO3 and water, dried over MgSO4
and evaporated to yield a dark liquid (9.4 g). The
material was used directly in the next step without
further purification. Step 2: Preparation of
(2-Formyl-phenyl)-methanesulfonic acid sodium salt
Using the procedure described in Example 1, Step 1,
2-bromomethylbenzaldehyde (1.58 g, 7.94 mol) afforded
(2-formyl-phenyl)-methanesulfonic acid sodium salt
(1.40 g, 80%), an off white solid. (L27234-72) Step 3:
Preparation of (2-Formyl-phenyl)-methanesulfonic acid
Using the procedure described in Example 1, Step 2,
(2-formyl-phenyl)- methanesulfonic acid sodium salt
(1.40 g, 6.30 mmol) afforded (2-formyl-phenyl)-
methanesulfonic acid (418 mg, 33%), a pale yellow
solid. (L27234-73) 



Step 4: Preparation of
(2-Formyl-phenyl)-methanesulfonyl chloride Using the
procedure described in Example 1, Step 3,
(2-formyl-phenyl)- methanesulfonic acid (418 mg, 2.09
mmol) afforded (2-formyl-phenyl)- methanesulfonyl
chloride (367 mg, 80%). 1HNMR (400 MHz, CDCI3) d 10.15
(s, 1 H), 7.92 (dd, 1 H), 7.74-7.61 (m, 3 H), 5.67 (s,
2 H). (L27234-74) EXAMPLE 10 PREPARATION OF
(3,4-DICHLOROPHENYL)-METHANESULFONYL CHLORIDE The
title compound can be prepared by one of ordinary
skill in the art with proper modification of the
procedure of Example 8 such as replacing
2,3-dichlorobenzyl chloride with 3,4-dichlorobenzyl
chloride as the starting material of Step Those
skilled in the art will recognize that various changes
and/or modifications may be made to aspects or
embodiments of this invention and that such changes
and/or modifications may be made without departing
from the spirit of this invention. Therefore, it is
intended that the appended claims cover all such
equivalent variations as will fall within the spirit
and scope of this invention. This application claims
priority benefit of U.S. Provisional Application Ser.
No. 60/547,600 filed 2/25/04, which is incorporated by
reference herein in its entirety. It is intended that
each of the patents, applications, and printed
publications, including books, mentioned in this
patent document be hereby incorporated by reference in
their entirety.WHAT IS CLAIMED IS: 1. A process for
preparing a compound of Formula I: Ar-R-SO 2-X I
wherein: Ar is aryl or heteroaryl optionally
substituted by one or more substituents selected from
the group consisting of halogen, C1-C6 alkyl, C3-C7
cycloalkyl, heterocycloalkyl, formyl, cyano, nitro,
OH, C1-C6 alkoxy, arylalkyloxy, C1-C6 haloalkyl, C1-C3
perhaloalkyl, C1-C6 haloalkoxy, C1-C3 perhaloalkoxy,
NR1R2, NR1COR3, aryl, aryloxy, heteroaryl and
heteroaryloxy; R is C1-C6 alkylenyl; R1 and R2 are
each independently selected from the group consisting
of H, C1-C6 alkyl and C3-C7 cycloalkyl; or R1 and R2
together with the N atom to which they are attached
form a 5- or 6- membered heterocycle; R3 is selected
from the group consisting of H, C1-C6 alkyl and C3-C7
cycloalkyl; and X is halogen; comprising: (a) reacting
a compound of Formula II: Ar-R-L Il wherein L is a
leaving group, with a Group I or Il metal sulfite salt
optionally in the presence of a phase transfer
catalyst to form a sulfonic acid salt compound of
Formula III: (Ar-R-SO 3 1)qM III wherein M is a Group
I or Il metal ion; wherein q is 1 where M is Group I
metal ion, and q is 2 where M is a Group Il metal ion;
(b) reacting said compound of Formula III with a
protic acid to form a sulfonic acid compound of
Formula IV: Ar-R-SO 3HIV and (c) reacting said
compound of Formula IV with a halogen substitution
reagent to form said compound of Formula I. 2. A
process according to claim 1 wherein said reacting of
step (a) is carried out in the presence of a phase
transfer catalyst. 3. A process according to claim 1
or claim 2 wherein step (a) further comprises
isolating said compound of Formula III by
precipitating said compound of Formula III and
optionally filtering the resulting precipitate. 4. A
process according to any one of claims 1 to 3 wherein
said reacting of step (a) is carried out in a solvent
comprising water. 5. A process according to claim 4
wherein said precipitating is facilitated by: (1)
treating the reaction mixture of step (a) with a
water-soluble metal halide salt; or (2) adding solvent
that is not substantially miscible with water to the
reaction mixture of step (a); or both (1) and (2). 6.
