
WO 2012/035346PCT/GB2011/051730 PROD RUGS OF GUANFACINE FIELD OF THE
INVENTION  [1] The present invention relates to various prodrugs of
guanfacine. In particular, the present invention relates to prodrugs of
guanfacine which offer improved pharmacokinetic properties relative to
guanfacine itself. The invention also relates to methods of reducing
gastrointestinal (GI) side-effects associated with guanfacine therapy.
These combined advantages should improve patient compliance and hence the
drug's therapeutic effectiveness and patient benefit. BACKGROUND OF THE
INVENTION  [2] Attention Deficit Hyperactivity Disorder (ADHD) is one of
the most common psychiatric conditions affecting children. Prevalence
estimates vary but according to data from the National Survey of Children's
Health, -8% of US children were diagnosed with ADHD in 2003, 56% of whom
were treated with medication (Centers for Disease Control and Prevention
(2005), Morb. Mortal. Wkly. Rep. 54, 842-847). Psychostimulant medications
are the mainstay of therapy for patients with ADHD (Pediatrics (2001), 108,
1033-1044; Arch Gen Psychiatry (1999), 56, 1073-1085; Pediatrics (2004),
113, 754-761). Although >80% of these patients receive stimulant drugs,
<40% are reported to exhibit normal behavior with treatment. Additionally,
-30% of patients either do not respond or cannot tolerate long term therapy
with these agents. An additional concern is that these stimulants are
classified by the US Drug Enforcement Administration as Schedule ll
Controlled Substances.  [3] Several classes of non-stimulant drugs appear
to be efficacious in patients with ADHD including tricylic antidepressants
(imipramine and desipramine), bupropion, a norepinephrine and dopamine
reuptake inhibitor, atomoxetine, a norepinephrine re-uptake inhibitor and
a-2 adrenoceptor agonists clonidine and guanfacine. The latter has been
reported to enhance frontal cortex functioning (PCF) in rats, monkeys and
humans. In patients treated for ADHD with guanfacine, the drug may
ameliorate prefrontal cortical deficits. Specifically, guanfacine appears
to act primarily on the a-2 adrenoceptors in the prefrontal cortex,
enhancing working memory, cognitive function and attentiveness.  [4]
Guanfacine  Guanfacine: N-Amidino-2-(2,6-dichlorophenyl) acetamide
monohydrochloride  [5] Historically, guanfacine was employed as an
antihypertensive agent (TENEX ) due to its effectiveness in lowering blood
pressure. Typically, doses of 1-2 mg and occasionally 3 mg/day have been
used in the treatment of hypertension. Peak plasma drug levels are reached
as early as 1 hour after dosing and may be associated with cardiovascular
side effects or somnolence. The drug is usually taken at night to minimize
the impact of this. Recently a new guanfacine product (INTUNIV(r)) has been
developed for the  WO 2012/035346PCT/GB2011/051730 treatment of ADHD. This
is a sustained release formulation designed to minimize any acute
cardiovascular or CNS depressant effects of the drug resulting from the
normally rapid rise in plasma drug concentrations. In a recent
pharmacokinetic study on INTUN IV(r) reported by Swearingen et al. (2007),
Clin. Therap. 29, 617-624, peak plasma levels were not seen until 6 hours
post dosing so minimizing any unwanted cardiovascular or CNS effects.  [6]
In common with other a-2 adrenoceptor agonists such as clonidine,
guanfacine may inhibit gut motility, leading, in some cases and especially
after the higher doses, to constipation. For example, the incidence of
constipation reported for the 3 mg dose of TENEX(r) is -15% (FDA label).
This may be due in part to a direct local interaction between the drug and
a-2 adrenoceptors within the gut. Published data provides evidence not only
for the presence of a-2 adrenoceptors in the GI tract and their role in
influencing gut motility (Blandizzi (2007), Neurochemistry International,
51, 282-288), but also for a direct effect of selective a-2 adrenoceptor
agonists such as UK14,304 on the motility reflexes of guinea pig ileum
(Stebbing et al (2001), J of Physiol. 534 465-478). Such effects are
clearly undesirable.  [7] INTUN IV is a controlled release product and one
limitation of such formulations is that they may be subject to a food
interaction. The presence of food in the stomach serves to raise the
gastric pH and slow gastric emptying. This may lead to some erosion of the
enteric coating, designed to break down at higher pH's, and some early drug
release as a consequence. Administration of INTUNIV(r) with a high fat meal
has been shown to elevate Cmax by 75% and increase AUC by 40% (FDA label).
While taking the drug under more appropriate prandial conditions may be
desirable, this may not always be possible. Variations in the prandial
state may therefore lead to some variability in rate and extent of drug
exposure. Previously, it has been demonstrated that the prandial state does
not alter guanfacine pharrnacokinetics following administration of both
aqueous soluble and insoluble prodrugs to primates (see WO 2011/033296).
[8] In spite of the advantages offered by guanfacine, there continues to be
a need to reduce side-effects associated with guanfacine therapy. There
remains therefore a real need in the treatment of ADHD as well as
hypertension for a guanfacine product which retains all the inherent
pharmacological advantages of the drug molecule but overcomes its
limitations in inducing adverse cardiovascular, CNS and GI side-effects.
The present invention addresses this need. SUMMARY OF THE INVENTION  [9] In
one aspect of the present invention, there is provided a guanfacine prodrug
of Formula (I), or a pharmaceutically acceptable salt or tautomer thereof:
Cl Cl wherein Xis 0 or S;  WO 2012/035346PCT/GB2011/051730 v(2 (CR3R4)n R1
is a C120 substituted or unsubstituted alkyl, glycosyl,, or a Cm
unsubstituted or substituted cycloalkyl; R2 is independently at each
occurrence C1_4 alkyl, C1_4 alkoxy, halo, CN, NO2, NH2, SO3H, OH, -CHO,
-CO2H, or -CH2002H; n is 0, 1,2 or 3; m is 0, 1, 2, 3, 4 or, 5; and R3 and
R4 are each independently selected at each occurrence from the group
comprising: hydrogen, hydroxy, -CO2H, methyl, and -NH2. [0010]The
combinations of the X, R1, and R2 groups contemplated within the scope of
the present 



invention include those in which combinations of variables (and
substituents) of the X, R1, and R2 groups are permissible so that such
combinations result in stable compounds of Formula (I). For purposes of the
present invention, it is understood that the combinations of the variables
can be selected by one of ordinary skill in the art to provide compounds of
Formula (I) that are chemically stable and that can be readily synthesized
by techniques known in the art, as well as those methods set forth in the
example section and figures. [0011]In an embodiment, the guanfacine prodrug
of the present invention is a conjugate containing a carbamate linkage.
[0012]In another aspect, the present invention provides a method of
treating a disorder in a subject in need thereof with guanfacine. The
method comprises orally administering an effective amount of a guanfacine
prodrug of the present invention to the subject. The disorder may be one
treatable with guanfacine. For example, the disorder may be attention
deficit hyperactivity disorder (ADHD). An alternative psychiatric condition
treatable with guanfacine is oppositional defiance disorder (ODD).
Alternatively, the disorder may be a cardiovascular condition such as
hypertension. The disorder may also be a disorder selected from the group
consisting of: neuropathic pain, cognitive impairment associated with
schizophrenia (CIAS), psychosis and working memory loss in the elderly,
anxiety (including paediatric anxiety, PTSD, OCD, self injury), pruritis,
addiction withdrawal and autism. The disorder may also be chemotherapy
induced mucositis. The disorder may also be post traumatic stress syndrome.
Alternatively, the disorder may be characterized by the patient suffering
from hot flushes. [0013]In another aspect, the present invention provides a
guanfacine conjugate of the present invention for use in the treatment of
attention deficit hyperactivity disorder (ADHD), oppositional defiance
disorder (ODD), a cardiovascular condition such as hypertension,
neuropathic pain, cognitive impairment associated with schizophrenia
(CIAS), psychosis and working memory loss in the elderly, anxiety
(including  WO 2012/035346PCT/GB2011/051730 paediatric anxiety, PTSD, OCD,
self injury), pruritis, addiction withdrawal, autism, chemotherapy induced
mucositis, post traumatic stress syndrome or a disorder characterized by
hot flushes. [0014]In one embodiment, there is provided a method of
reducing adverse gastrointestinal side effects associated with guanfacine
treatment in a mammal. The method includes  (a) forming a guanfacine
prodrug of Formula (I) or a pharmaceutically acceptable salt thereof; and
(b) administering the prodrug or a pharmaceutically acceptable salt thereof
to a mammal in need thereof. Typically, the mammal is a human subject.
[0015]The guanfacine prodrugs described herein induce lower average (e.g.,
mean) effects on gut motility in the gastrointestinal environment as
compared to a non-prodrug guanfacine salt form such as guanfacine HCI.
[0016]In an alternative aspect of the invention, a method for improving the
pharmacokinetics and extending the duration of action of guanfacine in a
subject in need thereof is provided. The method comprises administering to
a subject in need thereof an effective amount of a prodrug of the present
invention, or a composition thereof, wherein the plasma concentration time
profile is modulated to minimize an initial upsurge in concentration of
guanfacine, minimizing any unwanted cardiovascular or somnolent effects,
while significantly extending the time for which the drug persists in
plasma (resulting from continuing generation from the prodrug) and hence
duration of action. [0017]In a further aspect, a method for reducing inter-
or intra-subject variability of guanfacine plasma levels is provided. The
method comprises administering to a subject, or group of subjects in need
thereof, an effective amount of a prodrug of the present invention, or a
composition thereof. [0018]In one preferred embodiment, the present
invention is directed to a method for minimizing gastrointestinal side
effects such as constipation normally associated with administration of
guanfacine. The method comprises orally administering a guanfacine prodrug
or pharmaceutically acceptable salt of the present invention, and wherein
upon oral administration, the prodrug or pharmaceutically acceptable salt
minimizes, if not completely avoids, the gastrointestinal side effects
usually seen after oral administration of the unbound guanfacine. The
amount of guanfacine is preferably a therapeutically effective amount.
[0019]The present invention relates to guanfacine prodrugs which preclude
interaction between the a-2 adrenoceptors located in the gut and the active
drug, so minimizing the risk of constipation. In addition, the prodrugs
provided herein deliver a pharmacologically effective amount of the drug to
treat various psychiatric and/or cardiovascular conditions. Such use of
prodrugs of guanfacine may reduce intra- and inter-subject variability in
plasma concentration and so provide consistent therapeutic efficacy.
Additionally, the presence of quantities of unhydrolyzed prodrug in tissue
compartments and/or plasma may provide a reservoir for continued generation
of the active drug. Continued generation of guanfacine maintains plasma
drug levels, thereby reducing the frequency of drug dosage. These benefits
would be expected to improve patient compliance. [0020]These and other
embodiments are disclosed or are apparent from and encompassed by the
following Detailed Description. WO 2012/035346PCT/GB2011/051730 BRIEF
DESCRIPTION OF THE DRAWINGS [0021]FIG.1 illustrates plasma concentration
profiles for guanfacine following administration of guanfacine or
guanfacine prodrug (compounds 3, 4, 5 and 6) to primates at 0.5 mg/kg
guanfacine free base equivalents. [0022]FIG .2 illustrates plasma
concentration profiles for guanfacine and guanfacine prodrug following
administration of guanfacine prodrug (compound 3) to primates at 0.5 mg/kg
guanfacine free base equivalents. [0023]FIG.3 illustrates analyte
concentration profiles for guanfacine and guanfacine prodrug in rat tail
vein following oral administration of guanfacine or guanfacine prodrug
(compound 3) to rats at 1 mg/kg guanfacine free base equivalents.
[0024]FIG.4 illustrates analyte concentration profiles for guanfacine and
guanfacine prodrug in rat hepatic portal vein following oral administration
of guanfacine prodrug (compound 3) to rats at 1 mg/kg guanfacine free base
equivalents. 



