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BUPROPION METABOLITES AND METHODS OF 
THEIR SYNTHESIS AND USE 

[0001] This application is a continuation-in-part of 
copending application No. 09/510,241, ?led Feb. 22, 2000, 
Which claims priority to provisional application No. 60/148, 
324, ?led Aug. 11, 1999, and provisional application No. 
60/122,277, ?led Mar. 1, 1999, each of Which is incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to the synthesis of, methods 
of using, and compositions comprising bupropion metabo 
lites, their isomers, and salts thereof. 

BACKGROUND OF THE INVENTION 

[0003] Bupropion, a racemic mixture of (+)- and (—)-1 
(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino]-1-pro 
panone, is an antidepressant of the aminoketone class, Which 
is described in US. Pat. Nos. 3,819,706 and 3,885,046. The 
hydrochloride salt of bupropion is sold under the tradenames 
WELLBUTRIN® and WELLBUTRIN SR® (Glaxo 
Wellcome Inc.) for the treatment of depression. Bupropion 
is also sold under the tradename ZYBAN® (Glaxo 
Wellcome Inc.) as a drug useful to achieve smoking cessa 
tion. Additional bene?ts of bupropion maleate are reported 
in European Patent Application No. 118036. 

[0004] Although its mechanism of action is poorly under 
stood, bupropion is reportedly a Weak but selective inhibitor 
of dopamine. Its potency as an inhibitor of norepinephrine 
reuptake is reportedly only half of that for dopamine, and it 
shoWs little af?nity for the serotonergic transport system. 
Ascher, J. A., et al., J. Clin. Psychiatry, 56:395-401 (1995). 

[0005] Bupropion is extensively metaboliZed in man and 
animal. Three metabolites found in the plasma of healthy 
humans to Whom it has been administered are shoWn in 
Scheme 1: 

Scheme 1 

O H 
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[0006] Posner, J., et al., Em: J. Clin PharmacaL, 29:97 
103 (1985); SuckoW, R. F., et al., Biomedical Chromatog 
raphy, 11: 174-179 (1997). Referring to Scheme 1, metabo 
lite 1 has the chemical name 2-(3-chlorophenyl)-2-hydroxy 
3,5,5-trimethyl-morpholinol; metabolite 2 has the chemical 
name 2-(tert-butylamino)-1-(3-chlorophenyl)-propan-1-ol; 
and metabolite 3 has the chemical name 1-(3-chlorophenyl) 
2-[(1,1-dimethylethanol)amino]-1-propanone. Because 
bupropion is administered as a racemate and its metabolites 

are chiral, stereomeric mixtures of each of the metabolites 1, 
2, and 3 likely exist in human plasma folloWing its admin 
istration. 

[0007] The bupropion metabolite 1, often referred to as 
“hydroxybupropion,” has tWo chiral carbon atoms and can 
thus theoretically exist as tWo pairs of enantiomers. These 
are shoWn in Scheme 2: 

Scheme 2 
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[0008] Based on studies using racemic bupropion in mice, 
it has been suggested that racemic hydroxybupropion may 
contribute to the antidepressant pro?le of racemic bupropion 
in depressed patients. Kelley, J. L., et al., J. Med. Chem., 
39:347-349 (1996). The mixture 1a has been isolated from 
human plasma and allegedly separated into its (5,5) and 
(R,R) components. SuckoW, R.F., et al., Biomedical Chro 
matography, 11: 174-179 (1997). HoWever, activity of the 
individual enantiomers Was not reported in SuckoW. 

[0009] The amino alcohol metabolite 2, also referred to as 
“dihydrobupropion,” can also exist as tWo pairs of enanti 
omers. These are shoWn in Scheme 3: 

Scheme 3 
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[0010] The pair Wherein the alcohol and amine moieties 
are cis to each other is commonly referred to as the erythro 
amino alcohol metabolite; the pair Wherein the tWo moieties 
are trans to each other is referred to as the threo-amino 
alcohol metabolite. 

[0011] The tert-butyl alcohol metabolite 3 can exist as one 
of tWo enantiomers. This racemic metabolite, the accumu 
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lation of Which in human plasma coincides With the elimi 
nation of a single dose of bupropion, is believed by some to 
be a precursor to hydroxybupropion. Posner, J ., et al., Eur. 
J. Clin. Pharmacol., 29:97-103 (1985); SuckoW, R. F., et al., 
Biomedical Chromatography, 11: 174-179 (1997). 

[0012] Clearly, the metabolism of bupropion, Which is 
complicated and poorly understood, results in a complex 
array of chiral compounds. The structures of these molecules 
and their chirality provide the skilled artisan With difficult 
issues of asymmetric synthesis, chiral resolution, and phar 
macological activity. 
[0013] Racemic bupropion is Widely used to treat affective 
disorders in patients Who do not respond to, or cannot 
tolerate, other antidepressants such as tricyclic agents or 
monoamine oxidase inhibitors. Examples of affective disor 
ders are depression and bipolar manic-depression. Racemic 
bupropion is also useful in the treatment of other diseases or 
conditions associated With the reuptake of neuronal 
monoamines such as serotonin and norepinephrine. These 
reportedly include: schiZophrenia (US. Pat. No. 5,447,948); 
attention-de?cit disorder; psycho-sexual dysfunction (US. 
Pat. No. 4,507,323); bulimia and other eating disorders; 
Parkinson’s disease; migraine (US. Pat. No. 5,753,712); and 
chronic pain. Racemic bupropion also reportedly increases 
success rates in some smoking cessation treatments. Rose, J. 
E.,Annu. Rev. Med., 47:493-507 (1996); Ferry, L. H. et al, 
J. Addict. Dis., 13:A9 (1994); and Lief, H. I., Am. J. 
Psychiatry, 153(3): 442 (1996). 
[0014] Further uses of racemic bupropion reportedly 
include the treatment of: the effects of ethanol (US. Pat. No. 
4,393,078); tardive dyskinesia (US. Pat. No. 4,425,363); 
droWsiness (US. Pat. Nos. 4,571,395 and 4,798,826); mini 
mal brain dysfunction (US. Pat. No. 4,435,449); psycho 
sexual dysfunction (US. Pat. No. 4,507,323); prostate 
hypertrophy and sexual dysfunction (US. Pat. No. 4,835, 
147); psychostimulant addiction (US. Pat. No. 4,935,429); 
substance abuse (US. Pat. No. 5,217,987); high cholesterol 
(US. Pat. No. 4,438,138); and Weight gain (US. Pat. No. 
4,895,845). 
[0015] Certain advantages exist in using bupropion for the 
treatment of diseases and conditions. For example, bupro 
pion does not inhibit monoamine oxidase or block the 
reuptake of serotonin, unlike other neuronal monoamine 
reuptake inhibitors. Administration of bupropion can thus 
avoid or lessen many adverse effects commonly associated 
With other antidepressants such as tricyclic agents and 
monoamine oxidase inhibitors. 

[0016] Unfortunately, racemic bupropion is not free of 
adverse effects. Administration of the drug can cause sei 
Zures, especially in patients currently taking the monoamine 
oxidase inhibitor phenelZine. Other frequently reported 
adverse effects associated With the use of racemic bupropion 
include nausea, vomiting, excitement, agitation, blurred or 
blurry vision, restlessness, postural tremors, hallucinations/ 
confusional states With the potential for abuse, anxiety, 
insomnia, headaches and/or migraines, dry mouth, consti 
pation, tremor, seiZures, sleeping disturbances, dermnato 
logic problems (e.g., rashes), neuropsychiatric signs and 
symptoms (e.g., delusions and paranoia), and Weight loss or 
gain‘. See, e.g., Physicians’ Desk Reference®1252-1258 
(53 ed. 1999). These effects are dose limiting in a number 
of patients, and can be particularly dangerous for Parkin 
son’s patients. 
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[0017] Thus, there remains a need for a drug that provides 
the advantages of racemic bupropion, but With feWer disad 
vantages. Compounds and pharmaceutical compositions are 
desired that can be used for the treatment and prevention of 
disorders and conditions While reducing or avoiding adverse 
effects associated With the administration of racemic bupro 
p1on. 

SUMMARY OF THE INVENTION 

[0018] This invention encompasses methods of making 
and using bupropion metabolites and pharmaceutically 
acceptable salts, solvates, hydrates, and clathrates thereof, 
and pharmaceutical compositions and dosage forms com 
prising bupropion metabolites and pharmaceutically accept 
able salts, solvates, hydrates, and clathrates thereof. In 
particular, the invention provides methods of synthesiZing 
optically pure (S,S)-hydroXybupropion, and optically pure 
(R,R)-hydroXybupropion. In addition, the invention encom 
passes methods of synthesiZing optically pure (S,S)-dihy 
drobupropion, (R,R)-dihydrobupropion, (S,R)-dihydrobu 
propion, and (R,S)-dihydrobupropion. 

[0019] The invention further provides methods of treating 
and preventing conditions that include, but are not limited 
to, seXual dysfunction, affective disorders, cerebral function 
disorders, substance addiction, tobacco smoking, and incon 
tinence. Methods of the invention comprise administering to 
a patient in need of such treatment or prevention, a thera 
peutically or prophylactically effective amount of a bupro 
pion metabolite, or a pharmaceutically acceptable salt, sol 
vate, hydrate, or clathrate thereof. Additional methods of the 
invention further comprise the use of at least one additional 
physiologically active agent such as a selective serotonin 
reuptake inhibitor (“SSRI”), 5-HT3 antagonist, or nicotine 
With a bupropion metabolite of the invention. 

[0020] Pharmaceutical compositions and dosage forms of 
the invention comprise a therapeutically or prophylactically 
effective amount of a bupropion metabolite or a pharma 
ceutically acceptable salt, solvate, hydrate, or clathrate 
thereof, and optionally at least one additional physiologi 
cally active agent such as a SSRI, 5-HT3 antagonist, or 
nicotine. 

DEFINITIONS 

[0021] As used herein, the term “patient” includes mam 
mals, and preferably humans. 

[0022] As used herein, the term “bupropion metabolite” 
includes, but is not limited to, racemic and optically pure 
forms of 2-(3-chlorophenyl)-2-hydroXy-3,5, S-trimethyl 
morpholinol (also knoWn as hydroXybupropion), 2-(tert 
butylamino)-1-(3-chlorophenyl)-propan-1-ol (also knoWn as 
dihydrobupropion), and 1-(3-chlorophenyl)-2-[(1,1-dimeth 
ylethanol)amino]-1-propanone. As used herein, the term 
“optically pure bupropion metabolite” includes, but is not 
limited to, optically pure: (R,R)-2-(3-chlorophenyl)-2-hy 
droXy-3,5,5-trimethyl-morpholinol (also called (R,R)-hy 
droXybupropion); (S,S)-2-(3-chlorophenyl)-2-hydroXy-3,5, 
S-trimethyl-morpholinol (also called (S,S) 
hydroXybupropion); (R,R)-2-(tert-butylamino)-1-(3 
chlorophenyl)-propan-l-ol (also called (R,R) 
dihydrobupropion); (S,R)-2-(tert-butylamino)-1-(3 
chlorophenyl)-propan-l-ol (also called (S,R) 
dihydrobupropion); (S,S)-2-(tert-butylamino)-1-(3 
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chlorophenyl) -prop an- 1-ol (also called (S,S) -dihydrobupro 
pion); (R,S) -2-(tert-butylamino)- 1-(3-chlorophenyl)-pro 
pan-1 -ol (also called (R,S) -dihydrobupropion); (R)-1 -(3 
chlorophenyl) -2-[(1 , 1 -dimethyl-ethanol) amino]-1 - 
propanone; and (S)-1-(3-chlorophenyl)-2-[(1,1 
dimethylethanol) amino]-1 -prop anone. 

[0023] As used herein to describe a compound, the terms 
“substantially optically pure,”“optically pure,”“optically 
pure enantiomer,” and “stereomerically pure” mean that the 
compound contains greater than about 90% of the desired 
stereoisomer by Weight, preferably greater than about 95% 
of the desired stereoisomer by Weight, and most preferably 
greater than about 99% of the desired stereoisomer by 
Weight, said Weight percent based upon the total Weight of 
the stereoisomer(s) of the compound. As used herein to 
describe a compound, the term “substantially free” means 
that the compound contains less than about 10% by Weight, 
preferably less than about 5% by Weight, and more prefer 
ably less than about 1% by Weight of the undesired stere 
oisomer(s). 
[0024] As used herein, the term “adjunctively adminis 
tered” refers to the administration of one or more com 

pounds in addition to a bupropion metabolite, either simul 
taneously With the bupropion metabolite or at intervals prior 
to, during, or folloWing administration of the bupropion 
metabolite to achieve the desired therapeutic or prophylactic 
effect. 

[0025] As used herein, the terms “diastereomers” and 
“diastereomeric” refer to stereoisomers having distinct 
three-dimensional orientations that are not enantiomers. In 
particular these terms refer to compounds having tWo or 
more chiral centers. 

[0026] As used herein, the term “stereoisomers” refers to 
compounds possessing at least one chiral center, i.e., com 
pounds containing at least one carbon atom having four 
different groups attached thereto. 

[0027] As used herein, the term “pharmaceutically accept 
able salt” refers to a salt prepared from a pharmaceutically 
acceptable non-toXic inorganic or organic acid or base. The 
compounds of the invention that are basic in nature are 
capable of forming a Wide variety of salts With various 
inorganic and organic acids. Acids that can be used to 
prepare pharmaceutically acceptable acid addition salts of 
such basic compounds of the invention are those that form 
non-toxic acid addition salts, i.e., salts containing pharma 
cologically acceptable anions, such as, but not limited to, 
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, 
bisulfate, phosphate, acid phosphate, formate, acetate, pro 
pionate, succinate, camphorsulfonate, citrate, acid citrate, 
fumarate, gluconate, isothionate, lactate, malate, mucate, 
gentisate, isonicotinate, saccharate, tartrate, bitartrate, para 
toluenesulfonate, glycolate, glucuronate, maleate, furoate, 
glutamate, ascorbate, benZoate, anthranilate, salicylate, phe 
nylacetate, mandelate, embonate (pamoate), methane 
sulfonate, ethanesulfonate, pantothenate, benZenesulfonate, 
stearate, sulfanilate, alginate, p-toluenesulfonate, and galac 
turonate. Particularly preferred anions are hydrobromide, 
hydrochloride, phosphate, acid phosphate, maleate, sulfate, 
and acid phosphate. Most preferred anions are hydrochloride 
and maleate. 