A process according to claim 5 wherein said
water-soluble metal halide salt comprises NaCI. 7. A
process according to claim 5 or claim 6 wherein said
solvent that is not substantially miscible with water
comprises ethyl acetate. 8. A process according to any
one of claims 1 to 7 wherein said protic acid of step
(b) is selected from the group consisting of HCI, HBr,
H3PO4, HNO3, HCIO4, and H2SO , or a combination
thereof. 9. A process according to claim 8 wherein
said protic acid comprises HCI.10. A process according
to claim 9 wherein said protic acid comprises gaseous
HCI. 11. A process according to any one of claims 1 to
10 wherein said reacting of step (b) is carried out in
a solvent comprising an alcohol. 12. A process
according to claim 11 wherein said alcohol comprises
methanol. 13. A process according to any one of claims
1 to 12 wherein said step (b) further comprises
isolating said compound of Formula IV by precipitating
said compound of Formula IV, and optionally filtering
the resulting precipitate. 14. A process according to
any one of claims 1 to 13 wherein said halogen
substitution reagent is selected from the group
consisting of SOCI2, POCI3, CCL/triphenylphosphine,
oxalyl chloride and oxalyl bromide. 15. A process
according to claim 14 wherein said halogen
substitution reagent comprises oxalyl chloride. 16. A
process according to any one of claims 1 to 15 wherein
said reacting of step (c) is carried out in the
presence of an acyl transfer catalyst. 17. A process
according to claim 16 wherein said acyl transfer
catalyst comprises a tertiary amide. 18. The process
of claim 16 wherein said acyl transfer catalyst
comprises N1Ndimethylformamide. 19. A process
according to any one of claims 1 to 18 wherein Ar is
phenyl optionally substituted by one or more
substituents independently selected from the group
consisting of halogen, C1-C6 alkyl, C3-C7 cycloalkyl,
heterocycloalkyl, formyl, cyano, nitro, OH, C1-C6
alkoxy, arylalkyloxy, C1-C6 haloalkyl, C1-C3
perhaloalkyl, C1-C6 haloalkoxy, C1-C3 perhaloalkoxy,
NR1R2, NR1COR3, aryl, aryloxy, heteroaryl, and
heteroaryloxy. 20. A process according to claim 19
wherein Ar is phenyl substituted by one or more
substituents selected from the group consisting of
halogen, C1-C6 alkyl, C1-C3 perhaloalkyl, formyl, and
arylalkyloxy. 21. A process according to any one of
claims 1 to 20 wherein R is C1-C4 alkylene. 22. A
process according to claim 21 wherein R is methylene.