[0025]FIG.5 illustrates guanfacine prodrug (compound 3) concentration
profiles in rat hepatic portal vein following oral administration of
guanfacine prodrug (compound 3) to rats at 1 mg/kg guanfacine free base
equivalents. [0026]FIG.6 illustrates the effects of a guanfacine prodrug
(compound 1 9) in the elevated plus maze model in rats at doses of 0.5 to
10 mg/kg. A - Effects of test substances on % of entries in open arms. B -
Effects of test substances on time spent in open arms. For comparative
purposes, the vehicle without any active was administered, as was
guanfacine HCI and Clobazam. The number in parentheses is the dosage of the
relevant compound. DETAILED DESCRIPTION OF THE INVENTION A.Definitions
[0027]As used herein: [0028]The term "alkyl," as a group, refers to a
straight or branched hydrocarbon chain containing the specified number of
carbon atoms. When the term "alkyl" is used without reference to a number
of carbon atoms, it is to be understood to refer to a 01-020 alkyl group,
preferably a 01-010 alkyl group. For example,      alkyl refers to a
straight or branched alkyl containing at least 1, and at most 10, carbon
atoms. For another example, C2_7 alkyl refers to a straight or branched
alkyl containing at least 2, and at most 7, carbon atoms. Examples of
"alkyl" as used herein include, but are not limited to, methyl, ethyl,
n-propyl, n-butyl, n-pentyl, i-butyl, i-propyl, t-butyl, hexyl, heptyl,
octyl, nonyl and decyl. Preferably, the alkyl group is a lower alkyl of
from about 1 to 7 carbons, yet more preferably about 1 to 4 carbons. The
alkyl group can be substituted or unsubstituted. [0029]The term
"substituted alkyl" as used herein denotes alkyl radicals wherein at least
one hydrogen is replaced by one or more substituents such as, but not
limited to, hydroxy, alkoxy, aryl (for  WO 2012/035346PCT/GB2011/051730
example, phenyl), heterocycle, halogen, trifluoromethyl, pentafluoroethyl,
cyano, cyanomethyl, nitro, amino, amide (e.g., -C(0)NH-R where R is an
alkyl such as methyl), am id ine, am ido (e.g., -NHC(0)-R where R is an
alkyl such as methyl), carboxamide, carbamate, carbonate, ester,
alkoxyester (e.g., -C(0)0-R where R is an alkyl such as methyl) and
acyloxyester (e.g., -0C(0)-R where R is an alkyl such as methyl). The
definition pertains whether the term is applied to a substituent itself or
to a substituent of a substituent. [0030]The term "carbonyl" refers to a
group -C(=0). [0031]The term "carboxyl" refers to a group -CO2H and
consists of a carbonyl and a hydroxyl group (More specifically, C(=0)0H).
[0032]The term "substituted" refers to adding or replacing one or more
atoms contained within a functional group or compound with one of the
moieties from the group of halo, wry, azido, nitro, cyano, alkyl, alkoxy,
alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino, trihalome1hyl,
hydroxyl, mercapto, hydroxy, cyano, alkylsilyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, heteroaryl, alkenyl, alkynyl, C1_6
alkylcarbonylalkyl, aryl carboxyl, and amino groups. [0033]The term
"cycloalkyl" group as used herein refers to a non-aromatic monocyclic
hydrocarbon ring of 3 to 8 carbon atoms such as, for example, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl. [0034]The term
"substituted cycloalkyl" as used herein denotes a cycloalkyl group further
bearing one or more substituents as set forth herein, such as, but not
limited to, hydroxy, alkoxy, aryl (for example, phenyl), heterocycle,
halogen, trifluoromethyl, pentafluoroethyl, cyano, cyanomethyl, nitro,
amino, amide (e.g., -C(0)NH-R where R is an alkyl such as methyl), amidine,
amido (e.g., -NHC(0)-R where R is an alkyl such as methyl), carboxamide,
carbamate, carbonate, ester, alkoxyester (e.g., -C(0)0-R where R is an
alkyl such as methyl) and acyloxyester (e.g., -0C(0)-R where R is an alkyl
such as methyl). The definition pertains whether the term is applied to a
substituent itself or to a substituent of a substituent. [0035]The term
"halo" or "halogen" refers to fluoro, chloro, bromo, and iodo. [0036]The
term "carrier" refers to a diluent, excipient, and/or vehicle with which an
active compound is administered. The pharmaceutical compositions of the
invention may contain combinations of more than one carrier. Such
pharmaceutical carriers can be sterile liquids, such as water, saline
solutions, aqueous dextrose solutions, aqueous glycerol solutions, and
oils, including those of petroleum, animal, vegetable or synthetic origin,
such as peanut oil, soybean oil, mineral oil, sesame oil and the like.
Water or aqueous saline solutions and aqueous dextrose and glycerol
solutions are preferably employed as carriers, particularly for injectable
solutions. In some embodiments, water or aqueous solution-based
formulations are employed as carriers for orally administered formulations.
In other embodiments, oil-based formulations are employed as carriers for
orally-administered formulations. Suitable pharmaceutical carriers are
described in "Remington's Pharmaceutical Sciences" by E.W. Martin, 18th
Edition. [0037]The phrase "pharmaceutically acceptable" refers to molecular
entities and compositions that are generally regarded as safe. In
particular, pharmaceutically acceptable carriers used in the practice of
this invention are physiologically tolerable and do not typically produce
an allergic or similar untoward WO 2012/035346PCT/GB2011/051730 reaction
(for example, gastric upset, dizziness and the like) when administered to a
patient. Preferably, as used herein, the term "pharmaceutically acceptable"
means approved by a regulatory agency of the appropriate governmental
agency or listed in the U.S. Pharmacopoeia or other generally recognized
pharmacopoeia for use in humans. [0038]A "pharmaceutically acceptable
excipient" means an excipient that is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes an excipient that is acceptable for
human pharmaceutical use. A "pharmaceutically acceptable excipient" as used
in the present application includes both one and more than one such
excipient. [0039]The term "treating" includes: (1) preventing or preventing
or delaying the appearance of clinical symptoms of the state, disorder or
condition developing in a subject that may be afflicted with or predisposed
to the state, disorder or condition but does not yet experience or display
clinical or subclinical symptoms of the state, disorder or condition; (2)
reducing or inhibiting the state, disorder or condition (e.g., arresting,
reducing or delaying the development of the disease, or a relapse thereof
in case of maintenance treatment, of at least one clinical or subclinical
symptom thereof); and/or (3) relieving the condition (i.e., causing
regression of the state, disorder or condition or at least one of its
clinical or subclinical symptoms). The benefit to a subject to be treated
is either statistically significant or at least perceptible to the subject
or to the physician. 



[0040]The term "subject" refers to humans. [0041]"Effective amount" means
an amount of a prodrug or composition of the present invention sufficient
to result in the desired therapeutic response. The therapeutic response can
be any response that a user (e.g., a clinician) will recognize as an
effective response to the therapy. The therapeutic response will generally
be amelioration of the typical symptoms of ADHD. In further and/or
alternative embodiments, the therapeutic response will be amelioration of
the typical symptoms of opposition defiance disorder (ODD), hypertension,
pain (neuropathic pain), cognitive impairment in psychosis, cognitive
impairment associated with schizophrenia (CIAS), psychosis and working
memory loss in the elderly, post traumatic stress disorder (PTSD), anxiety
(including paediatric anxiety, PTSD, OCD, self injury), addiction
withdrawal, autism, hot flushes, pruritis, chemotherapy-induced mucositis,
etc. It is further within the competency of one skilled in the art to
determine appropriate treatment duration, appropriate doses, and any
potential combination treatments, based upon an evaluation of therapeutic
response. [0042]"Reducing gastrointestinal side effects associated with
guanfacine therapy" shall be understood to mean a reduction, amelioration
and/or prevention and/or prevention of the occurrence of gastrointestinal
side effects (e.g., constipation) realized in patients treated with the
prodrug described herein as compared to patients which have received a
non-prodrug guanfacine salt in an immediate release or sustained release
form. Reduction of gastrointestinal side effects is deemed to occur when a
patient achieves positive clinical results. For example, successful
reduction of gastrointestinal side effects shall be deemed to occur when at
least about 10% (i.e. at least about 15%) or preferably at least about 20%,
more WO 2012/035346PCT/GB2011/051730 preferably at least about 30 % or
higher (i.e., about 40%, 50%) decrease in constipation including other
clinical markers contemplated by the artisan in the field is realized when
compared to that observed in the treatment with a non-prodrug guanfacine.
In certain aspects, successful reduction of gastrointestinal side effects
can be determined by changes in gut motility induced by the prodrug
described herein as compared to a non-prodrug guanfacine salt in an
immediate release or sustained release form. In this aspect, statistical
significance relative to a non-prodrug guanfacine can be at least about
0.058, and preferably <0.001. [0043]The term "at least about" comprises the
numbers equal to or larger than the numbers referred to. In various
embodiments, such as when referring to the decrease in gut motility, the
term "at least about 15%" includes the terms "at least about 16%", "at
least about 17%", at least about 18%" and so forth. Likewise, in some
embodiments, the term "at least about 30%" includes the terms "at least
about 31%", "at least about 32%", and so forth. [0044]The term "active
ingredient," unless specifically indicated, is to be understood as
referring to the guanfacine portion of the prodrug, as described herein.
[0045]The term "salts" can include acid addition salts or addition salts of
free bases. Suitable pharmaceutically acceptable salts include, but are not
limited to, metal salts such as sodium, potassium and cesium salts;
alkaline earth metal salts such as calcium and magnesium salts; organic
amine salts such as triethylamine, guanidine and N-substituted guanidine
salts, acetamidine and N-substituted acetamidine, pyridine, picoline,
ethanolamine, triethanolamine, dicyclohexylamine, and
N,N'-dibenzylelhylenediamine salts. Pharmaceutically acceptable salts (of
basic nitrogen centers) include, but are not limited to inorganic acid
salts such as the hydrochloride, hydrobromide, sulfate, phosphate; organic
acid salts such as trifluoroacetate and maleate salts; sulfonates such as
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
camphor sulfonate and naphthalenesulfonate; amino acid salts such as
arginate, alaninate, asparginate and glutamate; and carbohydrate salts such
as gluconate and galacturonate (see, for example, Berge, etal.
"Pharmaceutical Salts," J. Pharm. Sd. 1977;66:1). [0046]The term "about,"
unless otherwise indicated, refers to 10% of the given value. [0047]The
present invention also includes the synthesis of all pharmaceutically
acceptable isotopically-labelled compounds of Formula (I) wherein one or
more atoms are replaced by atoms having the same atomic number, but an
atomic mass or mass number different from the atomic mass or mass number
most commonly found in nature. [0048]Substitution with stable isotopes such
as deuterium, i.e. 2H, may afford certain therapeutic advantages resulting
from greater metabolic stability, for example, increased in vivo half-life
or reduced dosage requirements, and hence may be preferred in some
circumstances. [0049]Isotopically-labelled compounds can generally be
prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described using an appropriate
isotopically-labelled reagent in place of the non-labelled reagent
previously employed. [0050]Throughout the description and claims of this
specification, the words "comprise" and "contain"  WO
2012/035346PCT/GB2011/051730 and variations of the words, for example
"comprising" and "comprises", means "including but not limited to", and is
not intended to (and does not) exclude other moieties, additives,
components, integers or steps. [0051]Throughout the description and claims
of this specification, the singular encompasses the plural unless the
context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as
well as singularity, unless the context requires otherwise. [0052]Features,
integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the
invention are to be understood to be applicable to any other aspect,
embodiment or example described herein unless incompatible therewith.
B.Compounds of Formula (I) [0053]In one aspect of the present invention as
defined above, there is provided a guanfacine prodrug of Formula (I), or a
pharmaceutically acceptable salt or tautomer thereof: Cl wherein Xis 0 or
S; R1 is a C1_20 substituted or unsubstituted alkyl, glycosyl,  (CR3R4)n 



, or a Cm unsubstituted or substituted cycloalkyl; R2 is independently at
each occurrence C1_4 alkyl, C1_4 alkoxy, halo, ON, NO2, NH2, SO3H, OH,
-CHO, -CO2H, or -CH2002H; n is 0, 1,2 or 3; m is 0, 1, 2, 3, 4 or, 5; and
R3 and R4 are each independently selected at each occurrence from the group
comprising: hydrogen, hydroxy, -CO2H, methyl, and -NH2. [0054]In an
embodiment: Xis 0 or S;  WO 2012/035346PCT/GB2011/051730 v(2 (CR3R4)n R1 is
a C17 substituted or unsubstituted alkyl, glycosyl,, or a Cm unsubstituted
or substituted cycloalkyl; R2 is independently at each occurrence C1_4
alkyl, C1_4 alkoxy, halo, ON, NO2, NH2, SO3H, OH, -CHO, -CO2H, or -CH2002H;
n is 0, 1,2 or 3; m is 0, 1, 2, 3, 4 or, 5; and R3 and R4 are each
independently selected at each occurrence from the group comprising:
hydrogen, hydroxy, -CO2H, methyl, and -NH2. [0055]In an embodiment, X is 0.
[0056]In an alternate embodiment, X is S. [0057]In an embodiment R2 is
independently at each occurrence OH, -CHO, -CO2H, or -CH2CO2H. [0058]In an
embodiment X is 0 and R2 is independently at each occurrence OH, -CHO,
-CO2H, or -CH2CO2H. [0059]In an embodiment, R1 is a substituted or
unsubstituted C1_7 alkyl. In an embodiment, R1 is a C1_7 alkyl substituted
with one or two groups selected from the group consisting of: hydroxy,
alkoxy, amino, aryl, heteroaryl and halo. In an embodiment, R1 is a C1_7
alkyl substituted with an amino group and a LIH2 HN heteroaryl group. In an
embodiment, R1 is [0060]In an embodiment, R1 is a C2_7 alkyl. [0061]In an
embodiment, R1 is a C2_6 alkyl. For example, R1 is ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl or neopentyl. In an
alternate example, R1 is ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
isobutyl or neopentyl. Preferably R1 is ethyl. [0062]In an embodiment, R1
is a 06 alkyl. For example, R1 is hexyl. [0063]In an embodiment R1 contains
one or more deuterium atoms. [0064]In an embodiment, X is 0 and R1 is a
C2_6 alkyl, preferably ethyl. For example, X is 0 and R1 is ethyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl or neopentyl. In
an alternate example, X is 0 and R1 is ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, isobutyl or neopentyl. [0065]In an alternate embodiment, X is S
and R1 is a 02_6 alkyl, preferably ethyl. For example, X is S and R1 is
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl or
neopentyl. In an alternate example, X is S and R1 is ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl or neopentyl. 



[0066]In an embodiment, R1 is a substituted Ci alkyl. For example, R1 is
carboxyl methyl. [0067]In an embodiment, R1 is a cycloalkyl substituted 0i
alkyl. For example R1 is cyclopropyl methyl.  WO
2012/035346PCT/GB2011/051730 [0068]In an embodiment, X is 0 and R1 is a
substituted Ci alkyl. [0069]In an embodiment, X is 0 and R1 is a cycloalkyl
substituted Cl alkyl. [0070]In an embodiment, R1 is a substituted or
unsubstituted cycloalkyl. [0071]In an embodiment R1 is a substituted or
unsubstituted cyclohexyl. For example, R1 is menthyl. [0072]In an
embodiment R1 is glycosyl. Where R1 is glycosyl, the carbohydrate moiety is
linked to the guanfacine portion of the prodrug using any suitable hydroxyl
group. In a particular embodiment, R1 is a hexose. Preferably R1 is
glucose. [0073]In an embodiment, X is 0 and R1 is a substituted or
unsubstituted cycloalkyl. [0074]In an embodiment, X is 0 and R1 is a
substituted or unsubstituted cyclohexyl. [0075]In an embodiment X is 0 and
R1 is glycosyl. In a particular embodiment, X is 0 and R1 is a hexose.
Preferably X is 0 and R1 is glucose. [0076]In an alternate embodiment, R1
is a C2_4 hydroxyalkyl. For example, R1 is 2-hydroxyethyl or
3-hydroxypropyl. [0077]In an alternate embodiment, X is 0 and R1 is a C2_4
hydroxyalkyl. [0078]In an embodiment, R1 is R2)nn I* (CR3R4)n [0079]In an
embodiment, R1 is R2)nn I* (CR3R4)n and m is 1. [0080]In an embodiment, R1
is R2)nn I* (CR3R4)n , n is 0 and m is O. [0081]In an embodiment R1 is  I
v(,R2) m (CR3R4)n             m is 1, and R2 is OH, -CHO, -CO2H, or
-CH2CO2H. [0082]In an embodiment R1 is 



R2 ) I* (CR3R4)n , n is 0, m is 1 and R2 is OH, -CHO, -CO2H, or -CH2002H.
[0083]In an embodiment R1 is R2 ) I* (CR3R4)n             , m is 1, 2, 3,
4, or 5 and at least one R2 is OH. [0084]In an embodiment R1 is R2 ) I*
(CR3R4)n             , n is 0, m is 1, 2, 3, 4, or 5 and at least one R2 is
OH. [0085]In an embodiment, R1 is R2 ) I* (CR3R4)n and n is O. [0086]In an
embodiment, R1 is  v(,R2)m I* (CR3R4)n , n is 0, m is 1 and R2 is -CO2H, or
-CH2002H. [0087]In an embodiment, R1 is R2)rri I* (CR3R4)n , n is 0, m is 1
and R2 is -CH2002H. [0088]In an embodiment, R1 is R2)rri I* (CR3R4)n n is
0, m is 1 and R2 is -CO2H. [0089]In an embodiment, X is 0 and R1 is R2)rri
I* 



