
USE OF BENZO-FUSED HETEROCYLE SULFAMIDE DERIVATIVES
FOR THE TREATMENT OF PAIN CROSS REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of U.
S. Provisional Application 60/751 ,686, filed on
December 19, 2005, and U.S. Provisional Application
60/773,812, filed on February 15, 2006, which are
incorporated by reference herein in their entirety.
FIELD OF THE INVENTION The present invention is
directed to the use of benzo-fused heterocycle
sulfamide derivatives for the treatment of acute,
chronic, inflammatory and / or neuropathic pain.
BACKGROUND OF THE INVENTION Pain is generally defined
as an unpleasant sensory and emotional experience,
associated with actual or potential tissue damage
(Wileman L, Advances in pain management, Scrip Report,
2000). Acute pain is a physiological response to an
adverse chemical, thermal or mechanical stimulus that
may be associated with surgery, trauma or acute
illness. These conditions include, but are not limited
to, post-operative pain, sports medicine injuries,
carpal tunnel syndrome, burns, musculoskeletal sprains
and strains, musculotendinous strain, cervicobrachial
pain syndromes, dyspepsia, gastric ulcer, duodenal
ulcer, kidney stone pain, gallbladder pain, gallstone
pain, dysmenorrhea, endometriosis, obstetric pain,
rheumatological pain, headache or dental pain. Chronic
pain is a pain condition beyond the normal cause of an
injury or illness and may be a consequence of
inflammation or serious, progressive, 



painful disease stages. Various types of chronic pain
include, but are not - limited to, headache, migraine,
trigeminal neuralgia, temporomandibular joint
syndrome, fibromyalgia syndrome, osteoarthritis,
rheumatoid arthritis, bonepain due to osteoarthritis,
osteoporosis, bone metastases or unknown reasons,
gout, fibrositis, myofascial pain, thoracic outlet
syndromes, upper back pain or lower back pain (wherein
the back pain results from systematic, regional, or
primary spine disease (radiculopathy)), pelvic pain,
cardiac chest pain, noncardiac chest pain, spinal cord
injury-associated pain, central post-stroke pain,
cancer pain, AIDS pain, sickle cell pain or geriatric
pain. Neuropathic pain is defined as pain caused by
aberrant somatosensory processing in the peripheral or
central nervous system and includes painful diabetic
peripheral neuropathy, post-herpetic neuralgia,
trigeminal neuralgia, post-stroke pain, multiple
sclerosis-associated pain, neuropathies-associated
pain such as in idiopathic or post-traumatic
neuropathy and mononeuritis, HIVassociated neuropathic
pain, cancer-associated neuropathic pain, carpal
tunnel-associated neuropathic pain, spinal cord
injury-associated pain, complex regional pain
syndrome, fibromyalgia-as eociated neuropathic pain,
lumbar and cervical pain, reflex sympathic dystrophy,
phantom limb syndrome and other chronic and
debilitating condition-associated pain syndromes.
There remains a need to provide an effective treatment
for pain. SUMMARY OF THE INVENTION The present
invention is directed to a method for the treatment of
pain comprising administering to a subject in need
thereof a therapeutically effective amount of a
compound of formula (I) wherein R1 and R2 are each
independently selected from the group consisting of 



hydrogen and lower alkyl; R4 is selected from the
group consisting of hydrogen and lower alkyl; a is an
integer from 1 to 2;is selected from the group
consisting of wherein b is an integer from 0 to 4; and
wherein c is an integer from 0 to or a
pharmaceutically acceptable salt thereof.The present
invention is further directed to a method for the
treatment of pain comprising administering to a
subject in need thereof a therapeutically effective
amount of compound of formula (II) or a
pharmaceutically acceptable salt thereof. Exemplifying
the invention is a method of treating pain, wherein
the pain is selected from the group consisting of
acute pain or chronic pain, comprising administering
to a subject in need thereof a therapeutically
effective amount of any of the compounds or
pharmaceutical compositions described above. Further
exemplifying the invention is a method of treating
pain, wherein the pain is inflammatory pain,
comprising administering to a subject in need thereof
a therapeutically effective amount of any of the
compounds or pharmaceutical compositions described
above. Further exemplifying the invention is a method
of treating pain, wherein the pain is neuropathic
pain, comprising administering to a subject in need
thereof a therapeutically effective amount of any of
the compounds or pharmaceutical compositions described
above. The present invention is further directed to
methods for the treatment of pain comprising
administering to a subject in need thereof, co-therapy
with at least one analgesic agent and a compound of
formula (I) or formula (II) as described
herein.DETAILED DESCRIPTION QF THE INVENTION The
present invention is directed to a method for the
treatment of pain 



comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of
formula (I) or a pharmaceutically acceptable salt
thereof, wherein , a, R1, R2 and R4 are as herein
defined. The present invention is further directed to
methods of treating pain comprising co-therapy with a
least on analgesic agent and a compound of formula (I)
or formula (II) as described herein. As used herein,
the term "pain" shall be defined to include acute,
chronic, inflammatory and neuropathic pain (preferably
diabetic neuropathy). Further, the pain may be
centrally mediated, peripherally mediated, caused by
structural tissue injury, caused by soft tissue injury
or caused by progressive disease. Any centrally
mediated, peripherally mediated, structural tissue
injury, soft tissue injury or progressive disease
related pain may be acute or chronic. As used herein,
unless otherwise noted, pain shall include
inflammatory pain, centrally mediated pain,
peripherally mediated pain, visceral pain, structural
related pain, cancer pain, soft tissue injury related
pain, progressive disease related pain, neuropathic
pain, acute pain from acute injury, acute pain from
trauma, acute pain from surgery, headache, dental
pain, back pain (preferably lower back pain), chronic
pain from neuropathic conditions and chronic pain from
post-stroke conditions. In an embodiment of the
present invention, is a method for the treatment of
pain, wherein the pain is acute pain. In another
embodiment of the present invention, is a method for
the treatment of pain, wherein the pain is chronic
pain. In another embodiment of the present invention,
is a method for the treatment of pain, wherein the
pain is neurpoathic pain, more preferablydiabetic
neuropathy. In yet another embodiment of the present
invention, is a method for the treatment of pain,
wherein the pain is inflammatory pain. 



In an embodiment, the pain is selected from the group
consisting of osteoarthritis, rheumatoid arthritis,
fibromyalgia, headache, toothache, burn, sunburn,
animal bite (such as dog bite, cat bite, snake bite,
spider bite, insect sting, and the like), neurogenic
bladder, benign prostatic hypertrophy, interstitial
cystitis, rhinitis, contact
dermatitis/hypersensitivity, itch, eczema,
pharyngitis, mucositis, enteritis, cellulites,
causalgia, sciatic neuritis, mandibular joint
neuralgia, peripheral neuritis, polyneuritis, stump
pain, phantom limb pain, post operative ileus,
cholecystitis, postmastectomy pain syndrome, oral
neuropathic pain, Charcot's pain, reflex sympathetic
dystrophy, Guillain-Barre syndrome, meralgia
paresthetica, burning-mouth syndrome, post-herpetic
neuralgia, trigeminal neuralgia, peripheral
neuropathy, bilateral peripheral neuropathy, diabetic
neuropathy, postherpetic neuralgia, trigeminal
neuralgia, optic neuritis, postfebrile neuritis,
migrating neuritis, segmental neuritis, Gombault's
neuritis, neuronitis, cervicobrachial neuralgia,
cranial neuralgia, geniculate neuralgia,
glossopharyngial neuralgia, migrainous neuralgia,
idiopathic neuralgia, intercostals neuralgia, mammary
neuralgia, Morton's neuralgia, nasociliary neuralgia,
occipital neuralgia, red neuralgia, Sluder's
neuralgia, splenopalatine neuralgia, supraorbital
neuralgia, vidian neuralgia, inflammatory bowel
disease, irritable bowel syndrome, labor, childbirth,
menstrual cramps, cancer, back pain, lower back pain
and carpal tunnel syndrome pain. Acute pain includes
pain caused by acute injury, trauma, illness or
surgery (for example, open-chest surgery (including
open-heart or bypass surgery)). Acute pain also
includes, and is not limited to, headache, post
operative pain, kidney stone pain, gallbladder pain,
gallstone pain, obstetric pain, rheumatological pain,
dental pain or pain caused by sports-medicine 



injuries, carpal tunnel syndrome, burns,
musculoskeletal sprains and strains, musculotendinous
strain, cervicobrachial pain syndromes, dyspepsia,
gastric ulcer, duodenal ulcer, dysmenorrhea or
endometriosis.Chronic pain includes pain caused by an
inflammatory condition, osteoarthritis, rheumatoid
arthritis or as sequela to disease, acute injury or
trauma. Chronic pain also includes, and is not limited
to, headache, upper back pain or lower back pain
(selected from back pain resulting from systematic,
regional or primary spine disease (selected from
radiculopathy)), bone pain (selected from bone pain
due to osteoarthritis, osteoporosis, bone metastases
or unknown reasons), pelvic pain, spinal cord
injury-associated pain, cardiac chest pain,
non-cardiac chest pain, central post-stroke pain,
myofascial pain, cancer pain, AIDS pain, sickle cell
pain, geriatric pain or pain caused by headache,
migraine, trigeminal neuralgia, temporomandibular
joint syndrome, fibromyalgia syndrome, osteoarthritis,
rheumatoid arthritis, gout, fibrositis or thoracic
outlet syndromes. Neuropathic pain includes pain
resulting from chronic or debilitating conditions or
disorders. The chronic or debilitating conditions or
disorders which can lead to neuropathic pain include,
but are not limited to, painful diabetic peripheral
neuropathy, post-herpetic neuralgia, trigeminal
neuralgia, post-stroke pain, multiple
sclerosis-associated pain, neuropathies-associated
pain such as in idiopathic or post-traumatic
neuropathy and mononeuritis, HIV-associated
neuropathic pain, cancer-associated neuropathic pain,
carpal tunnel-associated neuropathic pain, spinal cord
injury-associated pain, complex regional pain
syndrome, fibromyalgia-associated neuropathic pain,
lumbar and cervical pain, reflex sympathic dystrophy,
phantom limb syndrome and other chronic and
debilitating condition-associated pain syndromes. 



As used herein, the term "analgesic agent" shall mean
any pharmaceutical agent which provide alleviation of
pain, inlcuding, but not limited to opiods and
derivative thereof, non-steroidal anti-inflammatory
agents, Tylenol-like compounds, NO donating compounds,
TRAMADOL and TRAMADOL -like compounds and
antidepressants such as amitriptyline. Preferably, the
analgesic-agent is TRAMADOL or Tylenol. Suitable
examples include, but are not limited to
Acetaminophen; Alfentanil Hydrochloride; Amnobenzoate
Potassium; Aminobenzoate Sodium; Anidoxime;
Aniferidine; Anileridine Hydrochloride; Anilopam
Hydrochloride;Anirolac; Antipyrine; Aspirin;
Benoxaprofen; Benzydamine Hydrochloride; Bicifadine
Hydrochloride; Brifentanil Hydrochloride; Bromadoline
Maleate; Bromfenac Sodium; Buprenorphine
Hydrochloride; Butacetin; Butixirate; Butorphanol;
Butorphanol Tartrate; Carbamazepine; Carbaspirin
Calcium; Carbiphene Hydrochloride; Carfentanil
Citrate; Ciprefadol Succinate; Ciramadol; Ciramadol
Hydrochloride; Clonixeril; Clonixin; Codeine; Codeine
Phosphate; Codeine Sulfate; Conorphone Hydrochloride;
Cyclazocine; Dexoxadrol Hydrochloride; Dexpemedolac;
Dezocine; Diflunisal; Dihydrocodeine Bitartrate;
Dimefadane; Dipyrone; Doxpicomine Hydrochloride;
Drinidene; Enadoline Hydrochloride; Epirizole;
Ergotamine Tartrate; Ethoxazene Hydrochloride;
Etofenamate; Eugenol; Fenoprofen; Fenoprofen Calcium;
Fentanyl Citrate; Floctafenine; Flufenisal; Flunixin;
Flunixin Meglumine; Flupirtine Maleate; Fluproquazone;
Fluradoline Hydrochloride; Flurbiprofen; Hydromorphone
Hydrochloride; Ibufenac; Indoprofen; Ketazocine;
Ketorfanol; Ketorolac Tromethamine; Letimide
Hydrochloride; Levomethadyl Acetate; Levomethadyl
Acetate Hydrochloride; Levonantradol Hydrochloride;
Levorphanol Tartrate; Lofemizole Hydrochloride;
Lofentanil Oxalate; Lorcinadol; 



Lomoxicam; Magnesium Salicylate; Mefenamic Acid;
Menabitan Hydrochloride; Meperidine Hydrochloride;
Meptazinol Hydrochloride; Methadone Hydrochloride;
Methadyl Acetate; Methopholine; Methotrimeprazine;
Metkephamid Acetate; Mimbane Hydrochloride;
Mirfentanil Hydrochloride; Molinazone; Morphine
Sulfate; Moxazocine; Nabitan Hydrochloride; Nalbuphine
Hydrochloride; Nalmexone Hydrochloride; Namoxyrate;
Nantradol Hydrochloride; Naproxen; Naproxen Sodium;
Naproxol; Nefopam Hydrochloride; Nexeridine
Hydrochloride; Noracymethadol Hydrochloride;
Ocfentanil Hydrochloride; Octazamide; Olvanil;
Oxetorone Fumarate; Oxycodone; Oxycodone
Hydrochloride; Oxycodone Terephthalate; Oxymorphone
Hydrochloride; Pemedolac; Pentamorphone; Pentazocine;
Pentazocine Hydrochloride; Pentazocine Lactate;
Phenazopyridine Hydrochloride; Phenyramidol
Hydrochloride; Picenadol Hydrochloride; Pinadoline;
Pirfenidone; Piroxicam Olamine; Pravadoline Maleate;
Prodilidine Hydrochloride; Profadol Hydrochloride;
Propirarn Fumarate; Propoxyphene Hydrochloride;
Propoxyphene Napsylate; Proxazole; Proxazole Citrate;
Proxorphan Tartrate; Pyrroliphene Hydrochloride;
Remifentanil Hydrochloride; Salcolex; Salethamide
Maleate; Salicylamide; Salicylate Meglumine;
Salsalate; Sodium Salicylate; Spiradoline Mesylate;
Sufentanil; Sufentanil Citrate; Talmetacin;
Talniflumate; Talosalate; Tazadolene Succinate;
Tebufelone; Tetrydamine; Tifurac Sodium; Tilidine
Hydrochloride; Tiopinac; Tonazocine Mesylate; Tramadol
Hydrochloride; Trefentanil Hydrochloride; Trolamine;
Veradoline Hydrochloride; Verilopam Hydrochloride;
Volazocine; Xorphanol Mesylate; Xylazine
Hydrochloride; Zenazocine Mesylate; Zomepirac Sodium
and Zucapsaicin. Additionally, the analgesic may be
combination product, including, but 