23. A process according to any one of claims 1 to 22
wherein L is selected from the group consisting of
halogen, OSO2CH3, OSO2CF3, and OSO2-aryl' wherein
aryl' is a phenyl group optionally substituted with 1,
2 or 3 substituents independently selected from the
group consisting of C1-C3 alkyl and halogen. 24. A
process according to claim 23 wherein L is Cl. 25. A
process according to any one of claims 1 to 24 wherein
M is Na+ ion or K+ ion. 26. A process according to any
one of claims 1 to 25 wherein X is Cl. 27. A process
according to claim 1 wherein: Ar is phenyl optionally
substituted by one or more substituent selected from
the group consisting of halogen, C1-C6 alkyl, C1-C3
perhaloalkyl, formyl, arylalkyloxy, NR1R2 and NR1COR3;
R is methylene or ethylene; R1 and R2 are each,
independently, H or C1-C6 alkyl; R3 is H or C1-C6
alkyl; X is Cl; 



L is halogen; said metal sulfite salt of step (a) is
Na2SO3;said phase transfer catalyst of step (a) is
present; said sulfonic acid salt compound of Formula
III has the Formula NaSO3-R-Ar; said step (a) further
comprises isolating said compound of Formula III; said
step (b) further comprises isolating said compound of
Formula IV; and said halogen substitution reagent of
step (c) is oxalyl chloride. 28. A process according
to claim 1 wherein the compound of Formula I is (3,4-
dichlorophenyl)-methanesulfonyl chloride,
(2,6-dimethylpheny)-methanesulfonyl chloride,
(2-methylphenyl)-methanesulfonyl chloride,
(2,6-difluorophenyl)- methanesulfonyl chloride,
2-fluoro-6-(trifluoromethylphenyl)-methanesulfonyl
chloride,
2,6-Bis(trifluoromethylphenyl)-methanesulfonyl
chloride, (2- trifluoromethylphenyl)-methanesulfonyl
chloride, (2-benzyloxy-phenyl)- methanesulfonyl
chloride, (2,3-dichlorophenyl)-methanesulfonyl
chloride, or (2- formylphenyl)-methanesulfonyl
chloride. 29. A process according to any one of claims
1 to 18 wherein the compound of Formula I, Ar, R and X
are selected in accordance with the table
hereinbelow:DIRECTIONALFLOWSENSOR INHALER The present
invention relates generally to the field of inhalation
devices, and more specifically, to inhalation devices
that utilize acoustic control to facilitate breath
activation of different systems of the inhalation
device. Particular utility for the present invention
is found in the area of facilitating inhalation of
powdered medications. Certain diseases of the
respiratory tract are known to respond to treatment by
the direct application of therapeutic agents. As these
agents are most readily available in dry powdered
form, their application is most conveniently
accomplished by inhaling the powdered material through
the nose or mouth. Alternatively, the drug in this
form may be used for treatment of diseases other than
those of the respiratory system. When the drug is
deposited on the very large surface areas of the
respiratory tract, it may be very rapidly absorbed
into the blood stream; hence, this method o f
application may take the place of administration by
injection, tablet, or other conventional means.
Several inhalation devices useful for dispensing this
powder form of medicament are known in the prior art.
For example, inU.S. Pat. Nos. 3,507,277; 3,518,992;
3,635,219; 3,795,244; and 3,807,400, inhalation
devices are disclosed having means for piercing of a
capsule containing a powdered medicament, which upon
inhalation is drawn out of the pierced capsule and
into the user's mouth and thus, into the user's lungs
and respiratory system. Several of these patents
disclose propeller means, which upon inhalation aid in
dispensing the powder out of the capsule, so that it
is not necessary to rely solely on the inhaled air to
suction powder from the capsule. For example, in U.S.
Pat. No. 2,517,482, issued to Hall, a device is
disclosed having a powder-containing capsule, which is
pierced by manual depression of a piercing pin by the
user. U.S. Pat. No. 3,831,606 discloses an inhalation
device having multiple piercing pins, propeller means,
and a self-contained power source for operating the
propeller means via external manual manipulation, so
that upon inhalation the propeller means aids in
dispensing the powder into the stream of inhaled air.
See also U.S. Pat. No. 5,458,135. The above
description of the prior art is taken largely from
U.S. Pat. No. 3,948,264 to Wilke et al, who disclose a
device for facilitating inhalation of a powdered
medication. A capsule piercing structure is provided,
which upon rotation puts one or more holes in the
capsule, which contains medication, so that upon
vibration of the capsule by an electromechanical
vibrator, the powdered drug may be released from the
capsule. The electromechanical vibrator includes, at
its innermost end, a vibrating plunger rod that is
connected to a mechanical solenoid buzzer for
energizing the rod to vibrate. The buzzer is powered
by a high-energy electric cell and is activated by an
external button switch. Moreover, as noted above, in
Wilke et al.'s disclosed device, vibration of the
powder is activated by depressing a push button. This
can be difficult and painful for some users (e.g.,
patients suffering from extreme arthritis). Finally,
in order to use Wilke et al.'s disclosed inhaler most
efficaciously, the user must depress the
vibration-actuating push button at precisely the same
time that the user begins inhalation. This can also be
difficult for some users (e.g., very young patients,
patients suffering from neuromuscular disorders,
etc.). The prior art, such as described above, is
dominated by inhaler devices that are activated by
some mechanical means of activation, e.g., airflow
sensors that include: flapper valves, turbine valves,
swirl generators, vortex measurement devices, hot
wire, direct pressure drop, ultra sonic, Doppler shift
measurement, etc. In our prior U.S. Patent No.