[0028] Compounds of the invention that are acidic in 
nature are capable of forming salts With various pharma 
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ceutically acceptable bases. The bases that can be used to 
prepare pharmaceutically acceptable base addition salts of 
such acidic compounds of the invention are those that form 
non-toxic base addition salts, i.e., salts containing pharma 
cologically acceptable cations such as, but not limited to, 
alkali metal or alkaline earth metal salts and the calcium, 
magnesium, sodium or potassium salts in particular. Suitable 
organic bases include, but are not limited to, N,N-dibenZyl 
ethylenediamine, chloroprocaine, choline, diethanolamine, 
ethylenediamine, meglumaine (N-methylglucamine), lysine, 
and procaine. 

[0029] As used herein, the terms “avoiding adverse 
effects” and “avoiding adverse effects” mean eliminating or 
reducing at least one adverse effect associated With the 
administration of a particular compound or mixture of 
compounds. 

[0030] As used herein, the term “adverse effects associ 
ated With racemic bupropion” includes, but is not limited to, 
seiZures, nausea, vomiting, excitement, agitation, blurred or 
blurry vision, restlessness, postural tremors, hallucinations/ 
confusional states With the potential for abuse, anxiety, 
insomnia, headaches and/or migraines, dry mouth, consti 
pation, tremors, sleeping disturbances, dermatologic prob 
lems (e.g., rashes), neuropsychiatric signs and symptoms 
(e.g., delusions and paranoia), and Weight gain. 

[0031] As used herein, the term “adverse effects associ 
ated With the inhibition of dopamine reuptake” includes, but 
is not limited to, seiZures, nausea, vomiting, excitement, 
agitation, blurred or blurry vision, restlessness, postural 
tremors, hallucinations/confusional states With the potential 
for abuse, anxiety, insomnia, headaches and/or migraines, 
dry mouth, constipation, tremor, sleeping disturbances, der 
matologic problems (e.g., rashes), neuropsychiatric signs 
and symptoms (e.g., delusions and paranoia), and Weight 
gain. 

[0032] As used herein, the terms “disorder ameliorated by 
the inhibition of neuronal monoamine reuptake” and “dis 
order related to reuptake of neuronal monoamines” mean an 
acute or chronic disease, disorder, or condition having 
symptoms that are reduced or alleviated by the inhibition of 
neuronal monoamine reuptake, and especially by the inhi 
bition of norepinephrine (or noradrenaline) and serotonin 
reuptake. Disorders ameliorated by inhibition of neuronal 
monoamine reuptake include, but are not limited to, erectile 
dysfunction, affective disorders, cerebral function disorders, 
tobacco smoking, and incontinence. 

[0033] As used herein, the term “affective disorder” 
includes, but is not limited to, depression, anxiety disorders, 
attention de?cit disorder, attention de?cit disorder With 
hyperactivity, bipolar and manic conditions, bulimia, obesity 
or Weight-gain, narcolepsy, chronic fatigue syndrome, sea 
sonal affective disorder, premenstrual syndrome, substance 
addiction or abuse, and nicotine addiction. 

[0034] As used herein, the term “substance addiction” 
includes, but is not limited to, addiction to cocaine, heroin, 
nicotine, alcohol, opioids, anxiolytic and hypnotic drugs, 
cannabis (marijuana), amphetamines, hallucinogens, phen 
cyclidine, volatile solvents, and volatile nitrites. Nicotine 
addiction includes nicotine addiction of all knoWn forms, 
such as smoking cigarettes, cigars and/or pipes, and addic 
tion to cheWing tobacco. 
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[0035] As used herein, the terms “attention de?cit disor 
der” (ADD), “attention de?cit disorder With hyperactivity” 
(ADDH), and “attention de?cit/hyperactivity disorder” 
(AD/HD), are used in accordance With their accepted mean 
ings in the art. See, e.g., Diagnostic and Statistical Manual 
of Mental Disorders, Fourth Ed., Anmerican Psychiatric 
Association, 1997 (DSM-IVTM) and Diagnostic and Statis 
tical Manual ofMental Disorders, 3rd Ed., American Psy 
chiatric Association (1981) (DSM-IIITM). 
[0036] As used herein, the term “depression” includes a 
disease or condition characteriZed by changes in mood, 
feelings of intense sadness, despair, mental sloWing, loss of 
concentration, pessimistic Worry, agitation, and self-depre 
cation. Physical symptoms of depression that may be 
reduced or alleviated by the methods of the invention 
include insomnia, anorexia, Weight loss, decreased energy 
and libido, and abnormal hormonal circadian rhythms. 

[0037] As used herein, the term “cerebral function disor 
der” includes, but is not limited to, disorders involving 
intellectual de?cits such as senile dementia, AlZheimer’s 
type dementia, memory loss, amnesia/amnestic syndrome, 
epilepsy, disturbances of consciousness, coma, loWering of 
attention, speech disorders, Parkinson’s disease, Lennox 
syndrome, autistic disorder, autism, hyperkinetic syndrome 
and schiZophrenia. Also Within the meaning of the term are 
disorders caused by cerebrovascular diseases including, but 
not limited to, cerebral infarction, cerebral bleeding, cere 
bral arteriosclerosis, cerebral venous thrombosis, head inju 
ries, and the like Where symptoms include disturbance of 
consciousness, senile dementia, coma, lowering of attention, 
and speech disorders. 

[0038] As used herein, the term “method of treating Par 
kinson’s disease” means relief from the symptoms of Par 
kinson’s disease Which include, but are not limited to, 
sloWly increasing disability in purposeful movement, trem 
ors, bradykinesia, rigidity, and a disturbance of posture. 

[0039] As used herein, the term “sexual dysfunction” 
encompasses sexual dysfunction in men and Women caused 
by psychological and/or physiological factors. Examples of 
sexual dysfunction include, but are not limited to, erectile 
dysfunction, premature ejaculation, vaginal dryness, 
vaginismus, decreased libido, lack of sexual excitement, 
anorgasmia, or inability to obtain orgasm. The term “sexual 
dysfunction” further encompasses psycho-sexual dysfunc 
tion. Examples of psycho-sexual dysfunction include, but 
are not limited to, inhibited sexual desire, inhibited sexual 
excitement, inhibited female orgasm, inhibited male orgasm, 
premature ejaculation, functional dyspareunia, functional 
vaginismus, and atypical psychosexual dysfunction. 
[0040] As used herein, the term “method of treating or 
preventing sexual dysfunction” means prevention of, or 
relief from, sexual dysfunction or one or more symptoms of 
sexual dysfunction. 

[0041] As used herein, the term “method of treating or 
preventing psycho-sexual dysfunction” means prevention 
of, or relief from, a symptom of inhibited sexual desire, 
inhibited sexual excitement, inhibited female orgasm, inhib 
ited male orgasm, premature ejaculation, functional dys 
pareunia, functional vaginismus, and atypical psychosexual 
dysfunction. 
[0042] As used herein, the term “a method for treating 
obesity or Weight gain” means reduction of Weight, relief 
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from being overweight, relief from gaining Weight, or relief 
from obesity, all of Which are usually due to extensive 
consumption of food. 

[0043] As used herein, the term “a method of treating or 
preventing incontinence” means prevention of or relief from 
the symptoms of incontinence including involuntary voiding 
of feces or urine, and dribbling or leakage of feces or urine 
Which may be due to one or more causes including, but not 

limited to, pathology altering sphincter control, loss of 
cognitive function, overdistention of the bladder, hyper 
re?exia and/or involuntary urethral relaxation, Weakness of 
the muscles associated With the bladder, or neurologic 
abnormalities. As used herein, the term “urinary inconti 
nence” encompasses stress urinary incontinence and urge 
urinary incontinence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Novel aspects of the invention can be better under 
stood With reference to the ?gure described beloW: 

[0045] FIG. 1 illustrates the chemical structures of com 
pounds of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] This invention relates to the preparation of bupro 
pion metabolites, particularly optically pure metabolites, 
and pharmaceutically acceptable salts, solvates, hydrates, 
and clathrates thereof, and their use to treat or prevent a 
variety of diseases or conditions in mammals and humans in 
particular. For example the invention encompasses methods 
and compositions that inhibit the reuptake of neuronal 
monoamines (e.g., norepinephrine). The invention thereby 
provides methods, pharmaceutical compositions, and dosage 
forms for the treatment or prevention of disorders that are 
ameliorated by the inhibition of neuronal monoamine 
reuptake including, but not limited to, sexual dysfunction, 
affective disorders, cerebral function disorders, substance 
addiction, tobacco smoking, narcolepsy, and incontinence. 

[0047] The methods, pharmaceutical compositions, and 
dosage forms of the invention comprise a bupropion 
metabolite, or a pharmaceutically acceptable salt, solvate, 
hydrate or clathrate thereof. Preferred bupropion metabolite 
are optically pure. Speci?c preferred bupropion metabolites 
include optically pure (S,S)-hydroxybupropion (i.e., (S,S) 
2-(3-chlorophenyl)-2-hydroxy-3,5,5-trimethyl-morpholi 
nol), and (R,R)-hydroxybupropion (i.e., (R,R)-2-(3-chlo 
rophenyl)-2-hydroxy-3,5,5-trimethyl-morpholinol). Other 
speci?c preferred bupropion metabolites include (RS,RS) 
hydroxybupropion (i.e., (RS,RS)-2-(3-chlorophenyl)-2-hy 
droxy-3,5,5-trimethyl-morpholinol); (RS,RS)-dihydrobu 
propion (i.e., (RS,RS)-2-(tert-butylamino)-1-(3 
chlorophenyl)-propan-1-ol); (R,R)-dihydrobupropion (i.e., 
(R,R)-2-(tert-butylamino)-1-(3-chlorophenyl)-propan-l-ol); 
(S,R)-dihydrobupropion (i.e., (S,R)-2-(tert-butylamino)-1 
(3-chlorophenyl)-propan-1-ol); (S,S)-dihydrobupropion 
(i.e., (S,S)-2-(tert-butylamino)-1-(3-chlorophenyl)-propan 
l-ol); (R,S)-dihydrobupropion (i.e., (R,S)-2-(tert-buty 
lamino)-1-(3-chlorophenyl)-propan-1-ol); (RS)-1-(3-chlo 
rophenyl)-2-[(1,1-dimethylethanol)amino]-1-propanone; 
(R)-1-(3-chlorophenyl)-2-[(1,1-dimethylethanol)amino]-1 
propanone; and (S)-1-(3-chlorophenyl)-2-[(1,l-dimethyl 
ethanol)amino]-1-propanone. 
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[0048] A particularly preferred bupropion metabolite is 
(S,S)-hydroxybupropion, Which is an unexpectedly selective 
norepinephrine reuptake inhibitor that does not signi?cantly 
inhibit dopamine reuptake. It can thus be used to treat or 
prevent disorders related to norepinephrine reuptake Without 
incurring adverse effects associated With the inhibition of 
dopamine reuptake. It can also be used to treat or prevent 
disorders related to norepinephrine reuptake While reducing 
or avoiding adverse effects associated With racemic bupro 
p1on. 

[0049] A?rst embodiment of the invention encompasses a 
method of treating or preventing a disorder that is amelio 
rated by the inhibition of neuronal monoamine reuptake 
Which comprises administering to a patient in need of such 
treatment or prevention a therapeutically or prophylactically 
effective amount of a bupropion metabolite, or a pharma 
ceutically acceptable salt, solvate, hydrate, or clathrate 
thereof. Preferably, the bupropion metabolite is an optically 
pure bupropion metabolite. Preferred optically active bupro 
pion metabolites are (S,S)-hydroxybupropion, (S,S)-dihy 
drobupropion, (R,R)-dihydrobupropion, (R,S)-dihydrobu 
propion, and (S,R)-dihydrobupropion. A speci?c preferred 
optically pure bupropion metabolite is (S,S)-hydroxybupro 
pion. In a preferred method encompassed by this embodi 
ment, adverse effects associated With the inhibition of 
dopamine reuptake are reduced or avoided. In another 
method encompassed by this embodiment, the bupropion 
metabolite or pharmaceutically acceptable salt, solvate, 
hydrate, or clathrate thereof is adjunctively administered 
With an additional pharmacologically active compound, i.e., 
the bupropion metabolite and additional pharmacologically 
active compound are administered as a combination, con 
currently but separately, or sequentially by any suitable route 
(e.g., orally, transdermally, or mucosally). 

[0050] Additional pharmacologically active compounds 
include, but are not limited to, SSRIs, 5-HT3 inhibitors, and 
nicotine. SSRIs are compounds that inhibit the central 
nervous system uptake of serotonin While having reduced or 
limited af?nity for other neurologically active receptors. 
Examples of SSRIs include, but are not limited to, citalo 
pram (CELEXA®, Parke-Davis); ?uoxetine (PROZAC®, 
Eli Lilly & Co.) ?uvoxamine (LUVOX®, Solvay Pharma 
ceuticals, Inc.); paroxetine (PAXIL®, SmithKline Beecham 
Pharmaceuticals); sertraline (ZOLOFT®, P?Zer); venlafax 
ine (EFFEXOR®, Wyeth-Ayerst Laboratories); and opti 
cally pure stereoisomers, active metabolites, and pharma 
ceutically acceptable salts, solvates, hydrates, and clathrates 
thereof. Preferred 5-HT3 antagonists are antiemetic agents. 
Examples of suitable 5-HT3 antagonists include, but are not 
limited to, granisetron (KYTRIL®, SmithKline Beecham 
Pharmaceuticals), metoclopramide (REGLAN®, A. H. Rob 
ins), ondansetron (ZOFRAN®, Glaxo Wellcome Inc.), nor 
cisapride, renZapride, Zacopride, tropisetron, and optically 
pure stereoisomers, active metabolites, and pharmaceuti 
cally acceptable salts, solvates, hydrates, and clathrates 
thereof. 