not limited Novartis' FIORICET or Forests' ESGIC or
generics (combination of acetaminophen and butalbital
and caffeine), FIORINAL or generics (combination of
aspirin, butalbital and caffeine, Novartis), MIGPRIV
or generics (combination of aspirin and
metoclopromide; Sanofi-Synthelabo), MIDRIN/MIDRID or
generics (combination of acetaminophen and
dichloralphenazone; Carnick), Sanofi-Synthelabo's
PARAMAX or Dolorgiet's MIGRAENERTON or generics
(combination of paracetamol and metoclopramide),
Abbott's VICODIN or generics (combination of
acetaminophen and hydrocodone), STADOL NS (butorphanol
nasal spray; Bristol-Myers Squibb), Boehringer
Ingelheim's LONARID or Pfizer's MIGRALEVE or generics
(combination of paracetamol and codeine), and the
like. The term "subject" as used herein, refers to an
animal, preferably a mammal, most preferably a human,
who has been the object of treatment, observation or
experiment. The term "therapeutically effective
amount" as used herein, means that amount of active
compound or pharmaceutical agent that elicits the
biological or medicinal response in a tissue system,
animal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which
includes alleviation of the symptoms of the disease or
disorder being treated. Wherein the present invention
is directed to co-therapy or combination therapy,
comprising administration of one or more compound(s)
of formula (I)or formula (II) and one or more
analgesic agents, "therapeutically effective amount"
shall mean that amount of the combination of agents
taken together so that the combined effect elicits the
desired biological or medicinal response. For example,
the therapeutically effective amount of co-therapy
comprising 



administration of a compound of formula (I) or formula
(II) and at least on analgesic agent would be the
amount of the compound of formula (I) or formula (II)
and the amount of the analgesic agent that when taken
together or sequentially have a combined effect that
is therapeutically effective. Further, it will be
recognized by one skilled in the art that in the case
of co-therapy with a therapeutically effective amount,
as in the example above, the amount of the compound of
formula (I) or formula (II) and/or the amount of the
analgesic agent individually may or may not be
therapeutically effective. As used herein, the terms
"co-therapy" and "combination therapy" shall mean
treatment of a subject in need thereof by
administering one or more compounds of formula (1) or
formula (H) in combination with one or more analgesic
agent(s), wherein the compound(s) of formula (I) or
formula (II) and the analgesic agent(s) are
administered by any suitable means, simultaneously,
sequentially, separately or in a single pharmaceutical
formulation. Where the compound(s) of formula (I) or
formula (II) and the analgesic agent(s) are
administered in separate dosage forms, the number of
dosages administered per day for each compound may be
the same or different. The compound(s) of formula (I)
or formula (II) and the analgesic agent(s) may be
administered via the same or different routes of
administration. Examples of suitable methods of
administration include, but are not limited to, oral,
intravenous (iv), intramuscular (im), subcutaneous
(sc), transdermal, and rectal. Compounds may also be
administered directly to the nervous system including,
but not limited to, intracerebral, intraventricular,
intracerebroventricular, intrathecal, intracisternal,
intraspinal and / or peri-spinal routes of
administration by delivery via intracranial or
intravertebral needles and 



/ or catheters with or without pump devices. The
compound(s) of formula (I) or formula (II) and the
analgesic agent(s) may be administered according
tosimultaneous or alternating regimens, at the same or
different times during the course of the therapy,
concurrently in divided or single forms. In an
embodiment of the present invention R1 is selected
from the group consisting of hydrogen and methyl. In
another embodiment of the present invention R2 is
selected from the group consisting of hydrogen and
methyl. In yet another embodiment of the present
invention R1 and R2 are each hydrogen or R1 and R2 are
each methyl. In an embodiment of the present invention
-(CH2)a- is selected from the group consisting of -CH
2- and -CH 2-CH2-. In another embodiment of the
present invention -(CH2)a- is -CH 2-. In an embodiment
of the present R4 is selected from the group
consisting of hydrogen and methyl, preferably, R4 is
hydrogen. In an embodiment of the present invention a
is 1. In an embodiment of the present invention b is
an integer from 0 to 2. In another embodiment of the
present invention c is an integer from 0 to 2. In
another embodiment of the present invention b is an
integer from 0 to 1. In another embodiment of the
present invention c is an integer from 0 to 1. In yet
another embodiment of the present invention the sum of
b and c is an integer form 0 to 2, preferably an
integer form 0 to 1. In yet another embodiment of the
present invention b is an integer from 0 to 2 and c is
0. In an embodiment of the present invention, is
selected from the group consisting ofIn an embodiment
of the present invention, is selected from the group
consisting of 2-(2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(benzo[1 ,3]dioxolyl), 3- (3,4-dihydro-benzo[1
,4]dioxepinyl), 2-(6-chloro-2,3-dihydro-benzo[1
,4]dioxinyl), 



2-(6-fluoro-2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(chromanyl), 2-(5-fluoro-2,3- dihydro-benzo[1
,4]dioxinyl), 2-{7-chloro-2,3-dihydro-benzo[1
,4]dioxinyl), 2-(6- chloro-benzo[1 ,3]dioxolyl),
2-(7-nitro-2,3-dihydro-benzo[1 ,4]dioxinyl), 2-(7-
methyl-^.S-dihydro-benzorj ^ldioxinyl),
2-(5-chloro-2,3-dihydrobenzo[ 1 ,4]dioxinyl),
2-(6-bromo-2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(6,7-dichloro- 2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(8-chloro-2,3-dihydro-benzo[1 ,4]dioxinyl), 2-
(2,3-dihydro-naphtho[2,3-b][1 ,4]dioxinyl) and
2-(4-methyl-benzo[1 ,3]dioxolyl). In another
embodiment of the present invention, is selected from
the group consisting 2-(benzo[1,3]dioxolyl),
2-(2,3-dihydrobenzo[ 1 ,4]dioxinyl),
2-(6-ch)oro-2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(7-chloro-2,3-dihydro-benz s[ 1 ,4]dioxinyl),
2-(7-methyl-2,3-dihydro-benzo[1 ,4]dioxinyl), 2-(6-
bromo-2,3-dihydro-benzo[1 ,4]dioxinyl) and
2-(6,7-dichloro-2,3-dihydrobenzo[ 1 ,4]dioxinyl). In
another embodiment of the present invention, is
selected from the group consisting of
2-(2,3-dihydro-benzo[1 ,4]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1 ,4]dioxinyl) and
2-(6-bromo-2,3-dihydrobenzo[ 1 ,4]dioxinyl). In an
embodiment of the present invention R5 is selected
from the group consisting of halogen and lower alkyl.
In another embodiment of the present invention R5 is
selected from chloro, fluoro, bromo and methyl. In an
embodiment of the present invention, the stereo-center
on the compound of formula (I) is in the
S-configuration. In another embodiment of the present
invention, the stereo:center on the compound of
formula (I) is in the R-configuration. In an
embodiment of the present invention the compound of
formula (I) is present as an enantiomerically enriched
mixture, wherein the % enantiomeric enrichment (% ee)
is greater than about 75%, preferably greater than
about 



90%, more preferably greater than about 95%, most
preferably greater than about 98%. Additional
embodiments of the present invention, include those
wherein the substituents selected for one or more of
the variables defined herein (i.e. R1, R2, R3, R4, X-Y
and A) are independently selected to be any individual
substituent or any subset of substituents selected
from the complete list as defined herein.
Representative compounds of the present invention, are
as listed in Tables 1 below. Additional compounds of
the present invention are as listed in Table 3. In
Tables 1 and 2 below, the column headed "stereo"
defines the stereo-configuration at the carbon atom of
the heterocycle attached at thestarred bond. Where no
designation is listed, the compound was prepared as a
mixture of stereo-configurations. Where an "R" or "S"
designation is listed, the stereo-configuration was
based on the enantiomerically enriched starting
material. Table 1: Representative Compounds of Formula
(I)Table 2: Additional Compounds of the Present
InventionAs used herein, unless otherwise noted,
"halogen" shall mean chlorine, bromine, fluorine and
iodine. As used herein, unless otherwise noted, the
term "alkyl" whether used alone or as part of a
substituent group, includes straight and branched
chains. For example, alkyl radicals include methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
t-butyl, pentyl and the like. Unless otherwise noted,
"lower" when used with alkyl means a carbon chain
composition of 1-4 carbon atoms. As used herein,
unless otherwise noted, "alkoxy" shall denote an
oxygen ether radical of the above described straight
or branched chain alkyl groups. For example, methoxy,
ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-hexyloxy
and the like. 



As used herein, the notation "*" shall denote the
presence of a stereogenic center.When a particular
group is "substituted" (e.g., alkyl, aryl, etc.), that
group may have one or more substituents, preferably
from one to five substituents, more preferably from
one to three substituents, most preferably from one to
two substituents, independently selected from the list
of substituents. With reference to substituents, the
term "independently" means that when more than one of
such substituents is possible, such substituents may
be the same or different from each other. Under
standard nomenclature used throughout this disclosure,
the terminal portion of the designated side chain is
described first, followed by the adjacent
functionality toward the point of attachment. Thus,
for example, a "phenyl-alkylamino- carbonyl-alkyl"
substituent refers to a group of the formula
Abbreviations used in the specification, particularly
the Schemes and Examples, are as follows: DCC
Dicyclohexyl Carbodiimide DCE Dichloroethane DCM
Dichloromethane DIPEA or DIEA Diisopropylethylamine
DMF N,N-Dimethylformamide DMSO Dimethylsulfoxide EDC
Ethylcarbodiimide Et3N OrTEA Triethylamine Et2O
Diethyl ether EA or EtOAc Ethyl acetate 



EtOH EthanolIPA = 2-propanol Hept = Heptane HOBT =
1-Hydroxybenzotriazole HPLC = High Pressure Liquid
Chromatography LAH = Lithium Aluminum Hydride M or
MeOH = Methanol NMR = Nuclear Magnetic Resonance Pd-C
= Palladium on Carbon Catalyst RP HPLC = Reverse Phase
High Pressure Liquid Chromatography RT or rt = Room
temperature TEA = Triethylamine TFA = Trifluoroacetic
Acid THF = Tetrahydrofuran TLC = Thin Layer
Chromatography Where the compounds according to this
invention have at least one chiral center, they may
accordingly exist as enantiomers. Where the compounds
possess two or more chiral centers, they may
additionally exist as diastereomers. It is to be
understood that all such isomers and mixtures thereof
are encompassed within the scope of the present
invention. Furthermore, some of the crystalline forms
for the compounds may exist as polymorphs and as such
are intended to be included in the present invention.
In addition, some of the compounds may form solvates
with water (i.e., hydrates) or common organic
solvents, and such solvates are also intended to be
encompassed within the scope of this invention. 



For use in medicine, the salts of the compounds of
this invention refer to non-toxic "pharmaceutically
acceptable salts." Other salts may, however, be useful
in the preparation of compounds according to this
invention or of their pharmaceutically acceptable
salts. Suitable pharmaceutically acceptable salts of
the compounds include acid addition salts which may,
for example, be formed by mixing a solution of the
compound with a solution of apharmaceutically
acceptable acid such as hydrochloric acid, sulfuric
acid, fumaric acid, maleic acid, succinic acid, acetic
acid, benzoic acid, citric acid, tartaric acid,
carbonic acid or phosphoric acid. Furthermore, where
the compounds of the invention carry an acidic moiety,
suitable pharmaceutically acceptable salts thereof may
include alkali metal salts, e.g., sodium or potassium
salts; alkaline earth metal salts, e.g., calcium or
magnesium salts; and salts formed with suitable
organic ligands, e.g., quaternary ammonium salts.
Thus, representative pharmaceutically acceptable salts
include the following: acetate, benzenesulfonate,
benzoate, bicarbonate, bisulfate, bitartrate, borate,
bromide, calcium edetate, camsylate, carbonate,
chloride, clavulanate, citrate, dihydrochloride,
edetate, edisylate, estolate, esylate, fumarate,
gluceptate, gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isothionate,
lactate, lactobionate, laurate, malate, maleate,
mandelate, mesylate, methylbromide, methylrtrate,
methylsulfate, mucate, napsylate, nitrate,
N-methylglucamine ammonium salt, oleate, pamoate
(embonate), palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate,
stearate, sulfate, subacetate, succinate, tannate,
tartrate, teoclate, tosylate, triethiodide and
valerate. 



Representative acids and bases which may be used in
the preparation of pharmaceutically acceptable salts
include the following: acids including acetic acid,
2,2-dichloroactic acid, acylated amino acids, adipic
acid, alginic acid, ascorbic acid, L-aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic
acid, (+)-camphoric acid, camphorsulfonic acid, (+)-(1
S)-camphor-1 Orsulfoic acid, capric acid, caproic
acid, caprylic acid, cinnamic acid, citric acid,
cyclamic acid, dodecylsulfuric acid, ethane-1 ,2-
disulfonic acid, ethanesulfonic acid,
2-hydrocy-ethanesulfonic acid, formic acid, fumaric
acid, galactaric acid, gentisic acid, glucoheptonic
acid, D-gluconic acid, D-glucoronic acid, L-glutamic
acid, a-oxo-glutaric acid, glycolic acid, hipuric
acid, hydrobromic acid, hydrochloric acid,
(+)-L-lactic acid, ()-DL-lactic acid, lactobionic
acid, maleic acid, (-)-L-malic acid, malonic acid,
()-DL-mandelicacid, methanesulfonic acid,
naphthalene-2-sulfonic acid, naphthalene-1 ,5-
disulfonic acid, 1-hydroxy-2-paphthoic acid, nicotine
acid, nitric acid, oleic acid, orotic acid, oxalic
acid, palmitric acid, pamoic acid, phosphoric acid,
Lpyroglutamic acid, salicylic acid, 4-amino-salicylic
acid, sebaic acid, stearic acid, succinic acid,
sulfuric acid, tannic acid, (+)-L-tartaric acid,
thiocyanic acid, p-toluenesulfonic acid and
undecylenic acid; and bases including ammonia,
L-arginine, benethamine, benzathine, calcium
hydroxide, choline, deanol, diethanolamine,
diethylamine, 2-(diethylamino)- ethanol, ethanolamine,
ethylenediamine, N-methyl-glucamine, hydrabamine,
1H-imidazole, L-lysine, magnesium hydroxide,
4-(2-hydroxyethyl)-morpholine, piperazine, potassium
hydroxide, 1-(2-hydroxyethyl)-pyrrolidine, secondary
amine, sodium hydroxide, triethanolamine, tromethamine
and zinc hydroxide. Compounds of formula (I) may be
prepared according to the process outlined in Scheme
1. 