6,152,130, issued November 28, 2000, we provide an
inhalation device with a fluid sensor to activate and
control various components of the device. The fluid
sensor includes an acoustic element, such as a
microphone, positioned within the inhalation device to
detect fluid within the device and output signals
representative of the frequency and/or amplitude of
the fluid. These signals control and activate an
electrostatic plate and/or a high frequency vibrator.
This inhalation device provided improved utilization
of mediation by ensuring that the full (proper) dosage
of the medicament is released when the patient
breathes. However, this acoustic sensor flow does not
have the ability to detect the direction of the flow
of air. If the sensor detects a flow of air while user
is exhaling, the medicament could be released at the
wrong time and the patient would not receive the full
dose. Thus, a heretofore unaddressed need exists in
the industry to address the aforementioned
deficiencies and inadequacies. The present invention
provides an improvement over the prior art inhalation
devices such as our aforementioned U.S. Patent No.
6,152,130. The present invention provides a
directional acoustic flow sensor to operate the
inhaler. The direction acoustic flow sensor detects
the detection of the airflow into the inhaler and
permits the activation of the inhalerwhen the user
inhales and not when the user exhales. A preferred
embodiment includes an acoustic controller, wherein
the acoustic controller includes an acoustic element
to sense air flow around the element and for producing
signals representative of a frequency, direction and
amplitude of the airflow, the signals being used to
control (e.g., activate, deactivate, apply incremental
voltage, etc.) certain components of the inhalation
device. This feature helps make the inhaler more user
friendly, minimizes training necessary to use the
device and improves usability for children.
Preferably, the acoustic element is a microphone
element or pressure transducer positioned within the
air passage of an inhalation device, (e.g., a dry
powder inhaler) that produces signals in response to
the inhalation air flow. These signals are used to
control certain components of the inhaler, e.g., a
high frequency vibrator, an electrostatic plate,
timer, counter, etc. Also preferably, these signals
are used to activate/control certain components of the
inhalation device to maximize the inhalation
effectiveness to obtain maximum patient benefit from
the medicament. Thus, the present invention provides a
fully automated inhalation device, which is activated
on inhalation only, that permits optimal utilization
of the particular medication. For example, acoustic
signals can be used to trigger the high frequency
vibrator only when the patient has achieved optimum
(e.g., maximum) inhalation effort, thereby ensuring
that the full (proper) dosage of medicament properly
enters the patient's respiratory system.
Alternatively, these signals (breath-activated
signals) can be used to progressively apply increasing
power to, or, sequentially activate/deactivate the
various components of the inhalation device to achieve
optimal inhalation dosage. It will be appreciated by
those skilled in the art that although the following
Detailed Description will proceed with reference being
made to preferred embodiments and methods of use, the
present invention is not intended to be limited to
these preferred embodiments and methods of use.
Rather, the present invention is of broad scope and is
intended to be limited as only set forth in the
accompanying claims. Many aspects of the invention can
be better understood with reference to the following
drawings. The components in the drawings are not
necessarily to scale, emphasis instead being placed
upon clearly illustrating the principles of the
present invention. In thedrawings, like reference
numerals designate corresponding parts throughout the
several views. FIG. 1 is a cross-sectional view of a
typical inhalation device and the acoustic controller
of the present invention; FIG. 2 is an expanded
cross-sectional view of FIG. 1; FIG. 3 is a functional
block diagram of a preferred embodiment of the
directional acoustic controller of the present
invention; FIG. 4 is a schematic diagram of the
directional acoustic circuit; and FIG. 5 is a timing
diagram for the directional acoustic circuit.