(CR3R4)n [0090]In an embodiment, X is 0, R1 is R2)rri I* (CR3R4)n , n is 0,
m is 1 and R2 is -CO2H, or -CH2002H. [0091]In an embodiment, X is 0, R1 is
R2)m I (CR3ROn , n is 0, m is 1 and R2 is 0H2002H. [0092]In an embodiment,
X is 0, R1 is R2)m I (CR3ROn , n is 0, m is 1 and R2 is -0002H. [0093]In an
embodiment, R1 is R2)m I* (CR3ROn and n is 1, preferably wherein R3 and R4
are H. [0094]In an embodiment, R1 is (R2)m I* (CR3ROn , n is 1, m is 0, R3
and R4 are H. [0095]In an embodiment X is 0, R1 is R2)m I* (CR3R4)n and n
is 1, preferably wherein R3 and R4 are H. [0096]In an embodiment X is 0, R1
is  v(R2)m (CR3R4)n 



, n is 1, m is 0, R3 and R4 are H.  [0097]In a particular embodiment, the
compounds of Formula (I) include: Cl  NH 0 N)L0/Me [0098]Cl  guanfacine
ethyl carbamate;  guanfacine isopropyl carbamate; [00101] Cl guanfacine
n-butyl carbamate;   [00102] Cl guanfacine sec-butyl carbamate;
guanfacine carboxyl methyl carbamate; [00112]   guanfacine
cyclopropylmethyl carbamate; CI  [00113]Me guanfacine+)-menihyl carbamate;
and    [00115]In another particular embodiment, the compounds of Formula
(I) include:  



Cl guanfacine phenyl acetic acid carbamate; and Cl 0 NH 0 )"L0  [00117]Cl
guanfacine meta-hydrobenzoic acid carbamate. [00118]In an embodiment, X
together with R1 is not  WO 2012/035346PCT/GB2011/051730     [00119]In an
embodiment, the invention does not provide compounds of formula I wherein
Xis 0 and R1 is a substituted C2_7 group which is substituted with M-OH;
wherein, M is absent or is selected from the NR3R3     group consisting of:
LIn0 and LL; wherein R3 is  selected from the group consisting of: H, CiA
alkyl and C3_8 cycloalkyl. C.Advantages of the guanfacine prodrugs of the
present invention [00120]The use of the guanfacine prodrugs of the present
invention provides a means of delaying the Tmax compared to the use of IR
guanfacine to minimize the impact of Cmax related side effects. The slower
dissolution of the prodrugs compared to the active drug allows a more
gradual intestinal absorption. [00121]Once absorbed, these prodrugs may
provide a reservoir from which the active drug species may continue to be
generated simulating the delivery from a sustained release preparation.
This approach avoids the need for enteric coated sustained release
formulations which may be subject to premature coat erosion in the stomach
due to the presence of food. [00122]A further advantage of the invention is
that it enables prodrug compounds to be obtained in relatively high purity
and essentially free of guanfacine itself. In other words, the prodrugs can
be produced with minimal or no free guanfacine being present. Thus, the
prodrugs of the invention are able to avoid any unwanted local effect
following dosing which would otherwise be due to guanfacine itself. After
absorption, the prodrugs can then provide, following cleavage, guanfacine
which is available to provide its therapeutic effect without having
initially given rise to any significant local effects. 



[00123]The use of the guanfacine prodrugs of the present invention provides
a means of delivering guanfacine to the systemic circulation but avoiding
direct contact between the active drug and a-2-adrenoceptors in the GI
tract so minimizing any potential constipating effects. It is possible that
part of the constipating actions of a-2-adrenoceptors may be elicited
directly within the gut. Reduction of the adverse GI side-effects
associated with administration may be a particular advantage of using a
prodrug of the present invention.  WO 2012/035346PCT/GB2011/051730
[00124]Preferably, guanfacine therapy with the prodrugs described herein,
when administered orally, induces significantly lower average (i.e. mean)
effects on gut motility in the gastrointestinal environment of the patient
than a non-prodrug guanfacine salt form such as guanfacine hydrochloride
salt. [00125]Additionally, the use of the prodrugs of the present invention
can provide greater consistency in response as the result of more
consistent oral bioavailability. As a result of this consistent oral
bioavailability, the prodrugs of the present invention offer a significant
reduction of inter- and intrasubject variability of guanfacine plasma and
CNS concentrations and, hence, significantly less fluctuation in
therapeutic response for a single patient, or among a patient population
providing improved patient benefit. D.Methods of Treatment [00126]The
present invention provides a method for treating a disorder in a subject in
need thereof with guanfacine. The method comprises orally administering an
effective amount of a guanfacine prodrug of the present invention to the
subject. The disorder may be one treatable with guanfacine. For example,
the disorder may be psychiatric conditions such as attention deficit
hyperactivity disorder or oppositional defiance disorder. The prodrug can
be any guanfacine prodrug encompassed by Formula (I). [00127]The present
invention also provides a guanfacine conjugate of Formula (I) for use in
the treatment of a psychiatric condition such as attention deficit
hyperactivity disorder or oppositional defiance disorder. [00128]In one
aspect, the present invention is directed to a method for minimizing the
gastrointestinal side effects normally associated with administration of
guanfacine. The method comprises orally administering a guanfacine prodrug
or pharmaceutically acceptable salt of the present invention, and wherein
upon oral administration, the prodrug or pharmaceutically acceptable salt
minimizes, if not completely avoids, the constipating effects frequently
seen after administration of higher oral doses of the unbound guanfacine.
The amount of guanfacine is preferably a therapeutically effective amount.
The prodrug can be any guanfacine prodrug encompassed by Formula (I).
[00129]In view of the above, there are provided methods of reducing
gastrointestinal side effects associated with guanfacine therapy in a
mammal. The methods include:              (a) forming a guanfacine prodrug
of Formula (I) or a pharmaceutically acceptable salt thereof; and
(b) administering the prodrug or a pharmaceutically acceptable salt thereof
to a mammal in need thereof. [00130]In another aspect, the invention
provides a method of treating an attention deficit hyperactivity disorder
in a mammal. The method includes administering a prodrug of Formula (I) or
a pharmaceutically acceptable salt thereof to a mammal in need thereof.
[00131]The present invention also provides a guanfacine conjugate of
Formula (I) for use in the treatment of attention deficit hyperactivity
disorder in a mammal. [00132]In yet another aspect, the invention provides
a method of treating hypertension in a mammal.  WO
2012/035346PCT/GB2011/051730 The method is conducted by administering a
prodrug of Formula (I) or a pharmaceutically acceptable salt thereof to a
mammal in need thereof. [00133]The present invention also provides a
guanfacine conjugate of Formula (I) for use in the treatment of
hypertension in a mammal. [00134] [00135]Ideally, the prodrug employed in
the methods described herein, when administered orally, should achieve
therapeutically effective guanfacine plasma concentrations. [00136]In one
preferred embodiment, the prodrugs of Formula (I) or the pharmaceutically
acceptable salts thereof are orally administered. In some preferred
embodiments, the method protocol includes administering the prodrugs of
Formula (I) or the pharmaceutically acceptable salts thereof in a daily
amount of from about 1 mg to about 100 mg, preferably from about 1 mg to
about 50 mg, more preferably from about 1 mg to about 15 mg, more
preferably from about 1 mg to about 10 mg and more preferably from about 1
mg to about 5 mg based on the amount of guanfacine in free base form. If
the systemic availability from the prodrug yields a lower absolute oral
bioavailablity, then the preferred dosage is from about 2 mg to about 10
mg. [00137]In all aspects of the invention where the conjugate of Formula
(I) or the pharmaceutically acceptable salt thereof is administered, the
dosage mentioned is based on the amount of guanfacine free base rather than
the amount of the conjugate administered. 



[00138]The present method is useful for, among other things, avoiding the
constipating effects associated with guanfacine administration resulting
from a-2a adrenoceptor mediated inhibition of gut motility as compared to a
treatment with guanfacine in non-prodrug salt form. [00139]Alternatively,
the present invention provides a method for improving the pharmacokinetics
of guanfacine in a subject in need thereof. The method comprises
administering to a subject in need thereof an effective amount of a prodrug
of the present invention, or a composition thereof, wherein the rate and
consistency of delivery of guanfacine provided by the prodrug offers
advantage over that seen when guanfacine in a non-prodrug form is
administered alone. These benefits include a modulation of the attainment
of Cm" so minimizing unwanted cardiovascular effects, greater consistency
in attainment of plasma levels and thereby therapeutic response and
prolonged maintenance of plasma drug levels reducing dosing frequency and
improving patient compliance. The prodrug can be any guanfacine prodrug
encompassed by Formula (I). [00140]In a further alternative aspect, the
present invention provides a method of reducing effects of guanfacine on
gut motility. The method includes the steps of  (a) reacting guanfacine
with an activated alchohol capable of forming a covalent bond with the
guanfacine under conditions effective to form a prodrug of Formula (I) and
(b) administering the prodrug of Formula (I) or the pharmaceutically
acceptable salt thereof to a mammal in need thereof.  WO
2012/035346PCT/GB2011/051730 [00141]The present invention also provides a
guanfacine conjugate of Formula (I) for use in the reduction of the effects
of guanfacine on gut motility. E. Salts, solvates, & derivatives of the
compounds of the invention [00142]The methods of the present invention
further encompass the use of salts and solvates of the guanfacine prodrugs
described herein. In one embodiment, the invention disclosed herein is
meant to encompass all pharmaceutically acceptable salts of guanfacine
prodrugs. [00143]Typically, a pharmaceutically acceptable salt of a prodrug
of guanfacine used in the practice of the present invention is prepared by
reaction of the prodrug with an acid as appropriate. The salt may
precipitate from solution and be collected by filtration or may be
recovered by evaporation of the solvent in accordance with methods well
known to those skilled in the art. [00144]The acid addition salts of the
prodrugs may be prepared by contacting the free base form with a sufficient
amount of the desired acid to produce the salt in the conventional manner.
The free base form may be regenerated by contacting the salt form with a
base and isolating the free base in the conventional manner. The free base
forms differ from their respective salt forms somewhat in certain physical
properties such as solubility in polar solvents, but otherwise the salts
are equivalent to their respective free base for purposes of the present
invention. [00145]Pharmaceutically acceptable base addition salts are
formed with metal bases or amines, such as alkali and alkaline earth metal
hydroxides or organic amines. Examples of metals used as cations are
sodium, potassium, magnesium, calcium, and the like. Examples of suitable
amines are N ,N'-d ibenzylethylenediam ine, chloroprocaine, choline,
diethanolam ine, dicyclohexylam me, ethylenediamine, N-meihylglucamine, and
procaine. [00146]The base addition salts of the acidic compounds are
prepared by contacting the free acid form with a sufficient amount of the
desired base to produce the salt in the conventional manner. The free acid
form may be regenerated by contacting the salt form with an acid and
isolating the free acid. [00147]Compounds useful in the practice of the
present invention may have both a basic and an acidic center and may
therefore be in the form of zwitterions. [00148]Those skilled in the art of
organic chemistry will appreciate that many organic compounds can form
complexes, i.e., solvates, with solvents in which they are reacted or from
which they are precipitated or crystallized, e.g., hydrates with water. The
salts of compounds useful in the present invention may form solvates such
as hydrates useful therein. Techniques for the preparation of solvates are
well known in the art (see, for example, Britta in. Polymorphism in
Pharmaceutical solids. Marcel Decker, New York, 1999.). The compounds
useful in the practice of the present invention can have one or more chiral
centers and, depending on the nature of individual components, they can
also have geometrical isomers. F. Pharmaceutical Compositions of the
Invention  WO 2012/035346PCT/GB2011/051730 [00149]While it is possible
that, for use in the methods of the invention, the prodrug may be
administered as the bulk substance, it is preferable to present the active
ingredient in a pharmaceutical formulation, e.g., wherein the agent is in
admixture with a pharmaceutically acceptable carrier or excipient selected
with regard to the intended route of administration and standard
pharmaceutical practice. The compositions of the present invention also
include pharmaceutically acceptable salts of the guanfacine prodrugs, as
described above. [00150]While it is anticipated that the formulations of
the invention may be immediate-release dosage forms, i.e., dosage forms
that release the prodrug at the site of absorption immediately, in an
alternative embodiment, the prodrugs described herein can be as part of
controlled-release formulation, i.e. dosage forms that release the prodrug
over a predetermined period of time. Controlled release dosage forms may be
of any conventional type, e.g. in the form of reservoir or matrix-type
diffusion-controlled dosage forms; matrix, encapsulated or enteric-coated
dissolution-controlled dosage forms; or osmotic dosage forms. Dosage forms
of such types are disclosed, for example, in Remington, The Science and
Practice of Pharmacy, 20th Edition, 2000, pp. 858-914. [00151]For those
prodrugs of guanfacine which do not result in sustained plasma drugs levels
due to 