Scheme 1 Accordingly, a suitably substituted compound
of formula (X), a known compound or compound prepared
by known methods, is reacted with sulfamide, a known
compound, preferably wherein the sulfamide is present
in an amount in the range of about 2 to about 5
equivalents, in an organic solvent such as THF,
dioxane, and the like, preferably at an elevated
temperature in the range of about 50C to about 1000C,
more preferably at about reflux temperature, to yield
the corresponding compound of formula
(Ia).Alternatively, a suitably substituted compound of
formula (X), a known compound or compound prepared by
known methods, is reacted with a suitably substituted
compound of formula (Xl), a known compound or compound
prepared by known methods, in the presence of a base
such as TEA, DIPEA, pyridine, and the like, in an
organic solvent such as DMF, DMSO, and the like, to
yield the corresponding compound of formula (I).
Compounds of formula (X) wherein (R5)b-Ij- [ V-(CH 2)
. (Xa) Scheme 2 Accordingly, a suitably substituted
compound of formula (XII), a known compound or
compound prepared by known method (for example as
described in Scheme 3 above) is reacted with NH4OH, a
known compound, optionally in an organic solvent such
as acetonitrile, and the like, to yield the
corresponding compound of formula (XIII). The compound
of formula (XIII) is reacted with a suitably selected
reducing agent, such as LAH and the like, and the
like, in an organic solvent such as THF diethyl ether,
and the like, to yield the corresponding compound 



of formula (Xa).Compounds of formula (X) wherein is
selected from may be prepared according to the process
outlined in Scheme 3. (XlV) (XV) (Xb) Scheme 3
Accordingly, a suitably substituted compound of
formula (XIV), a known compound or compound prepared
by known methods, is reacted with NH OH, in the
presence of a coupling agent such as DCC, and the
like, optionally in an organic solvent such as
acetonitrile, and the like, to yield the corresponding
compound of formula (XV). The compound of formula (XV)
is reacted with a suitably selected reducing agent,
such as LAH, and the like, in an organic solvent such
as THF, diethyl ether, and the like, to yield the
corresponding compound of formula (Xb).Compounds of
formula (X) wherein is selected from and wherein a is
2, may be prepared according to the process outlined
in Scheme 4. <Xc > Scheme 5 Accordingly, a suitably
substituted compound of formula (XVI) wherein J1 is a
suitable leaving group such as Br, Cl, I, tosyl,
mesyl, triflyl, and the like, a known compound or
compound prepared by known methods (for example, by
activating the corresponding compound wherein J1 is
OH), is reacted with a cyanide such as potassium
cyanide, sodium cyanide, and the like, in an organic
solvent such as DMSO, DMF, THF, and the like, to yield
the 



corresponding compound of formula (XVII). The compound
of formula (XVII) is reduced according to known
methods, for example by reacting with a suitable
reducing agent such as LAH, borane, and the like, to
yield the corresponding compound of formula
(Xc).Compounds of formula (X) wherein is selected from
and wherein a is 1, may be prepared according to the
process outlined in Scheme 5. (XVlIl) (XIX) Scheme 5
Accordingly, a suitably substituted compound of
formula (XVIII), a known compound or compound prepared
by known methods is activated, according to known
method, to yield the corresponding compound of formula
(XIX), wherein J2 is a suitable leaving group, such
tosylate, Cl, Br, I, mesylate, triflate, and the like.
The compound of formula (XlX) is reacted with a
phthalimide salt such as potassium phthlimide, sodium
phthalimide, and the like, in an organic solvent such
as DMF, DMSO, acetonitrile, and the like, preferably,
at an elevated temperature in the range of from 50 C
to about 2000C, more preferably, at about reflux
temperature, to yield the corresponding compound of
formula (XX).The compound of formula (XX) is reacted
with N2H4, a known compound, in an organic solvent
such as ethanol, methanol, and the like, preferably,
at an elevated temperature in the range of from about
500C to about 1000C, more preferably, at about reflux
temperature, and the like, to yield the corresponding
compound of formula (Xd). One skilled in the art will
recognize that compounds of formula (X) known methods
or for example, according to the processes outlined in



Schemes 2 through 5 above, by selecting and
substituting the corresponding naphthyl-fused
compounds for the benzo-fused starting materials. One
skilled in the art will further recognize that wherein
a single enantiomer (or a mixture of enantiomers
wherein one enantiomer is enriched) of a compound of
formula (X) is desired, the above processes as
described in Schemes 1 through 5 may be applied by
substituting the corresponding single enantiomer (or
mixture of enantiomers wherein one enantiomer is
enriched) for the appropriate starting material.One
skilled in the art will recognize that wherein a
reaction step of the present invention may be carried
out in a variety of solvents or solvent systems, said
reaction step may also be carried out in a mixture of
the suitable solvents or solvent systems. Where the
processes for the preparation of the compounds
according to the invention give rise to mixture of
stereoisomers, these isomers may be separated by
conventional techniques such as preparative
chromatography. The compounds may be prepared in
racemic form, or individual .enantiomers may be
prepared either by enantiospecific synthesis or by
resolution. The compounds may, for example, be
resolved into their component enantiomers by Standard
techniques, such as the formation of diastereomeric
pairs by salt formation with an optically active acid,
such as (-)-di-p-toluoyl-D-tartaric acid and/or
(+)-di-p-toluoyl-L-tartaric acid followed by
fractional crystallization and regeneration of the
free base. The compounds may also be resolved by
formation of diastereomeric esters or amides, followed
by chromatographic separation and removal of the
chiral auxiliary. Alternatively, the compounds may be
resolved using a chiral HPLC column. During any of the
processes for preparation of the compounds of the 



present invention, it may be necessary and/or
desirable to protect sensitive or reactive groups on
any of the molecules concerned. This may be achieved
by means of conventional protecting groups, such as
those described in Protective Groups in Organic
Chemistry , ed. J.F.W. McOmie, Plenum Press, 1973; and
T.W. Greene & P.G.M. Wuts, Protective Groups in
Organic Synthesis . John Wiley & Sons, 1991 . The
protecting groups may be removed at a convenient
subsequent stage using methods known from the art. j
The present invention further comprises pharmaceutical
compositions containing one or more compounds of
formula (I) with a pharmaceutically acceptable
carrier. Pharmaceutical compositions containing one or
more of the compounds of the invention described
herein as the active ingredient can beprepared by
intimately mixing the compound or compounds with a
pharmaceutical carrier according to conventional
pharmaceutical compounding techniques. The carrier may
take a wide variety of forms depending upon the
desired route of administration (e.g., oral,
parenteral). Thus for liquid oral preparations such as
suspensions, elixirs and solutions, suitable carriers
and additives include water, glycols, oils, alcohols,
flavoring agents, preservatives, stabilizers, coloring
agents and the like; for solid oral preparations, such
as powders, capsules and tablets, suitable carriers
and additives include starches, sugars, diluents,
granulating agents, lubricants, binders,
disintegrating agents and the like. Solid oral
preparations may also be coated with substances such
as sugars or be enteric-coated so as to modulate major
site of absorption. For parenteral administration, the
carrier will usually consist of sterile water and
other ingredients may be added to increase solubility
or preservation. Injectable suspensions or solutions
may also be prepared utilizing aqueous 



carriers along with appropriate additives. To prepare
the pharmaceutical compositions of this invention, one
or more compounds of the present invention as the
active ingredient is intimately admixed with a
pharmaceutical carrier according to conventional
pharmaceutical compounding techniques, which carrier
may take a wide variety of forms depending of the form
of preparation desired for administration, e.g., oral
or parenteral such as intramuscular. In preparing the
compositions in oral dosage form, any of the usual
pharmaceutical media may be employed. Thus, for liquid
oral preparations, such as for example, suspensions,
elixirs and solutions, suitable carriers and additives
include water, glycols, oils, alcohols, flavoring
agents, preservatives, coloring agents and the like;
for solid oral preparations such as, for example,
powders, capsules, caplets, gelcaps and tablets,
suitable carriers and additives include starches,
sugars, diluents, granulating agents, lubricants,
binders, disintegrating agents and the like. Because
of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form,
in which case solid pharmaceutical carriers are
obviously employed. If desired, tablets may be sugar
coated or enteric coated by standard techniques. For
parenterals, the carrier will usuallycomprise sterile
water, through other ingredients, for example, for
purposes such as aiding solubility or for
preservation, may be included. Injectable suspensions
may also be prepared, in which case appropriate liquid
carriers, suspending agents and the like may be
employed. The pharmaceutical compositions herein will
contain, per dosage unit, e.g., tablet, capsule,
powder, injection, teaspoonful and the like, an amount
of the active ingredient necessary to deliver an
effective dose as described above. The pharmaceutical
compositions herein will contain, per unit dosage
unit, e.g., 



tablet, capsule, powder, injection, suppository,
teaspoonful and the like, of from about 0.1-1000 mg
and may be given at a dosage of from about 0.01-200.0
mg/kg/day, preferably from about 0.1 to 100 mg/kg/day,
more preferably from about 0.5-50 mg/kg/day, more
preferably from about 1.0-25.0 mg/kg/day or any range
therein. The dosages, however, may be varied depending
upon the requirement of the patients, the severity of
the condition being treated and the compound being
employed. The use of either daily administration or
postperiodic dosing may be employed. Preferably these
compositions are in unit dosage forms from such as
tablets, pills, capsules, powders, granules, sterile
parenteral solutions or suspensions, metered aerosol
or liquid sprays, drops, ampoules, autoinjector
devices or suppositories; for oral parenteral,
intranasal, sublingual or rectal administration, or
for administration by inhalation or insufflation.
Alternatively, the composition may be presented in a
form suitable for once-weekly or oncemonthly
administration; for example, an insoluble salt of the
active compound, such as the decanoate salt, may be
adapted to provide a depot preparation for
intramuscular injection. For preparing solid
compositions such as tablets, the principal active
ingredient is mixed with a pharmaceutical carrier,
e.g. conventional tableting ingredients such as corn
starch, lactose, sucrose, sorbitol, talc, stearic
acid, magnesium stearate, dicalcium phosphate or gums,
and other pharmaceutical diluents, e.g. water, to form
a solid preformulation composition containing a
homogeneous mixture of a compound of the present
invention, or a pharmaceutically acceptable salt
thereof. When referring to these preformulation
compositions as homogeneous, it is meant that the
activeingredient is dispersed evenly throughout the
composition so that the composition may be readily
subdivided into equally effective dosage forms 



such as tablets, pills and capsules. This solid
preformulation composition is then subdivided into
unit dosage forms of the type described above
containing from 0.1 to about 1000 mg of the active
ingredient of the present invention. The tablets or
pills of the novel composition can be coated or
otherwise compounded to provide a dosage form
affording the advantage of prolonged action. For
example, the tablet or pill can comprise an inner
dosage and an outer dosage component, the latter being
in the form of an envelope over the former. The two
components can be separated by an enteric layer which
serves to resist disintegration in the stomach and
permits the inner component to pass intact into the
duodenum or to be delayed in release. A variety of
material can be used for such enteric layers or
coatings, such materials including a number of
polymeric acids with such materials as shellac, cetyl
alcohol and cellulose acetate. The liquid forms in
which the novel compositions of the present invention
may be incorporated for administration orally or by
injection include, aqueous solutions, suitably
flavored syrups, aqueous or oil suspensions, and
flavored emulsions with edible oils such as cottonseed
oil, sesame oil, coconut oil or peanut oil, as well as
elixirs and similar pharmaceutical vehicles. Suitable
dispersing or suspending agents for aqueous
suspensions, include synthetic and natural gums such
as tragacanth, acacia, alginate, dextran, sodium
carboxymethylcellulose, methylcellulose,
polyvinylpyrrolidone or gelatin. The method of
treating depression described in the present invention
may also be carried out using a pharmaceutical
composition comprising any of the compounds as defined
herein and a pharmaceutically acceptable carrier. The
pharmaceutical composition may contain between about
0.1 mg and 1000 mg, 



preferably about 50 to 500 mg, of the compound, and
may be constituted into any form suitable for the mode
of administration selected. Carriers include necessary
and inert pharmaceutical excipients, including, but
not limited to, binders, suspending agents,
lubricants, flavorants, sweeteners, preservatives,
dyes, and 2qcoatings. Compositions suitable for oral
administration include solid forms, such as pills,
tablets, caplets, capsules (each including immediate
release, timed release and sustained release
formulations), granules, and powders, and liquid
forms, such as solutions, syrups, elixers, emulsions,
and suspensions. Forms useful for parenteral
administration include sterile solutions, emulsions
and suspensions. Advantageously, compounds of the
present invention may be administered in a single
daily dose, or the total daily dosage may be
administered in divided doses of two, three or four
times daily. Furthermore, compounds for the present
invention can be administered in intranasal form via
topical use of suitable intranasal vehicles, or via
transdermal skin patches well known to those of
ordinary skill in that art. To be administered in the
form of a transdermal delivery system, the dosage
administration will, of course, be continuous rather
than intermittent throughout the dosage regimen. For
instance, for oral administration in the form of a
tablet or capsule, the active drug component can be
combined with an oral, non-toxic pharmaceutically
acceptable inert carrier such as ethanol, glycerol,
water and the like. Moreover, when desired or
necessary, suitable binders; lubricants,
disintegrating agents and coloring agents can also be
incorporated into the mixture. Suitable binders
include, without limitation, starch, gelatin, natural
sugars such as glucose or betalactose, corn
sweeteners, natural and synthetic gums such as acacia,
tragacanth 



or sodium oleate, sodium stearate, magnesium stearate,
sodium benzoate, sodium acetate, sodium chloride and
the like. Disintegrators include, without limitation,
starch, methyl cellulose, agar, bentonite, xanthan gum
and the like. The liquid forms in suitably flavored
suspending or dispersing agents such as the synthetic
and natural gums, for example, tragacanth, acacia,
methylcellulose and the like. For parenteral
administration, sterile suspensions and solutions are
desired. Isotonic preparations which generally contain
suitable preservatives are employed when intravenous
administration is desired.Compounds of this invention
may be administered in any of the foregoing
compositions and according to dosage regimens
established in the art whenever treatment of
depression is required. The daily dosage of the
products may be varied over a wide range from 0.01 to
200 mg / kg per adult human per day. For oral
administration, the compositions are preferably
provided in the form of tablets containing, 0.01 ,
0.05, 0.1 , 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0,
50.0, 100, 150, 200, 250, 500 and 1000 milligrams of
the active ingredient for the symptomatic adjustment
of the dosage to the patient to be treated. An
effective amount of the drug is ordinarily supplied at
a dosage level of from about 0.01 mg/kg to about 200
mg/kg of body weight per day. Preferably, the range is
from about 0.1 to about 100.0 mg/kg of body weight per
day, more preferably, from about 0.5 mg/kg to about 50
mg/kg, more preferably, from about 1.0 to about 25.0
mg/kg of body weight per day. The compounds may be
administered on a regimen of 1 to 4 times per day.
Optimal dosages to be administered may be readily
determined by those skilled in the art, and will vary
with the particular compound used, the mode of
administration, the strength of the preparation, the
mode of administration, and the advancement of the
disease condition. In addition, factors associated
with the 