Referring to FIGS. 1 and 2, a cross-sectional view of
an airflow passage 12 of an inhalation device 2 is
depicted. It should be noted at the outset that the
airflow passage 12 depicted in FIG. 1 is a generalized
airflow passage of a typical inhalation device, such
as those discussed above. However, the present
invention is intended to be adapted to any inhalation
device, regardless of the particular geometry of the
airflow passage. At its most basic level, the present
invention operates by providing an air flow sensor 8
to detect air 



flow turbulence around the sensor 8 (i.e., inspiratory
air flow rate of a user of the inhaler) and to control
various components of the inhalation device 2, as a
function of the amplitude, direction and/or frequency
of the detected airflow turbulence, as described
below. As shown in FIG. 1, air 10 (or any other fluid)
enters the airflow passageway 12, typically by the
respiratory activity of a patient inhaling on the
device 2. As air 10 flows through the passage 12, a
portion thereof flows through the opening 6 in the
passage 2 into a cavity 4. Placed within the cavity 4
is an air flow-sensing device 8. Preferably, the
airflowsensing device 8 is an acoustic sensing
element, e.g. a microphone. Also preferably,
microphone 8 is adapted to produce an appropriate
noise signal 48 in response to the airflow detected
within the cavity 4. The amplitude, direction, and
frequency of the airflow within the cavity 4 are a
function of the airflow rate 10 within the air passage
12 of the device 2. Thus, output noise signals 48 from
the microphone 8 will vary in both frequency and
amplitude as a function of air flow rate and direction
within the cavity (which is a function of flow rate
within the passage 12), and thus, can be used to
control various components of the inhaler 2 as a
function of frequency and/or amplitude, as described
below. The shape of the cavity 4 and the size of the
opening 6 should be chosen in accordance the
particulargeometry of the air passage 12, the air flow
rate 10 through the passage 12, and/or the frequency
response and/or sensitivity of the microphone 8; and
all such variations are within the scope of the
present invention. Preferably, as noted above, the
shape of the cavity A and the size of the opening 6
are chosen to permit at least a portion of the air
within the pa-ssage 2 to enter the cavity 4 with
sufficient amplitude to induce a response from the
microphone 8. Referring now to FIG. 2, an expanded
cross-sectional view of an embodiment of the air flow
sensor (described with reference to FIG. 1, above) in
a dry powder inhaler, sixch as disclosed in U.S. Pat.
No. 5,694,920. Depicted in FIG. 2 are the components
of a typically dry powder inhaler 2. A mouthpiece 46
is provided for a user (i.e., patient) to inhale o the
device 2. A high-frequency vibratory mechanism 28
(e.g., piezoelectric element, ultrasonic acoustic
transducer, or other electro/mechanical vibratory
mechanism, etc.) is provided to vibrate a container 20
(e.g., blister or capsule) of dry powdered medicament
50 to suspend particles of the medicament into the air
passage 12. To further aid the suspension of
particles, an electrostatic potential plate 26 may be
provided to draw particles of a certain charge (i.e.,
a charge opposite to that of the electrostatic plate
26) into the air stream 1 0. In this embodiment, a
portion 10' of the air 10 drawn into the air passage
12 is induced into the cavity 4, to be detected by the
microphone element 8. Upon detection of airflow, the
microphone element produces a noise signals 48. The
noise signals 48 are used to con_trol either the
high-frequency vibrator 28 and/or the electrostatic
plate 26, or other components of the inhaler, as
described below. FIG. 3 is a block diagram
representation of the acoustic control system of the
present invention for a dry powder inhaler. As
described above, the microphone element 8 produces
noise signals 48 in response to detected airflow 10'.