continuous generation of active from a systemic reservoir of prodrug - but
which may offer other advantages - gastroretentive or mucoretentive
formulations analogous to those used in metforrn in products such as
Glumetz(r) or Gluphage XR(r) may be useful. The former exploits a drug
delivery system known as Gelshield Diffusion TM Technology while the latter
uses a so-called Acuform TM delivery system. In both cases the concept is
to retain drug in the stomach, slowing drug passage into the ileum
maximizing the period over which absorption takes place and effectively
prolonging plasma drug levels. Other drug delivery systems affording
delayed progression along the GI tract may also be of value. [00152]The
formulations of the present invention can be administered from one to six
times daily, depending on the dosage form and dosage. [00153]In one aspect,
the present invention provides a pharmaceutical composition containing at
least one active pharmaceutical ingredient (i.e., a guanfacine prodrug), or
a pharmaceutically acceptable derivative (e.g., a salt or solvate) thereof,
and a pharmaceutically acceptable carrier or other excipient. In
particular, the invention provides a pharmaceutical composition including a
therapeutically effective amount of at least one prodrug described herein,
or a pharmaceutically acceptable derivative thereof, and a pharmaceutically
acceptable carrier or excipient. [00154]For the methods of the invention,
the prodrug employed in the present invention may be used in combination
with other therapies and/or active agents. Accordingly, the present
invention provides, in a further aspect, a pharmaceutical composition
including at least one compound useful in the practice of the present
invention, or a pharmaceutically acceptable salt or solvate thereof, a
second active agent, and, optionally a pharmaceutically acceptable carrier
or excipient. [00155]When combined in the same formulation, it will be
appreciated that the two compounds must be stable and compatible with each
other and the other components of the formulation. When formulated  WO
2012/035346PCT/GB2011/051730 separately the compounds may be provided in
any convenient formulation, conveniently in such manner as is known for
such compounds in the art. [00156]The prodrugs used herein may be
formulated for administration in any convenient way for use in human
medicine and the invention therefore includes within its scope
pharmaceutical compositions comprising a compound of the invention adapted
for use in human medicine. Such compositions may be presented for use in a
conventional manner with the aid of one or more pharmaceutically acceptable
excipients or carriers. Acceptable carriers and excipients for therapeutic
use are well-known in the pharmaceutical art, and are described, for
example, in Remington's Pharmaceutical Sciences, Mack Publishing Co. (A. R.
Gennaro edit. 1985). The choice of pharmaceutical carrier can be selected
with regard to the intended route of administration and standard
pharmaceutical practice. The pharmaceutical compositions may include, in
addition to the carrier, any suitable binder(s), lubricant(s), suspending
agent(s), coating agent(s), and/or solubilizing agent(s).
[00157]Preservatives, stabilizers, dyes and even flavoring agents may be
provided in the pharmaceutical composition. Examples of preservatives
include sodium benzoate, ascorbic acid and esters of p-hydroxybenzoic acid.
Antioxidants and suspending agents may also be used. [00158]The compounds
used in the invention may be milled using known milling procedures such as
wet milling to obtain a particle size appropriate for tablet formation and
for other formulation types. Finely divided (nanoparticulate) preparations
of the compounds may be prepared by processes known in the art, for
example, see International Patent Application No. WO 02/00196 (SmithKline
Beecham). [00159]The prodrugs and pharmaceutical compositions of the
present invention are intended to be administered orally (e.g., as a
tablet, sachet, capsule, pastille, pill, bolus, powder, paste, granules,
bullets or premix preparation, ovule, elixir, solution, suspension,
dispersion, gel, syrup or as an ingestible solution). In addition,
compounds may be present as a dry powder for constitution with water or
other suitable vehicle before use, optionally with flavoring and coloring
agents. Solid and liquid compositions may be prepared according to methods
well-known in the art. Such compositions may also contain one or more
pharmaceutically acceptable carriers and excipients which may be in solid
or liquid form. [00160]Dispersions can be prepared in a liquid carrier or
intermediate, such as glycerin, liquid polyethylene glycols, triacetin
oils, and mixtures thereof. The liquid carrier or intermediate can be a
solvent or liquid dispersive medium that contains, for example, water,
ethanol, a polyol (e.g., glycerol, propylene glycol or the like), vegetable
oils, non-toxic glycerine esters and suitable mixtures thereof. Suitable
flowability may be maintained, by generation of liposomes, administration
of a suitable particle size in the case of dispersions, or by the addition
of surfactants. [00161]The tablets may contain excipients such as
microcrystalline cellulose, lactose, sodium citrate, calcium carbonate,
dibasic calcium phosphate and glycine, disintegrants such as starch
(preferably corn, potato or tapioca starch), sodium starch glycolate,
croscarmellose sodium and certain complex silicates, and granulation
binders such as polyvinylpyrrolidone, hydroxypropylmethylcellulose (HPMC),
hydroxypropylcellulose (HPC), sucrose, gelatin and acacia. WO
2012/035346PCT/GB2011/051730 [00162]Additionally, lubricating agents such
as magnesium stearate, stearic acid, glyceryl behenate and talc may be
included. [00163]Examples of pharmaceutically acceptable disintegrants for
oral compositions useful in the present invention include, but are not
limited to, starch, pre-gelatinized starch, sodium starch glycolate, sodium
carboxyrnelhylcellulose, croscarmellose sodium, microcrystalline cellulose,
alginates, resins, surfactants, effervescent compositions, aqueous aluminum
silicates and crosslinked polyvinylpyrrolidone. [00164]Examples of
pharmaceutically acceptable binders for oral compositions useful herein
include, but are not limited to, acacia; cellulose derivatives, such as
methylcellulose, carboxymethylcellulose, hydroxypropylmelhylcellulose,
hydroxypropylcellulose or hydroxyethylcellulose; gelatin, glucose,
dextrose, xylitol, polymethacrylates, polyvinylpyrrolidone, sorbitol,
starch, pre-gelatinized starch, tragacanth, xanthane resin, alginates,
magnesium aluminum silicate, polyethylene glycol or bentonite.
[00165]Examples of pharmaceutically acceptable fillers for oral
compositions useful herein include, but are not limited to, lactose,
anhydrolactose, lactose monohydrate, sucrose, dextrose, mannitol, sorbitol,
starch, cellulose (particularly microcrystalline cellulose), dihydro- or
anhydro-calcium phosphate, calcium carbonate and calcium sulfate.
[00166]Examples of pharmaceutically acceptable lubricants useful in the
compositions of the invention include, but are not limited to, magnesium
stearate, talc, polyethylene glycol, polymers of ethylene oxide, sodium
lauryl sulfate, magnesium lauryl sulfate, sodium oleate, sodium stearyl
fumarate, and colloidal silicon dioxide. [00167]Examples of suitable
pharmaceutically acceptable odorants for the oral compositions include, 



but are not limited to, synthetic aromas and natural aromatic oils such as
extracts of oils, flowers, fruits (e.g., banana, apple, sour cherry, peach)
and combinations thereof, and similar aromas. Their use depends on many
factors, the most important being the organoleptic acceptability for the
population that will be taking the pharmaceutical compositions.
[00168]Examples of suitable pharmaceutically acceptable dyes for the oral
compositions include, but are not limited to, synthetic and natural dyes
such as titanium dioxide, beta-carotene and extracts of grapefruit peel.
[00169]Examples of pharmaceutically acceptable coatings for the oral
compositions, typically used to facilitate swallowing, modify the release
properties, improve the appearance, and/or mask the taste of the
compositions include, but are not limited to, hydroxypropylmethylcellulose,
hydroxypropylcellulose and acrylate-methacrylate copolymers.
[00170]Suitable examples of pharmaceutically acceptable sweeteners for the
oral compositions include, but are not limited to, aspartame, saccharin,
saccharin sodium, sodium cyclamate, xylitol, mannitol, sorb itol, lactose
and sucrose. [00171]Suitable examples of pharmaceutically acceptable
buffers useful herein include, but are not limited to, citric acid, sodium
citrate, sodium bicarbonate, dibasic sodium phosphate, magnesium oxide,
calcium carbonate and magnesium hydroxide. WO 2012/035346PCT/GB2011/051730
[00172]Suitable examples of pharmaceutically acceptable surfactants useful
herein include, but are not limited to, sodium lauryl sulfate and
polysorbates. [00173]Solid compositions of a similar type may also be
employed as fillers in gelatin capsules. Preferred excipients in this
regard include lactose, starch, a cellulose, milk sugar or high molecular
weight polyethylene glycols. For aqueous suspensions and/or elixirs, the
agent may be combined with various sweetening or flavoring agents, coloring
matter or dyes, with emulsifying and/or suspending agents and with diluents
such as water, ethanol, propylene glycol and glycerin, and combinations
thereof. [00174]Suitable examples of pharmaceutically acceptable
preservatives include, but are not limited to, various antibacterial and
antifungal agents such as solvents, for example ethanol, propylene glycol,
benzyl alcohol, chlorobutanol, quaternary ammonium salts, and parabens
(such as methyl paraben, ethyl paraben, and propyl paraben).
[00175]Suitable examples of pharmaceutically acceptable stabilizers and
antioxidants include, but are not limited to, ethylenediaminetetra-acetic
acid (EDTA), thiourea, tocopherol and butyl hydroxyan (hydroxyanisole).
[00176]The pharmaceutical compositions of the invention may contain from
0.01 to 99% weight per volume of the prodrugs encompassed by the present
invention. G.Doses [00177]The doses described throughout the specification
refer to the amount of guanfacine in the composition, in free base form.
[00178]Appropriate patients (subjects) to be treated according to the
methods of the invention include any human in need of such treatment.
Methods for the diagnosis and clinical evaluation of ADHD or ODD including
the severity of the condition experienced by a human are well known in the
art. Thus, it is within the skill of the ordinary practitioner in the art
(e.g., a medical doctor) to determine if a patient is in need of treatment.
[00179]Typically, a physician will determine the actual dosage which will
be most suitable for an individual subject. The specific dose level and
frequency of dosage for any particular individual may be varied and will
depend upon a variety of factors including the activity of the specific
compound employed, the metabolic stability and length of action of that
compound, the age, body weight, general health, sex, diet, mode and time of
administration, rate of excretion, drug combination, the severity of the
particular condition, and the individual undergoing therapy. [00140]In a
preferred embodiment, an effective amount of prodrugs of Formula (I) is
from about 1 mg to about 100 mg, preferably from about 1 to about 50 mg,
and more preferably from about 1 mg to about 5 mg. If the prodrugs of
Formula (I) provide near complete oral bioavailability, the preferred
dosage is from about 1 to about 5mg , based on the currently effective
maximum daily doses of from about 1 to about 5 mg. If the systemic
availability from the prodrug yields a lower absolute oral bioavailablity,
then the preferred dosage is from about 2 mg to about 10 mg. The prodrugs,
as described herein, may be administered once daily or WO
2012/035346PCT/GB2011/051730 divided into multiple doses as part of
multiple dosing treatment protocol. In all aspects of the invention where
guanfacine prodrugs are administered, the dosage amount mentioned is based
on the amount of guanfacine in free base form. [00181]Depending on the
severity of the condition to be treated, a suitable therapeutically
effective and safe dosage, as may readily be determined within the skill of
the art, and without undue experimentation, may be administered to
subjects. For oral administration to humans, the daily dosage level of the
prodrug may be in single or divided doses. The duration of treatment may be
determined by one of ordinary skill in the art, and should reflect the
magnitude of the condition. [00182]In the methods of treating ADHD/ODD or
hypertension, the prodrugs encompassed by the present invention may be
administered in conjunction with other therapies and/or in combination with
other active agents. For example, the prodrugs encompassed by the present
invention may be administered to a patient in combination with other active
agents used in the management of these conditions. An active agent to be
administered in combination with the prodrugs encompassed by the present
invention may include, for example, a drug selected from the group
consisting of stimulant drugs such as amphetamine or methyl phenidate or
non stimulant agents such atomoxetine. In such combination therapies, the
prodrugs encompassed by the present invention may be administered prior to,
concurrent with, or subsequent to the other therapy and/or active agent.
[00183]Where the prodrugs encompassed by the present invention are
administered in conjunction 



with another active agent, the individual components of such combinations
may be administered either sequentially or simultaneously in separate or
combined pharmaceutical formulations by any convenient route. When
administration is sequential, either the prodrugs encompassed by the
present invention or the second active agent may be administered first. For
example, in the case of a combination therapy with another active agent,
the prodrugs encompassed by the present invention may be administered in a
sequential manner in a regimen that will provide beneficial effects of the
drug combination. When administration is simultaneous, the combination may
be administered either in the same or different pharmaceutical
compositions. For example, the prodrugs encompassed by the present
invention and another active agent may be administered in a substantially
simultaneous manner, such as in a single capsule or tablet having a fixed
ratio of these agents or in multiple, separate capsules or tablets for each
agent. [00184]When the prodrugs encompassed by the present invention are
used in combination with another agent active in the methods for treating
ADHD/ODD or hypertension, the dose of each compound may differ from that
when the compound is used alone. Appropriate doses will be readily
appreciated by those skilled in the art. H.Synthesis of the Prodrugs
[00185]Generally, the methods of preparing prodrugs of Formula (I)include
reacting guanfacine with an activated alcohol under conditions effective to
form prodrugs of Formula (I). Activated alcohols useful in the  WO
2012/035346PCT/GB2011/051730 methods described herein can be prepared by
standard techniques known to those of ordinary skill, for example, reacting
an alcohol (or thiol) with oxalyl chloride to form a chloroforrnate or with
DSC to prepare an activated carbonate. The methods provide a guanfacine
prodrug where guanfacine is bonded to an alcohol through a carbamate or
thiomarbamate linkage. [00186]For purposes of illustration, the methods of
preparing prodrugs described herein include: (a) reacting an activated
alcohol or thiol having the formula; LG-C(=0)-X-R1 with guanfacine under
basic conditions sufficient to form a prodrug of the formula (I): Cl
wherein LG is a leaving group; Xis 0 or S;  (CR3R4)n R1 is a C1_7
substituted or unsubstituted alkyl, glycosyl," or a Cm unsubstituted or
substituted cycloalkyl; R2 is independently at each occurrence C1_4 alkyl,
C1_4 alkoxy, halo, ON, NO2, NH2, SO3H, OH, -CHO, -CO2H, or -CH2002H; n is
0, 1,2 or 3; m is 0, 1, 2, 3, 4 or, 5; and R3 and R4 are each independently
selected at each occurrence from the group comprising: hydrogen, hydroxy,
-CO2H, methyl, and -NH2. [00187]The leaving group useful in the preparation
includes halogen, NHS or p-nitrophenyloxy and other leaving groups known by
those of ordinary skill in the art. [00188]It will be understood that other
art recognized protecting groups can be used in place of BOO and t-Bu.
[00189]Preferably, the reactions are carried out in an inert solvent such
as 1,2-dimelhoxyethane (DME), ethyl acetate, methanol, methylene chloride,
chloroform, THF, N,N'-dimethylformamide (DMF) or mixtures thereof. The
reactions can be preferably conducted in the presence of a base, such as
N-methylmorpholine (N MM), dimethylaminopyridine (DMAP),
diisopropylethylamine, pyridine, triethylamine,  WO
2012/035346PCT/GB2011/051730 etc. to neutralize any acids generated. The
reactions can be carried out at a temperature from about 0 C up to about 22
C (room temperature). [00190]Alternatively, compounds of Formula (I) can be
prepared without undue experimentation by using standard techniques known
to those of ordinary skill in the field. 