particular patient being treated, including patient
age, weight, diet and time of . administration, will
result in the need to adjust dosages. One skilled in
the art will recognize that, both in vivo and in vitro
trials using suitable, known and generally accepted
cell and / or animal models are predictive of the
ability of a test compound to treat or prevent a given
disorder. One skilled in the art will further
recognize that human clinical trails including
first-in-human, dose ranging and efficacy trials, in
healthy patients and / or those suffering from a given
disorder, may be completed according to methods well
known in the clinical and medical arts.The following
Examples are set forth to aid in the understanding of
the invention, and are not intended and should not be
construed to limit in any way the invention set forth
in the claims which follow thereafter. Example 1
f(3,4-Dihvdro-2H-benzorbiri,41dioxepin-3-yl)methv
psulfamide (Compound #3) Catechol (5.09 g, 46.2 mmol)
and potassium carbonate were combined in acetonitrile
and heated to reflux for one hour.
2-Chloromethyl-3-chloro-1- propene (5.78 g, 46.2 mmol)
was added and the reaction was continued at reflux for
24 hours. The solution was cooled to room temperature
and filtered. The filtrate was evaporated and the
residue was diluted with water and extracted with
diethyl ether (3 x). The combined organic solution was
dried over MgSO4 and concentrated. Chromatography (2%
ethyl ether in hexane) yielded
3-methylene-3,4-dihydro-2H-benzo[b][1 ,4]dioxepine as
a colorless oil. MS (ESI): 163.2 (M+H+) H NMR (300
MHz, CDCI3) , : 6.94 (m, 4H) 5.07 (s, 2H), 4.76 (s,
4H). 3-Methylene-3,4-dihydro-2H-benzo[b][1
,4]dioxepine (5.00 g, 30.8 mmol) 



was dissolved in dry THF ( 100 ml_). Borane-THF (1.0 M
in THF, 10.3 mL) was added at 00C. The reaction was
stirred at RT for 5 hours. Aminosulfonic acid (6.97 g,
6 1.6 mmol) was added. The reaction was heated to
reflux overnight. The reaction was cooled to room
temperature and aqueous sodium hydroxide (3.0 M, 100
mL) was added. The solution was extracted with ethyl
acetate (3 x 100 mL). The combined organic solution
was dried over MgSO4. The solution was concentrated
under vacuum and purified by chromatography (2% to 8%
methanol in dichloromethane) to yield
((3,4-dihydro-2H-benzo[b][1 ,4]dioxepin-
3-yl)methyl)amine as a colorless oil. MS (ESl): 180.1
(M+H+)IH NMR (300 MHz, DMSO), d: 6.92 (m, 4H), 4.21
(m, 2H), 4.07 (m, 2H), 3.33 (broad, 2H), 3.16 (d, J =
4 Hz, 1H), 2.72 (d, J = 4 Hz, 1H), 2.30 (m, 1H).
((3,4-Dihydro-2H-benzo[b][1
,4]dioxepin-3-yl)methyl)amine (2.90 g, 16.2 mmol) and
sulfamide (3.1 1 g, 32.4 mmol) were combined in dry
dioxane (60 ml) and heated to reflux overnight.
Chloroform was added and the precipitate was removed
by filtration. The filtrate was concentrated under
vacuum and purified by chromatography (2% to 8%
acetone in dichloromethane) to yield the title
compound as an off-white solid. 258.8 (M+H+) H NMR
(300 MHz, DMSO), d: 6.92 (m, 4H), 6.71 (broad, 1H),
6.59 (broad, 2H), 4.19 (m, 2H), 4.04 (m, 2H), 3.00 (m,
2H) 2.39 (m, 1H). Example 2 N-f2.3-Dihvdro-benzo p
.41dioxin-2-ylmethvp-sulfamide (Compound #1) Racemic
2,3-dihydro-1 ,4-benzdioxin-2-ylmethylamine (4.4 g, 26
mmol) and sulfamide (5.1 g, 53 mmol) were combined in
1,4 dioxane (100 ml_) and refluxed for 2 h. The
reaction was cooled to room temperature and a small 



amount of solid was filtered and discarded. The
filtrate was evaporated in vacuo and the residue was
purified using flash column chromatography
(DCM.Methanol - 10:1) to yield a white solid. The
solid was recrystallized from DCM to yield the title
compound as a white solid. mp: 97.5 - 98.5C Elemental
Analysis: Anal CaIc: C, 44.25; H, 4.95; N, 11.47; S,
13.1 3 Anal Found: C, 44.28; H, 4.66; N, 11 .21 ; S,
13.15 H1 NMR (DMSO d6) d 6.85 (m, 4H), 6.68 (bd s, 3H,
NH), 4.28 (m, 2H), 3.97 (dd, J = 6.9, 11.4 Hz, 1H),
3.20 (m, 1H), 3.10 (m, 1H).Example 3
(BenzoH,31dioxol-2-ylmethv sulf amide (Compound #2)
Catechol (10.26 g, 93.2 mmol), sodium methoxide (25%
by weight in methanol, 40.3 g, 186 mmol), and methyl
dichloroacetate (13.3 g, 93.2 mmol) were combined in
dry methanol (100 ml_). The solution was heated to
reflux overnight. The reaction was cooled to room
temperature, acidified by addition of concentrated
hydrochloric acid and then reduced in volume under
vacuum to about 50 mL. Water was added and the mixture
was extracted with diethyl ether (3 x 100 mL). The
combined organic solution was dried with MgSO4,
concentrated to a brown solid, and chromatographed (2%
ethyl acetate in hexane) to yield benzo[1
,3]dioxole-2-carboxylic acid methyl ester as
a,colorless oil. MS (ESI): 195.10 (M+H+). 1H NMR (300
MHz, CDCI3) , d: 6.89 (broad, 4H), 6.29 (s, 1H), 4.34
(q, J =7 Hz, 2H), 1.33 (t, J =7 Hz, 3H). To benzo[1
,3]dioxole-2-carboxylic acid methyl ester (7.21 g,
40.0 mmol) 



was added ammonium hydroxide (29% in water, 10 mL) and
enough acetonitrile to make the mixture homogeneous
(-5 mL). The solution was stirred for two hours at
room temperature and then distilled water was added.
Benzo[1 ,3]dioxole-2-carboxylic acid amide
precipitated as a white solid and was collected by
filtration and used without further purification. MS
(ESI): 160.00 (M+H+) H NMR (300 MHz, DMSO), d: 7.99
(s, broad, 1H), 7.72 (s, broad, 1H), . 6.94 (m, 2H)
6.86 (m, 2H), 6.30 (s, 1H). Benzo[1
,3]dioxole-2-carboxylic acid amide (5.44 g, 32.9 mmol)
was dissolved in tetrahydrofuran (THF, 100 mL).
Lithium aluminum hydride (LAH, 1M in THF, 39.5 mL,
39.5 mmol) was added slowly to the solution at room
temperature. The reaction was stirred at room
temperature for 24 hours. Distilled water was added to
destroy the excess LAH. Aqueous sodiumhydroxide (3.0
M, 100 mL) was added and the solution was extracted
with ethyl acetate (3 x 100 mL). The combined organic
solution was washed with water and dried over MgSO .
The solvent was evaporated to yield Cbenzo[ 1
,3]dioxol-2-yl-methylamine as a colorless oil. MS
(ESI): 152.1 (M+H+) 1H NMR (300 MHz, CDCI3) , d: 6.87
(m, 4H), 6.09 (t, J = 4 Hz, 1H), 3.13 (d, J = 4 Hz,
2H) C-Benzo[1 ,3]dioxol-2-yl-methylamine (2.94 g, 19.4
mmol) and sulfamide (3.74 g, 38.9 mmol) were combined
in dry dioxane (50 mL) and the solution was heated to
reflux overnight. The reaction was concentrated and
the residue was chromatographed (2% to 10% acetone in
dichloromethane) to yield the title compound as a
white solid. MS (ESI): 230.0 (M+H+) i 



H NMR (300 MHz, CDCI3) , d: 6.87 (m, 4H), 6.25 (t, J =
4 Hz, 1H), 4.79 (broad, 1H), 4.62 (broad, 1H), 3.64
(d, J = 4 Hz, 2H). Example 4
f2S)-M-N-^2.3-Dihvdro-benzop
.41dioxin-2-ylmethvn-sulfamide (Compound #4) Catechol
(13.2 g, 0.12 mol) and potassium carbonate (16.6 g,
0.12 mol) were stirred in DMF (250 mL) and
(2R)-glycidyl tosylate (22.8 g, 0.10 mol) was added
and the reaction was stirred at 600C for 24 h. The
reaction was cooled to room temperature and diluted
with ice water ( 1 L) and extracted with diethyl ether
(4 times). The combined organic solution was washed 3
times with 10% potassium carbonate, once with water,
once with brine and evaporated in vacuo to yield a
white solid which was purified by flash column
chromatography (DCM:Methanol - 50:1) to yield
((2S)-2,3-dihydro-benzo[1 ,4]dioxin-2-yl)- methanol as
a solid.The solid (13.3 g, 68 mmol) was dissolved in
pyridine (85 ml_) cooled to 00C, p-toluenesulfonyl
chloride (13.0 g, 68 mmol) was added and the reaction
mixture stirred at room temperature for 2Oh. The
reaction was diluted with diethyl ether ( 1 L) and 1N
HCI ( 1 .2 L). The organic layer was separated and
washed 2 times with 1N HCI (500 mL), 4 times with
water ( 150 mL), once with brine, dried (MgSO*) and
evaporated in vacuo to yield a white solid which was
purified by flash column chromatography (Hept:EA -
2:1) to yield toluene-4- sulfonic acid
(2S)-2,3-dihydro-benzo[1 ,4]dioxin-2-y!methyl ester as
a white solid. The white solid was combined with
potassium phthalimide (14.4 g, 78 mmol) in DMF (250
mL) and heated to reflux for 1 h, cooled to room
temperature and poured into vigorously stirring water
(1 .5 L) and stirred 30 min. 



White solid was filtered and the solid was washed
several times with water, 2% NaOH, and water again and
let air dry to yield a (2S)-2-(2,-3-Dihydrobenzo[ 1
,4]dioxin-2-ylmethyl)-isoindole-1 ,3-dione as white
powdery solid. The powdery white solid was combined
with hydrazine (2.75 g, 86 mmol) in EtOH (225 mL) and
heated at reflux for 2 h, cooled to room temperature
and 1N HCI added to pH 1.0 and stirred for 15 min.
White solid was filtered and washed with fresh EtOH
(solid discarded) and the filtrate was evaporated in
vacuo to a solid, which was partitioned between
diethyl ether and dilute aqueous NaOH. The diethyl
ether solution was dried (Na2SO-Oa n d evaporated in
vacuo to a yield a light yellow oil. The oil was
purified by flash column chromatography (DCM:MeOH -
10:1) to yield an oil. A portion of the oil (4.82 g,
29 mmol) in 2-propanol (250 mL) was treated with 1N
HCI (30 mL) and heated on steambath until homogeneous
and then let cool to room temperature. After 3 h, the
mixture was ice cooled for 2 h. A white flaky solid
(the corresponding HCI salt of
(2S)-C-(2,3-Dihydro-benzo[1 ,4]dioxin-2-yl)-
methylamine) was filtered off and then recrystallized
again from 2-propanol to yield a white solid. [a]D =
-69.6 (c = 1.06, EtOH) The white solid was partitioned
between DCM and dilute NaOH, and the DCM was dried
(NaSO4) and evaporated in vacuo to yield
(2S)-C-(2,3-Dihydrobenzo[ 1
,4]dioxin-2-yl)-methylamine as an oil.[afo = -57.8 (c
= 1.40, CHCI3) The oil (2.1 g, 12.7 mmol) and
sulfamide (2.44 g, 25.4 mmol) were refluxed in dioxane
(75 mL) for 2 h and the crude product was purified by
flash column chromatography (DCM:MeOH 10:1) to yield a
white solid, which was recrystallized from DCM to
yield the title compound as a white crystalline solid.



mp 102-1 03C [a]D = -45.1 (c = 1.05, M); 1H NMR (DMSOd
) d 6.86 (m, 4H), 6.81 (bd s, 3H, NH), 4.3 (m, 2H),
3.97 (dd, J = 6.9, 11.4 Hz, 1H), 3.20 (dd, J = 5.5,
13.7 Hz, 1H), 3.10 (dd, J = 6.9, 13.7 Hz, 1H)
Elemental Analysis: Anal CaIc: C, 44.25; H, 4.95; N,
11.47; S, 13.13 Anal Found: C, 44.20; H, 4.69; N,
11.40; S, 13.22. Example 5
N-(2,3-Dihydro-benzof1,41dioxin-2-ylmethvO-N%N'
dimethylsulfamide (Compound #6) Racemic 2,3-dihydro-i
,4-benzdioxin-2-ylmethylamine (8.25 g, 5.0 mmol) and
triethylamine (1 .52 g, 15 mmol) were combined in DMF
(10 mL) and cooled in an ice bath as dimethylsulfamoyl
chloride ( 1 .44 g, 10 mmol) was added. The reaction
mixture was then stirred for 3 hr with continued
cooling. The reaction mixture was partitioned between
ethyl acetate and water, and the ethyl acetate
solution was washed with brine, dried (MgSO4) and
evaporated in vacuo to yield an oil. The oil was
purified using flash column chromatography (ethyl
acetate:Heptane - 1:1) to yield a white solid, which
was recrystallized (ethyl acetate/Hexane) to yield the
title compound as a white floccular solid. mp 76 - 78C
MS 273 (MH+)Elemental Analysis: Anal CaIc: C 48.52; H,
5.92; N, 10.29; S 11.78 Anal Found: C, 48.63; H, 5.62;
N, 10.20; S1 11.90 1H NMR (CDCI3) d 6.87 (m, 4H), 4.59
(bd m, 1H, NH), 4.35 (m, 1H), 4.27 