These signals are processed by an_ processing circuit
30 to condition the signals 48 and to determine the
direction of the airflow and amplitude, and/or
frequency of the noise signals 48. The processor
circuit 30 produces two signals: BREATH signal 60 and
INHALE signal 62. The BREATH signal 60 is a logic
level signal that indicates the presence of an airflow
in the inhalation device. The INHALE signal 62 is
latched at the rising edge o f the BREATH signal 60 as
an indicator of the direction of the airflow. The
state of the INHALE signal at the rising edge of the
BREATH signal is a reliable indicator of the direction
o f the airflow in the channel during breathing. These
signals are used to control the highfrequency vibrator
and/or electrostatic plate. To that end, BREATH signal
60 is input into a comparator circuit 40 and/or 32 and
compared with a reference threshold signal 52 and/or
54, respectively. Furthermore, when the comparator
circuit 40 and/or 32 first detects a rising edge on
the BREATH signal 60, the INHALE signal 62 is latched
by the comparator circuit 40 and/or 32. The high
frequency vibrator threshold 42 produces a signal 52
which represents the minimum voltage and/or frequency
required to activate the high frequency vibrator
controller 44 (which, in turn, activates the high
frequency vibrator 26). Comparator 40 compares signal
52 with BREATH signal 60 and if the signals have equal
amplitude and/or frequency (within some predetermined
error margin) and the latched INHALE signal 62 is
true, the comparator 40 activates the high frequency
vibrator controller 44, which activates and directly
controls the high frequency vibrator 26, as shown in
FIG. 5. That is, if the BREATH signal 60 is above a
reference threshold, sufficient airflow exists in the
air passage 12 to signify breathing. Thus, the
combination of the latched INHALE signal 62 being true
and the BREATH signal 60 being above a reference
threshold (i.e. true) indicates that the user is
inhaling. Similarly, a electrostatic plate deflector
controller 36 is activated by an equal match of BREATH
signal 60 and signal 54 by the comparator 32 and a
INHALE signal 62 which is true. Electrostatic plate
detector threshold 34 produces signal 54 which
represents the minimum voltage and/or frequency
required to activate the electrostatic plate 26. The
high frequency vibrator controller 44 and/or
electrostatic plate controller 36 assumes inhalation
to be continuing as long as the BREATH signal 60
remains true, independent of the subsequent changes of
the INHALE signal 62. Upon the BREATH signal 60
becoming false i.e. the signal falling below the
threshold voltage, the high frequency vibrator 28
and/or the electrostatic plate deflector 26 are
deactivated FIG. 4 is a schematic diagram including
the microphone and the processor circuit. Power to the
microphone 8 used in the inhalation device is supplied
via resistor 70. In this circuit, the noise signal 48
created by air flow across the microphone 8 is
communicated from the microphone via capacitor 72 and
amplified by the amplification circuit 100. The
amplification circuit consists of op-amp 74 and its
associated components. This amplification circuit 100
also provides low pass filtering to reduce the
sensitivity to unwanted signals. Capacitor 76, diode
78, diode 80, capacitor 82 and resistor 84 comprise
arectification circuit 102 that outputs a logic level
signal, BREATH, that is indicative of the presence
ofinhalation. The comparator circuit 104 comprises an
op-amp 86, resistor 88, resistor 90, capacitor 92, and
resistor 94. The comparator circuit 104 is a
comparator that detects the initial direction of the
airflow within the channel and outputs a signal
INHALE. The comparator circuit works as follows:
Signal 48 is applied, via a low pass filter (70, 72
and the virtual ground of 74), to the comparator. When
breathing commences, signal 48 will have an
instantaneous voltage offset, relative to the voltage
when there is no breathing, due to the change of the
pressure in air flow passage 12. The comparator senses
this voltage offset by comparing the instantaneous
voltage of signal 48 with respect to a long term or
low pass filtered version of signal 48, i.e., the
signal created at the intersection of resistor 88 and
capacitor 92. At the instant when breathing commences,
the difference between these two signals represents
the direction of the breathing, whether it is an
inhalation or exhalation. This difference is sensed by
comparator 86 which generates the INHALE signal 62.
Other schemes or circuits that exploit the difference
between the instantaneous offset of the acoustic
sensor signal at the commencement of breathing are
within the spirit and scope of the present invention.
It should be understood that noise signal 48 is
indicative of the airflow rate and direction 10,
described above. The present invention preferably is
intended to be controllable as a function of frequency
and/or amplitude of noise signals 48, thus, processor
circuit can be adapted to condition the noise signals
48 in terms of amplitude or frequency are both.