[0051] A second embodiment of the invention encom 
passes a method of treating or preventing sexual dysfunction 
Which comprises administering to a patient in need of such 
treatment or prevention a therapeutically or prophylactically 
effective amount of a bupropion metabolite or a pharma 
ceutically acceptable salt, solvate, hydrates, or clathrate 
thereof. Preferably, the bupropion metabolite is an optically 
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pure bupropion metabolite. Preferred optically pure bupro 
pion metabolites are (S,S)-hydroXybupropion, (S,S)-dihy 
drobupropion, (R,R)-dihydrobupropion, (R,S)-dihydrobu 
propion, and (S,R)-dihydrobupropion. A speci?c preferred 
optically pure bupropion metabolite is (S,S)-hydroXybupro 
pion. In one method encompassed by this embodiment, the 
bupropion metabolite or pharmaceutically acceptable salt, 
solvate, hydrate or clathrate thereof is administered trans 
dermally or mucosally (e.g., nasally, sublingually, or buc 
cally). In another method encompassed by this embodiment, 
the bupropion metabolite or pharmaceutically acceptable 
salt, solvate, hydrate or clathrate thereof is adjunctively 
administered With a 5-HT3 antagonist. Another method 
encompassed by this embodiment is a method of treating or 
preventing erectile dysfunction 
[0052] A third embodiment of the invention encompasses 
a method of treating or preventing an affective disorder 
Which comprises administering to a patient in need of such 
treatment or prevention a therapeutically or prophylactically 
effective amount of a bupropion metabolite, or a pharma 
ceutically acceptable salt, solvate, hydrate, or clathrate 
thereof. This embodiment encompasses the treatment or 
prevention of affective disorders such as, but not limited to, 
depression, anxiety disorders, attention de?cit disorder, 
attention de?cit disorder With hyperactivity, attention de?cit 
hyperactivity disorder, bipolar and manic conditions, seXual 
dysfunction, psycho-sexual dysfunction, bolimia, obesity or 
Weight gain, narcolepsy, chronic fatigue syndrome, seasonal 
affective disorder, premenstrual syndrome, and substance 
addiction or abuse. Preferably, the bupropion metabolite is 
an optically pure bupropion metabolite. Preferred optically 
pure bupropion metabolites are (S,S)-hydroXybupropion, 
(S,S)-dihydrobupropion, (R,R)-dihydrobupropion, (R,S)-di 
hydrobupropion, and (S,R)-dihydrobupropion. A speci? 
cally preferred optically pure bupropion metabolite is (S,S) 
hydroXybupropion. One method encompassed by this 
embodiment is a method of treating or preventing depres 
sion. Another method encompassed by this embodiment is a 
method of treating or preventing narcolepsy. Yet another 
method encompassed by this embodiment is a method of 
treating or preventing nicotine addiction. 

[0053] A fourth embodiment of the invention encom 
passes a method of treating or preventing a cerebral function 
disorder Which comprises administering to a patient in need 
of such treatment or prevention a therapeutically or prophy 
lactically effective amount of a bupropion metabolite, or a 
pharmaceutically acceptable salt, solvate, hydrate, or clath 
rate thereof. This embodiment encompasses the treatment or 
prevention of cerebral function disorders such as, but not 
limited to, senile dementia, AlZheimer’s type dementia, 
memory loss, amnesia/amnestic syndrome, epilepsy, distur 
bances of consciousness, coma, loWering of attention, 
speech disorders, Parkinson’s disease, LennoX syndrome, 
autistic disorder, autism, hyperkinetic syndrome, schiZo 
phrenia, cerebral infarction, cerebral bleeding, cerebral aute 
rioscierosis, cerebral venous thrombosis, and head injury. 
Preferably, the bupropion metabolite is an optically pure 
bupropion metabolite. Preferred optically pure bupropion 
metabolites are (S,S)-hydroXybupropion, (S,S)-dihydrobu 
propion, (R,R)-dihydrobupropion, (R,S)-dihydrobupropion, 
and (S,R)-dihydrobupropion. A speci?cally preferred opti 
cally pure bupropion metabolite is (S,S)-hydroXybupropion. 
A particular method encompassed by this embodiment is a 
method of treating or preventing Parkinson’s disease. 
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Another method encompassed by this embodiment is a 
method of treating or preventing epilepsy. 

[0054] A ?fth embodiment of the invention encompasses 
a method of eliciting smoking cessation Which comprises 
administering to a patient Who smokes tobacco a therapeu 
tically effective amount of a bupropion metabolite, or a 
pharmaceutically acceptable salt, solvate, hydrate, or clath 
rate thereof. Preferably, the bupropion metabolite is an 
optically pure bupropion metabolite. Preferred optically 
pure bupropion metabolites are (S,S)-hydroXybupropion, 
(S,S)-dihydrobupropion, (R,R)-dihydrobupropion, (R,S)-di 
hydrobupropion, and (S,R)-dihydrobupropion. A speci? 
cally preferred optically pure bupropion metabolite is (S,S) 
hydroXybupropion. In one method encompassed by this 
embodiment, the bupropion metabolite or pharmaceutically 
acceptable salt, solvate, hydrate, or clathrate thereof is 
administered orally, mucosally, or transdermally. In a pre 
ferred method, the bupropion metabolite, or pharmaceuti 
cally acceptable salt, solvate, hydrate, or clathrate thereof, is 
administered transdermnally. In another method encom 
passed by this embodiment, the bupropion metabolite or 
pharmaceutically acceptable salt, solvate, hydrate, or clath 
rate thereof is adjunctively administered With an amount of 
nicotine or a muscarinic receptor antagonist, such as, but not 
limited to, ipratropium bromide. Preferably, the nicotine 
and/or bupropion metabolite, or pharmaceutically accept 
able salt, solvate, hydrate, or clathrate thereof, is adminis 
tered orally, mucosally, or transdermally. More preferably, 
the nicotine and/or bupropion metabolite, or pharmaceuti 
cally acceptable salt, solvate, hydrate, or clathrate thereof is 
administered transdermally. 

[0055] A siXth embodiment of the invention encompasses 
a method of treating or preventing incontinence Which 
comprises administering to a patient in need of such treat 
ment or prevention a therapeutically or prophylactically 
effective amount of a bupropion metabolite, or a pharma 
ceutically acceptable salt, solvate, hydrate, or clathrate 
thereof. Preferably, the bupropion metabolite is an optically 
pure bupropion metabolite. Preferred optically pure bupro 
pion metabolites are (S,S)-hydroXybupropion, (S,S)-dihy 
drobupropion, (R,R)-dihydrobupropion, (R,S)-dihydrobu 
propion, and (S,R)-dihydrobupropion. A speci?cally 
preferred optically pure bupropion metabolite is (S,S)-hy 
droXybupropion. One method encompassed by this embodi 
ment is a method of treating or preventing stress urinary 
incontinence. In another method encompassed by this 
embodiment, the patient is a human of an age greater than 
50 years or less than 13 years. 

[0056] A seventh embodiment of the invention encom 
passes pharmaceutical compositions and dosage forms 
Which comprise a bupropion metabolite, or a pharmaceuti 
cally acceptable salt, solvate, hydrate, or clathrate thereof. 
Preferably, the bupropion metabolite is an optically pure 
bupropion metabolite. Preferred optically pure bupropion 
metabolites are (S,S)-hydroXybupropion, (S,S)-dihydrobu 
propion, (R,R)-dihydrobupropion, (R,S)-dihydrobupropion, 
and (S,R)-dihydrobupropion. A speci?cally preferred opti 
cally pure bupropion metabolite is optically pure (S,S) 
hydroXybupropion. Pharmaceutical compositions and dos 
age forms encompassed by this embodiment can further 
comprise at least one additional pharmacologically active 
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compound. Additional pharmacologically active compounds 
include, but are not limited to, SSRIs, 5-HT3 inhibitors, and 
nicotine as described above. 

[0057] An eighth embodiment of the invention encom 
passes a process for preparing optically pure (S,S)-hydroxy 
bupropion Which comprises: asymmetric dihydroxylation of 
Z-1-(3-chlorophenyl)-1-tert-butyldimethylsilyloxy-1-pro 
pene to form an intermediate; contacting the intermediate 
With 2-amino-2-methyl-l-propanol under reaction condi 
tions suitable for the formation of (S,S)-2-(3-chlorophenyl) 
2-hydroxy-3,5, S-trimethyl-morpholinol; and isolating the 
(S,S)-2-(3-chlorophenyl)-2-hydroxy-3,5, S-trimethyl-mor 
pholinol. Preferably, the intermediate formed by the asym 
metric dihydroxylation is an ot-hydroxy ketone activated by 
tri?uoromethane sulfonic anhydride. Various solvent sys 
tems can be used for the preceding steps including, but not 
limited to, acetonitrile, acetone, alcohols, esters, ethers, 
Water, and combinations thereof. 

[0058] A ninth embodiment of the invention encompasses 
a process for preparing optically pure (R,R)-hydroxybupro 
pion Which comprises: the asymmetric dihydroxylation of 
Z-1-(3-chlorophenyl)-1-tert-butyldimethylsilyloxy-1-pro 
pene to form an intermediate; the reaction of the interme 
diate With 2-amino-2-methyl-1-propanol to form (R,R)-2 
(3-chlorophenyl)-2-hydroxy-3,5,5-trimethyl-morpholinol; 
and the isolation of the (R,R)-2-(3-chlorophenyl)-2-hy 
droxy-3,5,S-trimethyl-morpholinol. Preferably, the interme 
diate formed by the asymmetric dihydroxylation is an a-hy 
droxy ketone activated by tri?uoromethane sulfonic 
anhydride. Various solvent systems can be used for the 
preceding steps including, but not limited to, acetonitrile, 
acetone, alcohols, esters, ethers, Water, and combinations 
thereof. 

[0059] A tenth embodiment encompasses a process for 
preparing optically pure 2-(3-chlorophenyl)-2-hydroxy-3,5, 
S-trimethyl-morpholinol or a pharmaceutically acceptable 
salt, solvate, hydrate, or clathrate thereof Which comprises: 
brominating 2-chloropropiophenone to form an intermedi 
ate; reacting the intermediate With 2-amino-2-methyl-1 
propanol to form racemic 2-(3-chlorophenyl)-2-hydroxy-3, 
5,S-trimethyl-morpholinol; resolving the racemic 2-(3 
chlorophenyl)-2-hydroxy-3,5,S-trimethyl-morpholinol; and 
isolating the optically pure 2-(3-chlorophenyl)-2-hydroxy 
3,5,S-trimethyl-morpholinol. Various resolution techniques 
for the separation of the racemates can be used, including 
but not limited to chiral chromatography, enZymatic reso 
lution, conversion to diastereomers. In a particular embodi 
ment, the resolution can encompass contacting the race 
mates With an acid to form diastereomeric salts. In a 

preferred process encompassed by this embodiment, the 
formation of diastereomeric salts and separation of the 
diastereomeric salts gives a mother liquor that is treated With 
a second chiral acid to form second diastereomeric salts, 
Which are then separated, and treated With base to give an 
optically pure enantiomer. Various solvent systems can be 
used for the preceding steps including, but not limited to, 
acetonitrile, acetone, alcohols, esters, ethers, Water, and 
combinations thereof. 

[0060] An eleventh embodiment encompasses a process 
for preparing racemic erythro-dihydrobupropion or a phar 
maceutically acceptable salt, solvate, hydrate, or clathrate 
thereof, Which comprises reducing racemic bupropion With 
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a suitable reducing agent to form a racemic erythro/threo 
mixture and purifying the racemic erythro-dihydrobupro 
pion. Preferred techniques for puri?cation, include but are 
not limited to, crystalliZation, ?ltration, and chromatogra 
phy. Various solvent systems can be used for the preceding 
steps including, but not limited to, acetonitrile, ketones, 
alcohols, esters, ethers, Water, and combinations thereof. 

[0061] A tWelfth embodiment encompasses a process for 
preparing optically pure erythro dihydrobupropion or a 
pharmaceutically acceptable salt, solvate, hydrate, or clath 
rate thereof, Which comprises: contacting 3-chloropro 
piophenone With a silyl halide under reaction conditions 
suitable for the formation of Z-l-(3-chlorophenyl)-l-sily 
loxy-l-propene, asymmetric dihydroxylation of Z-1-(3 
chlorophenyl)-1-silyloxy-1-propene to yield 3-chloro-2-(R) 
hydroxyl-propiophenone; reaction of 3-chloro-2-(R) 
hydroxyl-propiophenone under suitable conditions With tert 
butylamine, and reduction and puri?cation of the resulting 
product to afford optically pure erythro dihydrobupropion. 
In a particular embodiment, the erythro dihydrobupropion is 
stirred in an acid and then crystalliZed to give optically pure 
erythro dihydrobupropion acid salt. In a preferred embodi 
ment, the 3-chloropropiophenone and the silyl halide are 
reacted in the presence of a base, including but not limited 
to, lithium diusopropylamide (LDA) and lithium hexam 
ethyl disilylamide (LiHMDS). In another preferred embodi 
ment, the silyl halide is selected from the group containing, 
but not limited to, trimethyl silyl chloride (TMSCl), tributyl 
silyl chloride, and tert-butyldimethylsilyl chloride. The silyl 
halide is preferably tert-butyldimethylsilyl chloride. In 
another preferred embodiment, the hydroxy group of 
3-chloro-2-(R)-hydroxyl-propiophenone is converted to a 
leaving group, preferably a tosylate, mesylate, or nosylate 
and more preferably a tri?ate. In another embodiment, the 
reduction of the ketone is achieved preferably using a metal 
hydride, more preferably Red-Al. Techniques for puri?ca 
tion include, but are not limited to, ?ltration, crystallization, 
and chromatography. Various solvent systems can be used 
for the preceding steps including, but not limited to, aceto 
nitrile, ketones, alcohols, esters, ethers, Water, and combi 
nations thereof. 

SYNTHESIS OF BUPROPION METABOLITES 

[0062] The metabolism of bupropion, Which varies among 
species, is complex and poorly understood. Bupropion has 
been shoWn to induce its oWn metabolism in mice, rats, and 
dogs, and may do so in human patients to Whom the drug has 
been administered over long periods of time. In the plasma 
of healthy humans to Whom the drug has been administered, 
hoWever, at least three major metabolites are found. See, 
e.g., Physicians’ Desk Reference®1252-1258 (53rd ed. 
1999). Each of these major metabolites is chiral, meaning 
that a total of at least ten optically pure bupropion metabo 
lites exist in varying concentrations in the plasma of a 
patient folloWing administration of the drug. 