(dd, J = 2.3, 11.4 Hz, 1H), 4.04 (dd, J = 7.0, 11.4,
1H), 3.36 (m, 2H), 2.82 (s, 6H). Example 6
N-(2,3-Dihvdro-benzop
,41dioxin-2-ylmethvi)-N-methylsulfamide (Compound #7
Racemic 2,3-dihydro-1,4-benzdioxin-2-ylmethylamine
(825 mg, 5 mmol) was dissolved in ethyl formate (15
mL), refluxed for 30 min and evaporated in vacuo to
yield N-(2,3-dihydro-benzo[1
,4]dioxin-2-ylmethyl)-formamide as an oil. The oil in
diethyl ether (25 mL) was treated with 1M LAH in THF
(9.0 mL, 9.0 mmol) at 00C and stirred for 5 h at room
temperature. The reaction was cooled in an ice bath
and quenched with water (0.50 mL), followed by 3 N
NaOH (0.50 mL) and water (0.50 mL). The mixture was
then stirred at room temperature for 1 h. Solid was
filtered and the filtrate was evaporated in vacuo to
yield a residue which was partitioned between 1N HCI
and diethyl ether. The aqueous phase was basified with
1N NaOH and extracted with diethyl ether. The organic
phase was dried (MgSOanc evaporated in vacuo to yield
(2,3-dihydro-benzo[1
,4]dioxin-2-ylmethyl)-methyl-amine as an oil. MS 180
(MH+) 1H NMR (CDCI3) 6.85 (m, 4H), 4.30 (m, 2H), 4.02
(dd, J = 7.9, 11.6 Hz, 1H), 2.85 (m, 2H), 2.50 (s, 3H)
The oil (380 mg, 2.1 mmol) and sulfamide (820 mg, 8.5
mmol) were combined in dioxane (15 mL), refluxed for
1.5 h and evaporated in vacuo to yield a crude
residue. The residue was purified via column
chromatography(ethyl acetate/Heptane 1: 1) and the
resultant solid was recrystallized from ethyl
acetate/Hexane to yield the title compound as a white
solid 



mp 97-98C MS 257 (M 1) Elemental Analysis: Anal CaIc:
C146.50; H, 5.46; N, 10.85; S, 12.41 Anal Found: C,
46.48; H, 5.65; N, 10.90; S, 12.07 1H NMR (CDCI3) d
6.86 (m, 4H), 4.52 (bs, 2H), 4.46 (m, 1H), 4.29 (dd, J
= 2.3, 11.5 Hz, 1H), 4.05 (dd, J = 6.5, 11.5 Hz1 1H),
3.51 (dd, J = 6.7, 14.9 Hz, 1H) 3.40 (dd, J = 5.9,
14.9 Hz, 1H), 2.99 (s, 3H). Example 7
(2SW-VN-(b-Chloro-2.3-dihvdro-benzop
.41dioxin-2-ylmethylVsulfamide (Compound #8) Following
the procedure outlined in Example 4 above,
4-chlorocatechol was reacted to yield a mixture of
(2S)-C-(7-Chloro-2,3-dihydrobenzo[ 1
,4]dioxin-2-yl)-methylamine and
(2S)-C-(6-Chloro-2,3-dihydrobenzo[ 1
,4]dioxin-2-yl)-methylamine (ca. 3:1 ratio of
6-chloro:7-chloro isomers by RP HPLC). The mixture was
dissolved in 2-propanol (100 mL) and 1N HCI in diethyl
ether was added until pH = 1.0 was attained. The
hydrochloride salt that precipitated was filtered
(2.65 g) and re-crystallized from methanol/IPA to
yield white crystals. The white crystals were
partitioned between DCM and dilute NaOH. The DCM was
dried and evaporated in vacuo to yield purified
(2S)-C- (6-Chloro-2,3-dihydro-benzo[1
,4]dioxin-2-yl)-methylamine as an oil. [a]D = -67.8 (c
= 1.51 , CHCI3) The oil (7.75 mmol) and sulfamide ( 1
.50 g, 15.5 mmol) were combined in dioxane (50 mL) and
refluxed for 2.0 h, cooled to room temperature
andevaporated in vacuo to yield a solid. The product
was purified via flash column 



using DCM/methanol 20:1 to yield the title compound as
a white solid. MS 277 (M 1) [a]D = -59.9 (c = 1.1 1,
M) 1H NMR (CDCI 3) d 6.90 (d, J = 2.2 Hz, 1H), 6.81
(m, 2H), 4.76 (m, 1H), 4.55 (s, 2H) 1 4.40 (m, 1H),
4.29 (dd, J = 2.4, 11.5 Hz, 1H), 4.05 (dd, J = 7.1 ,
11.5 Hz, 1H)13.45 (m, 2H) Elemental Analysis: Anal
CaIc: C 38.78; H, 3.98; N, 10.05 Anal Found: C, 38.80;
H, 3.67; N, 9.99. The filtrates of the crystallized
hydrochloride salt of (2S)-C-(6-Chloro-
2,3-dihydro-benzo[1 ,4]dioxin-2-yl)-methylamine
prepared above were recovered (ca. 1:1 of
6-chloro:7-chloro isomers) and evaporated in vacuo to
yield a solid, which was partitioned between DCM (200
ml_) and dilute NaOH (0.5 M, 50 mL). The DCM solution
was washed once with brine, dried (Na2SCM) and
evaporated in vacuo to yield an oil, which was
purified via reverse phase HPLC (10 - 50% ACN with
0.16% TFA in water with 0.20% TFA) to yield
(2S)-C-(7-Chloro-2,3-dihydro-benzo[1
,4]dioxin-2-yl)-methylamine as a residue. The residue
was combined with sulfamide (0.90 g, 9.4 mmol) in
dioxane (25 mL) and refluxed for 2.5 h, cooled to room
temperature and evaporated in vacuo to yield an oil.
The oil was purified by flash column chromatography
using DCM/methanol - 10:1 to yield
(2S)-(-)-N-(7-Chloro-2,3-dihydrobenzo[ 1
,4]dioxin-2-ylmethyl)-sulfamide as a white solid. MS
277 (M-1) 1H NMR (CDCI3/CD3OD) d 6.88 (d, J = 0.7 Hz,
1H), 6.81 (m, 2H), 4.37 



(m, 1H), 4.30 (dd, J = 2.3, 11.6 Hz, 1H), 4.04 (dd, J
= 7.0, 11.6 Hz, 1H), 3.38 (m, 2H).Example 8
Chroman-2-ylmethylsulfamide (Compound #10)
Chroman-2-carboxylic acid (4.5 g, 25 mmol) and HOBT
(3.86 g, 25 mmol) were combined in DCM (40 ml_) and
DMF (10 mL). Dimethylaminopropyl ethylcarbodiimide
(EDC, 4.84 g, 25 mmol) was added at room temperature
and the reaction mixture was stirred for 30 min.
Ammonium hydroxide (2.26 mL, 33.4 mmol) was added and
the reaction mixture was stirred for 16h. The reaction
mixture was diluted with DCM (50 mL) and water (50 mL)
and the pH of the mixture was adjusted to about pH =
3.0 with 1N HCI. The DCM was separated and the aqueous
phase extracted twice with DCM. The combined DCM phase
was dried (Na2SO4) and evaporated in vacuo to yield an
oil, which was purified with flash column
chromatography (ethyl acetate) to yield an oil. The
oil (5.35 g, 30 mmol) in THF (90 mL) was stirred as 1M
LAH in THF (36 mL, 36 mmol) was added and the reaction
mixture was then stirred at room temperature for 20 h.
The reaction was quenched with water, stirred for 2
hours, the solution decanted, dried (Na2SO-0 and
evaporated in vacuo to yield
C-chroman-2-yl-methylamine as an oily amine. The oily
amine (1.63 g, 10 mmol) and sulfamide ( 1 .92 g, 20
mmol) were combined in dioxane (50 mL) and brought to
reflux for 2 h. The solution was cooled and evaporated
in vacuo to yield an oil, which was purified via
column chromatography (DCMrMethanol 10:1) to yield a
white solid. The solid was recrystallized from ethyl
acetate/hexane to yield chroman-2-ylmethylsulfamide as
a white solid. 



mp 100-101 0C MS 241 (M 1) Elemental Analysis: Anal
CaIc: C, 49.57; H, 5.82; N, 11.56; S, 13.23 Anal
Found: C, 49.57; H, 5.80; N, 11.75; S, 13.33.Example 9
2-(2,3-Dihvdro-benzo p ,41dioxin-2-yl)-ethylsulfamide
(Compound # 16) Potassium cyanide (2.05 g, 3 1.5 mmol)
was added to 2-bromomethyl- (2,3 dihydrobenzo[1
,4]dioxine) (6.87 g, 30 mmol) in DMSO (90 ml_) and
stirred at ambient temperature for 20 h. The reaction
mixture was then diluted with water (250 ml_) and
extracted twice with diethyl ether. The diethyl ether
was washed with water, then washed twice with brine,
dried (Na2SO4) and evaporated in vacuo to yield
2-cyanomethyl-(2,3 dihydrobenzo[1 ,4]dioxine) as a
white solid. 1H NMR (CDCI3) d 6.89 (m, 4H), 4.50 (m,
1H), 4.31 (dd, J = 2.3, 11.5 Hz, 1H), 4.08 (dd, J =
6.2, 11.6 Hz, 1H), 2.78 (d, J = 6.1 , Hz, 2H) The
2-cyanornethyl-(2,3 dihydrobenzo[1 ,4]dioxine) was
dissolved in THF (50 mL) and 1M BH3 in THF (80 mL, 80
mmol) was added and the reaction mixture refluxed for
5 h, then stirred at ambient temperature for 16h. With
ice bath cooling, 2N HCI was added until pH = 1.0 was
achieved. The reaction mixture was then stirred for 1h
at room temperature and evaporated in vacuo to yield
an oil. The oil was partitioned between 3N NaOH and
diethyl ether, and the diethyl ether solution was
washed with brine, dried (Na2SO4) and evaporated in
vacuo to yield crude 2-(2,3 dihydrobenzo[1
,4]dioxin-2- yl)ethylamine. MS (M+H)+ 180. 



The crude 2-(2,3 dihydrobenzo[1
,4]dioxin-2-yl)ethylamine in dioxane ( 100 mL) was
combined with sulfamide (3.0 g, 3 1 mmol) and heated
to reflux for 2 h. The solution was cooled and
evaporated in vacuo to yield an orange solid, which
was purified by column chromatography (DCM.MeOH -
10:1) to yield a white solid. The solid was
re-crystallized from DCM to yield the title compound
as a solid. MS (M-I) 257MP 10 1 - 103C (corr) 1H NMR
(CDCI3) : d 6.86 (m, 4H), 4.70 (m, 1H), 4.52 (s, 2H),
4.30 (m, 2H), 3.94 (dd, J = 7.4, 11.3 Hz 1H), 3.43
(dd, J = 6.4, 12.9 Hz, 2H), 1.94 (dd, J = 6.5, 12.9,
2H). Elemental Analysis: Measured: C, 46.48; H, 5.60;
N, 10.81 ; S, 12.41 Calculated: C, 46.50; H, 5.46; N,
10.85; S, 12.41 Example 10 ( SH - -N- b
Pichloro-a^-dihvdro-benzo p ^idioxin-a-ylmethv -
sulfamide (Compound #29 4,5 Dichloroatechol (8.6 g, 48
mmol) and potassium carbonate (6.64 g, 48 mmol) were
stirred in DMF (200 ml_). (2R)-Glycidyl tosylate (9.12
g, 40 mmol) was added and the reaction mixture was
stirred at 600C for 24 h. The reaction mixture was
cooled to room temperature and then diluted with ice
water (600 ml_) and extracted with diethyl ether (4
times). The combined organic solution was washed 3
times with 10% potassium carbonate, twice with brine,
dried (MgSO ) and evaporated in vacuo to yield a
viscous oil of (2S)-2-
(6,7-dichloro-2,3-dihydro~benzo[1 ,4]dioxine)
methanol. The (2S)-2-(6,7
dichloro-2,3-dihydro-benzo[1,4]dioxine) methanol oil
(6.4 



g, 27 mmol) was dissolved in pyridine (50 ml_) cooled
to 00C. Then, ptoluenesulfonyl chloride (5.2 g, 27
mmol) was added and the reaction mixture was stirred
at room temperature for 2Oh. The reaction mixture was
diluted with diethyl ether and 1N HCI (750 ml_) and
the organic layer was separated and washed 2 times
with 1N HCI (250 mL), once with water (150 ml_), twice
with brine, dried (MgSO4) and evaporated in vacuo to
yield light yellow solid of toluene-4-sulfonic acid
(2S)-6,7-dichloro-2,3-dihydro-benzo[1 ,4]dioxin-2-
ylmethyl ester.1H NMR (CDCI3): d 7.79 (d, J = 8.3 Hz,
2H), 7.36 (d, J = 8.0 Hz, 2H), 6.94 (s, 1H), 6.83 (s,
1H), 4.37 (m, 1H)5 4.2 (m, 3H), 4.03 (dd, J = 6.3,
11.7 Hz, 1H)1 2.47 (s, 3H). Toluene-4-sulfonic acid
(2S)-6,7-dichloro-2,3-dihydro-benzo[1 ,4]dioxin-
2-ylmethyl ester (8.0 g, 20.5 mmol) was combined with
potassium phthalimide (6.1 g, 33 mmol) in DMF (75 mL)
and heated to reflux for 1 h, cooled to room
temperature and poured into vigorously stirring water
(0.5 L) and then stirred 30 min. White solid was
filtered and the solid was washed several times with
water, 2% NaOH, and water again and then let air dry
to yield (2S)-2-(6,7- dichloro-2,3-dihydro-benzo[1
54]dioxin-2-ylmethyl)-isoindole-1 ,3-dione (6.0 g,
80%) as a white powdery solid. The white powdery solid
was combined with hydrazine (1 .06 g, 33 mmol) in EtOH
(80 mL) and heated at reflux for 2 h, then cooled to
room temperature. 1N HCI was added to adjust the
reaction mixture's pH to pH 1.0 and the reaction
mixture was then stirred for 15 min. White solid was
filtered and washed with fresh EtOH (solid discarded)
and the filtrate was evaporated in vacuo to a solid,
which was partitioned between diethyl ether and dilute
aqueous NaOH. The diethyl ether solution was dried
(Na2SO4.) and evaporated 



in vacuo to a yield a viscous oil of
(2S)-2-aminomethyl-(6,7-dichloro-2,3- dihydro-benzo[1
,4]dioxine). 1H NMR (CDCI3): d 6.98 (s, 1H), 6.96 (s,
1H), 4.25 (dd, J = 2.0, 11.2 Hz, 1H), 4.1 5 (m, 1H),
4.0 (m, 1H), 2.97 (d, J = 5.5 Hz, 2H) A portion of the
oil (3.8 g, 16 mmol) and sulfamide (3.1 g, 32.4 mmol)
were refluxed in dioxane (100 mL) for 2 h and the
crude product was purified by flash column
chromatography (DCM:MeOH 20:1) to yield the title
compound as a white solid, which was recrystallized
from ethyl acetate / hexane to yield the title
compound as a white crystalline solid. MS [M-H] 3 11.0
mp 119-1 2 10C [a]D = -53.4  (c = 1. 17, M) 1H NMR
(DMSOd ): d 7.22 (s, 1H), 7.20 (s, 1H), 6.91 (bd s,
1H), 6.68 (bd s, 2H), 4.35 (m, 2H), 4.05 (dd, J = 6.5,
11.5 Hz, 1H), 3.1 5 (m, 2H) Elemental
Analysis:Elemental Analysis: Measured: C, 34.52; H,
3.22; N, 8.95; Cl, 22.64; S, 10.24 Calculated: C,
34.64; H, 2.68; N, 8.87; Cl, 22.94; S, 10.35. Example
11
(2SH-)-N-(7-Amino-2.3-dihvdro-benzori.4idioxin-2-ylmet
hyl)-sulfamide (Compound #36)
(2S)-(-)-N-(2,3-Dihydro-7-nitro-benzo[1
,43dioxin-2-ylmethyl)-sulfamide (1 .2 g, 4.15 mmol),
was prepared from 4-nitrocatechol according to the
process outlined in Example 4. The
(2S)-(-)-N-(2,3-Dihydro-7-nitro-benzo[1 ,4]dioxin-2-
ylmethyl)-sulfamide, was then combined with 10% Pd/C
in methanol (120 ml_) and shaken under hydrogen
atmosphere (39 psi) at room temperature for 3 h. 