Another feature of this invention is an improved means
for handling tidal delivery of the medicament. Some
users need multiple breaths to inhale the prescribed
dosage of medicament because of asthma, decreased lung
capacity, etc. In this situation, the inhaler will
manage the dosage as follows: at such time as the
velocity of the air flow of an inhalation decreases
below a threshold (the inhalation signal becomes
false), dosing pauses; upon the beginning of another
inhalation (both the INHALE signal and the BREATH
signal become true) dosing continues until either 1)
the dosing is complete or 2) the air flow velocity
falls below the aforementioned threshold. This process
continues until dosing is complete or the cumulative
time spent inhaling exceeds a predetermined
limit.Inspiratory capacity processor 38 is provided to
compute the peak inspiratory flow 10 (represented by
signals 48) of the patient. Although not shown in the
drawings, this information can be used to adjust the
threshold signals of the high frequency vibrator
threshold 42 and/or electrostatic plate detector
threshold 34. Of course, to accomplish this, the high
frequency vibrator threshold 42 and/or electrostatic
plate detector threshold 34 must be programmable, as
is known in the art. In this way, the microphone 8 can
be programmed to trigger the various components of the
inhaler to adjust for varying inspiration flow rates
from patient-to-patient or individually. Thus, for
example, the inspirator control scheme of the present
invention can be self-adjusting to account for a
patient's decrease in inspiratory flow rate caused by,
for example, decreased lung capacity. Alternatively,
the processor 38 can be modified to sequentially turn
on the various components herein described (e.g.,
vibrator, electrostatic plate, etc.) at optimal
inhalation times (e.g., peak inhalation effort). Thus,
for example, the processor 38 can be modified to
activate the vibrator at a time just prior to the
user's peak inhalation effort, then to activate the
electrostatic plate subsequently, thereby inducing the
medicament into the airstream at a time that produces
optimal 



respiratory absorption of the medicament. Moreover,
processor 38 can be adapted with appropriate memory to
track a patient's inspiratory flow rate, which can be
used to adjust the powdered medicament 50 to achieve
maximum medication benefit. Thus, it is evident that
there has been provided an inhalation device with
acoustic control and method for operating same that
fully satisfy both the aims and objectives
hereinbefore set forth. It will be appreciated that
although specific embodiments and methods of use have
been presented, many modifications, alternatives and
equivalents are possible. For example, processing
circuit 30, threshold signal generators 34 and 42,
comparators 42 and 32 and can be any known digital
(e.g., microprocessor) or analog circuitry and/or
associated software to accomplish the functionality
described herein. Although the various components
described in FIG. 3 have been described in a modular
fashion, each of these components can be discrete
off-the-shelf or custom components, or can be included
in a single, unified system. Also, the thresholding
circuits 42 and 34, the amplitude/frequency processor
30 and the inspiratory capacitor processor 38 can be
adapted to permit user (patient) control and
user-definable presets (i.e., minimum flow rate for
activation, etc).In addition, comparators 40 and 32
can be adapted to permit generation of activation
signals based differing signal strengths and/or
frequency. Thus, for example, the high frequency
vibrator can be adapted to activate only when a signal
frequency of 1 Khz is achieved, while the
electrostatic plate will only activate when a signal
strength of 35 mV. is obtained. Other modifications
are also possible. For example, the microphone 8 can
be positioned directly on the inner wall of the
airflow passage 12 of the device 2, instead of within
the cavity 4. In addition, as shown in FIG. 1, a
turbulence generator 14 can be provided to generator
air turbulence within the air passage 12. This
modification, for example, can be used in an
inhalation device that would otherwise not permit a
portion 10' of the air 10 to enter the cavity 4. In
addition, instead of a microphone 8, the acoustic
element can be any known fluid pressure transducer
(e.g., air pressure transducer) that will output
appropriate signals as a function of fluid pressure
(amplitude) and/or frequency. Accordingly, the present
invention can be appropriately modified to operate in
any fluid medium (other than air), to provide
automatic acoustic control. Still other modifications
are possible. For example, although not shown in the
drawings, the present invention can be provided with a
timer that is controlled by signals 60 and 62. The
timer can be appropriately modified to control a
schedule of when the device may be activated, to
avoid, for example, an overdose. Thus, for example,
the timer may be modified to only permit activation of
the components of the device at certain times of the
day. Moreover, the timer may be appropriately modified
to permit downloading of data related to usage (e.g.,
time of day used, dosage of medicament, inhalation
effort, etc.). This data can be particularly relevant
for clinical trials where it is important to track the
recommended dosage and times of medication. Of course,
the previous description could be accomplished with a
counter, or the like, that simply counts the amount of
times that the device has been used. Furthermore, the
counter may be used to track the cumulative time a
user has used the device during a particular dosing or
over a fixed length of time. Although the present
invention has been directed to an acoustic control
scheme for a dry powder inhaler 2, the present
invention is not so limited. On the contrary, the
present invention is intended to be adapted for any
inhalation device that would require a control
mechanism (such as described herein) based breath
(inhalation) detection. For example, ananesthetic
device could be modified with the breath sensor and
controller as provided herein to monitor and control
the amount of anesthetic a patient receives.