[0063] It is possible to prepare enantiomers of bupropion 
and racemic threo dihydrobupropion using techniques 
knoWn to those skilled in the art. See, e.g., Musso et al. 
Chirality, 5:495-500 (1993). It is also possible to prepare a 
mixture of the stereoisomers of the amino alcohol metabolite 
of bupropion (i.e., 1-(3-chlorophenyl)-2-[(1,l-dimethyletha 
nol)amino]-1-propanol) using techniques knoWn to those 
skilled in the art. See, e.g., Japanese Patent No. 63091352. 
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The optically pure forms of this metabolite can be isolated 
from the resulting mixture by any method known to those 
skilled in the art, including high performance liquid chro 
matography (HPLC) and the formation and crystalliZation of 
chiral salts. See, e.g., Jacques, J ., et al., Enantiomers, 
Racemates and Resolutions (Wiley-Interscience, NeW York, 
1981); Wilen, S. H., et al, Tetrahedron, 33:2725 (1977); 
Eliel, E. L., Stereochemistry of Carbon Compounds 
(McGraW-Hill, NY, 1962); and Wilen, S. H., Tables of 
Resolving Agents and Optical Resolutions p. 268 L. 
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind., 
1972). HoWever, prior to the present invention these meth 
ods resulted in loW yields and loW enantiomeric excess. In 
addition, resolution Was very expensive and not suitable for 
large scale production. 

[0064] When a mixture of enantiomeric bases interacts 
With an optically active acid, diastereomeric salts are 
formed. These diastereomeric salts have different physical 
properties and can advantageously be separated by methods 
based on these differences, Which methods include but are 
not limited to, distillation, chromatographic separation, and 
fractional crystalliZation. One method encompassed by this 

O 

Bromination 

CH3CN 
98% 

C1 
4 
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acid, and mandelic acid. Moreover, those skilled in the art 
Would recogniZe that resolution can be achieved by reacting 
any chiral acid With a racemic base to form a diasteromeric 
salt. See e.g., Juaristi, E., Introduction to Stereochemistry & 
ConformationalAnalysis pp. 144-151 (John Wiley and Sons, 
Inc., NeW York, 1991); Eliel, E. L., Stereochemistry of 
Carbon Compounds pp. 49-53 (McGraW-Hill, NY, 1962); 
FitZi, R. and Seebach, D., Angew. Chem. Int. Ed, 25:345 
(1986); Gharpure, M. M. and Rao, A. S., Synthesis 410 
(1988). 
[0065] For example, (R,R)-hydroxybupropion free base 
can be isolated by reacting the diastereomerically pure salt 
With a base such as sodium hydroxide, potassium carbonate, 
potassium hydroxide, and ammonium hydroxide to obtain 
the optically pure enantiomer. The ratio of the resolving acid 
to racemic hydroxybupropion is from about 0.01:1 to about 
5:1. In a particular embodiment, the racemic hydroxybupro 
pion present in the mother liquor of a crystalliZation sepa 
ration step can be treated With a second chiral acid to give 
a diasteromeric salt Which can be resolved and reacted With 
a base to afford optically pure (S,S)-hydroxybupropion as 
outlined in Scheme 4: 

Scheme 4 
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invention utiliZes a chiral acid to resolve racemic hydroxy 
bupropion to give its diastereomeric salts. Suitable chiral 
acids include, but are not limited to, optically pure deriva 
tives of camphor, a-hydroxy acetic acid, tartaric acid, malic 

Cl 

(S,S)-1 
1 00 % ee 

[0066] In the embodiment represented by Scheme 4, race 
mic hydroxybupropion can be resolved With a chiral acid 
such as L-DTTA, and the mother liquor can subsequently be 
treated With D-DTTA to afford (S,S)-hydroxybupropion and 
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(R,R)-hydroxybupropion, respectively. Various solvent sys 
tems can be used for the chiral acid resolving steps includ 
ing, but not limited to, acetonitrile, ketones, alcohols, esters, 
ethers, Water, and combinations thereof. 

[0067] It is also possible to prepare a mixture of the 
stereoisomers of the tert-butyl alcohol metabolite of bupro 
pion (i.e., 1-(3-chlorophenyl)-2-[(1,1-dimethylethanol)a 
mino]-1-propanone). From the resulting mixture of com 
pounds, individual stereoisomers can be resolved using 
conventional means such as high performance liquid chro 
matography (HPLC) and the formation and crystallization of 
chiral salts. 

[0068] In the embodiment represented by Scheme 5 
beloW, an effective, efficient, and novel process utiliZes a 
protected alcohol derivative of 1-(3-chlorophenyl)-1-pro 
pene, Which is dihydroxylated and then cycliZed to form the 
morpholinol moiety. A particular embodiment of this pro 
cess Which can be used to form optically pure (R,R)- and 
(S,S)-hydroxybupropion is shoWn in Scheme 5: 

Scheme 5 
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[0069] According to a preferred embodiment of this pro 
cess, compound 6 is prepared in step (a), Wherein the ketone 
4 is converted to its enolate, preferably by use of a strong 
base such as, but not limited to, lithium hexamethyldisi 
laZide (LiHMDS) and lithium diisopropylamide (LDA). A 
preferred base is LDA. The enolate is then trapped using a 
protecting agent such as, but not limited to, tert-butyl 
dimethylsilyl chloride (TBSCl). Compound 6 is preferably 
isolated prior to step 

[0070] According to step (b), the vinyl group of compound 
6 is asymmetrically dihydroxylated to give the ketone. It has 
been found that the choice of reagent used to asymmetrically 
hydroxylate compound 6 affects the stereochemistry of the 
resulting product, as Well as its optical purity (enantiomeric 
excess). Suitable asymmetric hydroxylation reagents 
include, for example, oxides of transition metals such as 
manganese and osmium, although preferred reagents are 
AD-mix-ot and AD-mix-[3. These reagents have been found 
to selectively dihydroxylate the vinyl group of compound 6 
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to reform the ketone. Use of AD-mix-[3 yields (R)-3-chloro 
2-hydroxyl-propiophenone, While use of AD-mix-ot yields 
(S)-3-chloro-2-hydroxyl-propiophenone. Although not nec 
essary, it has been found that care taken to ensure the optical 
purity of the intermediate (e.g., compound 7) formed in this 
step improves the optical purity of the ?nal product (i.e., 
optically pure hydroxybupropion). It is thus preferred that 
step (b) further include puri?cation by, for example, column 
chromatography. 

[0071] Substantially optically pure (S,S)-hydroxybupro 
pion 1 is formed in step (c) of Scheme 5, Which comprises 
the stereospeci?c displacement of tri?ates of compound 7: 

OR 

C1 

[0072] Wherein R is tri?ate (i.e., —OSO2CF3). Other 
compounds potentially useful in the synthesis of compounds 
of the invention are those Wherein R is mesylate, tosylate, or 
nosylate. Substantially optically pure (R,R)-hydroxybupro 
pion is preferably formed from the tri?ate of opposite 
stereochemistry. 

[0073] Tri?ation is preferably conducted With pyridine 
base. Apreferred base is lutidine When used in combination 
With tri?uoromethanesulfonic anhydride. The cycliZed prod 
uct 1 is isolated by extraction, and puri?ed by chromatog 
raphy. Substantially optically pure (R,R)-hydroxybupropion 
is formed in the same Way if step (b) yields (S)-3-chloro 
2-hydroxyl-propiophenone. 

[0074] The present invention further encompasses an ef? 
cient synthetic process for the synthesis of racemic erythro 
dihydrobupropion as shoWn in Scheme 6: 

Scheme 6 
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-continued 
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[0075] According to this method, erythro dihydrobupro 
pion is synthesized by reducing racemic bupropion in a 
non-polar solvent such as, but not limited to, benzene, 
toluene, xylene, and mixtures thereof. Apreferred reducing 
agent is a metal hydride, more preferably Red-Al. In a 

particular embodiment, the erythro-dihydrobupropion is 
treated With an acid, preferably hydrochloric acid, and then 
crystallized by re?uxing in alcohol. In a preferred embodi 
ment, the alcohol is methanol, ethanol, propanol, butanol, 
isopropanol, or a mixture thereof. A preferred alcohol is 

isopropanol. 

[0076] The present invention also embodies a method of 
preparing optically pure erythro-dihydrobupropion. An 
example of this method is shoWn in Scheme 7: 

Scheme 7 
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[0077] According to this method, 3-chloropropiophenone 
in an ether solvent is contacted With a base, preferably LDA 
or LiHMDS, optionally in the presence of chelating agent 
such as hexamethylphosphoramide (HMPA). Examples of 
ether solvents include, but are not limited to, tetrahydrofu 
ran. The mixture is stirred at loW temperature, preferably 
about-78° C. A silyl halide such as tert-butyl dimethylsilyl 
chloride is then added to trap the enolate. The vinyl group of 
compound is then asymmetrically dihydroxylated to give the 
ketone. It has been found that the choice of reagent used to 
asymmetrically hydroxylate compound affects the stere 
ochemistry of the resulting product, as Well as its optical 
purity (enantiomeric excess). Suitable asymmetric hydroxy 
lation reagents include, for example, oxides of transition 
metals such as manganese and osmium, although preferred 
reagents are AD-IIliX-(X and AD-mix-[3. 

[0078] For example, a silyl enolate can be asymmetrically 
hydroxylated using AD-mix [3 and methanesulfonamide to 
give 3‘-chloro-2-(R)-hydroxyl-propiophenone. The 
hydroxyl group is then converted to a leaving group and 
tert-butylamine is added, folloWed by reduction, preferably 
With a metal hydride reducing agent, more preferably With 
Red-Al to give the erythro-(R,S)-dihydrobupropion. In a 
particular embodiment, this is then dissolved in an ether, 
preferably methyl tert-butyl ether, and stirred in acid, pref 
erably hydrochloric acid, and subsequently re?uxed in an 
alcohol, preferably isopropanol. 

[0079] In an alternative to the embodiment shoWn in 
Scheme 7, AD-mix (X can used to obtain erythro-(S,R) 
dihydrobupropion. 

[0080] Another embodiment of the invention encompasses 
a method of synthesizing racemic threo-dihydrobupropion. 
An example of this embodiment is shoWn in Scheme 8: 
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Scheme 8 
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[0081] According to this method, racemic bupropion 
hydrochloride is reduced With a reducing agent, such as, but 
not limited to, THF-borane to give an erythro/threo mixture 
of dihydrobupropion hydrochloride. This mixture is then 
puri?ed by, for example, treating it With an acid, preferably 
hydrochloric acid. Re?uxing in an alcohol, such as but not 
limited to, isopropanol, followed by crystallization yields 
the pure racemic threo-dihydrobupropion. 

BIOLOGICAL ACTIVITIES OF BUPROPION 
METABOLITES 

[0082] Bupropion metabolites can be screened for their 
ability to inhibit the reuptake of the neuronal monoamines 
norepinepluine (NE), dopamine (DA), and serotonin (5 -HT). 
Norepinephr-ine reuptake inhibition can be determined 
using the general procedure described by Moisset, B., et al., 
Brain Res., 92:157-164 (1975); dopamine reuptake inhibi 
tion can be determined using the general procedures 
described by J anoWsky, A., et al., J. Neurochem. 46:1272 
1276 (1986); and serotonin reuptake inhibition can be deter 
mined using the general procedures described by Perovic, S. 
and Muller, W. E. G., Brain Res. 92:157-164 (1995). Other 
assays knoWn to those skilled in the art may also be used. 
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PHARMACEUTICAL COMPOSITIONS AND 
METHOD OF USE 

[0083] The magnitude of a prophylactic or therapeutic 
dose of an active ingredient in the acute or chronic man 
agement of a disorder or condition Will vary With the 
severity of the disorder or condition to be treated and the 
route of administration. The dose, and perhaps the dose 
frequency, Will also vary according to age, body Weight, 
response, and the past medical history of the patient. Suit 
able dosing regimens can be readily selected by those skilled 
in the art With due consideration of such factors. 

[0084] Suitable daily doses for the treatment or prevention 
of a disorder described herein can be readily determined by 
those skilled in the art. A recommended dose of racemic or 
optically pure bupropion metabolite is from about 1 mg to 
about 750 mg per day, given as a single once-a-day dose in 
the morning or as a single or divided doses throughout the 
day. Preferably, a daily dose is from about 5 mg to about 700 
mg per day, more preferably from about 10 mg to about 650 
mg per day. 

[0085] Suitable daily dosage ranges of second pharmaco 
logically active compounds that can be adjunctively admin 
istered With a racemic or optically pure bupropion metabo 
lite can be readily determined by those skilled in the art 
folloWing dosages reported in the literature and recom 
mended in the Physician’s Desk Reference® (53rd ed., 
1999). 
[0086] For example, suitable daily dosage ranges of 5-HT3 
antagonists can be readily determined by those skilled in the 
art and Will vary depending on factors such as those 
described above and the particular 5-HT3 antagonists used. 
In general, the total daily dose of a 5-HT3 antagonist for the 
treatment or prevention of a disorder described herein is 
from about 0.5 mg to about 500 mg, preferably from about 
1 mg to about 350 mg, and more preferably from about 2 mg 
to about 250 mg per day. 

[0087] Suitable daily dosage ranges of nicotine can also be 
readily determined by those skilled in the art and Will vary 
depending on factors such as those described above. In 
general, the total daily dose of nicotine for the treatment or 
prevention of a disorder described herein is from about 1 mg 
to about 60 mg, preferably from about 8 mg to about 40 mg, 
and more preferably from about 10 mg to about 25 mg per 
day. 
[0088] The therapeutic or prophylactic administration of 
an active ingredient of the invention is preferably initiated at 
a loWer dose, e.g., from about 1 mg to about 75 mg of 
bupropion metabolite and optionally from about 15 mg to 
about 60 mg of 5-HT3 antagonist, and increased, if neces 
sary, up to the recommended daily dose as either a single 
dose or as divided doses, depending on the global response 
of the patient. It is further recommended that patients aged 
over 65 years should receive doses of bupropion metabolite 
in the range of from about 1 mg to about 375 mg per day 
depending on global response. It may be necessary to use 
dosages outside these ranges, Which Will be readily deter 
minable by one of ordinary skill in the pharmaceutical art. 