The solids were filtered and washed with 10% M in DCM
and the filtrate was evaporated in vacuo to yield
crude product. The crude product was dissolved in 0.2
N HCI (25 mL), frozen and lyophilized to yield the
title compound as a white flaky solid, as the
corresponding hydrochloride salt. MS (M+H)+ 260 1H NMR
(DMSO d6): d 10.2 (bd s, 3H), 6.86 (m, 1H), 6.85 (s,
1H), 6.74 (dd, J = 2.5, 8.4 Hz, 1H), 4.22 (m, 2H),
3.88 (dd, J = 6.7, 11.4 Hz, 1H), 3.04 (m, 2H) Example
12 (2SH-)-N-r7-Methyl-2.3-dihvdro-benzo p
.41dioxin-2-ylmethyl)-sulfamide (Compound #19)Title
compound was prepared according to the procedure
described in Example 4 above, starting with
4-methylcatechol, to yield a white solid, which was
recrystallized from ethyl acetate/ hexane to yield the
title compound as a white solid. MS [M-H]- 257 1H NMR
(CDCI3): d 6.76 (m, 1H), 6.66 (m, 2H), 4.80 (m, 1H),
4.57 (bd s, 1H), 4.40 (m, 1H), 4.28 (m, 1H), 4.03 (dd,
J = 6.9, 11.4 Hz, 1H), 3.45 (m, 2H), 2.25 (s, 3H).
Elemental Analysis Calculated: C, 46.50; H, 5.46; N,
10.85; S, 12.41 Found: C, 46.65; H, 5.60; N, 10.84; S
12.61 . Example 13 Mouse Formalin Assay (NINDS) The
mouse formalin test is an acute and chronic model for
testing the ability of a test compound for the
treatment of pain. 



In the Mouse Formalin Test, 0.5% formalin was injected
s.c. into the plantar region of the hind-paw of adult
male mice to induce an inflammatorymediated pain
response. Pain was expressed as licking of the
injected area in a bi-modal manner - acute and chronic
phase. The acute phase occurred immediately and lasted
approximately 20 min post-injection, representing
direct stimulation of pain fibers. Licking behavior
resumes approximately 10 mins later (~20 min post
injection) and lasted 10-15 min, representing the
chronic phase hypothesized to be caused by the release
of inflammatory mediators such as cytokines. Activity
in the acute phase of the. formalin test is an
indicator of acute pain believed to correlate with
peripheral pain pathways. Activity in the chronic
phase of the formalin test is indicative for a
centralization and sensitization of pain at higher
pain conducting pathways and has been shown to
correlate well with efficacy in the Bennett chronic
constriction model of neuropathic pain and clinical
efficacy for chronic .neuropathic pain (Vissers et
al., 2003).Compound #8 was evaluated in the Mouse
Formalin Test as described above. Compound #8 was
administered at 110 mg/kg, i.p. 15 min prior to
formalin injection and was observed to significantly
attenuate the acute and chronic phase responses. For
the acute phase the decrease was 52% from control
(p<0.01 ), while for the chronic phase the decrease
was 43% from control (p<0.01 ). Compound #8
administered at 60 mg/kg i.p. exhibited similar
analgesic activity, with a 30% decrease from control
(p<0.05) for the acute phase and a 40% decrease from
control (p<0.01) for the chronic phase. Thus, in this
assay, Compound #8 exhibited analgesic activity,
particularly related to acute and chronic inflammatory
pain. Example 14 



Rat Chung Model of Neuropathic Pain The rat Chung
model is an assay used in determining whether a
compound is useful for the treatment of neuropathic
pain (Kim and Chung, 1994; Chaplan et al., 1994). In
this study, male Sprague Dawley rats (145-1 65 g;
Harlan) were anesthetized and the L5 nerve was
isolated and ligated with silk suture material
resulting in mechanical allodynia. Six weeks
post-ligation, the rats were dosed acutely with
vehicle (an aqueous solution of 0.5% methylcellulose)
or Compound #8 at 120 and 240 mg/kg, p.o. Mechanical
(tactile) allodynia was quantified by recording the
pressure at which the affected paw withdrew from a
graded stimulus (von Frey hairs) at 30 min, 1, 2, 4,
6, 8 and 24 h post-dosing. The results were normalized
and results are presented as % MPE (maximum protective
effect) of the drug. Treatment with Compound #8 at 120
mg/kg p.o. resulted in 42% increase in the %MPE
relative to control animals. Efficacy was observed at
30 min, peaked at 1 h and was sustained at 4 h
post-dosing. Treatment with Compound #8 at 240 mg/kg,
po resulted in 66% increase in the %MPE relative to
control animals. Efficacy was observed at 30 min,
peaked at 2-4 h and was sustained at 24 h post-dosing.
(Vehicle treated rats had no effect.)Note that in this
assay, gabapentin at 480 mg/kg p.o. closing was used
as a positive control. The effect of gabapentin was
equivalent to the activity measured for Compound #8 at
240 mg/kg dosing. Thus, in this assay, Compound #8
exhibited analgesic activity, particularly related to
chronic inflammatory and/or neuropathic pain. Example
15-18 Lumbar 5 (L5) Spinal Nerve Ligation (Chung)
Model of Neuropathic Pain 



The rat Chung model is an assay used in determining
whether a compound is useful for the treatment of
neuropathic pain (Kim and Chung, 1994; Chaplan et al.,
1994). In this assay, injury to the sciatic nerve by
loose ligation with chromic gut suture, tight ligation
of the L5 spinal nerve with silk suture or partial
tight ligation with silk suture each produces
hypersensitivity to many stimulus modalities (e.g.,
touch, pressure, temperature) that lasts for weeks or
months. Hypersensitivity produced by such injuries is
reminiscent of allodynia and hyperalgesia observed in
clinical conditions of neuropathic pain caused by
mechanical nerve injury, diabetes and chemotherapy.
This assay is predictive of analgesic, antiallodynic
and/or antihyperalgesic effect of test compounds. Test
compound and controls were dissolved in the
appropriate volume of 0.5 % HPMC or 10% solutol in 0.5
% hydoxypropyl methylcellulose (HPMC). HPMC served as
the vehicle for preparation of gabapentin solutions
used as the positive control. Solutions were prepared
to provide the final dose in a volume of 2.5 mL/kg or
5 ml_/kg p.o. for rats. Male, Sprague-Dawley rats from
Harlan Industries (Indianapolis, IN), weighing 150 to
250 grams at the time of surgery, were used for L5 SNL
studies. All animals had a week quarantine/acclimation
period before being transferred to a general
stockroom. Rats in the SNL studies were housed and
tested in the same room. Animals were housed in
micro-isolator cages in groups of four rats per cage
or 5 mice per cage with corncob bedding and free
access to food and water. The environment was
maintained at a constanttemperature of 2 10C, with a
12-hour light/dark cycle. Rats undergoing L5 SNL
surgery were placed into individual housing cages with
alpha dry bedding and had access to enrichment food,
food pellets and water ad libitum. Animals 



were allowed four to six weeks recovery from surgery
prior to testing and were not tested beyond eight
weeks post-surgery. For L5 SNL testing, only those
animals that responded to less than 4 gr force were
included in further testing and analysis, being
randomized into treatment groups on the day of study.
In all tests, the investigator performing the
behavioral analysis was blinded to the treatment
administered to any individual animal. For L5 SNL
surgery, rats were induced and maintained on isof
lurane inhalation anesthesia. A 2-cm skin incision was
made just left of midline over the dorsal aspect of
the L4-S 2 spinal segments, followed by separation of
the paraspinal muscles from spinous processes. The
transverse process of L6 was then carefully removed
and the L5 spinal nerve was identified. The left L5
spinal nerve was then ligated tightly with 6-0 silk
thread, the muscle was sutured with 4-0 vicryl, and
the skin was closed with wound clips. Behavioral
testing was performed on L5SNL rats at a time between
3-6 weeks post-ligation. On the day of study,
following baseline von Frey determinations to verify
the presence of mechanical allodynia, L5SNL rats were
orally dosed with vehicle, Compound #8 or gabapentin
(as a positive control). Tactile allodynia was
quantified at 30 min, 1 hr, 2 hrs, 4 hrs, 6 hrs, 8 hrs
and/or 24 hr post-dosing by recording the force at
which the paw ipsilateral to the nerve ligation was
withdrawn from the application of a series of
calibrated von Frey filaments (0.4, 0.7, 1.2, 2.0,
3.6, 5.5, 8.5 and 15.1 g; Stoelting; Wood Dale, IL).
Beginning at an intermediate stiffness (2.0 g),
filaments were applied to the mid-plantar hind paw for
approximately 5 seconds. A brisk paw withdrawal led to
the presentation of the next lighter stimulus and the
lack of a withdrawal response led to the presentation
of the next stronger stimulus to determine the 



response threshold. A total of four responses after
the first threshold detection were collected. The 50%
withdrawal thresholds were interpolated by the method
of Dixon (as described in Meert TF and Vermeirsch, HA,
Pharmacol. Biochem. Behav.; 2005, 80(2), pp309-326)
and when response thresholds fellabove or below the
range of detection, respective values of 15.0 or 0.25
g were assigned. Threshold data from von Frey filament
testing were reported as withdrawal threshold in grams
or converted to percent maximal possible effect
(%MPE), according to the formula: %MPE = [(post-drug
threshold) - (baseline threshold)]/[(15-gr cut-off
value) - (baseline threshold)] X 100.The effective
dose producing a 50% effect (ED5o) and associated
statistics were calculated using PharmTools Plus
software (The McCary Group). Statistics (two-way
ANOVA) for the acetic acid assay were calculated using
Graph Pad Prism v4.0. Data from time course studies in
the SNL model of neuropathic pain were analyzed by a
within-subjects, repeated measures, one-way ANOVA.
Significant main effects (p < 0.05) were further
analyzed using Dunnett's multiple comparison test.
Data are presented below as the mean +/- S.E.M. A
number of studies were completed, with results as
detailed below. Example 15 / Study A: In a first
study, Compound #8 was evaluated at 120 mg/kg and 240
mg/kg and compared with gabapentin at 480 mg/kg and
vehicle. In rats that had not had surgery, average
withdrawal thresholds were greater than 13g. Six weeks
after surgery, withdrawal thresholds were between 1.0
and 1.6g. Vehicle did not modify withdrawal thresholds
over the 4 hour study period. A dose of 480 mg/kg
gabapentin significantly increased thresholds at the 



1 hr, 2 hrs, and 4 hrs times post-dosing (73.2  14.7
and 73.7  16.6 % reversal at 2 hrs and 4 hrs,
respectively). The effect of dosing with Compound #8
at 120 mg/kg Compound #8 was slightly lower than those
observed with gabapentin, but was significantly
different from baseline (time O') at 1 hr (42.2  13.8
% reversal) and 4 hrs (45.4  12.2 % reversal) after
oral administration. Dosing at 240 mg/kg of Compound
#8 produced effects (65.6  2 1.1 % change at 4 hr)
similar to those observed with gabapentin (73.4  15.2
at 4 hr). Thus, both gabapentin and Compound #8
significantly increased withdrawal thresholds at 2
hrs, 4 hrs and 6 hrs after oral administration.
Effects waned by 8 hrs and were similar to
vehicle-treated values 24 hr after
administration.Example 16 / Study B: In a second
study, daily administration of Compound #8 for 7 days
was evaluated to determine whether sub-chronic dosing
would alter withdrawal thresholds. Three weeks after
surgery, baseline tactile hypersensitivity was
assessed. Rats were randomized into 5 groups and
received vehicle (HPMC), 60 mg/kg, 120 mg/kg, 240
mg/kg or 480mg/kg of Compound #8. Withdrawal
thresholds were evaluated at 1 hr, 2 hrs, 4 hrs, 8 hrs
and 24 hrs after dosing on Day 1 (initial dose), Day 3
(third dose) and Day 7 (seventh dose). Following the
first administration of Compound #8, 480 mg/kg
produced a significant reversal in tactile
hypersensitivity, with the peak effect occurring 4 hrs
after dosing (64.3  9.9 % reversal). No significant
differences were observed in the other treatment
groups at this time point, although there were
non-statistically significant trends for lower doses
of Compound #8 to reverse tactile hypersensitivity. On
the third and seventh day of dosing, none of the
treatment groups exhibited a significant reversal of
tactile hypersensitivity. Example 17 / Study C: 



In a third study, Compound #8 was administered at 100
mg/kg, 300 mg/kg and 560 mg/kg, p.o., gabapentin was
administered as a positive control at 560 mg/kg and
mechanical allodynia was measured at 2 hrs, 4 hrs and
6 hrs post-dosing, at 4 weeks after surgery. In this
study, treatment with Compound #8 at 100 mg/kg, 300
mg/kg or 560 mg/kg, p.o. did not show a statistically
significant effect up to 6 hrs. Dosing with gabapentin
at 560 mg/kg (positive control) resulted in an
observed decrease in mechanical allodynia at 2 hrs and
4 hrs post dosing (58.7 and 86.4 % reversal,
respectively) relative to baseline, but not at 6 hrs
post dosing. (Note that this behavior with gabapentin
does not appear to be consistent with the expected
behavior of gabapentin in the Chung model.) Example 18
/ Study D: In a fourth study, the effect of Compound
#8 at 560 mg/kg dose using a 10% solutol in HPMC
solution was evaluated. Gabapentin was administeredas
a positive control at 560 mg/kg and mechanical
allodynia was measured at selected time points up to
6h post-dosing. Four weeks after surgery, vehicle (10%
solutol in HPMC), Compound #8 at 560 mg/kg or
gabapentin at 560 mg/kg was orally administered to
rats. In this study, vehicle produced a statistically
significant increase in tactile hypersensitivity
compared with baseline over the duration of the study,
while gabapentin produced a statistically significant
decrease (55 to 77 % reversal) in tactile
hypersensitivity at between 2 hrs and 6 hrs after
administration. There was a non-statistically
significant trend for rats dosed with Compound #8 with
a decrease in hypersensitivity between 4 hrs and 6 hrs
after administration. More specifically, treatment
with Compound #8 at 560 mg/kg p.o. showed a decrease
in mechanical allodynia at 4 hrs and 6 hrs post
dosing, but with a p=0.054. 