Additionally, the acoustic sensing element can be used
to measure peak inspiratory and/or expiratory flow of
a particular patient, and record this information for
downloading and analysis. Although the preceding
detailed description has provided several embodiments
of controlling various components of an inhalation
device using acoustic signals representative of the
amplitude, direction and/or frequency of inhalation,
these have been provided only as examples of achieving
an acoustic control scheme, and other alternatives are
possible without departing substantially from the
spirit and principles of the invention. AUsuch
modifications and variations are intended to be
included herein within the scope of this disclosure
and the present invention and protected by the
following claims.We Claim: 1. An air inhalation device
for delivering medicament to a user, said device
comprising: an acoustic controller, said acoustic
controller including an acoustic sensing element
configured to detect air flow around said acoustic
sensing element and to produce signals that identify
the direction and amplitude of said air flow; and a
high frequency vibrator configured for inducing said
medicament into said air flow when said signals
indicate inhalation by said user. 2. An inhalation
device as claimed in claim 1, further comprising an
electrostatic plate positioned in said air flow for
attracting selected particles of medicament thereto,
said electrostatic plate being configured to activate
when said signals indicate inhalation by said user. 3.
An inhalation device as claimed in claim 1, wherein
said acoustic controller is adapted to stop the
vibration of said high frequency vibrator when said
signal indicates inhalation has stopped. 4. An
inhalation device as claimed in claim 3, wherein said
high frequency vibrator is adapted to turn off and on
with amplitude of air flow. 5. An inhalation device as
claimed in claim 1, wherein said signals control
activation of a timer, and said timer tracks
cumulative inhalation time. 6. An inhalation device as
claimed in claim 5, wherein said timer is adapted to
provide feedback to said user when cumulative
inhalation time exceeds a predetermined level. 7. An
inhalation device as claimed in claim 1, wherein
acoustic sensing element comprises an acoustic
microphone element. 8. An inhalation device as claimed
in claim 1, wherein said acoustic sensing element
comprises an air pressure transducer. 9. An inhalation
device as claimed in claim 1, wherein said medicament
comprises a dry powder medicament. 10. An inhalation
device as claimed in claim 1, wherein said medicament
is delivered from a container.11. An inhalation device
for delivering powdered medicament to a user
comprising: an air flow passage; an acoustic
controller including an acoustic sensing element
positioned within said air flow passage, said
controller being configured to detect air flow around
said acoustic sensing element and to produce signals
representative of a frequency, amplitude and direction
of said air flow; and a high frequency vibrator for
inducing said powdered medicament into said airflow,
wherein said high frequency vibrator is adapted to be
activated when said signal indicates inhalation and to
be deactivated when said signal indicates inhalation
has ceased. 12. An inhalation device as claimed in
claim 11, wherein said high frequency vibrator is
turned on and off a plurality of times until a
prescribed amount of powdered medicament is delivered.
13. An inhalation device as claimed in claim 11,
wherein said signals control activation of a timer,
said timer tracks cumulative inhalation time. 14. An
inhalation device as claimed in claim 11, wherein said
medicament is delivered from a container. 15. An
airflow directional inhalation sensor comprising: an
acoustic sensing element configured to create a signal
when air flows around said acoustic microphone element
and a conversion circuit to convert said signal into
information regard direction and amplitude of said
airflow. 16. A directional inhalation sensor device as
claimed in claim 15, wherein said conversion circuit
includes a comparator circuit for detecting an initial
direction of said airflow. 17. A directional
inhalation sensor device as claimed in claim 15,
wherein said conversion circuit includes a
rectification circuit for detecting a velocity of said
air flow. 