[0089] The dosage amounts and frequencies provided 
above are encompassed by the terms “therapeutically effec 
tive,”“prophylactically effective,” and “therapeutically or 
prophylactically effective” as used herein. When used in 
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connection With an amount of a racemic or optically pure 
bupropion metabolite, these terms further encompass an 
amount of racemic or optically pure bupropion metabolite 
that induces feWer or less severe adverse effects than are 
associated With the administration of racemic bupropion. 

[0090] Any suitable route of administration can be 
employed for providing the patient With a therapeutically or 
prophylactically effective dose of an active ingredient. For 
example, oral, mucosal (e.g., nasal, sublingual, buccal, rec 
tal, vaginal), parenteral (e.g. intravenous, intramuscular), 
transdermal, and subcutaneous routes can be employed. 
Preferred routes of administration include oral, transdermal, 
and mucosal. As mentioned above, administration of an 
active ingredient for the treatment or prevention of erectile 
dysfunction is preferably mucosal or transdermal. Suitable 
dosage forms for such routes include, but are not limited to, 
transdermal patches, ophthalmic solutions, sprays, and aero 
sols. Transdermal compositions can also take the form of 
creams, lotions, and/or emulsions, Which can be included in 
an appropriate adhesive for application to the skin or can be 
included in a transdermal patch of the matrix or reservoir 
type as are conventional in the art for this purpose. 

[0091] Apreferred transdermal dosage form is a “reservoir 
type” or “matrix type” patch, Which is applied to the skin and 
Worn for a speci?c period of time to permit the penetration 
of a desired amount of active ingredient. Examples of 
transdermal dosage forms and methods of administration 
that can be used to administer the active ingredient(s) of the 
invention include, but are not limited to, those disclosed in 
US. Pat. Nos. 4,624,665; 4,655,767; 4,687,481; 4,797,284; 
4,810,499; 4,834,978; 4,877,618; 4,880,633; 4,917,895; 
4,927,687; 4,956,171; 5,035,894; 5,091,186; 5,163,899; 
5,232,702; 5,234,690; 5,273,755; 5,273,756; 5,308,625; 
5,356,632; 5,358,715; 5,372,579; 5,421,816; 5,466;465; 
5,494,680; 5,505,958; 5,554,381; 5,560,922; 5,585,111; 
5,656,285; 5,667,798; 5,698,217; 5,741,511; 5,747,783; 
5,770,219; 5,814,599; 5,817,332; 5,833,647; 5,879,322; and 
5,906,830, the disclosures of Which are incorporated herein 
by reference. 

[0092] An example of a transdermal dosage form of the 
invention comprises a bupropion metabolite and/or a second 
pharmacologically active compound in a patch form. The 
patch is Worn for 24 hours and provides a total daily dose of 
from about 1 mg to about 750 mg per day. Preferably, a daily 
dose is from about 5 mg to about 700 mg per day, more 
preferably, from about 10 mg to about 650 mg per day. The 
patch can be replaced With a fresh patch When necessary to 
provide constant administration of the active ingredient to 
the patient. 

[0093] Other dosage forms of the invention include, but 
are not limited to, tablets, coated tablets, caplets, troches, 
loZenges, dispersions, suspensions, suppositories, oint 
ments, cataplasms (poultices), pastes, poWders, dressings, 
creams, plasters, solutions, capsules, soft elastic gelatin 
capsules, sustained release formulations, and patches. 

[0094] In one embodiment, pharmaceutical compositions 
and dosage forms of the invention comprise a racemic or 
optically pure bupropion metabolite, or a pharmaceutically 
acceptable salt, solvate, hydrate, or clathrate thereof, and 
optionally a second pharmacologically active compound, 
such as a SSRI, a 5-HT3 antagonist, or nictotine. Preferred 
optically pure bupropion metabolites are (R,R)-2-(3-chlo 
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rophenyl)-2-hydroxy-3,5,5-trimethyl-morpholinol; (S,S)-2 
(3-chlorophenyl)-2-hydroxy-3,5, 5-trimethyl-morpholinol; 
(R,R)-1-(3-chlorophenyl)-2-[(1,1-dimethylethanol)amino] 
1-propanol; (S,R)-1-(3-chlorophenyl)-2-[(1,1-dimethyletha 
nol)amino]-1-propanol; (S,S)-1-(3-chlorophenyl)-2-[(1,1 
dimethylethanol)amino]-1-propanol; and (R,S)-1-(3 
chlorophenyl)-2-[(1,1-dimethylethanol)amino]-1-propanol. 
The pharmaceutical compositions and dosage forms can 
contain a pharmaceutically acceptable carrier and optionally 
other therapeutic ingredients knoWn to those skilled in the 
art. 

[0095] In practical use, an active ingredient can be com 
bined in an intimate admixture With a pharmaceutical carrier 
according to conventional pharmaceutical compounding 
techniques. The carrier can take a Wide variety of forms 
depending on the form of preparation desired for adminis 
tration. In preparing the compositions for an oral dosage 
form, any of the usual pharmaceutical media can be 
employed as carriers, such as, for example, Water, glycols, 
oils, alcohols, ?avoring agents, preservatives, coloring 
agents, and the like in the case of oral liquid preparations 
(such as suspensions, solutions, and elixirs) or aerosols; or 
carriers such as starches, sugars, micro-crystalline cellulose, 
diluents, granulating agents, lubricants, binders, and disin 
tegrating agents can be used in the case of oral solid 
preparations, preferably Without employing the use of lac 
tose. For example, suitable carriers include poWders, cap 
sules, and tablets, With the solid oral preparations being 
preferred over the liquid preparations. 

[0096] Because of their ease of administration, tablets and 
capsules represent the most advantageous oral dosage unit 
forms, in Which case solid pharmaceutical carriers are 
employed. If desired, tablets can be coated by standard 
aqueous or nonaqueous techniques. 

[0097] In addition to the common dosage forms set out 
above, an active ingredient can also be administered by 
controlled release means or delivery devices that are Well 
knoWn to those of ordinary skill in the art, such as those 
described in Us. Pat. Nos. 3,845,770; 3,916,899; 3,536, 
809; 3,598,123; 4,008,719; 5,674,533; 5,059,595; 5,591, 
767; 5,120,548; 5,073,543; 5,639,476; 5,354,556; and 
5,733,566, the disclosures of Which are incorporated herein 
by reference. These dosage forms can be used to provide 
sloW or controlled-release of one or more active ingredients 

using, for example, hydropropylmethyl cellulose, other 
polymer matrices, gels, permeable membranes, osmotic 
systems, multilayer coatings, microparticles, liposomes, or 
microspheres or a combination thereof to provide the desired 
release pro?le in varying proportions. Suitable controlled 
release formulations knoWn to those of ordinary skill in the 
art, including those described herein, can be readily selected 
for use With the pharmaceutical compositions of the inven 
tion. The invention thus encompasses single unit dosage 
forms suitable for oral administration such as, but not 
limited to, tablets, capsules, gelcaps, and caplets that are 
adapted for controlled-release. 

[0098] All controlled-release pharmaceutical products 
have a common goal of improving drug therapy over that 
achieved by their non-controlled counterparts. Ideally, the 
use of an optimally designed controlled-release preparation 
in medical treatment is characteriZed by a minimum of drug 
substance being employed to cure or control the condition in 
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a minimum amount of time. Advantages of controlled 
release formulations include: 1) extended activity of the 
drug; 2) reduced dosage frequency; and 3) increased patient 
compliance. In addition, controlled-release formulations can 
be used to affect the time of onset of action or other 
characteristics, such as blood levels of the drug, and thus can 
affect the occurrence of side effects. 

[0099] Most controlled-release formulations are designed 
to initially release an amount of drug that promptly produces 
the desired therapeutic effect, and gradually and continually 
release of other amounts of drug to maintain this level of 
therapeutic effect over an extended period of time. In order 
to maintain this constant level of drug in the body, the drug 
must be released from the dosage form at a rate that Will 
replace the amount of drug being metaboliZed and excreted 
from the body. Controlled-release of an active ingredient can 
be stimulated by various inducers, including, but not limited 
to, pH, temperature, enZymes, Water, or other physiological 
conditions or compounds. 

[0100] Pharmaceutical compositions of the invention suit 
able for oral administration can be presented as discrete 
dosage forms, such as capsules, cachets, or tablets, or 
aerosol sprays each containing a predetermined amount of 
an active ingredient as a poWder or in granules, a solution, 
or a suspension in an aqueous or non-aqueous liquid, an 
oil-in-Water emulsion, or a Water-in-oil liquid emulsion. 
Such dosage forms can be prepared by any of the methods 
of pharmacy, but all methods include the step of bringing the 
active ingredient into association With the carrier, Which 
constitutes one or more necessary ingredients. In general, 
the compositions are prepared by uniformly and intimately 
admixing the active ingredient With liquid carriers or ?nely 
divided solid carriers or both, and then, if necessary, shaping 
the product into the desired presentation. 

[0101] For example, a tablet can be prepared by compres 
sion or molding, optionally With one or more accessory 
ingredients. Compressed tablets can be prepared by com 
pressing in a suitable machine the active ingredient in a 
free-?owing form such as poWder or granules, optionally 
mixed With an excipient such as, but not limited to, a binder, 
a lubricant, an inert diluent, and/or a surface active or 
dispersing agent. Molded tablets can be made by molding in 
a suitable machine a mixture of the poWdered compound 
moistened With an inert liquid diluent. 

[0102] This invention further encompasses lactose-free 
pharmaceutical compositions and dosage forms. Because the 
major human metabolites of bupropion are secondary 
amines, they can potentially decompose over time When 
exposed to lactose. Compositions of the invention that 
comprise bupropion metabolites preferably contain little, if 
any, lactose other mono- or di-saccharides. As used herein, 
the term “lactose-free” means that the amount of lactose 
present, if any, is insufficient to substantially increase the 
degradation rate of an active ingredient. 

[0103] Lactose-free compositions of the invention can 
comprise excipients Which are Well knoWn in the art and are 
listed in the USP (XXI)/NF (XVI), Which is incorporated 
herein by reference. In general, lactose-free compositions 
comprise an active ingredient, a binder/?ller, and a lubricant 
in pharmaceutically compatible and pharmaceutically 
acceptable amounts. Preferred lactose-free dosage forms 
comprise an active ingredient, microcrystalline cellulose, 
pre-gelatiniZed starch, and magnesium stearate. 
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[0104] This invention further encompasses anhydrous 
pharmaceutical compositions and dosage forms Which com 
prises an active ingredient, since Water can facilitate the 
degradation of some compounds. For example, the addition 
of Water (e.g., 5%) is Widely accepted in the pharmaceutical 
arts as a means of simulating long-term storage in order to 
determine characteristics such as shelf-life or the stability of 
formulations over time. See, e.g., Jens T. Carstensen, Drug 
Stability: Principles & Practice, 2d. Ed., Marcel Dekker, 
NY, NY, 1995, pp. 379-80. In effect, Water and heat 
accelerate decomposition. Thus the effect of Water on a 
formulation can be of great signi?cance since moisture 
and/or humidity are commonly encountered during manu 
facture, handling, packaging, storage, shipment, and use of 
formulations. 

[0105] Anhydrous pharmaceutical compositions and dos 
age forms of the invention can be prepared using anhydrous 
or loW moisture containing ingredients and loW moisture or 
loW humidity conditions. Pharmaceutical compositions and 
dosage forms of racemic or optically pure bupropion 
metabolite Which contain lactose are preferably anhydrous if 
substantial contact With moisture and/or humidity during 
manufacturing, packaging, and/or storage is expected. 

[0106] An anhydrous pharmaceutical composition should 
be prepared and stored such that its anhydrous nature is 
maintained. Accordingly, anhydrous compositions are pref 
erably packaged using materials knoWn to prevent exposure 
to Water such that they can be included in suitable formulary 
kits. Examples of suitable packaging include, but are not 
limited to, hermetically sealed foils, plastic or the like, unit 
dose containers, blister packs, and strip packs. 

[0107] In this regard, the invention encompasses a method 
of preparing a solid pharmaceutical formulation Which com 
prises an active ingredient Which method comprises admix 
ing under anhydrous or loW moisture/humidity conditions 
the active ingredient and an excipient (e. g., lactose), Wherein 
the ingredients are substantially free of Water. The method 
can further comprise packaging the anhydrous or non 
hygroscopic solid formulation under loW moisture condi 
tions. By using such conditions, the risk of contact With 
Water is reduced and the degradation of the active ingredient 
can be prevented or substantially reduced. 

[0108] Binders suitable for use in pharmaceutical compo 
sitions and dosage forms include, but are not limited to, corn 
starch, potato starch, or other starches, gelatin, natural and 
synthetic gums such as acacia, sodium alginate, alginic acid, 
other alginates, poWdered tragacanth, guar gum, cellulose 
and its derivatives (e.g., ethyl cellulose, cellulose acetate, 
carboxymethyl cellulose calcium, sodium carboxymethyl 
cellulose), polyvinyl pyrrolidone, methyl cellulose, pre 
gelatiniZed starch, hydroxypropyl methyl cellulose, (e.g., 
Nos. 2208, 2906, 2910), microcrystalline cellulose, and 
mixtures thereof. 

[0109] Suitable forms of microcrystalline cellulose 
include, for example, the materials sold as AVICEL-PH-101, 
AVICEL-PH-103 AVICEL RC-581, and AVICEL-PH-105 
(available from FMC Corporation, American Viscose Divi 
sion, Avicel Sales, Marcus Hook, Pa., USA). An exem 
plary suitable binder is a mixture of microcrystalline cellu 
lose and sodium carboxymethyl cellulose sold as AVICEL 
RC-581. Suitable anhydrous or loW moisture excipients or 
additives include AVICEL-PH-103TM and Starch 1500 LM. 
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[0110] Examples of suitable ?llers for use in the pharma 
ceutical compositions and dosage forms disclosed herein 
include, but are not limited to, talc, calcium carbonate (e.g., 
granules or poWder), microcrystalline cellulose, poWdered 
cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, 
starch, pre-gelatiniZed starch, and mixtures thereof. The 
binder/?ller in pharmaceutical compositions of the present 
invention is typically present in about 50 to about 99 Weight 
percent of the pharmaceutical composition. 