Note that the effect of the positive control was
variable in each of the above described studies in the
Chung model. Therefore the effect of Compound #8
should be interpreted in context with the positive
control response for any given study. Example 19
Taxol(r) Induced Peripheral Neuropathy Model
Peripheral neuropathies are chronic conditions that
arise when nerves are damaged by trauma, disease,
metabolic insufficiency or by certain drugs and
toxins. The sensory disturbances associated with
chemotherapeutic agents, such as paclitaxel (Taxol(r))
, range from mild tingling to spontaneous burning,
typically in the hands and feet. Symptoms become more
intense with continued therapy and can lead to
weakness, ataxia, numbness and pain that can take
weeks to months to resolve. In a pilot study, Compound
#8 was evaluated for its ability to reduce
Taxol(r)-induced mechanical allodynia and
neurodegeneration of the sciatic nerve (Polomano, RC,
Mannes, AJ, Clark, US Bennett, GJ. A painful
peripheral neuropathy in the rat produced by the
chemotherapeutic drug, paclitaxel. Pain, 94: 293-304,
2001 ; Flatters, SJL, Xiao, W-H, Bennett, GJ.
Acetyl-L-camitine prevents and reduces
paclitaxel-induced painful peripheralneuropathy.
Neurosci Lett 397:219-223, 2006). In addition, the
compound's effects on spontaneous locomotor activity
was measured. Method: Male Sprague-Dawley rats
(recieved from Harlan Sprague Dawley, Inc. at 7 weeks
old) were divided into two treatment groups
(n=10/group): the first group was treated with 2 mg/kg
Taxol(r), i.p. + 0.5% HPMC
(hydroxypropylmethylcellulose) vehicle, po; the second
group was treated with 



2 mg/kg Taxol(r), i.p. + 100 mg/kg Compound #8 (in
HPMC vehicle), po. The animals were housed in
polycarbonate plastic cages, 2 animals per cage, at a
temperature of 18-260C 30-70% humidity, 12-hour
light/dark cycle, with food and water available ad
libityum. On days 1, 3, 5, and 7, the rats received an
ip (intraperitoneal) injection of Taxol(r) (2 mg/kg).
In addition, animals received daily po (oral) doses of
Compound #8 or vehicle for 12 days, beginning on the
first day of Taxol(r) injections. Two behavioral tests
were performed: measurement of tactile sensitivity and
spontaneous locomotor activity. At baseline and on
Days 5 and 12 post- Taxol(r) injection, the animals
underwent Von Frey testing for mechanical allodynia
(according to the procedure as described in Chaplan,
SR, Bach, FW Pogrel, JW, Chung, JM, Yaksh, TL.
Quantitative assessment of tactile allodynia in the
rat paw. J Neurosci Meth, 53:55-63, 1994). Tactile
sensitivity (i.e. mechanical allodynia) was measured
using calibrated filaments touched to the plantar
surface of the affected limb to determine paw
withdrawal threshold. Briefly, the rats were placed in
a Plexiglas cage with a wire mesh bottom and allowed
to acclimate for 10 minutes. Once the animals settled,
the plantar surface of the right hind paw was touched
with a 2.0 g von Frey filament. In the absence of a
paw withdrawak response to the initially selected
filament, a stronger stimulus was presented; in the
event of paw withdrawal, the next weaker stimulus was
chosen. In this fashion, the resulting pattern of
positive and negative responses was used to determine
paw withdrawal threshold. Data were analyzed using
two-way ANOVA, one-way ANOVA and Dunnett's test, with
statistical significance at p<0.05.On Day 11 after the
start of Taxol(r) injection, the animals underwent 



Open Field testing to measure motor activity levels.
Previous studies have shown Taxol(r) treatment can
lead to decreased spontaneous locomotor activity
(e.g., number of beam crossings) (Pascual, D,
Goicoechea, C, Suardiaz, M, Martin, Ml. A cannabinoid
agonist, WIN 55,212-2, reduces neuropathic nociception
induced by paclitaxel in rats. Pain 118: 23-34, 2005).
The Open Field test was performed by placing the
animal into a 17" x 17" open chamber that contained
infrared light strips that are positioned around the
walls of the chamber. The light strips transmit
infrared beams of light so that horizontal (locomotor)
and vertical (rearing) movements of the animal are
automatically recorded every 100 msec by beam breaks.
For this study, the locomotor activity levels of the
animal were recorded over a 20 min period of time to
evaluate spontaneous activity in a novel environment.
Data were analyzed using one-way ANOVA and Dunnett's
test, with statistical significance at p<0.05. On Day
13, the animals were euthanized by carbon dioxide
asphyxiation. The sciatic nerve and right hind paw
were excised and placed in 10% neutral buffered
formalin. The harvested tissues were blocked, embedded
in paraffin, sectioned and stained with hemotoxylin
and eosin. The tissue was examined using light
microscopy and scored by an evaluator blind to the
treatment regimen. The tissue was ranked on a scale of
0 to 3 based on the degree and amount of axonal
disruption observed in the section, with 0 being a
normal appearance of the axon, 1 to 2 being a mild to
moderate disruption of the axons and a 3 being a
complete disruption and WaIIerian degeneration of the
axons (Cavaletti, G Tredici, G, Braga, M, Tazzari, S.
Experimental peripheral neuropathy induced in adult
rats by repeated intraperitoneal 



administration of Taxol(r). Exper Neural 133:64-72,
1995). Data were analyzed using one-way ANOVA and
Dunnett's test, with statistical significance at
p<0.05. Results: Mechanical allodynia was measured at
baseline, Day 5 and Day 12 post- Taxol(r)
administration. There was no significant difference
betweengroups at baseline or Day 5; however, on Day 12
both the Taxol(r) alone (p<0.05) and Taxol(r) + 100
mg/kg Compound 8 (p<0.001) treated groups were more
pain-sensitive in comparison with their baseline
responses. Compound #8 appeared to potentiate the pain
response compared to Taxol(r) alone; however, this
difference was not statistically significant.
Spontaneous locomotor activity was tested on Day 11
following the start of Taxol (r) dosing. There was no
difference between treatment groups for horizontal
movement; however, the Taxol (r) + Compound #8
(p<0.05) treated animals exhibited decreased vertical
rearing compared to Taxol(r) alone. Histopathological
evaluation of sections of the right hindpaw and
sciatic nerve were performed. Compound #8 had no
effect on the severity of Taxol (r)- induced
degeneration in the right hind paw; however, there was
a positive trend to decreased degeneration in the
sciatic nerve, although the differences were not
statistically significant. Discussion; The pilot study
was performed to evaluate the efficacy of Compound #8
on pain, movement changes and nerve damage that can
occur as a result of Taxol (r)-induced peripheral
neuropathy. Typically, rats treated with Taxol (r) are
evaluated several weeks post-injection because the
resulting mechanical allodynia develops anywhere
between 12 to 2 1 days post- Taxol(r). In the 



present study, compound efficacy was evaluated on Days
5 and 12 post- Taxol (r), a shorter study duration
than previously published studies; however, it is
noted that significant allodynia could occur within
this timeframe. The results suggest that on Day 12
mechanical allodynia was developed with Taxol (r)
treatment, although the magnitude of the effect was
not robust (baseline: 16.42  2.14g, day 12: 12.1 1
4.92 g). However, Compound #8 was ineffective in
preventing the allodynia at this same time point. This
result is viewed as inconclusive.. Increasing the time
course of the study may have revealed a more
pronounced effect of Taxol (r) and a protective effect
of Compound #8. Additionally, it is noted that a
positive control was not included in the
study.Assessment of open field behavior indicated that
rats treated with Compound #8 exhibited decreased
rearing behavior, compared to Taxol(r) alone,
indicating a lower level of spontaneous vertical
exploration. However, since the horizontal activity
levels did not differ with Compound #8 treatment from
that of the Taxol(r) alone group, pain or sedation are
not likely reasons for the reduced rearing. The
histopathological analysis revealed a trend toward
reduction of sciatic nerve damage with treatment with
Compound #8; however, it was not statistically
significant. Taken together, this preliminary study
suggests that Compound #8 may have beneficial effects
against Taxol(r)-induced peripheral neuropathy in
rats. Proposed follow-up studies would include a
longer testing period post- Taxol(r) (e.g., ~ 6 week
time course) and multiple dosing levels (e.g. a
dose-response curve) for Compound #8. Example 20
Taxol(r) Induced Peripheral Neuropathy Model 



Peripheral neuropathies are chronic conditions that
arise when nerves are damaged by trauma, disease,
metabolic insufficiency or by certain drugs and
toxins. The sensory disturbances associated with
chemotherapeutic agents, such as paclitaxbl
(Taxol(r)), range from mild tingling to spontaneous
burning, typically in the hands and feet. Symptoms
become more intense with continued therapy and can
lead to weakness, ataxia, numbness and pain that can
take weeks to months to resolve. A this second, longer
term study using the Taxol(r) induced peripheral
neuropathy model was completed as a follow-up to the
preliminary study describe in Example 19 above.
Method: Paclitaxel (Taxol(r), Bristol-Myers-Squibb; 6
mg/ml in a 50:50 mixture of Cremophor and ethanol) was
diluted just before use with saline to a concentration
of 2 mg/ml and injected IP in a volume of 1 ml/kg) on
fouralternate days (DO, D2, D4, and D6). Compound #8
was suspended in 0.1 N HCI:0.5% methylcellulose ( 1:9)
immediately prior to each injection at concentrations
of 60 mg/ml and 120 mg/ml. Adult male Sprague-Dawley
rats (Harlan, Indianapolis, IN; Frederick, MD breeding
colony) were caged on sawdust bedding in groups of 3-4
with food and water available ad libitum and a 12:12
hr light-dark cycle. Three groups of
paclitaxel-treated animals, each n = 12, were formed:
Group 1 was treated with Compound #8 at 60 mg/kg, PO
(oral gavage), daily for 20 days, starting on DO (the
same day as the beginning of paclitaxel dosing). On
those days when both Compound #8 and paclitaxel were
to be administered, Compound #8 was given at 090Oh and
paclitaxel at 130Oh. Group 2 was treated with Compound
#8 at 120 mg/kg, PO (oral gavage), daily, 



starting on DO (the same day as the beginning of
paclitaxel dosing). On those days when both Compound
#8 and paclitaxel were to be administered, Compound #8
was given at 0900h and paclitaxel at 130Oh. Group 3
was treated with an equal volume of vehicle, daily,
starting on DO (the same day as the beginning of
paclitaxel dosing). The animals were habituated to the
testing environment on three separate days and then
three daily baseline sessions were given to measure
the normal response rate to stimulation with von Frey
hairs exerting 4g or 15g of pressure (4gVFH and
15gVFH). Normal rats rarely, if ever, withdraw from
stimulation with 4gVFH; thus, a post-paclitaxel
increase in responding to this stimulus is indicative
of mechano-allodynia. Normal rats withdraw from
stimulation with 15gVFH 10-20% of the time; thus an
increased response frequency to this stimulus is
indicative of mechano-hyperalgesia. The animals were
positioned beneath upturned plastic mouse cages atop
an elevated platform with wire-mesh flooring. Each VFH
was applied to the glabrous skin of the mid-heel and
the presence or absence of a withdrawal response was
noted. This was repeated 5 times on each hind paw and
the animal's responses were summarized as a percent
response score (e.g., 5 withdrawal responses to 15gVFH
stimulation would yield a score of 50%). Behavior was
assessed by an observer who was blind as to group
assignment.Behavioral tests for paclitaxel's effects
began on day 13 (D13) and were repeated on D15, D17,
D21 , D24, D28, D31 , D35 and D38. The. tests on days
13-17 were during the 20 day dosing period for
Compound #8. For these days the drug was given at
090Oh and behavioral tests began at 130Oh. Significant
paclitaxel-evoked mechano-allodynia and
mechano-hyperalgesia were expected to develop 10-14
days after the last injection of paclitaxel. 



Results: As expected, paclitaxel-treated rats that
received vehicle injections developed
mechano-allodynia (4gVFH test) and
mechano-hyperalgesia (15gVFH test). Both 60 mg/kg and
120 mg/kg doses of Compound #8 suppressed the
development of mechano-allodynia and
mechano-hyperalgesia. The suppressive effect was
apparent at the onset of the pain syndrome and
continued for approximately 11 days after the last
injection of Compound #8; allodynia and hyperalgesia
returned thereafter. There were no significant
differences between the two dosage groups. Compound #8
treatment produced no apparent side-effects. Block of
mechano-allodynia appeared to be superior to block of
mechano-hyperalgesia. Example 21 Acetic Acid-induced
Abdominal Constriction Model of Visceral Pain The
purpose of this assay was to determine whether
Compound #8 reverses hypersensitivity in visceral,
inflammatory and neuropathic models of pain. Test
compound and controls were dissolved in the
appropriate volume of 0.5 % HPMC or 10% solutol in 0.5
% hydoxypropyl methylcellulose (HPMC). HPMC served as
the vehicle for preparation of gabapentin solutions
used as the positive control. Solutions were prepared
to provide the final dose in a volume of 10 ml_/kg
orally (p.o.) for mice. Male CD-1 mice from Charles
Rivers Laboratories (Portage, ME), weighing between 25
and 30 grams at the time of study, were used for the
acetic acid-induced abdominal stretching studies.All
animals had a week quarantine/acclimation period
before being transferred to a general stockroom. Mice
in the acetic acid-induced abdominal 



stretching study were allowed 1 hr to acclimate to the
testing room before the start of the study. Animals
were housed in micro-isolator cages in groups of four
rats per cage or 5 mice per cage with corncob bedding
and free access to food and water. The environment was
maintained at a constant temperature of 2 10C, with a
12-hour light/dark cycle. Animals used in the acetic
acid-induced abdominal stretching test were maintained
with original cage mates throughout the study period
(four rats per cage, 5 mice per cage; cages were
Nalgene(r) with corn cob bedding). Animals from
several cages were randomly assigned across treatment
groups; that is, mice in a given cage were
pseudo-randomly assigned to different treatment
groups. In all tests, the investigator performing the
behavioral analysis was blinded to the treatment
administered to any individual animal. On the day of
study, mice were orally dosed either with vehicle
(Methocel or 10% SolutohMethocel), 560 mg/kg of
Compound #8 or 560 mg/kg of gabapentin as a positive
control. Mice were then given an i.p injection of 0.5
mL (2 x 0.25 mL/abdominal quadrant) of 0.6% acetic
acid following 1 hr, 2 hrs, 3 hrs or 4 hours treatment
with vehicle, compound or positive control. Five
minutes after i.p acetic acid injection, 5 animals
were placed into separate bell jars containing a small
amount of bedding chips, and the number of abdominal
stretches per animal was recorded for 5 minutes. This
was repeated for each group (N = 10 mice/group). The
effective dose producing a 50% effect (ED50) and
associated statistics were calculated using PharmTools
Plus software (The McCary Group). Statistics (two-way
ANOVA) for the acetic acid assay were calculated using
Graph Pad Prism v4.0. Data from the acetic
acid-induced model of 