Examples [00191]Preferably the present invention is further illustrated by
reference to the following Examples. However, it should be noted that these
Examples, like the embodiments described above, are illustrative and are
not to be construed as restricting the enabled scope of the invention in
any way. The bold-faced numbers recited in the Examples correspond to those
shown in the reaction schemes. Abbreviations are used throughout the
examples such as, DCC (dicyclohexylcarbodiimide), NMM (N-methylmorpholine),
DME (1,2-dimethoxyethane), NHS (N-hydroxysuccinimide), TFA (trifluoroacetic
acid), DSC (N,N'-disuccinim idyl carbonate), THF (tetrahydrofuran) and DMF
(N,N'-dimethylformamide). Example 1: Synthesis of Compounds of Formula (I)
[00192] The synthesis of alkyl guanfacine carbamate was achieved as shown
in Scheme 1 by reacting guanfacine HCI with alkyl chloroformate in the
presence of NMM in THF. The synthetic route is shown below in Scheme 1.
Guanfacine HCI (1) Example 2: Preparation of Guanfacine carbamate prodrugs
HCI NH 0 Me N)-L N0LMe 5  Cl  WO 2012/035346PCT/GB2011/051730
[00194]Compound 3:
{A1-[2-(2,6-Dichloro-phenyl)-acetyl]guanidinocarbonyloxy}ethane
Hydrochloride. Trivial name: Guanfacine ethyl carbamate Hydrochloride
Appearance: white solid; LCMS: m/z = 317.85 consistent for protonated ion
(MH+); 1H NMR (DMSO-d6): 8.83 (br, 2 H, NH2+), 7.49 (d, J= 7.5 Hz, 2 H, 2 x
ArH), 7.35 (m, 1 H, ArH), 4.01 (m, 4 H, ArCH2CH2), 1.18 (t, J = 6.9 Hz 3 H,
CH3); Purity: > 99 % by HPLC, no free guanfacine content by HPLC;
Solubility: > 10 mg/mL in DMSO, < 1 mg/mL in water. [00195] Compound 4:
1-{A142-(2,6-Dichloro-phenyl)-acetylFguanidinocarbonyloxy) propane
Hydrochloride. Trivial name: Guanfacine n-propyl carbamate Hydrochloride To
a stirred suspension of guanfacine hydrochloride (2.83 g, 10.02 mmol) and
4-methylmorpholine (1.01 g, 1.10 mL, 10.02 mmol) in dry THF (60 mL), under
an atmosphere of nitrogen, was added n-propyl chloroformate (1.23 g, 1.13
mL, 10.02 mmol) and stirring was continued at room temperature overnight.
The mixture was filtered and the filtrate was concentrated to yield a white
solid. The residue was purified using a Biotage Isolera automated
chromatography system under normal phase conditions (silica column,
gradient of 10 -> 100 % Et0Ac in petrol) with detection at 254 nm to afford
guanfacine n-propyl carbamate hydrochloride (970 mg, 26 /0), as a white
solid. Appearance: white solid; LCMS: m/z = 331.90, consistent for
protonated parent ion (MH+); 1H NMR (DMSO-d6): 11.27 (br, 1 H, NH), 8.83
(br, 2 H, NH2+), 7.49 (d, J = 8.3 Hz, 2 H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.06 (s, 2 H, ArCH2), 3.94 (t, J= 6.5 Hz, 2 H, CH2), 1.58 (m, 2 H, CH2),
0.89 (t, J= 7.4 Hz, 3 H, CH3); Purity: > 95 % by HPLC, no free guanfacine
by HPLC; Solubility: > 10 mg / mL in DMSO, < 1 mg / mL in water, > 1 mg /
mL in water / CH3CN (1: 1). [00196] Compound 5:
2-{A142-(2,6-Dichloro-phenyl)-acetylFguanidinocarbonyloxy) propane  WO
2012/035346PCT/GB2011/051730 Hydrochloride. Trivial name: Guanfacine
isopropyl carbamate Hydrochloride 



Appearance: white solid; LCMS: m/z = 331.90, consistent for protonated
parent ion (MH+); 1H NMR (DMSO-d6): 8.80 (br, 2 H, NH2+), 7.49 (d, J = 7.8
Hz, 2 H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.77 (m, 1 H, CH), 4.05 (s, 2 H,
ArCH2), 1.18 (d, J = 6.3 Hz, 6 H, 2 x CH3); Purity: > 95 % by HPLC, no free
guanfacine by HPLC; Solubility: > 10 mg / mL in DMSO, < 1 mg / mL in water,
> 5 mg in 3.0 mL CH3CN /3.0 mL H20. [00197]Compound 6:
1-{A142-(2,6-Dichloro-phenyl)-acetylFguanidinocarbonyloxy) butane
Hydrochloride. Trivial name: Guanfacine n-butyl carbamate Hydrochloride To
a stirred suspension of guanfacine hydrochloride (2.83 g, 10.02 mmol) and
4-methylmorpholine (1.01 g, 1.10 mL, 10.02 mmol) in dry THF (60 mL), under
an atmosphere of nitrogen, was added n-butyl chloroformate (1.37 g, 1.30
mL, 10.02 mmol) and stirring was continued at room temperature overnight.
The mixture was filtered and the filtrate concentrated to yield a pale
yellow residue. This crude residue was purified using a Biotage !solera
automated chromatography system under normal phase conditions (silica
column, gradient of 0 -> 100 % Et0Ac in petrol) with detection at 254 nm to
afford guanfacine n-butyl carbamate hydrochloride (830 mg, 22 %), as a
white solid.. Appearance: white solid; LCMS: m/z = 345.85, consistent for
protonated parent ion (MH+); 1H NMR (DMSO-d6): 11.27 (br, 1 H, NH), 8.83
(br, 2 H, NH2+), 7.49 (d, J = 7.7 Hz, 2 H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.06 (s, 2 H, ArCH2), 3.98(t, J = 6.5 Hz, 2 H, CH2), 1.55 (m, 2 H, CH2),
1.33 (m, 2 H, CH2), 0.89(t, J = 7.3 Hz, 3 H, CH3); Purity: > 95 % by HPLC,
no free guanfacine by HPLC; Solubility: > 10 mg /mL in DMSO, < 1 mg / mL in
water, > 1 mg / mL in water / CH3CN (1: 1). [00198] Compound 7:
2-{A142-(2,6-Dichloro-phenyl)-acetylFguanidinocarbonyloxy)-butane
Hydrochloride. Trivial name: Guanfacine 2-butanol carbamate Hydrochloride
Appearance: white solid; LCMS: m/z = 345.85, consistent for protonated
parent ion (MH+); 1H NMR (DMSO-d6): 9.53 (br, 2 H, NH2+), 7.53 (d, J = 7.6
Hz, 2 H, 2 x ArH), 7.39 (m, 1 H, ArH), 4.76 (m, 1 H, CH), 4.15 (s, 2 H,
CH2), 1.59(m, 2 H, CH2), 1.23 (d, J= 6.3 Hz, 3 H, CH3), 0.88(t, J= 7.4 Hz,
3 H, CH3); Purity: > 95 % by HPLC, no free guanfacine by HPLC; Solubility:
> 10 mg / mL in DMSO, < 1 mg / mL in water, > 5 mg / mL in water / CH3CN (1
: 1). [00199] Compound 8:
1-{A142-(2,6-Dichloro-phenyl)-acetylFguanidinocarbonyloxy)-2-methylpropane
Hydrochloride. Trivial name: Guanfacine isobutyl carbamate Hydrochloride
WO 2012/035346PCT/GB2011/051730 To a stirred suspension of guanfacine
hydrochloride (2.83 g, 10.02 mmol) and 4-methylmorpholine (1.01 g, 1.10 mL,
10.02 mmol) in dry THF (60 mL), under an atmosphere of nitrogen, was added
isobutyl chloroformate (1.37 g, 1.31 mL, 10.02 mmol) and stirring was
continued at room temperature overnight. The mixture was filtered and the
filtrate concentrated to yield a pale yellow residue. The residue was
purified using a Biotage !solera automated chromatography system under
normal phase conditions (silica column, gradient of 0 -> 100 % Et0Ac in
petrol) with detection at 254 nm to afford guanfacine iso-butyl carbamate
hydrochloride (1.10 g, 29 /0), as a white solid. Appearance: white solid;
LCMS: m/z = 345.85, consistent for protonated parent ion (MH+); 1H NMR
(DMSO-d6): 11.31 (br, 1 H, NH), 8.83 (br, 2 H, NH2+), 7.49 (d, J = 7.6 Hz,
2 H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.06 (s, 2 H, ArCH2), 3.77 (d, J = 6.5
Hz, 2 H, CH2), 1.86 (m, 1 H, CH), 0.89 (d, J = 6.7 Hz, 6 H, 2 x CH3);
Purity: > 95 % by HPLC, no free guanfacine by HPLC; Solubility: > 10 mg /
mL in DMSO, < 1 mg / mL in water, > 1 mg / mL in water / CH3CN (1: 1).
[00200] Compound 9:
1-{A142-(2,6-Dichloro-phenyl)-acetylFguanidinocarbonyloxy)-2 ,2-d
imethylpropane Hydrochloride. Trivial name: Guanfacine neopentyl carbamate
Hydrochloride To a stirred suspension of guanfacine hydrochloride (2.83 g,
10.02 mmol) and 4-methylmorpholine (1.01 g, 1.10 mL, 10.02 mmol) in dry THF
(60 mL), under an atmosphere of nitrogen, was added neopentyl chloroformate
(1.51 g, 1.49 mL, 10.02 mmol) and stirring was continued at room
temperature overnight. The mixture was filtered and the filtrate
concentrated to yield a pale yellow residue. This crude residue was
purified using a Biotage Isolera automated chromatography system under
normal phase conditions (silica column, gradient of 5 -> 100 % Et0Ac in
petrol) with detection at 254 nm to afford guanfacine neopentyl carbamate
hydrochloride (1.33 g, 34 /0), as a white solid. Appearance: white solid;
LCMS: m/z = 359.95, consistent for protonated parent ion (MH+); 1H NMR
(DMSO-d6): 11.38 (br, 1 H, NH), 8.83 (br, 2 H, NH2+), 7.49 (d, J = 7.7 Hz,
2 H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.05 (s, 2 H, ArCH2), 3.68 (s, 2 H,
CH2), 0.91 (s, 9 H, 3 x CH3); Purity: > 95 % by HPLC, no free guanfacine by
HPLC; Solubility: > 10 mg / mL in DMSO, < 1 mg / mL in water, > 1 mg / mL
in water! CH3CN (1: 1). [00201]Compound 10:
{A1-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidino-carbonyloxy) toluene
Hydrochloride Trivial name: Guanfacine benzyl carbamate Hydrochloride  WO
2012/035346PCT/GB2011/051730 To a stirred suspension of guanfacine
hydrochloride (1.50 g, 5.31 mmol) and 4-methylmorpholine (0.53 g, 0.58 mL,
5.31 mmol) in dry THF (30 mL), under an atmosphere of nitrogen, was added
benzyl chloroformate (1.09 g, 0.91 mL, 6.37 mmol) and stirring was
continued at room temperature for 5 h. The mixture was filtered and the
filtrate concentrated to yield an off-white solid. The residue was purified
using a Biotage !solera automated chromatography system under
reversed-phase conditions (018 column, gradient of 0 -> 100 % MeCN in 0.02
% aqueous HCI) with detection at 254 nm to give, after freeze-drying, a
white solid. The crude solid was triturated with diethyl ether, collected
by suction filtration and dried in vacuo at 40 C overnight to afford
guanfacine benzyl carbamate hydrochloride (285 mg, 13 /0), as a white
solid. Appearance: white solid; LCMS: m/z = 379.85, consistent for
protonated parent ion (MH+); 1H NMR (DMSO-d6): 8.88 (br, 2 H, NH2+), 7.49
(d, J = 7.8 Hz, 2 H, 2 x ArH), 7.40 - 7.28 (m, 6 H, 6 x ArH), 5.08 (s, 2 H,
CH2), 4.08 (s, 2 H, CH2); Purity: > 99 % by HPLC, no free guanfacine by
HPLC; Solubility: > 10 mg / mL in DMSO, < 1 mg / mL in water, > 5 mg / mL
in CH3CN. Example 3: Alternative synthesis for guanfacine 2-butanol
carbamate hydrochloride (compound 7) The synthesis of guanfacine 2-butanol
carbamate hydrochloride may alternatively be achieved in two reaction
steps. Initially, the 'activated carbonate' can be prepared from 2-butanol,
N,N'-disuccinimidyl carbonate (DSC) and pyridine in acetonitrile: CI   