[0111] Disintegrants are used in the compositions of the 
invention to provide tablets that disintegrate When exposed 
to an aqueous environment. Too much of a disintegrant Will 
produce tablets Which may disintegrate in the bottle. Too 
little may be insuf?cient for disintegration to occur and may 
thus alter the rate and extent of release of the active 
ingredient(s) from the dosage form. Thus, a suf?cient 
amount of disintegrant that is neither too little nor too much 
to detrimentally alter the release of the active ingredient(s) 
should be used to form the dosage forms of the compounds 
disclosed herein. The amount of disintegrant used varies 
based upon the type of formulation and mode of adminis 
tration, and is readily discernible to those of ordinary skill in 
the art. Typically, about 0.5 to about 15 Weight percent of 
disintegrant, preferably about 1 to about 5 Weight percent of 
disintegrant, can be used in the pharmaceutical composition. 

[0112] Disintegrants that can be used to form pharmaceu 
tical compositions and dosage forms of the invention 
include, but are not limited to, agar-agar, alginic acid, 
calcium carbonate, microcrystalline cellulose, croscarmel 
lose sodium, crospovidone, polacrilin potassium, sodium 
starch glycolate, potato or tapioca starch, other starches, 
pre-gelatiniZed starch, other starches, clays, other algins, 
other celluloses, gums or mixtures thereof 

[0113] Lubricants Which can be used to form pharmaceu 
tical compositions and dosage forms of the invention 
include, but are not limited to, calcium stearate, magnesium 
stearate, mineral oil, light mineral oil, glycerin, sorbitol, 
mannitol, polyethylene glycol, other glycols, stearic acid, 
sodium lauryl sulfate, talc, hydrogenated vegetable oil (e.g., 
peanut oil, cottonseed oil, sun?oWer oil, sesame oil, olive 
oil, corn oil, and soybean oil), Zinc stearate, ethyl oleate, 
ethyl laureate, agar, or mixtures thereof. Additional lubri 
cants include, for example, a syloid silica gel (AEROSIL 
200, manufactured by W. R. Grace Co. of Baltimore, Md.), 
a coagulated aerosol of synthetic silica (marketed by 
Degussa Co. of Plano, Tex.), CAB-O-SIL (a pyrogenic 
silicon dioxide product sold by Cabot Co. of Boston, Mass.), 
or mixtures thereof. A lubricant can optionally be added, 
typically in an amount of less than about 1 Weight percent of 
the pharmaceutical composition. 

[0114] Pharmaceutical stabiliZers may be used in the phar 
maceutical compositions of the present invention. Accept 
able stabiliZers include, but are not limited to, L-cysteine 
hydrochloride, glycine hydrochloride, malic acid, sodium 
metasul?te, citric acid, tartaric acid, and L-cystine dihydro 
chloride. See, e.g., US. Pat. Nos. 5,731,000; 5,763,493; 
5,541,231; and 5,358,970, all of Which are incorporated 
herein by reference. 

[0115] Dosage forms of the invention that comprise a 
bupropion metabolite preferably contain from about 1 mg to 
about 750 mg of the metabolite or a pharmaceutically 
acceptable salt, solvate, hydrate, or clathrate thereof. For 
example, each tablet, cachet, or capsule contains from about 
1 mg to about 750 mg of the active ingredient. Most 
preferably, the tablet, cachet, or capsule contains either one 
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of three dosages, e.g., about 25 mg, about 50 mg, or about 
75 mg of a racemic or optically pure bupropion metabolite 
(as scored lactose-free tablets, the preferable dose form). 

[0116] The invention is further de?ned by reference to the 
folloWing examples. It Will be apparent to those skilled in 
the art that many modi?cations, both to materials and 
methods, can be practiced Without departing from the scope 
of this invention. 

EXAMPLES 

Example 1 

[0117] Synthesis of (S,S)-Hydroxybupropion 

[0118] This synthesis, Which folloWs that depicted in 
Scheme 5 of the Detailed Description, comprises three steps. 

[0119] Z-1 -(3-Chlorophenvl)- 1 -tert-butyldimethylsily 
loxy- 1 -propene 

[0120] A solution of LDA (33.0 mmol) in THF (100 mL) 
Was cooled to —78° C. and HMPA (5 mL) Was added. The 
ketone [1-(3-chlorophenyl)-propanone] (8.6 g) in THF (20 
mL) Was sloWly added over 45 minutes to this rapidly 
stirring mixture. After an additional 3 minutes at —78° C., 
TBSCl (33.0 mL, 1.0 M in hexane) Was added. This mixture 
Was stirred at —78° C. for 5 minutes and alloWed to Warm to 
room temperature over 40 minutes. NaHCO3 (60 mL, satu 
rated aqueous solution) Was added and the mixture Was 
extracted With CH2Cl2 (2><80 mL). The organic extracts 
Were combined, Washed With brine, dried over Mg2SO4 and 
concentrated to give a crude mixture. The product Was 
puri?ed by ?ash chromatography eluted With hexane/T EA 
(99.5/0.5), yielding 13.4 g product (Z/E ratio>99). 1H 
NMR(CDCl3): 6 0.12 (s, 6H), 0.95 (s, 9H), 2.75 (d, 3H), 
5.25 (q, 1H), 7.2-7.42 (m, 4H). 
[0121] (R)-3‘-Chloro—2-hydroxyl-propiophenone 
[0122] Z-1-(3‘-Chlorophenyl-tert-butyldimethylsilyloxy 
1-propene (12.0 g, 44 mmol) Was added to a Well-stirred 
mixture of AD-mix-[3 (80 g) and CH3SO2NH2 (4.2 g, 44 
mmol) in tert-butyl alcohol/Water mixture (220 mL/220 mL) 
maintained at 0° C. The reaction mixture Was stirred at 0° C. 
for 28 hours. Solid sodium sul?te (40 g) Was added. The 
mixture Was stirred for an additional 45 minutes and 

extracted With CH2Cl2 (2><100 mL). The combined organic 
extracts Were Washed With NaHCO3 and brine, and evapo 
rated. The residue Was passed through a silica gel column to 
give the desired product (7.0 g). 1H NMR (CDCl3): 5 1.45 
(d, 3H), 5.15 (q, 1H), 7.2-7.9 (m, 4H). 
[0123] (S.S)-HydroxYbupropion 
[0124] To a solution of (R)-3‘-chloro-2-hydroxyl-pro 
piophenone (300 mg) in CH2Cl2 (6 mL) at —78° C. Was 
added tri?uoromethanesulfonic anhydride (0.5 g), folloWed 
by addition of 2,6-lutidine (0.26 g). The reaction mixture 
Was alloWed to Warm to —40° C. and stirred at this tempera 
ture for 40 minutes. 2-Amine-2-methyl-1-propanol (0.4 g, 
2.5 eq) Was added, and stirred for 2 hours at —40° C. The 
reaction mixture Was Warmed to room temperature and 
stirred overnight. It Was extracted With CH2Cl2 (10 mL). The 
extract Was Washed With NaHCO3, Water, and brine, con 
centrated to give a residue. The ?nal product Was puri?ed by 
chromatography eluted With CH3CN (180 mg, e.e.>99%). 
1H NMR (CDCl3) 6 0.78 (d, 3H), 1.1 (s, 3H), 1.4 (s, 3H), 3.2 



US 2002/0052341 A1 

(q, 1H), 3:4-(d, 1H), 3.8 (d, 2H), 7.2-7.65 (m, 4H). [(X]=+66° 
(c =1, EtOH). (S,S)-hydroxybupropion free base Was treated 
With HCl in diethyl ether to give its HCl salt. [(X]=+30.6°(C= 
1, EtOH). 1H NMR (DMSO-d6) 6 1.0 (d, 3H), 1.32 (s, 3H), 
1.56 (s, 3H), 3.4 (s, 1H), 3.4 (d, 1H), 4.0 (d, 1H), 7.5 (m, 
51H), 8.8 (s, 1H), 10.1 (s, 1H). ee 99.4% as determined by 
HPLC With chiral column, ChiralCEl GD. 4.6><250 mm, 10 
nm, hexane/ethanol/diethylamine (98:2:0.1). (R,R)-hy 
droxybupropion Was prepared from (S)-3‘-chloro-2-hy 
droxyl-propiophenone With 97% ee as determined by 
HPLC With chiral column, ChiralCEl GD. 4.6><250 mm, 10 
nm, hexane/ethanol/diethylamine (98:2:0.1). 

Example 2 

Synthesis of Optically Pure Hydroxybupropion 

[0125] 3‘-Chloro-2-bromo-propiophenone 
[0126] To a solution of 3‘-chloropropiophenone (50.0 g, 
297 mmol) in acetonitrile (595 mL) Was added bromine 
(16.67 mL, 327 mmol) at room temperature. The reddish 
yelloW solution Was alloWed to stir for 18h at room tem 
perature. The solution Was concentrated in vacuo to provide 
a reddish solid. The crude material Was dissolved in 400 mL 
of ethyl acetate and Washed With 400 mL of Water. The 
organic layer Was dried (Na2SO4), ?ltered and concentrated 
in vacuo to give 72.6 g (98%) of crude product. 1H NMR 
(CDCl3) 6 1.90 (d, J=6 HZ, 3H), 5.21 (q, J=6 HZ, 1H), 
7.37-7.88 (m, 3H), 7.98 (s, 1H). 

[0127] 2-Hydroxy-2-(3‘-chlorophenyl)-3,5,5-trimethyl 
morpholine 
[0128] To a solution of 3‘-chloro-2-bromo-propiophenone 
(61.2 g, 247 mmol) in acetonitrile (752 mL) Was added 
2-amino-2-methyl-1-propanol (56.5 g, 630 mmol). The reac 
tion mixture Was alloWed to re?ux for 8 hours, then sloWly 
cooled to room temperature. The solution Was concentrated 
in vacuo to provide a yelloW solid. The crude material Was 
dissolved in 600 mL of ethyl acetate and Washed With Water 
(300 mL><2). The ethyl acetate layer Was dried (MgSO4), 
?ltered, and concentrated in vacuo to give the product in 
90% yield. 1H NMR (CDCl3) 6 0.82 (d, J=6.6 HZ, 3H), 1.07 
(s, 3H), 1.39 (s, 3H), 3.19 (q, J=6.5 HZ, 1H), 3.42 (d, J=11.2 
HZ, 1H), 3.83 (d, J=11.2 HZ, 2H), 7.2-7.65 (m, 4H). 

[0129] (S.S)-2-Hydroxy-2-(3‘-chlorophenyl)-3,5,5-trim 
ethylmorpholine di-p-Toluoyl-L-tartaric Acid Salt 

[0130] To a solution of 2-hydroxy-2-(3‘-chlorophenyl-3,5, 
5 -trimethylmorpholine (20 g, 78 mmol) in ethyl acetate (200 
mL) Was added 30.1 g (78 mmol) of di-p-toluoyl-L-tartaric 
acid. The reaction Was heated to re?ux for 10-30 minutes. 
The slurry became clear rapidly and sloWly formed a pre 
cipitate. he solution Was sloWly cooled to room temperature 
over 1 hour, then ?ltered and Washed With ethyl acetate (25 
mL). The precipitate Was dried under vacuum to provide 
24.0 g of 2-hydroxy-2-(3‘-chlorophenyl)-3,5,5-trimethyl 
morpholine di-p-toluoyl-L-tartaric acid salt (47% yield, 91% 
ee). The ?ltrate (mother liquor) Was used for the prepara 
tion of (R,R)-isomer. 

[0131] (R.R)-2-Hydroxy-2-(3‘-chlorophenyl)-3,5,5-trim 
ethylmorpholine di-p-Toluoyl-D-tartaric Acid Salt 

[0132] To the mother liquors from above (260 mL) Was 
added a solution of potassium carbonate (16 g, 3 equivalent) 
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in Water (60 mL) at room temperature. The reaction mixture 
Was stirred for 5 minutes, and the organic phase Was 
separated. The ethyl acetate layer Was Washed With Water 
(30 mL), brine (40 mL), dried over MgSO4, and ?ltered. The 
?ltrate Was added di-p-toluoyl-D-tartaric acid (15 g), heated 
to 75° C. for 5 minutes and cooled to room temperature for 
2 hours. The precipitates Were collected by ?ltration to give 
33 g Wet cake (dried to give 24 g). Enantiomeric excess of 
the product Was determined by chiral HPLC to be 90% using 
a ChiralpakAD column using hexane/EtOH/DEA 85:15:01 
as eluent, ?oW rate 1.0 ml/min. (R,R)-isomer of hydroxy 
bupropion is ?rst peak (~6.4 minutes, the (S,S)-isomer is 
second (~7.4 minutes). 

[0133] Enrichment of the Diastereomeric Salt 

[0134] Same procedure for both diastereomers To a 500 
mL round bottom ?ask Was charged (S,S)-2-hydroxy-2-(3‘ 
chlorophenyl-3,5,5-trimethylmorpholine di-p-toluoyl-L-tar 
taric acid salt (24.0 g, 37.4 mmol, 91% ee) and Was added 
70 mL of MeOH. The reaction Was heated to re?ux and to 
the reaction Was added 90 mL of EtOAc. The reaction Was 
heated to re?ux for 20 minutes and then sloWly cooled to 
room temperature. After stirring for 1 hour at room tem 
perature, the reaction mixture Was ?ltered in vacuo to 
provide 10.8 g of(S,S)-2-hydroxy-2-(3‘-chlorophenyl-3,5,5 
trimethylmorpholine di-p-toluoyl-L-tartaric acid salt 
(>99.9% ee). For (R,R)-2-hydroxy-2-(3‘-chlorophenyl)-3,5, 
5-trimethylmorpholine di-p-toluoyl-D-tartaric acid salt, a 
total of 10.5 g, With >99.9% ee Was obtained. 1H NMR 

(CDCl3) 6 0.86 (d, J=6.3 HZ, 3H), 1.20 (s, 3H), 1.40 (s, 3H), 
2.38 (s, 3H), 3.33 (m, 1H), 3.39 (d, J=11.9HZ, 1H), 3.97 (d, 
J=11.9 HZ, 1H), 5.67 (s, 2H), 7.33 (m, 4H), 7.49 (m, 4H), 
7.88 (mn, 4H). Optical rotation of the (R,R)-2-Hydroxy-2 
(3‘-chlorophenyl)-3,5,5-trimethylmorpholine di-p-toluoyl 
D-tartaric acid salt: [ot]d=+41.88° (c=0.42, MeOH). 