visceral pain were analyzed by a 2-way analyses of
variance (ANOVA). Significant main effects (p < 0.05)
were further analyzed using Dunnett's multiple
comparison test. Data are presented below as the mean
standard error of the mean (S.E.M.).Compound #8 was
evaluated in the acetic acid induced-model of
viscero-chemical pain. In vehicle-treated mice, the
average number of abdominal stretches was between 13
and 16.2 among the 4 groups. Although gabapentin
tended to decrease the number of stretches at 2 hr (
11.00  1.5 stretches) and 3 hr (1 0.0  1.6 stretches)
after oral administration, this effect was not
statistically significant. Compared with vehicle- or
gabapentin-treated mice, treatment with 560mg/kg of
Compound #8 did not significantly modify acetic
acid-induced stretching. Compound #8 did not modify
abdominal constrictions produced by an i.p. injection
of acetic acid. Similarly, gabapentin did not
significantly decrease acetic acid-induced
constrictions. These results suggest that this assay
may not be sensitive to analgesic effects of these
anticonvulsant compounds. Example 22 Complete Freund's
Adjuvant (CFAVinduced Model of Inflammatory Pain
lntraplantar injection of CFA in rats results in a
long-lasting inflammatory reaction, characterized by
edema and a pronounced hypersensitivity to both
thermal and mechanical stimuli. This hypersensitivity
peaks between 24-72 hours after injection and can last
for several weeks. This assay predicts the analgesic,
antiallodynic and/or antihyperalgesic effect of test
compounds. Test compound and controls were dissolved
in the appropriate volume of 0.5 % HPMC or 10% solutol
in 0.5 % hydoxypropyl methylcellulose (HPMC).
Solutions were prepared to provide the final dose in a
volume of 2.5 ml_/kg or 5 



mL/kg p.o. for rats. Male, Sprague-Dawley rats from
Charles Rivers Laboratories (Portage, ME), weighing
between 250 and 350 grams at the time of study, were
used for the CFA paw radiant heat studies. All animals
had a week quarantine/acclimation period before being
transferred to a general stockroom. Rats in the CFA
study were moved to a testing room the day of the CFA
injection, where they remained for the duration of the
study. Animals were housed in micro-isolator cages in
groups of four rats per cage or 5 mice per cage with
corncob bedding and free access to foodand water. The
environment was maintained at a constant temperature
of 2 10C, with a 12-hour light/dark cycle. Animals
used in rat CFA-RH tests were maintained with original
cage mates throughout the study period (four rats per
cage, 5 mice per cage; cages were Nalgene(r) with corn
cob bedding). Animals from several cages were randomly
assigned across treatment groups; that is, rodents in
a given cage were pseudo-randomly assigned to
different treatment groups. For CFA testing, only rats
that exhibited at least a 25% reduction in response
latency from baseline (i.e., hyperalgesia) were
included in further testing and analysis. In all
tests, the investigator performing the behavioral
analysis was blinded to the treatment administered to
any individual animal. On the day of study, rats were
given a 100 ml_ (1 mg/mL) intraplantar injection of
CFA (1:1 CFA:saline) into their left hindpaw.
Following a 24 hour incubation period, response
latencies on a radiant heat paw stimulator (RH) were
obtained and compared to baseline (pre-CFA) latencies.
The response was automatically registered by the RH
device when the rat lifted its paw from the surface of
the glass. Following the post-CFA latency assessment,
rats were dosed orally (2.5 ml_/kg) with Compound #8
or vehicle (HPMC). Percent 



Reversal of hyperalgesia was calculated for each
animal as [(treatment response) -(post-CFA response)]
/ [(pre-CFA response) -(post-CFA response)] x 100.
Average % reversal of hyperalgesia was then calculated
for each treatment group (n= 5-6 rats/group). The
effective dose producing a 50% effect (ED50) and
associated statistics were calculated using PharmTools
Plus software (The McCary Group). Statistics (two-way
ANOVA) for the acetic acid assay were calculated using
Graph Pad Prism v4.0. Data from time course studies in
the CFAinduced model of inflammatory pain were
analyzed by a within-subjects, repeated measures,
one-way ANOVA. Significant main effects (p < 0.05)
were further analyzed using Dunnett's multiple
comparison test. Data are presented below as the mean
+/- S.E.M. Compound #8 was evaluated in the CFA model
of inflammatory pain. In normal rats, average paw
withdrawal latencies were between 14.6 and 15.6sec.
Twenty-four hour after CFA, average paw withdrawal
latencies had increased to between 6.0 and 6.8 sec,
indicating that thermal hypersensitivity had
developed. The oral administration of vehicle did not
significantly modify paw withdrawal latencies. By
comparison, an orally administered dose of 560 mg/kg
gabapentin time-dependently reversed thermal
hypersensitivity, with a peak 68.6% reversal (compared
with the 24-hr post-CFA baseline) observed 4 hr after
oral administration. An oral dose of 560 mg/kg of
Compound #8 also time-dependently reversed thermal
hypersensitivity, with a peak 86.0% reversal (compared
with the 24-hr post-CFA baseline) observed 4 hr after
oral administration. Compound #8 time-dependently
attenuated CFA induced thermal hypersensitivity
indicating that compound #8 would be expected to be
useful for 



treating inflammatory pain. Example 23
Formalin-Induced Hyperalgesia Model Adult male CF-1
mice weighing 2-0 g were obtained from Charles River
(Wilmington, MA). All animals were house on a 12:12
lightrdark cycle and permitted free access to both
food and water, except when removed from the home cage
for experimental procedures. Compound #8 was trituated
in a small volume of 0.5% methylcelllulose, sonicated
for 10 min and brought to a final volume with 0.5%
methylcellulose. Compound # 8 was administered i.p. in
a volume of 0.01 ml_/10 g body weight to the test
mice. Two hours after i.p. administration of Compound
#8 or vehicle, an injection of 0.5% formalin was made
into the plantar region of the right hind paw. In this
model, the injection of formalin elicits a distinct
biphasic behavioral profile characterized by the mouse
licking the affected paw. Immediately after the
injection, the mouse licks the paw for about 10
minutes. This corresponds to phase 1 (acute response)
and is followed by a brief latency period where there
is little behavioral activity. A more prolonged period
of about 20-30 minutes of paw licking ensues which
constitutes phase 2 (inflammatory).Prior to the
administration of Compound #8 at 15 mg/kg (n=8), 30
mg/kg (n=8), 200 mg/kg (n=8), 300 mg/kg (n=4) or
vehicle (n=8), each mouse underwent a 15-minute
conditioning period in one of several 6" tall
Plexiglas tubes (4" in diameter) that were placed in
front of a mirror. Following the conditioning period,
Compound #8 or vehicle was administered i.p. and the
mouse returned to tits home tube. Two hours after
administration, formalin was 



injected sub-dermally (20mL, 27 gauge needle) into the
plantar surface of the right hind foot. The bevel of
the needle was placed facing down toward the skin
surface. Following the injection of the formalin each
animal was observed for the first 2 minutes of each 5
minute period for a total of 45 minutes. The
cumulative length of licking for each 2 minute period
was recorded. An animal receiving the requisite volume
of vehicle was alternated with each mouse dosed with
Compound #8. Animals were euthanized following the
conclusion of the experiment. Area under the curve
(AUC) determinations were made using the GraphPad
Prism Version 3.03. Total AUC was calculated for both
the dosed and control groups for both acute and
inflammatory phases. The AUC of individual animals for
each phase was also calculated and converted to a
percentage of total AUC of control. Average
percentages and SEM for both Compound #8 dosed and
vehicle dosing was calculated and tested for
statistical significance. Compound #8 was effective
against acute, phase 1 pain associated with injection
of formalin. For this components, the median effective
dose (ED5o) and 95% confidence interval (Cl) for
producing a 50% or greater reduction in AUC was
calculated to be 111 mg/kg (with a range of 62.0-245
mg/kg) following i.p. administration. Compound #8
decreased the secondary phase of formalin-induced
hyperalgesia in a dose-dependent manner. The median
effective dose (ED50) and 95% confidence interval (Cl)
for producing a 50% or greater reduction in AUC was
calculated to be 101 mg/kg (with a range of 53.6-225
mg/kg) following i.p. administration.The results from
this study indicate that Compound #8 possesses the 



ability to reduce formalin-induced hyperalgesia, and
indicates that Compound #8 would be expected to be
useful for the treatment of acute and chronic
inflammatory pain. Example 24 Compound #8 prepared as
in Example 7 is formulated with sufficient finely
divided lactose to provide a total amount of 580 to
590 mg to fill a size O hard gel capsule. While the
foregoing specification teaches the principles of the
present invention, with examples provided for the
purpose of illustration, it will be understood that
the practice of the invention encompasses all of the
usual variations, adaptations and/or modifications as
come within the scope of the following claims and
their equivalents.We Claim: 1. A method for treating
pain, comprising administering to a subject in need
thereof, a therapeutically effective amount of a
compound of formula (I) wherein R1 and R2 are each
independently selected from the group consisting of
hydrogen and lower alkyl; R4 is selected from the
group consisting of hydrogen and lower alkyl; a is an
integer from 1 to 2; is selected from the group
consisting of wherein b is an integer from 0 to 4; and
wherein c is an integer from 0 to 2; each R5 is
independently selected from the group consisting of
halogen, lower alkyl and nitro;provided that when or ,
then,a is 1; 



or a pharmaceutically acceptable salt thereof. 2. The
method as in Claim 1, wherein R1 and R2 are each
independently selected from the group consisting of
hydrogen and lower alkyl; R4 is selected from the
group consisting of hydrogen and lower alkyl; a is an
integer from 1 to 2; is selected from the group
consisting ofwherein b is an integer from 0 to 2; and
wherein c is an integer from 0 to 1; each R5 is
independently selected from the group consisting of
halogen, lower alkyl and nitro; provided that when is
or ; or a pharmaceutically acceptable salt thereof. 3.
The method as in Claim 2, wherein R1 and R2 are each
independently selected from the group consisting of
hydrogen and lower alkyl; R4 is selected from the
group consisting of hydrogen and lower alkyl; a is an
integer from 1 to 2; is selected from the group
consisting of wherein b is an integer from 0 to 2; and
wherein c is 0;each R5 is independently selected from
the group consisting of halogen, lower alkyl and
nitro; provided that when or a pharmaceutically
acceptable salt thereof. 4. The method as in Claim 3,
wherein R1 and R2 are each independently selected from
the group consisting of 



hydrogen and lower alkyl; R4 is selected from the
group consisting of hydrogen and methyl; a is an
integer from 1 to 2; is selected from the group
consisting of 2-(2,3-dihydrobenzo[ 1 ,4]dioxinyl),
2-(benzo[1 ,3]dioxolyl), 2-(3,4-dihydro-2Hbenzo[ 1
,4]dioxepinyl), 2-(2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(6-chloro-2,3- dihydro-benzo[1 ,4]dioxinyl),
2-(6-fluoro-2,3-dihydro-benzo[1 ,4]dioxinyl), 2-
(chromanyl), 2-(5-fluoro-2,3-dihydro-benzo[1
,4]dioxinyl), 2-(7-chloro-2,3- dihydro-benzo[1
,4]dioxinyl), 2-(6-chloro-benzo[1 ,3]dioxolyl),
2-(7-nitro-2,3- dihydro-benzo[1 ,4]dioxinyl),
2-(7-methyl-2,3-dihydro-benzo[1 ,4]dioxinyl), 2-(5-
chloro-2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(6-bromo-2,3-dihydrobenzo[ 1 ,4]dioxinyl),
2-(6,7-dichloro-2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(8-chloro- 2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(2,3-dihydro-naphtho[2,3-b][1 ,4]dioxinyl) and
2-(4-methyl-benzo[1 ,3]dioxolyl); provided that when
is 2-(3,4-dihydro-2H-benzo[1 ,4]dioxepinyl), then a is
1; or a pharmaceutically acceptable salt thereof. 5.
The method as in Claim 4, whereinR1 and R2 are each
independently selected from the group consisting of
hydrogen and methyl; R4 is selected from the group
consisting of hydrogen and methyl; a is an integer
from 1 to 2; is selected from the group consisting of
2-(benzo[1 ,3]dioxolyl), 2-(2,3- dihydro-benzo[1
,4]dioxinyl), 2-(2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(6-chtoro-2,3- dihydro-benzo[1 ,4]dioxinyl),
2-(7-chloro-2,3-dihydro-benzo[1 ,4]dioxinyl), 2-(7-
methyl-2,3-dihydro-benzo[1 ,4]dioxinyl),
2-(6-bromo-2,3-dihydrobenzo[ 



1 ,4]dioxinyl) and 2-(6,7-dichloro-2,3-dihydro-benzo[1
,4]dioxinyl); or a pharmaceutically acceptable salt
thereof. 6. The method of Claim 1, wherein the
compound of formula (I) is selected from the group
consisting of (2S)-(-)-N-(6-chloro-2,3-dihydro-benzo[1
,4]dioxin- 2-ylmethyl)-sulfamide; and pharmaceutically
acceptable salts thereof. 7. A method of treating
pain, comprising administering to a subject in need
thereof a therapeutically effective amount of a
compound selected from the group consisting
(2S)-(-)-N-(6-chloro-2,3-dihydro-benzo[1
,4]dioxin-2-ylmethyl)- sulfamide; and pharmaceutically
acceptable salts thereof. 8. The method of Claim 1,
wherein the pain is acute pain or chronic pain. 9. The
method of Claim 1, wherein the pain is inflammatory
pain. 10. The method of Claim 1, wherein the pain is
neuropathic pain. 11. The method of Claim 10, wherein
the neuropathic pain is diabetic neuropathy. 12. The
method of Claim 7, wherein the pain is acute pain or
chronic pain.13. The method of Claim 7, wherein the
pain is inflammatory pain. 14. The. method of Claim 7,
wherein the pain is neuropathic pain. 15. The method
of Claim 14, wherein the neuropathic pain is diabetic
neuropathy. 16. A method for the treatment of pain,
comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of
formula (II) or a pharmaceutically acceptable salt
thereof. 17. The method of Claim 16, wherein the pain
is acute pain or chronic pain. 18. The method of Claim
16, wherein the pain is inflammatory pain. 19. The
method of Claim 16, wherein the pain is neuropathic
pain. 