The activated carbonate can then be subsequently coupled to guanfacine
hydrochloride in the presence of 4-methylmorpholine. Purification by normal
phase chromatography afforded guanfacine 2-butanol carbamate. Salt
formation was achieved using a solution of 2 M hydrogen chloride in diethyl
ether to afford guanfacine 2-butanol carbamate hydrochloride as a white
solid. To a stirred solution of 2-butanol (0.50 g, 0.62 mL, 6.76 mmol) and
pyridine (0.70 g, 0.71 mL, 8.85mmol) in acetonitrile (40 mL) was added
N,N'-disuccinimidyl carbonate (2.25 g, 8.78 mmol) in one portion, and
stirring was continued at room temperature overnight. The resulting mixture
was evaporated to dryness and the residue was taken up in dichloromethane
(100 mL), washed with saturated aqueous sodium bicarbonate (2 x 100 mL) and
saturated brine (50 mL), dried (Mg504) and concentrated to afford
2-butanol-(CO.N-hydroxysuccinimide) (1.16 g, 79 /0), as a colourless oil
that was used without further  WO 2012/035346PCT/GB2011/051730
purification. A mixture of guanfacine hydrochloride (1.81 g, 6.42 mmol) and
4-melhylmorpholine (1.30 g, 1.41mL, 12.84 mmol) in anhydrous DMF (40 mL)
was stirred for 10 min at room temperature. To the stirred solution was
added 2-butanol-(CO.N-hydroxysuccinimide) (1.15 g, 5.35 mmol) in anhydrous
DMF (10 mL) and the mixture was stirred at room temperature overnight. The
mixture was diluted with ethyl acetate (50 mL) and the solution was
quenched [water containing NaCI (1.25g per L) and AcOH (0.14 g per L)] (50
mL) with stirring for 30 min. The organic layer was separated and washed
with saturated aqueous sodium bicarbonate (50 mL) and saturated brine
(50mL), dried (MgSO4) and concentrated. The residue was purified by using a
Biotage !solera automated chromatography system under normal phase
conditions (silica column, gradient of 5 -> 40 % Et0Ac in petrol) with
detection at 254 nm to afford crude guanfacine 2-butanol carbamate (360 mg,
19 /0), as a white solid. To a stirred solution of guanfacine 2-butanol
carbamate (360 mg, 1.04 mmol) in diethyl ether (14mL) was added 2 M
hydrogen chloride in diethyl ether (1.04 mL, 2.08 mmol) and stirring was
continued at room temperature for 20 min. The mixture was evaporated to
dryness and residual hydrogen chloride was removed azeotropically with
diethyl ether (15 mL). The product was collected by suction filtration and
washed diethyl ether (2 x 15 mL). The residue was triturated with ethyl
acetate, collected by suction filtration and dried in vacuo at 40 C
overnight to afford guanfacine 2-butanol carbamate hydrochloride (195 mg,
10 /0), as a white solid. Appearance: White solid. LCMS:m/z = 345.85,
consistent for protonated parent ion (MH+) 1H NMR (DMSO-d6): 11.31 (br, 1
H, NH), 8.83 (br, 2 H, NH2+), 7.49 (d, J = 7.6 Hz, 2 H, 2 x ArH), 7.35 (m,
1 H, ArH), 4.06 (s, 2 H, ArCH2), 3.77 (d, J = 6.5 Hz, 2 H, CH2), 1.86 (m, 1
H, CH), 0.89 (d, J = 6.7 Hz, 6 H, 2 x CH3). Purity:> 95 % by HPLC. No free
guanfacine by HPLC. Solubility: > 10 mg / mL in DMSO, < 1 mg / mL in water,
> 1 mg / mL in water / CH3CN (1 : 1).  WO 2012/035346PCT/GB2011/051730
2931 [00202]Compound 13:
{A1-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy) d5-ethane.
Trivial name: Guanfacine d5-ethyl carbamate A stirred solution of
d6-ethanol (1.00 g, 19.19 mmol) and pyridine (4.55 g, 4.65 mL, 57.57 mmol)
in anhydrous toluene (40 mL) was cooled in an ice-bath under nitrogen and
20 % phosgene in toluene (10.44 g, 11.10 mL, 21.11 mmol) was added
dropwise. Stirring was continued for a further 1.5 h during which the
reaction mixture was allowed to warm to room temperature. The resulting
mixture was diluted with THF (100 mL), and guanfacine hydrochloride (6.51
g, 23.03 mmol) was added in one portion and stirring was continued at room
temperature overnight. The red-brown mixture was filtered and the filtrate
was concentrated to yield a brown residue (1.27 g). This residue was
purified using a Biotage !solera automated chromatography system under
normal phase conditions (silica column, gradient of 10 -> 100 % ethyl
acetate in petrol) with detection at 254 nm to afford guanfacine d5-ethyl
carbamate (0.17 g, 3 /0), as a yellow solid. Appearance: yellow solid;
LCMS: m/z = 322.90, consistent for protonated parent ion (MH+); 1H NMR
(DMSO-d6): 11.23 (br, 1 H, NH), 8.83 (br, 2 H, NH2+), 7.49 (d, J = 7.7 Hz,
2 H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.06 (s, 2 H, ArCH2); Purity: > 95% by
HPLC, no free guanfacine by HPLC; Solubility: > 10 mg / mL in DMSO, < 1 mg
/ mL in water.  WO 2012/035346PCT/GB2011/051730
2-(2,6-dichloropheny1)-N-(N-(M2R,3S,4S,5R,6S)-3,4,5-trihydroxy-6-methoxytet
rahydro-2H-pyran-2-yl)met hoxy)carbonyl)carbam im idoyl)acetam ide
hydrochloride Trivial name: Guanfacine-6-glucose carbamate hydrochloride
Appearance: pale yellow solid; LCMS: ES+(M+H)+ = 466.06;1H NMR (DMSO-d6):
3.06 (1H, t, J = 10), 3.13 (1H, s), 3.17(1H, dd, J = 10, 4), 3.23 (3H, s),
3.36 (1H, m), 3.52(1H, m), [4.10(2H, s), 4.31 (?H, d), 4.51 (?H, d, J = 4)
partially obscured by broad H20/HCI peak], 7.35(1H, t, J = 8), 7.48(2H, d,
J = 8); Purity: 89.01% area (234 nm); Solubility: water, DMSO.
[00204]Compound 19:
2-W-[2-(2,6-Dichloro-phenyl)acetyl]-guanidinocarbonyloxy) ethanol Trivial
name: Guanfacine (2-hydroxyethyl) carbamate Ethylene glycol (2.98 g, 2.68
mL, 48.0 mmol) was dissolved in anhydrous pyridine (18 mL) and
tert-butyldiphenyl chlorosilane (4.40 g, 4.10 mL, 16 mmol) was slowly added
to the solution at 0C. The mixture was stirred overnight at room
temperature. Pyridine was removed by vacuum distillation to give a
colourless oil (4.98 g). The residue was purified using a Biotage Isolera
automated chromatography system under normal phase conditions (silica
column, gradient of 5 -> 100 % ethyl acetate in petrol) with detection at
254 nm to give 2-(tert-butyl-diphenyl-silanykw)-ethanol (3.30 g, 69 /0), as
a white solid. To a stirred solution of
2-(tert-butyl-diphenyl-silanyloxy)-ethanol (1.50 g, 5.00 mmol) in
acetonitrile (45 mL) was added N,N'-disuccinimidyl carbonate (1.67 g, 6.50
mmol) followed by pyridine (0.51 g, 0.52 mL, 6.50 mmol) and the suspension
was stirred overnight at room temperature. The resulting mixture was
concentrated to dryness and the residue was taken up in dichloromethane
(100 mL), washed with saturated aqueous sodium bicarbonate (3 x 100 mL) and
saturated brine (100 mL), dried (MgSO4) and concentrated to afford
2-(tert-butyl-diphenyl-silanyloxy)-ethanol-(CO.N-hydmwsuccinimide) (2.41 g,
quantitative), as a white solid that was used without further purification.
A mixture of guanfacine hydrochloride (2.32 g, 8.20 mmol) and
4-methylmorpholine (0.83 g, 0.90mL, 8.20 mmol) in anhydrous DMF (20 mL) was
stirred for 10 min at room temperature. To this solution was added
2-(tert-butyl-diphenyl-silanyloxy)-ethanol-(CO.N-hydroxysuccinimide) (2.41
g, 5.46 mmol) in anhydrous DMF (10 mL) and the mixture was stirred at room
temperature overnight. The resulting mixture was diluted with ethyl acetate
(100 mL) and the solution was quenched [water containing NaCI (1.25 g per
L) and AcOH (0.14 g per L)] (100 mL) with stirring for 30 min. The organic
layer was separated and washed with saturated aqueous sodium bicarbonate
(100 mL), water (100 mL) and saturated brine (100 mL), dried (MgSO4) and
concentrated to give a white glassy solid. This crude was purified using a
Biotage Isolera automated chromatography system under normal phase
conditions (silica column, gradient of 0 -> 100 % ethyl acetate in petrol)
with detection at 254 nm to give guanfacine
[2-(tert-butyl-diphenyl-silanyloxy)-ethyl] carbamate (2.35 g, 75 /0), as a
white solid.  WO 2012/035346PCT/GB2011/051730 



To a stirred solution of guanfacine
[2-(tert-butyl-diphenyl-silanyloxy)-ethyl] carbamate (1.14 g, 2.00 mmol) in
THF (20 mL) was added 1 M TBAF solution in THF (4.00 mL, 4.00 mmol), and
the reaction mixture was stirred at room temperature for 30 min. The
resulting solution was concentrated and the residue was purified using a
Biotage !solera automated chromatography system under normal phase
conditions (silica column, gradient of 0 -> 20 % methanol in
dichloromethane) with detection at 254 nm to give guanfacine
(2-hydroxyethyl) carbamate (0.47 g, 70 /0), as a white solid. Appearance:
white solid; LCMS: m/z = 333.90, consistent for protonated parent ion
(MH+); 1H NMR (DMSO-d6): 11.23 (br, 1 H, NH), 8.81 (br, 2 H, 2 x NH), 7.49
(d, J = 7.8 Hz, 2 H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.75 (t, J = 5.2 Hz, 1
H, OH), 4.07 (m, 4 H, ArCH2CH2), 3.57 (m, 2 H, CH2); Purity: > 95 % by
HPLC, no free guanfacine by HPLC; Solubility: > 10 mg / mL in DMSO, < 1 mg
/ mL in water, > 10 mg / mL in water! CH3CN (1: 1). [00205]Compound 22:
3-W-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy) propan-1-ol
Trivial name: Guanfacine (3-hydroxypropyl) carbamate 1,3-Propanediol
(3.65g, 3.47 mL, 48.0 mmol) was dissolved in anhydrous pyridine (18 mL) and
tert-butyldiphenyl chlorosilane (4.40 g, 4.10 mL, 16 mmol) was slowly added
to the solution at 0C. The mixture was stirred overnight at room
temperature. Pyridine was removed by vacuum distillation to give a
colourless oil. The crude oil was dissolved in ethyl acetate (100 mL),
washed with water (3 x 100 mL) and saturated brine (100 mL), dried (MgSO4)
and then concentrated to afford
3-(tert-butyl-diphenyl-silanyloxy)-propan-1-ol (5.10 g, quantitative), as a
colourless oil that was used without further purification. To a stirred
solution of 3-(tert-butyl-diphenyl-silanyloxy)-propan-1-ol (1.57 g, 5.00
mmol) in acetonitrile (45 mL) was added N,N'-disuccinimidyl carbonate (1.67
g, 6.50 mmol) and then pyridine (0.51 g, 0.52 mL, 6.50 mmol) and the
suspension was stirred overnight at room temperature. The resulting mixture
was concentrated and the residue was taken up in dichloromethane (100 mL),
washed with saturated aqueous sodium bicarbonate (3 x 100 mL) and saturated
brine (100 mL), dried (MgSO4) and concentrated to afford
3-(tert-butyl-diphenyl-silanyloxy)-propan-1-01-(CO.N-hydroxysuccinimide)
(2.09 g, 92 /0), as a white solid that was used without further
purification. A mixture of guanfacine hydrochloride (1.95 g, 6.89 mmol) and
4-methylmorpholine (0.70 g, 0.76mL, 6.89 mmol) in anhydrous DMF (15 mL) was
stirred for 10 min at room temperature. To this solution was added
3-(tert-butyl-diphenyl-silanyloxy)-propan-1-01-(CO.N-hydroxysuccinimide)
(2.09 g, 4.59 mmol) in anhydrous DMF (10 mL) and the mixture was stirred at
room temperature overnight. The resulting mixture was diluted with ethyl
acetate (100 mL) and the solution was quenched [water containing NaCI (1.25
g per L) and AcOH  WO 2012/035346PCT/GB2011/051730 (0.14 g per L)] (100 mL)
with stirring for 30 min. The organic layer was separated and washed with
saturated aqueous sodium bicarbonate (100 mL), water (100 mL) and saturated
brine (100 mL), dried (MgSO4) and concentrated to give an oil. This crude
material was purified using a Biotage !solera automated chromatography
system under normal phase conditions (silica column, gradient of 5 -> 100 %
ethyl acetate in petrol) with detection at 254 nm to give guanfacine
[3-(tert-butyl-diphenyl-silanyloxy)-propyl] carbamate (1.64g, 61 %), as a
white solid. To a stirred solution of guanfacine
[3-(tert-butyl-diphenyl-silanyloxy)-propyl] carbamate (1.62 g, 2.77 mmol)
in THF (25 mL) was added 1 M TBAF solution in THF (5.54 mL, 5.54 mmol), and
the reaction mixture was stirred at room temperature for 30 min. The
resulting solution was concentrated to dryness and the residue was purified
using a Biotage !solera automated chromatography system under normal phase
conditions (silica column, gradient of 0 -> 50 % methanol in
dichloromethane) with detection at 254 nm to give guanfacine
(3-hydroxypropyl) carbamate (0.87 g, 90 %), as a white solid. Appearance:
white solid; LCMS: m/z = 347.90, consistent for protonated parent ion
(MH+); 1H NMR (DMSO-d6): 11.26 (br, 1 H, NH), 8.83 (br, 2 H, 2 x NH), 7.49
(d, J = 7.8 Hz, 2 H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.51 (t, J = 5.1 Hz, 1
H, OH), 4.06 (m, 4 H, ArCH2CH2), 3.47 (m, 2 H, CH2), 1.71 (m, 2 H, CH2);
Purity: > 95 % by HPLC, no free guanfacine by HPLC; Solubility: > 10 mg /
mL in DMSO, < 1 mg / mL in water, > 10 mg / mL in water / CH3CN (1 : 1).
[00206] Compound 25: 2{4-E[2-(2,6-dichlorophenypacetam idol]methanim
idoyl)ont]phenyl}acetic acid Hydrochloride Trivial name: Guanfacine phenyl
acetic acid carbamate Hydrochloride Appearance: white solid; LCMS: ES+
(M+H) 423.81, 425.76; 1H NMR (DMSO-d6): 6 9.20 (br s, 1H, NH), 9.03 (br s,
1H, NH), 7.52 (d, 2H, J = 8.5, ArH), 7.37 (dd, 1H, J = 8.8, 8.7, ArH), 7.28
(d, 2H, J = 8.5, ArH), 7.09 (d, 2H, J = 8.5, ArH), 4.14 (s, 2H, PhCH2),
3.58 (s, 2H, CH2002H); Purity: > 96.5 % by HPLC; Solubility: > 23 mg / mL
in DMSO, <2.3 mg / mL in water. [00207] Compound 28:
3-E[2-(2,6-dichlorophenypacetamido]methanimidoyl}carbamoyl)oxAbenzoic acid
hydrochloride Trivial name: Guanfacine meta-hydroxybenzoic acid carbamate
hydrochloride Appearance: white solid; LCMS: m/z = 411, consistent for
protonated parent ion (MH+); 1H NMR (DMSO-d6): 9.40 (br s, 1H), 9.0 (br s,
1H), 7.9(d, 1H), 7.8 (s, 1H), 7.6-7.5 (m, 3H), 7.4-7.2 (m, 2H), 4.2 (s,
2H).; Purity: > 96 % by HPLC; Solubility: > 20 mg / mL in DMSO, insoluble
in water.  WO 2012/035346PCT/GB2011/051730 e Hydrochloride Trivial name:
Guanfacine-(-)-menthyl carbamate Hydrochloride To a stirred suspension of
guanfacine hydrochloride (1.50 g, 5.31 mmol) and 4-methylmorpholine (538
mg, 0.59 mL, 5.31 mmol) in dry tetrahydrofuran (30 mL), under an atmosphere
of nitrogen, was added (-)-(1R)-menthyl chloroformate (1.39 g, 1.36 mL,
6.38 mmol) and stirring was continued at room temperature overnight. The
mixture was filtered and the filtrate was concentrated to give a glassy
solid. This crude solid was purified using a Biotage !solera automated
chromatography system under reversed-phase conditions (018 column, gradient
of 0 of guanfacine hydrochloride (1.50 g, 5.31 mmol) and 4-methylmorpholine
(538 mg, 0.59 mL, 5.31 mmol) in dry tetrahydrofuran (30 mL), under an
atmosphere of nitrogen, was added (-)-(1R)-menihyl chloroforrnate (1.39 g,
1.36 mL(-)-menihyl carbamate hydrochloride (450 mg, 28 /0), as a white
solid. Appearance: White solid; LCMS: m/z = 427.95, consistent for
protonated ion (MH+); 1H NMR (DMSO-d6): 8.99 (br, 2 H, NH2+), 7.50 (d, J =
8.4, 2 H, 2 x ArH), 7.36 (m, 1 H, ArH), 4.77 (m, 1 H, OCH), 4.07 (s, 2 H,
ArCH2), 1.97- 1.83 (m, 2 H, CH and 0.5 x CH2), 1.62 (m, 2 H, CH2), 1.15 (m,
1 H, 0.5 x CH2), 1.32 (m, 1 H, 0.5 x CH2), 1.07 -0.83 (m, 9 H, 2 x
Isopropyl CH3, Isopropyl CH, CH and 0.5 x CH2), 0.74 (d, J = 6.9 Hz, 3 H,
CH3); Purity: > 95 % by HPLC; No free guanfacine by HPLC; Solubility: > 10
mg / mL in DMSO, < 1 mg / mL in water, > 5 mg in 2.5 mL CH3CN /1 mL H20.
[00209]Compound 31:
{N'42-(2,6-Dichloro-phenyl)-acetyl]guanidino-carbonyloxy)
methylcyclopropane Hydrochloride Trivial name: Guanfacine cyclopropylmethyl
carbamate Hydrochloride To a stirred solution of cyclopropanemelhanol (1.00
g, 0.90 mL, 13.87 mmol) and pyridine (1.43 g, 1.45 mL, 18.03 mmol) in
acetonitrile (80 mL) was added N,N'-disuccinimidyl carbonate (4.62 g, 18.03
mmol) in one portion and the solution was heated to 40 00 for 4 h. After
cooling to room temperature, the solvent was evaporated to dryness and the
residue was taken up in dichloromethane (150 mL), washed with saturated
aqueous sodium bicarbonate (2 x 150 mL) and saturated brine (100 mL), dried
(MgSO4) and concentrated to afford
cyclopropanemethanol-(00.N-hydroxysuccinimide) (2.93 g, 99 /0), as a
colourless oil that was used without further purification. A mixture of
guanfacine hydrochloride (4.07 g, 14.40 mmol) and 4-methylmorpholine (2.91
g, 3.17mL, 28.80 mmol) in anhydrous DMF (60 mL) was stirred for 10 min at
room temperature. To the stirred solution was added
cyclopropanemethanol-(00.N-hydroxysuccinimide) (2.92 g, 13.71mmol) in
anhydrous DMF (10 mL) and the mixture was stirred at room temperature
overnight. The resulting mixture was diluted with ethyl  WO
2012/035346PCT/GB2011/051730 acetate (100 mL) and the solution was quenched
[water containing NaCI (1.25 g per L) and AcOH (0.14 g per L)] (100 mL)
with stirring for 30 min. The organic layer was separated and washed with
saturated aqueous sodium bicarbonate (100 mL), water (100 mL) and saturated
brine (100 mL), dried (MgSO4) and concentrated to afford crude guanfacine
cyclopropylmethyl carbamate (3.27 g), as a white solid. A portion of the
crude product (1.89 g) was purified by using a Biotage !solera automated
chromatography system under normal phase conditions (silica column,
gradient of 5 -> 40 % Et0Ac in petrol) with detection at 254 nm to afford
guanfacine cyclopropylmethyl carbamate (0.89g, 33 /0), as a white solid. To
a stirred solution of guanfacine cyclopropylmethyl carbamate (0.88 g, 2.56
mmol) in diethyl ether (34 mL) was added 2 M hydrogen chloride in diethyl
ether (2.56 mL, 5.12 mmol) and stirring was continued at room temperature
for 20 min. The mixture was evaporated to dryness and residual hydrogen
chloride was removed azeotropically with diethyl ether (2 x 25 mL). The
product was collected by suction filtration and dried in vacuo at 40 C
overnight to afford guanfacine cyclopropylmethyl carbamate hydrochloride
(95 mg, 97 /0) as a white solid. Appearance: White solid; LCMS: m/z =
343.95, Consistent for protonated parent ion (MH+); 1H N MR (DMSO-d6): 9.55
(br, 2 H, NH2+), 7.53 (d, J = 7.7 Hz, 2 H, 2 x ArH), 7.39 (m, 1 H, ArH),
4.17 (s, 2 H, CH2), 4.02 (d, J = 7.3 Hz, 2 H, CH2), 1.15 (m, 1 H, CH), 0.55
(m, 2 H, 2 x 0.5 CH2), 0.32 (m, 2 H, 2 x 0.5 CH2); Purity: > 95 % by HPLC;
No free guanfacine by HPLC; Solubility: > 10 mg / mL in DMSO; < 1 mg / mL
in water; >5 mg / mL in CH3CN : water (1 : 1). [00210] Example 5:
Preparation of Guanfacine d5-ethyl carbamate (compound 13) 