[0135] (2S.3S)-2-Hydroxy-2-(3‘-chlorophenyl-3,5,5-trim 
ethylmorpholine Free Base 

[0136] A 500 mL RBF Was charged With 10.6 g (16.5 
mmol) of 2-hydroxy-2-(3‘-chlorophenyl-3,5,5-trimethyl 
morpholine di-p-toluoyl-L- tartaric acid salt (100% ee). To 
the ?ask Was added 150 mL of Water, 150 rmL of EtOAc, 
and 4.36 mL (5.0 eq) of 50% aqueous NaOH. After stirring 
for 1 hour at room temperature, the layers Were separated. 
The organic layer Was Washed With NaHCO3 (150 mL). The 
organic layer Was dried (MgSO4), concentrated in vacuo to 
provide 4.3 g of crude product in 100% yield. 1H NMR 
(CDCl3) 6 0.82 (d, J=6.6 HZ, 3H), 1.07 (s, 3H), 1.39 (s, 3H), 
3.19 (q, J =6.5 HZ, 1H), 3.42 (d, J=11.2 HZ, 1H), 3.83 (d, 
J=11.2 HZ, 2H), 7.2-7.65 (m, 4H). Free Base of the (R,R) 
isomer Was obtained in the same procedure. Optical rotation 
of the (R,R)-isomer free base: [ot]d=—37.7° (c=0.13, MeOH). 

[0137] (2S.35)-2-Hydroxy-2-(3‘chlorophenyl)-3,5,5-trim 
ethylmorpholine HCl 

[0138] A three-neck 250 mL RBF Was charged With 4.0 g 
(15.68 mmnol) of (2S,3S)-2-Hydroxy-2-(3‘-chlorophenyl) 
3,5,5-trimethylmorpholine and 100 mL of MTBE. To the 
reaction Was sloWly added 31.3 mL (31.3 mmol) of IN HCl 
in ether. After stirring at room temperature for 1 hour, the 
White crystals Were collected by ?ltration to provide 4.4 g 
(96%) of crude HCl salt. 1H NMR (DMSO-d6) 6 1.04 (d, 
J=6.5 HZ, 3H), 1.37 (s, 3H), 1.60 (s, 3H), 3.41 (bs, 1H), 3.52 
(d, J=9.0 HZ, 1H), 4.03 (d, J=9.0 HZ, 1H), 7.61 (m, 4H), 8.90 
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(rn, 1H), 10.41 (In, 1H). 13c NMR (DMSO) 0 13.5, 20.4, 
23.2, 53.0, 54.5, 65.9, 95.9, 126.1, 127.1, 129.5, 130.7, 
133.5, 143.6. Optical rotation of the (S,S)-isorner HCl salt: 
[a]d=+31.2° (c=0.64, 85% EtOH). 

Example 3 

Synthesis of Optically Pure Dihydrobupropion 

[0139] (Racernic Erythro)—Dihydrobupropion 
[0140] A three-neck IL RBF Was charged With 3.0 g (10.8 
rnrnol) of racernic bupropion. To the ?ask Was added 30 rnL 
of dry toluene. The suspension Was cooled to —78° C. and to 
it Was sloWly added 7.2 rnL (23.7 rnrnol) of a 3.3 M solution 
of Red-Al. After stirring at —78° C. for 2h, the reaction Was 
alloWed to sloWly warm to 23° C. overnight. SN NaOH Was 
added to the reaction, and this stirred for 30 min. The layers 
Were separated, and the organic layer Was Washed With Water 
(100 rnL). The organic layer Was dried (MgSO4) and con 
centrated in vacua to provide 2.6 g (86%) of crude product 
(Erythro:Threo ratio: 15:1). 

[0141] (Racernic Erythro)—Dihydrobupropion Hydrochlo 
ride 

[0142] Crude erythro dihydrobupropion (2.5 g, 10.3 
rnrnol) Was dissolved in 25 rnL of methyl tert-butyl ether. 
The solution Was stirred at 0° C. as anhydrous 2N HCl in 
ether (7.76 rnL, 15.5 rnrnol) Was sloWly added. After stirring 
for 1 h at 0° C., the solid Was collected by ?ltration, rinsed 
with methyl tert-butyl ether (2x5 .0 rnL), and dried in vacuo 
to provide 2.80 g of a White solid (97%). 1.0 g of the crude 
HCl salt Was dissolved in re?uxing IPA (25 rnL) and sloWly 
alloWed to cool to rt. After stirring for 1 h at rt, the solids 
Were collected by ?ltration to provide 0.70 g (70% recovery, 
>95% dr) of (+/—)-erythro dihydrobupropion HCl as a White 
solid. 1H NMR (DMSO-D6) 0 0.97 (d, J=6.7 HZ, 3H), 1.44 
(s, 9H), 3.63 (In, 1H), 5.20 (In, 1H), 6.25 (d, J=6.2 HZ, 1H), 
7.34 (In, 4H). 13C: 0 12.8, 26.1, 55.4, 58.8, 71.4, 125.5, 
126.5, 127.9, 130.7, 133.7, 143.8. MS rn/Z 241.67. Anal. 
Calcd for Cl13H2ONOCl: C, 56.12; H, 7.61; N, 5.03. Found: 
C, 55.84; H, 7.67; N, 4.91. 

[0143] Z- 1-(3-Chlorophenyl- 1-tert-butvldirnethylsily 
loxy)- 1-propene 

[0144] A solution of LDA (33.0 rnrnol) in THF (100 rnL) 
Was cooled to —78° C. and hexarnethylphosphorarnide 
(HMPA) (45 rnL, about 20-25% v/v) Was added. To this 
rapidly stirred solution Was added ketone (8.6 g, 51 rnrnol) 
in 20 rnL THF dropWise over 45 min. After an additional 3 
min at —78° C., TBSCl (33.0 rnL) 1.0 M in hexane Was 
added. This mixture Was stirred at —78° C. for 5 min. and 
then alloWed to Warm to room temperature over 40 rnin. 
tirne. NaHCO3 (60 rnL saturated aq.) Was added and the 
mixture Was extracted With CH2Cl2 (80 rnL><2). The organic 
phase Was then Washed With brine and dried over MgSO4. 
The product Was puri?ed via ?ash chrornatography eluted 
With Hexane/TEA (99.5/0.5) to provide 13.4 g of pure 
product (Z:E>99:1). 1H NMR (CDCL3): 0 0.12 (s, 6H), 0.95 
(s, 9H), 2.75 (d, 3H), 5.25 (q, 1H), 72-742 (In, 4H). 
[0145] 3‘-Chloro-2-(R)-hydroxvl-propiophenone 
[0146] To a Well-stirred mixture of AD-rnix-[3 (80 g) and 
CH3SO2NH2 (4.2 g, 44 rnrnol) in tert-butyl alcohol/Water 
(220 rnl/220rnl) at 0° C. Was added E-1-(3-chlorophenyl-1 
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tert-butyldirnethylsilyloxy)-1-propene (12.0 g, 44 rnrnol). 
The reaction mixture Was stirred at 0° C. for about 20 h. 
Solid sodiurn sul?te (40 g) Was added and the mixture Was 
stirred for an additional 45 rnin. CH2Cl2 and Water Was 
added to the reaction mixture and after separation of the 
layers, the aqueous phase Was extracted one more time With 
CH2Cl2. The combined organic extracts Were Washed With 
NaHCO3 and brine, folloWed by evaporation. The crude 
material was passed through a short column of silica gel 
eluted With 85% to 80% hexane/ethyl acetate to give the 
product (7.0 g, 98%ee). Ee Was analyZed on Chiral OD 
colurnn, eluted With hexane/IPA (99/1). 1H NMR (CDCl3). 
1H: 0 1.45 (d, 3H), 5.15 (q, 1H), 7.2-7.9 (rn, 4H).13C: 0 22.3, 
69.7, 126.9, 128.9, 130.4. 134.1, 135.2, 135.5, 201.5. The 
other enantiorner of this product Was prepared by replacing 
AD-rnix-[3 With AD-rnix-ot (The product Was isolated 
in>97% ee). 
[0147] Erythro-(R.S)-Dihydrobupropion 
[0148] To a solution of 3‘-chloro-(R)-hydroxyl-propiophe 
none (4.0 g, 21.6 rnrnol) in CH2Cl2 (80 rnL) at —78° C. Was 
added tri?uorornethane sulfonic anhydride (3.96 rnL, 23.5 
rnrnol), folloWed by addition of 2,6-lutidine (3.73 rnL, 51.84 
rnrnol). The reaction mixture Was alloWed to Warm to —40° 
C. and stirred at this temperature for 40 min. Then tert 
butylarnine (5.66 rnL, 53.8 rnrnol) Was added and the 
mixture Was stirred for 2 h at —40° C. The reaction mixture 
Was warmed to 0° C. and stirred for 2 h. The reaction Was 
quenched With NaHCO3 (100 rnL). The organic layer Was 
Washed With H20 and brine. A 250 rnL RBF Was charged 
With the crude dichlorornethane solution above. The reaction 
mixture Was cooled to —78° C. 14.4 rnL (47.52 rnrnol) of a 
3.3 M solution of Red-Al in toluene Was added dropWise at 
—78° C. The —78° C. solution Was alloWed to sloWly warm 
to rt overnight. The reaction Was quenched With 50 rnL of a 
SN NaOH solution at rt. The layers Were separated, and the 
organic layer Was Washed With Water (100 rnL). The organic 
layer Was dried (MgSO4) and concentrated in vacuo to 
provide crude arnino alcohol. The ?nal product Was puri?ed 
by ?ash chrornatography, eluted With 5-15% MeOH/EtOAc 
(1.93 g, 96% d.r.). 1H NMR (CDCl3) 0 0.81 (d, J=6.7 HZ, 
3H), 1.22 (s, 9H), 3.15 (In, 1H), 4.63 (d, J=4.0 HZ, 1H), 7.25 
(In, 4H). 
[0149] (R,S)-Dihydrobupropion Hydrochloride 
[0150] Crude (R,S)-Dihydrobupropion (1.85 g, 7.66 
rnrnol) Was dissolved in 18.5 rnL of methyl tert-butyl ether. 
The solution Was stirred at 0° C. as anhydrous 2N HCl in 
ether (5.74 rnL, 11.5 rnrnol) Was sloWly added. After stirring 
for 1 h at 0° C., the solid Was collected by ?ltration, rinsed 
with methyl tert-butyl ether (2x5 .0 rnL), and dried in vacua 
to provide 1.93 g of a White solid (90%). The crude HCl salt 
Was dissolved in re?uxing IPA (47 rnL) and sloWly alloWed 
to cool to rt. After stirring for 1 h at rt, the solids Were 
collected by ?ltration to provide 0.90 g (42%, 100% e;e, 
>95% dr) of (R,S)-dihydrobupropion HCl as a White solid. 
1H NMR (DMSO-D6) 0 0.97 (d, J=6.7 HZ, 3H), 1.44 (s, 9H), 
3.63 (In, 1H), 5.20 (In, 1H), 6.25 (d, J=6.2 HZ, 1H), 7.34 (in, 
4H). 13C: 0 12.8, 26.1, 55.4, 58.8, 71.4, 125.5, 126.5, 127.9, 
130.7, 133.7, 143.8. MS rnlZ 241.67. Anal. Calcd for 
C13H2ONOCl: C, 56.12; H, 7.61; N, 5.03. Found: C, 55.84; 
H, 7.67; N, 4.91. 
[0151] (S,R)-Dihvdrobupropion 
[0152] To a solution of 3‘-chloro-(S)-hydroxyl-propiophe 
none (2.8 g, 15.2 rnrnol) in CH2Cl2 (56 rnL) at —78° C. Was 
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added tri?uoromethane sulfonic anhydride (2.77 mL, 16.4 
mmol), followed by addition of 2,6-lutidine (2.61 mL, 22.4 
mmol). The reaction mixture Was allowed to Warm to —40° 
C. and stirred at this temperature for 40 min. Then tert 
butylamine (3.96 mL, 37.6 mmol) Was added and the 
mixture Was stirred for 2 hrs at —40° C. The reaction mixture 
Was Warmed to 0° C. and stirred for 2 h. The reaction Was 
quenched With NaHCO3 (100 mL). The organic layer Was 
Washed With H20 and brine. A 250 mL RBF Was charged 
With the crude dichloromethane solution above. The reaction 
mixture Was cooled to —78° C. 10.08 mL (33.26 mmnol) of 
a 3.3 M solution of Red-Al in toluene Was added dropWise 
at —78° C. The —78° C. solution Was alloWed to sloWly Warm 
to rt overnight. The reaction Was quenched With 35 mL of a 
5N NaOH solution at rt. The layers Were separated, and the 
organic layer Was Washed With Water (100 mL). The organic 
layer Was dried (MgSO4) and concentrated in vacuo to 
provide crude amino alcohol. The ?nal product Was puri?ed 
With chromatography, eluted With 5-15% MeOHlEtOAc 
(2.07 g, (S,R)-dihydrobupropion 92.3% d.r.). 1H NMR 
(CDCl3) 6 0.81 (d, J=6.7 HZ, 3H), 1.22 (s, 9H), 3.15 (m, 1H), 
4.63 (d, J=4.0 hZ, 1H), 7.25 (m, 4H). 