[00211]Compound 11 is activated by reacting with N,N'-disuccinimidyl
carbonate (DSC) in the presence of a base, pyridine. The activated
carbonate is coupled with guanfacine in the presence of NMM, followed by
acidification to give the product, compound 13, as HCI salt. The synthetic
route is shown below in Scheme 2. [00212] Scheme 2: DDSC D Pyridine '0
0,xCD3 DD 12  WO 2012/035346PCT/GB2011/051730 Example 6: Preparation of
Guanfacine-6-glucose carbamate hydrochloride (compound 16) [00213]Compound
14 is activated by reacting with N,N'-d isuccinim idyl carbonate (DSC) in
the presence of a base, pyridine. The activated carbonate is coupled with
guanfacine in the presence of NMM to give the coupled intermediate. The
intermediate is deprotected by palladium-catalyzed hydrogenation, followed
acidification to give the product, compound 16, as HCI salt. The synthetic
route is shown below in Scheme 3. [00214] Scheme 3:    Example 7:
Preparation of Guanfacine (2-hydroxyethyl) carbamate (compound 19)
[00215]Compound 17 is activated by reacting with N,N'-d isuccinim idyl
carbonate (DSC) in the presence of a base, pyridine. The activated
carbonate is coupled with guanfacine in the presence of NMM to give the
coupled intermediate. The intermediate is deprotected by
palladium-catalyzed hydrogenation, followed acidification to give the
product, compound 19, as HCI salt. The synthetic route is shown below in
Scheme 4. [00216] Scheme 4:  HCI NH 0 NANA0OH H H 19  Example 8:
Preparation of Guanfacine (2-hydroxyethyl) carbamate (compound 22) [00217]
Compound 20 is activated by reacting with N,N'-d isuccinim idyl carbonate
(DSC) in the presence of a base, pyridine. The activated carbonate is
coupled with guanfacine in the presence of NMM to give the coupled
intermediate. The intermediate is deprotected by palladium-catalyzed
hydrogenation, followed acidification to give the product, compound 22, as
HCI salt. The synthetic route is shown below in Scheme 5. [00218] Scheme 5:
WO 2012/035346PCT/GB2011/051730    



22 Example 9: Preparation of Guanfacine phenyl acetic acid carbamate
Hydrochloride (compound 25) [00219] Compound 23 is activated by reacting
with N,N'-d isuccinim idyl carbonate (DSC) in the presence of a base,
pyridine. The activated carbonate is coupled with guanfacine in the
presence of NMM to give the coupled intermediate. The intermediate is
deprotected by palladium-catalyzed hydrogenation, followed acidification to
give the product, compound 25, as HCI salt. The synthetic route is shown
below in Scheme 6. [00220] Scheme 6: Example 10: Preparation of Guanfacine
meta-hydroxybenzoic acid carbamate hydrochloride (compound 28) [00221]
Compound 26 was activated by reacting with N,N'-disuccinimidyl carbonate
(DSC) in the presence of a base, pyridine. The activated carbonate was
coupled with guanfacine in the presence of NMM to give the coupled
intermediate. The intermediate was deprotected by palladium-catalyzed
hydrogenation, followed acidification to give the product, compound 28, as
HCI salt. The synthetic route is shown below in Scheme 7. [00222] Scheme 7:
WO 2012/035346PCT/GB2011/051730 Example 11: Preparation of
Guanfacine-(S)-histidinyl carbamate Tri-trifluoroacetate The synthesis of
guanfacine-(S)-histidinyl carbamate tri-trifluoroacetate was achieved in
four distinct steps. Initially, S-histidinol was protected by treatment
with di-tert-butyl dicarbonate to give N,N'-di-Boc-histidinol in good
yield. The protected histidinol was converted to the 'activated carbonate'
with N,N'-disuccinimidyl carbonate followed by coupling of this 'activated
carbonate' to guanfacine to give N,N'-d i-Boc-(S)-h istid inyl-guanfacine
carbamate: Removal of the Boc groups was achieved by treatment with
trifluoroacetic acid to give guanfacine-(S)-histidinyl carbamate
tri-trifluoroacetate as a white solid, following purification by
reversed-phase chromatography. To a stirred solution of L-histidinol
dihydrochloride (1.00 g, 4.67 mmol) in dioxane (29 mL) in an ice-bath was
added a solution of sodium carbonate (4.63 g, 43.71 mmol) in water (14 mL)
followed by di-tert-butyl dicarbonate (2.24 g, 10.27 mmol) and the mixture
was stirred at room temperature for 3 h. The reaction mixture was
neutralised to pH 7-8 by potassium di-hydrogen phosphate, diluted with
water (50 mL) and extracted with ethyl acetate (2 x 50 mL). The organics
were combined, dried (MgSO4) and concentrated to give a colourless oil. The
crude material was purified using a Biotage Isolera automated
chromatography  WO 2012/035346PCT/GB2011/051730 system under normal phase
conditions (silica column, gradient of 0 -> 35 % methanol in
dichloromethane) with detection at 254 nm to afford
N,N'-di-Boc-(S)-histidinol (1.31 g, 82 /0), as a white solid. To a stirred
solution of N,N'-di-Boc-(S)-histidinol (0.60 g, 1.76 mmol) in anhydrous
acetonitrile (15mL) under nitrogen was added N,N'-disuccinimidyl carbonate
(0.59 g, 2.29 mmol) followed by anhydrous pyridine (0.18 g, 0.18 mL, 2.29
mmol) and the suspension was stirred overnight at room temperature. The
resulting solution was concentrated and re-dissolved in dichloromethane (50
mL), washed with saturated aqueous sodium bicarbonate (3 x 50 mL), water
(50 mL) and saturated brine (50 mL), dried (MgSO4) and concentrated to give
N,N'-di-Boc-(S)-histidinyl-CO.N-hydroxysuccinimide (0.86 g, quantitative),
as an oil. To a stirred solution of guanfacine hydrochloride (0.76 g, 2.68
mmol) and 4-meihylmorpholine (0.27 g, 0.29 mL, 2.68 mmol) in dry DMF (10
mL) was added N,N'-di-Boc-(S)-histidinyl-CO.N-hydroxysuccinimide (0.86 g,
1.78 mmol) and stirring was continued at room temperature overnight. Ethyl
acetate (50 mL) was added and the mixture was quenched [water containing
NaCI (1.25 g per L) and AcOH (0.14 g per L)] (50 mL) with stirring for 30
min. The organic layer was separated and washed with 8 % aqueous sodium
bicarbonate (50 mL), water (50 mL) and saturated brine (50 mL), dried
(MgSO4) and concentrated. The residue was purified using a Biotage !solera
automated chromatography system under normal phase conditions (silica
column, gradient of 0 -> 25 % methanol in dichloromethane) with detection
at 254 nm to afford N,N'-di-Boc-(S)-histidinyl-guanfacine carbamate (0.91
g, 84 /0), as a white solid. N,N'-di-Boc-(S)-histidinyl-guanfacine
carbamate (0.53 g, 0.87 mmol) in trifluoroacetic acid (20mL) was stirred at
room temperature for 1 h. The mixture was evaporated to dryness and
residual trifluoroacetic acid was removed azeotropically with chloroform (4
x 20 mL). The residue was purified using a Biotage !solera automated
chromatography system under reversed-phase conditions (018 column, gradient
of 0 -> 100 % MeCN in 0.5 % aqueous TFA) with detection at 254 nm to
afford, after freeze-drying, guanfacine-(S)-histidinyl carbamate
tri-trifluoroacetate (0.36 g, 55 /0), as a white solid. Appearance: White
solid; LCMS: m/z = 412.95, consistent for protonated parent ion (MH+); 1H
NMR (DMSO-d6): 14.47 (br, 2 H, NH2+), 9.06 (m, 3 H, CH and NH2+), 8.29 (br,
3 H, NH3+), 7.51 (m, 3 H, 2 x ArH and CH), 7.37 (m, 1 H, ArH), 4.11 (m, 4
H, CH2 and ArCH2), 3.77 (br, 1 H, CH), 3.03 (m, 2 H, CH2); Purity: > 95 %
by HPLC, No free guanfacine by HPLC; Solubility: > 20 mg / mL in DMSO, > 20
mg / mL in water. Example 12: Preparation of guanfacine ethanethiol
carbamate hydrochloride (compound 30)  WO 2012/035346PCT/GB2011/051730
Guanfacine hydrochloride was reacted with S-ethyl chlorothioformate in the
presence of N-methylmorpholine to give the required guanfacine ethanelhiol
carbamate hydrochloride as a white solid. To a stirred suspension of
guanfacine hydrochloride (1.50 g, 5.31 mmol) and 4-methylmorpholine (538
mg, 0.58 mL, 5.31 mmol) in dry tetrahydrofuran (30 mL), under an atmosphere
of nitrogen, was added S-ethyl chlorothioformate (795 mg, 0.67 mL, 6.38
mmol) and stirring was continued at room temperature overnight. 