[0153] (S.R)-Dihydrobupropion HCl 

[0154] Crude (S,R)-Dihydrobupropion (1.94 g, 8.03 
mmol) Was dissolved in 20 mL of methyl tert-butyl ether. 
The solution Was stirred at 0° C. as anhydrous 2N HCl in 
ether (6.02 mL, 12.05 mmol) Was sloWly added. After 
stirring for 1 h at 0° C., the solid Was collected by ?ltration, 
rinsed With methyl tert-butyl ether (2><5.0 mL), and dried in 
vacua. The solid Weighed 1.85 g (88%). The crude HCl salt 
Was dissolved in re?uxing IPA (35 mL) and sloWly alloWed 
to cool to rt. After stirring for 1 h at rt, the solids Were 
collected by ?ltration to provide 1.25 g (59%, 98.3% ee, 
>95% dr) of (S,R)-Dihydrobupropion HCl as a White solid. 
1H NMR (DMSO-D6) 6 0.97 (d, J=6.7 HZ, 3H), 1.44 (s, 9H), 
3.63 (m, 1H), 5.20 (m, 1H), 6.25 (d, J=6.2 HZ, 1H), 7.34 (m, 
4H). 13C: 6 12.8, 26.1, 55.4, 58.8, 71.4, 125.5, 126.5, 127.9, 
130.7, 133.7, 143.8. MS m/Z 241.67. Anal. Calcd for 
C13H2ONOCl: C, 56.12; H, 7.61; N, 5.03. Found: C, 55.69; 
H, 7.58; N, 4.73. 

[0155] (Racemic Threo)-Dihvdrobupropion 
[0156] A three-neck 1 L RBF Was charged With 25.0 g 
(90.5 mmol) of racemic bupropion HCl. To the ?ask Was 
added 333 mL of dry THF. The suspension Was cooled to 0° 
C. and to it Was sloWly added 225 mL (225 mmol) of a 1M 
solution of borane-THF. After stirring at room temperature 
for 18 h, 187 mL of MeOH Was added to the reaction 
mixture. The volatiles Were removed in vacuo. To the solids 
Were added 187 mL of 2N NaOH and the reaction Was 
heated to 100° C. for 30 min. The solution Was cooled to rt 
and to it Was added 291 mL of 2N HCl. The reaction Was 
stirred at rt for 30 min, then 40% KZCO3 solution Was added 
until the solution pH is >11. The reaction mixture Was 
extracted With 150 mL of EtOAc, dried (MgSO4), and 
concentrated in vacuo to provide 25.2 g of crude product 

(85:15 d.r.). 
[0157] (Racemic Threo)-Dihvdrobupropion HCl 

[0158] A three-neck 500 mL RBF Was charged With 25.0 
g (103.5 mmol) of crude racemic threo dihydrobupropion 
and 200 mL of MTBE. To the reaction Was sloWly added 
62.1 mL (124.2 mmol) of 2N HCl in ether. After stirring at 
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rt for 1 h, the White crystals Were collected by ?ltration to 
provide 25 .2 g (87%) of crude HCl salt. The crude HCl salt 
(25.2 g) Was dissolved in re?uxing IPA (250 mL) and sloWly 
alloWed to cool to rt. After stirring for 1 h at rt, the solids 
Were collected by ?ltration to provide 17.4 g (69% recovery, 
90% dr) of racemic threo dihydrobupropion HC1 as a White 
solid. The crude HCl salt (17.4 g) Was dissolved in re?uxing 
IPA (174 mL) and sloWly alloWed to cool to rt. After stirring 
for 1 h at rt, the solids Were collected by ?ltration to provide 
13.8 g (79% recovery, >95 % dr) of racemic threo dihydrobu 
propion HCl as a White solid. 

[0159] (Racemic Threo)-Dihydrobupropion 
[0160] A 500 mL RBF Was charged With 12.3 g (44.24 
mmol) of (racemic threo)-dihydrobupropion HCl. To the 
?ask Was added 70 mL of Water, 100 mL of EtOAc, and 30.5 
g of 40% K2CO3. After stirring for 1 h at rt, the layers Were 
separated. The organic layer Was Washed With NaHCO3(100 
mnL). The organic layer Was dried (MgSO4), concentrated 
in vacuo to provide 11.1 g (100 %) of crude product. 1H 
NMR (CDCl3) 6 1.05 (d, J=6.3 HZ, 3H), 1.17 (s, 9H), 2.65 
(m, 1H), 3.88 (d, J=8.7 HZ, 1H), 7.26 (m, 3H), 7.41 (m, 1H); 
(>95% d.r.) 
[0161] (R,R)-Dihydrobupropion L-Tartaric acid 

[0162] A mixture of 10.6 g (43.9 mmol) of racemic threo 
dihydrobupropion (>95% dr) and 9.55 g (64 mmol) of 
L-tartaric acid in 44.63 mL of Water Was heated to boiling. 
The thick precipitate formed turned into a clear solution. The 
solution Was sloWly alloWed to cool to rt and stir overnight. 
The solid Was ?ltered and dried to give 7.8 g (45%) of 
(R,R)-Dihydrobupropion L-Tartaric acid as a White solid. 
Recrystallization from 23 mL of Water gave 4.8 g (28%, 
99.1% ee) as a White solid. 1H NMR (DMSO-D6) 6 0.96 (d, 
J=6.6 HZ, 3H), 1.30 (s, 9H), 3.36 (m, 1H), 3.99 (s, 2 h) 4.27 
(d, J=8.7 HZ, 1H), 7.39 (m, 3H), 7.53 (s, 1H). 
[0163] (R.R)-Dihydrobuproion 
[0164] A 100 mL RBF Was charged With 3.7 g (9.44 
mmol) of (R,R)-dihydrobupropion L-tartaric acid. To the 
?ask Was added 25 mL of Water, 25 mL of MTBE, and 3.78 
g of 50% NaOH solution. After stirring for 1 h at rt, the 
layers Were separated. The organic layer Was Washed With 
NaHCO3 (25 mL). The organic layer Was dried (MgSO4), 
concentrated in vacuo to provide 2.1 g of crude product in 
91% yield. 1H NMR (CDCl3) 6 1.05 (d, J=6.3 HZ, 3H), 1.17 
(s, 9H), 2.65 (m, 1H), 3.88 (d, J=8.7 HZ, 1H), 7.26 (m, 3H), 
7.41 (m, 1H). 
[0165] (R,R)-Dihydrobupropion HCl 
[0166] A three-neck 100 mL RBF Was charged With 2.1 g 
(8.69 mmol) of (R,R)-dihydrobupropion and 16.8 mL of 
MTBE. To the reaction Was sloWly added 5.2 mL (10.43 
mmol) of 2N HCl in ether. After stirring at rt for 1 h, the 
White crystals Were collected by ?ltration to provide 2.3 g 
(95%) of crude HCl salt. 1H NMR. (DMSO-D6) 6 0.99 (d, 
J=6.7 HZ, 3H), 1.38 (s, 9H), 3.49 (m, 1H), 4.53 (d, J=9.0 HZ, 
1H), 7.40 (m, 3H), 7.41 (m, 1H). 13C: 6 17.5, 26.5, 56.3, 
58.9, 74.4, 127.1, 127.9, 128.7, 130.8, 133.7, 143.9. MS m/Z 
241.67. Anal. Calcd for C13H2ONOCl: C, 56.12; H, 7.61; N, 
5.03. Found: C, 56.06; H, 7.72; N, 4.73. 

[0167] (S,S-Dihydrobupropion D-Tartaric acid 

[0168] A mixture of 10.6 g (23.6 mmol) of the threo 
dihydrobupropion (>95% dr, recovered from the resolution 
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of (R,R)-dihydrobupropion With L-tartaric acid) and 5.19 g 
(34.7 rnrnol) of D-tartaric acid in 23.9 rnL of Water Was 
heated to boiling. The thick precipitate forrned initially in 
the reaction turned into a clear solution. The solution Was 

sloWly alloWed to cool to rt and stir overnight. The solid Was 
?ltered and dried to give 4.7 g (50%) of (S,S)-dihydrobu 
propion D-tartaric acid as a White solid. Recrystallization 
from 13.8 rnL of Water gave 3.4 g (36%, 100% ee) as a White 
solid. 1H NMR (DMSO-D6) 6 0.96 (d, J=6.6 HZ, 3H), 1.30 
(s, 9H), 3.36 (In, 1H), 3.99 (s, 2H), 4.27 (d, J=8.7 HZ, 1H), 
7.39 (In, 3H), 7.53 (s, 1H). 

[0169] (S,S)-Dihydrobupropion 

[0170] A 100 rnL RBF Was charged With 2.4 g (6.12 
rnrnol) of (S,S)dihydrobupropion D-tartaric acid. To the 
?ask Was added 16 rnL of Water, 16 rnL of MTBE, and 2.45 
g of 50% NaOH solution. After stirring for 1 h at rt, the 
layers Were separated. The organic layer Was Washed With 
NaHCO3 (25 rnL). The organic layer Was dried (MgSO4), 
concentrated in vacuo to provide 1.3 g of crude product in 
88% yield. 1H NMR (CDCl3) 6 1.05 (d, J=6.3 HZ, 3H), 1.17 
(s, 9H), 2.65 (In, 1H), 3.88 (d, J=8.7 HZ, 1H), 7.26 (In, 3H), 
7.41 (In, 1H). 

[0171] (S,S)-Dihydrobupropion HCl 

[0172] A three-neck 100 rnL RBF Was charged With 1.3 g 
(5.38 rnrnol) of (S,S)-dihydrobupropion and 10.4 rnL of 
MTBE. To the reaction Was sloWly added 3.2 rnL (6.45 
rnrnol) of 2N HCl in ether. After stirring at rt for 1 h, the 
White crystals Were collected by ?ltration to provide 1.32 g 
(89%) of crude HCl salt. 1H NMR (DMSO-D6) 6 0.99 (d, 
J=6.7 HZ, 3H), 1.38 (s, 9H), 3.49 (In, 1H), 4.53 (d, J=9.0 HZ, 
1H), 7.40 (In, 3H), 7.41 (In, 1H). 13C: 6 17.5, 26.5, 56.3, 
58.9, 74.4, 127.1, 127.9, 128.7, 130.8, 133.7, 143.9. MS rn/Z 
241.67. Anal. Calcd for C13H2ONOCl: C, 56.32; H, 7.61; N, 
5.03. Found: C, 55.82; H, 7.72; N, 4.82. 

Example 4 

Neuronal Monoarnine Reuptake Inhibition 

[0173] The abilities of racernic bupropion [BP(:)], and the 
bupropion rnetabolites (S,S)-hydroXybupropion [HBP(S, 
S)], (R,S)-hydroXybupropion [HBP(R,S)], and (S,R)-hy 
droXybupropion [HBP(S,R)] to inhibit the reuptake of neu 
ronal rnonoarnines was determined using the general 
methods of Moisset, B., et al., Brain Res. 92:157-164 
(1975), JanoWsky, A., et al., J. Neurochem. 46:1272-1276 
(1986), and Perovic, S. and Muller, W. E. G., Brain Res. 
92:157-164 (1995). 

[0174] Inhibition of norepinephrine (NE) reuptake was 
determined using rat hypothalamus as a tissue source and 
protryptiline as a reference cornpound. Inhibition of doparn 
ine (DA) reuptake was determined using rat corpora striata 
as a tissue source and GBR 12909 as a reference cornpound. 

Inhibition of serotonin (5-HT) reuptake was determined 
using rat brain as a tissue source and irniprarnine as a 

reference compound. The speci?c conditions for each assay 
are shoWn in Table 1: 
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TABLE 1 

As 
say Substrate Incubation Detection Method 

NE [3H]NE (0.2 ,uCi/rnL) 20 rnin./37O C. liquid scintillation 
15 rnin./37O C. 
15 rnin./37O C. 

liquid scintillation 
liquid scintillation 

[0175] Wherein the end products observed were formed by 
the incorporation of [3H]NE, [3H]DA, and [3H]5-HT into 
synaptosornes. Radioactivity was determined With a scintil 
lation counter (Topcount, Packard) using a liquid scintilla 
tion cocktail (Microscint 0, Packard). 
[0176] Racernic bupropion and the bupropion metabolites 
were ?rst tested in each assay at 10 0M in duplicate or 
triplicate. For assays Wherein they inhibited the reuptake by 
more than 50% at this concentration, they Were further tested 
at eight concentrations in duplicate to obtain full inhibition 
curves. In each experiment, the respective reference corn 
pound Was tested at eight concentrations in duplicate to 
obtain an inhibition curve in order to validate this experi 
rnent. 

[0177] IC5O values and Hill coef?cients (nH) Were deter 
mined for the reference compounds and the test compounds 
(i.e., bupropion and metabolites of bupropion) by non-linear 
regression analysis of their inhibition curves. These param 
eters Were obtained by Hill equation curve ?tting. 

[0178] None of the compounds tested signi?cantly inhib 
ited 5-HT reuptake. The lC5O values determined for these 
compounds With regard to norepinephrine and dopamine 
reuptake are presented in Table 2: 

TABLE 2 

NE reuptake DA reuptake 

Compounds IC5O (nM) (nH) IC5O (nM) (nH) 

HBP(s,s) 229 (0.8) 1,400 (1.0) 
HBP(RS,RS) 756 (1.1) 
BP(:) 746 (>3) 294 (0.9) 
HBP(R,R) 
protriptyline 3.6/3.8 (2.6)/(1.4) 
GBR 12909 5.6 (1.7) 

[0179] The measured biological activity of the optically 
pure bupropion rnetabolites is unexpectedly different from 
the activity of bupropion itself. For example, racernic bupro 
pion (i.e., (1)1-(3-chlorophenyl)-2-[(1,1-dirnethylethy 
l)arnino]-1-propanone) inhibits norepinephrine uptake With 
an IC5Oof approximately 746 nM, While the optically pure 
rnetabolite (S,S)-hydroXybupropion (i.e., (S,S)-2-(3-chlo 
rophenyl)-2-hydroXy-3,5,5-trirnethyl-rnorpholinol) inhibits 
norepinephrine With a dramatically loWer lC5O of 229 nM. 
And While racernic bupropion inhibits dopamine uptake With 
an lC5O of approximately 294 nM, the optically pure rnetabo 
lite (S,S)-2-(3-chlorophenyl)-2-hydroXy-3,5,5-trirnethyl 
rnorpholinol does not signi?cantly inhibit dopamine uptake, 
having an IC5O of approximately 1400 nM. But like racernic 
bupropion, this optically pure rnetabolite does not rneasur 
ably inhibit serotonin uptake. 

[0180] These results indicate that the biological activity of 
each of the bupropion metabolites of the invention is dra 
