The residue was purified by medium-pressure chromatography on silica
eluting with a gradient of 20 -> 50 % ethyl acetate in petrol and dried in
vacuo at 50 C for 4 h to afford guanfacine ethanthiol carbamate
hydrochloride (523 mg, 27 /0), as a white solid. Rf 0.51 [20 % ethyl
acetate - 80 % petrol]. Appearance: White solid; LCMS: m/z = 333.80,
consistent for protonated parent ion (MH+); 1H NMR (DMSO-d6): 11.06 (br, 1
H, NH), 8.89 (br, 2 H, NH2+), 7.51 (d, J = 8.4 Hz, 2 H, 2 x ArH), 7.36 (m,
1 H, ArH), 4.09 (s, 2 H, ArCH2), 2.72 (q, J = 7.2 Hz, 2 H, CH2), 0.89 (t, J
= 7.2 Hz, 3 H, CH3); Purity: > 99 % by HPLC; No free guanfacine by HPLC;
Solubility: > 10 mg / mL in DMSO; < 1 mg / mL in water; > 5 mg / mL in
water / CH3CN (1 : 2). Example 13: Preparation of Guanfacine tert-butyl
carbamate Hydrochloride The synthesis of guanfacine tert-butyl carbamate
hydrochloride was achieved in two reaction steps:    ClHH  NOtBu  - 0 NH 0
Cl  WO 2012/035346PCT/GB2011/051730 free base was treated with a solution
of 2 M hydrogen chloride in diethyl ether to afford guanfacine tert-butyl
carbamate hydrochloride as a white solid. To a stirred solution of
guanfacine hydrochloride (1.00 g, 3.54 mmol) in DMF (5 mL) was added a
solution of di-tert-butyl dicarbonate (1.55 g, 7.09 mmol) in DMF (5 mL)
followed by triethylamine (1 mL) and the mixture was stirred overnight at
room temperature. The reaction was quenched with water (50 mL) and the
aqueous extracted with ethyl acetate (3 x 50 mL). The organics were
combined and washed with water (5 x 100 mL), saturated brine (100 mL),
dried (MgSO4) and concentrated to give a white solid. The residue was
purified using a Biotage Isolera automated chromatography system under
normal phase conditions (silica column, gradient of 0 -> 38 % ethyl acetate
in petrol) with detection at 254 nm to afford guanfacine tert-butyl
carbamate (0.96 g, 78 /0), as a white solid. Rf 0.46 [20 % ethyl acetate -
80 % petrol]. To a stirred suspension of guanfacine tert-butyl carbamate
(0.30 g, 0.88 mmol) in diethyl ether (2mL) was added a solution of 2 M
hydrogen chloride in diethyl ether (0.44 mL, 0.88 mmol). The resulting
suspension was stirred for 1 min and the solid was collected by suction
filtration and dried in vacuo at 35 C overnight to afford guanfacine
tert-butyl carbamate hydrochloride (0.32 g, 95 /0), as a white solid.
Appearance: White solid; LCMS: m/z = 345.90, consistent for protonated ion
(MH+); 1H NMR (DMSO-d6): 9.45 (br, 2 H, NH2+), 7.52(d, J = 8.1 Hz, 2 H,2 x
ArH), 7.38(m, 1 H, ArH), 4.14 (s, 2 H, ArCH2), 1.47 (s, 9 H, tert-butyl);
Purity: > 99 % by HPLC; 0.3% guanfacine by HPLC; Solubility: > 10 mg / mL
in DMSO, < 1 mg / mL in water, > 5 mg in 2 mL CH3CN / 1 mL H20. Example 14:
stability studies on various guanfacine prodrugs Guanfacine benzyl
carbamate Hydrochloride pH 1.2, 37 C 0.1 M HCI / NaCI buffer pH 3.0, 20 C
0.1 M citrate buffer pH 6.8, 37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1 M
phosphate buffer Pro-drug Active drug Pro-drug Active drug Pro-drug 



Active drug Pro-drug Active drug 0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 90.7 0.0 0.0 100 100.4 0.0 0.0 100 94.0 0.0 0.0 100 98.6 0.0 



0.0 100 90.3 0.0 0.0 100 100.5 0.0 0.0 100 95.3 0.0 0.0 100 99.0 0.0 0.0
Guanfacine n-butyl carbamate Hydrochloride pH 1.237 C 0.1 M HCI / NaCI
buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8, 37 C 0.1 M phosphate
buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug Active drug Pro-drug
Active drug Pro-drug Active drug Pro-drug Active 



drug 0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 94.0 0.0 0.0 100 94.6 0.0
0.0 100 90.9 0.0 0.0 100 90.7 0.0 0.0 100 94.0 0.0 



0.0 100 94.9 0.0 0.0 100 90.7 0.0 0.0 100 91.0 0.0 0.0  WO
2012/035346PCT/GB2011/051730 Guanfacine isobutyl carbamate Hydrochloride pH
1.2, 37 C 0.1 M HCl / NaCI buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8,
37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug
Active drug Pro-drug Active drug Pro-drug Active drug Pro-drug Active drug
0 1h 



0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 95.1 0.0 0.0 100 95.2 0.0 0.0 100
98.2 0.0 0.0 100 95.3 0.0 0.0 100 95.0 0.0 0.0 100 95.3 



0.0 0.0 100 97.9 0.0 0.0 100 96.7 0.0 0.0  Guanfacine-(-)-menthyl carbamate
Hydrochloride pH 1.237 C 0.1 M HCI / NaCI buffer pH 3.0, 20 C 0.1 M citrate
buffer pH 6.8, 37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1 M phosphate
buffer Pro-drug Active drug Pro-drug Active drug Pro-drug Active drug
Pro-drug Active drug 0 1h 0 1h 0 2h 



0 2h 0 2h 0 2h 0 2h 0 2h 100 94.6 0.0 0.0 100 98.3 0.0 0.0 100 97.9 0.0 0.0
100 94.7 0.0 0.0 100 95.5 0.0 0.0 100 99.6 0.0 0.0 100 97.3 



0.0 0.0 100 96.9 0.0 0.0  Guanfacine 2-butanol carbamate Hydrochloride pH
1.237 C 0.1 M HCl / NaCI buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8,
37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug
Active drug Pro-drug Active drug Pro-drug Active drug Pro-drug Active drug
0 1h 0 1h 0 2h 0 2h 0 2h 



0 2h 0 2h 0 2h 100 95.9 0.0 0.0 100 98.7 0.0 0.0 100 93.4 0.0 0.0 100 93.4
0.0 0.0 100 95.9 0.0 0.0 100 98.9 0.0 0.0 100 93.4 0.0 0.0 100 93.6 



0.0 0.0  Guanfacine neopentyl carbamate Hydrochloride pH 1.237 C 0.1 M HCl
/ NaCI buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8, 37 C 0.1 M
phosphate buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug Active drug
Pro-drug Active drug Pro-drug Active drug Pro-drug Active drug 0 1h 0 1h 0
2h 0 2h 0 2h 0 2h 0 2h 



0 2h 100 94.7 0.0 0.0 100 96.1 0.0 0.0 100 98.3 0.0 0.0 100 99.2 0.0 0.0
100 93.9 0.0 0.0 100 96.8 0.0 0.0 100 97.9 0.0 0.0 100 98.5 0.0 0.0
Guanfacine-(S)-histidinyl carbamate Tri-trifluoroacetate 



pH 1.2, 37 C 0.1 M HCl / NaCI buffer pH 3.020 C 0.1 M citrate buffer pH
6.8, 37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1 M phosphate buffer
Pro-drug Active drug Pro-drug Active drug Pro-drug Active drug Pro-drug
Active drug 0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 99.5 



84.7 0.5 1.7 99.6 98.1 0.4 1.2 98.4 0.0 1.6 87.1 99.2 0.0 0.8 85.4 99.4
83.3 0.6 1.8 99.5 97.8 0.5 1.3 98.6 0.0 1.4 88.1 98.1 0.0 1.8 85.8
Guanfacine n-propyl carbamate Hydrochloride pH 1.2, 3700pH 3.0, 20 CpH 6.8,
37 CpH 7.4, 37 C  WO 2012/035346PCT/GB2011/051730 



0.1 M HCI / NaCI buffer 0.1 M citrate buffer 0.1 M phosphate buffer 0.1 M
phosphate buffer Pro-drug Active drug Pro-drug Active drug Pro-drug Active
drug Pro-drug Active drug 0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 94.4
0.0 0.0 100 94.0 



0.0 0.0 100 95.8 0.0 0.0 100 96.3 0.0 0.0 100 94.6 0.0 0.0 100 94.4 0.0 0.0
100 96.4 0.0 0.0 100 96.0 0.0 0.0  Guanfacine ethanethiol carbamate
Hydrochloride pH 1.2, 37 C 0.1 M HCI / NaCI buffer pH 3.0, 20 C 0.1 M
citrate buffer pH 6.8, 37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1 M
phosphate buffer 



Pro-drug Active drug Pro-drug Active drug Pro-drug Active drug Pro-drug
Active drug 0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 81.0 0.0 10.1 100
85.6 0.0 0.0 100 93.0 



0.0 0.0 100 94.5 0.0 0.0 100 80.4 0.0 11.0 100 84.8 0.0 0.0 100 92.5 0.0
0.0 100 95.2 0.0 0.0  Guanfacine tert-butyl carbamate Hydrochloride pH 1.2,
37 C 0.1 M HCI / NaCI buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8 37 C
0.1 M phosphate buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug Active
drug Pro-drug 



Active drug Pro-drug Active drug Pro-drug Active drug 0 1h 0 1h 0 2h 0 2h 0
2h 0 2h 0 2h 0 2h 91.2 0.0 8.8 99.7 100 34.5 0.0 66.6 100 83.6 0.0 14.2 100



84.2 0.0 11.0 90.5 0.0 9.5 100 100 34.5 0.0 65.5 100 84.9 0.0 15.2 100 82.7
0.0 11.2  Guanfacine (2-hydroxyethyl) carbamate pH 1.2, 37 C 0.1 M HCI /
NaCI buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8, 37 C 0.1 M phosphate
buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug Active drug Pro-drug
Active drug Pro-drug Active drug 



Pro-drug Active drug 0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 91.4 0.0
0.5 100 98.0 0.0 0.4 100 87.4 0.0 9.8 100 72.5 0.0 22.6 100 



91.5 0.0 0.5 100 98.0 0.0 0.4 100 87.5 0.0 9.8 100 73.0 0.0 22.3
Guanfacine d5-ethyl carbamate pH 1.237 C 0.1 M HCI / NaCI buffer pH 3.0, 20
C 0.1 M citrate buffer pH 6.8, 37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1
M phosphate buffer Pro-drug Active drug Pro-drug Active drug Pro-drug
Active drug Pro-drug Active drug 0 



1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 97.6 0.0 0.0 100 98.7 0.0 0.0 100
99.4 0.0 0.0 100 99.4 0.0 0.0 100 96.6 0.0 0.0 100 



98.3 0.0 0.0 100 99.2 0.0 0.0 100 99.2 0.0 0.0  Guanfacine
(3-hydroxypropyl) carbamate pH 1.2, 37 C 0.1 M HCI / NaCI buffer pH 3.0, 20
C 0.1 M citrate buffer pH 6.8, 37 C 0.1 M phosphate buffer pH 7.4, 37 C 0.1
M phosphate buffer Pro-drugActive drug Pro-drugActive drug Pro-drugActive
Pro-drugActive  WO 2012/035346PCT/GB2011/051730      drug  drug 0 



1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 94.8 0.0 0.0 100 98.1 0.0 0.0 100
99.2 0.0 0.0 100 98.2 0.0 0.0 100 94.9 0.0 0.0 100 



98.3 0.0 0.0 100 99.7 0.0 0.0 100 98.2 0.0 0.0  Guanfacine
cyclopropylmethyl carbamate Hydrochloride pH 1.2, 37 C 0.1 M HCI / NaCI
buffer pH 3.0, 20 C 0.1 M citrate buffer pH 6.8, 37 C 0.1 M phosphate
buffer pH 7.4, 37 C 0.1 M phosphate buffer Pro-drug Active drug Pro-drug
Active drug Pro-drug Active drug Pro-drug Active drug 0 1h 0 1h 0 



2h 0 2h 0 2h 0 2h 0 2h 0 2h 100 92.9 0.0 0.6 100 98.3 0.0 0.0 100 97.6 0.0
0.0 100 99.6 0.0 0.0 100 92.7 0.0 0.6 100 98.5 0.0 0.0 100 



97.4 0.0 0.0 100 99.5 0.0 0.0  [00223]Example 15. Comparative in vivo
screening study of guanfacine prodrugs in the monkey. [00224]Test
substances e.g. guanfacine (0.5 mg/kg free base) and various guanfacine
prodrugs at equimolar doses to that given of the parent drug were
administered by oral gavage to groups of two monkeys using a multi-way
crossover design. [00225]Blood samples were taken on 4 sampling occasions
at various times up to 6h after administration and submitted to analysis
for the parent drug and prodrug using a qualified LC-MS-MS assay. The
relative Cmax for guanfacine was calculated by comparison with
guanfacine-dosed animals. The results are given in the table below.
Compound Trivial name Rel Cmax 3 Guanfacine ethyl carbamate 81 4 Guanfacine
n-propyl carbamate 66 5 Guanfacine isopropyl carbamate 111 6 Guanfacine
n-butyl carbamate 112 7 Guanfacine 2-butanol carbamate 61 8 Guanfacine
isobutyl carbamate 56 9 



Guanfacine neopentyl carbamate 42 10 Guanfacine benzyl carbamate 32 13
Guanfacine d5-ethyl carbamate 87 16 Guanfacine-6-glucose carbamate 43 19
Guanfacine (2-hydroxyethyl) carbamate 53. 22 Guanfacine (3-hydroxypropyl)
carbamate 106 25 Guanfacine phenyl acetic acid carbamate 53 28 Guanfacine
meta-hydroxybenzoic acid carbamate 53  Guanfacine glycolic acid carbamate
10 29 Guanfacine menthyl carbamate 0 31 Guanfacine cyclopropylmethyl
carbamate 82  Example 16. Comparative bioavailability study of guanfacine
in monkeys given guanfacine or guanfacine prodrug  WO
2012/035346PCT/GB2011/051730 



[00226]In order to characterize the pharmacokinetics of selected guanfacine
conjugates, test substances e.g. guanfacine and guanfacine prodrugs were
administered at equimolar doses to monkeys (0.5 mg/kg) and rats (1 mg/kg).
[00227]Blood samples were taken at various times after administration and
submitted to analysis for the parent drug and prodrug using a qualified
LC-MS-MS assay. The following pharmacokinetic parameters derived from the
plasma analytical data were determined using Win Nonlin; CmaxMaximum
measured concentration Frel/0Relative oral bioavailability of Guanfacine
[00228] The results are given in Table 2 below and FIGs 1 and 2 (compounds
3, 4, 5 and 6). Table 2. Guanfacine pharmacokinetic parameters following
administration of guanfacine prodrugs to monkeys Compound Frei% Cmax
(ng/mL) Prodrug Cmax 3 87 20.3 0.93 4 113 24 BLQ 5 91 22.1 BLQ 6 89 18.5
BLQ 19 80 24.6 60.8 22 112 29.5 3.49 



30 NC 5.14 BLQ  NC = not calculated [00229]Administration of compounds
3,4,5 and 6 resulted in a high relative guanfacine bioabailability (>87%)
with a blunted and delayed Cmax value. (FIG. 1). Systemic levels of
prodrugs were low or below the limit of quantification but detectable up to
24 hours after the administration for compound 3. (FIG. 2). The
pharmacokinetic profile suggests a slow but near complete absorption of the
prodrug with rapid conversion to guanfacine. [00230] Example 17. The
pharmacokinetics of guanfacine and prodrugs in rats in hepatic portal and
tail veins following oral administration of prodrug [00231] The absorption
of intact prodrug and conversion of prodrug to guanfacine after absorption
is important if any local effects of the active compound on alpha 2
adrenoceptors in the gastrointestinal tract are to be minim  ised. The
collection of blood from the hepatic portal vein following oral
administration allows the analysis of absorbed prodrug and active drug
levels prior to first pass metabolism in the liver. Systemic levels can be
measured by sampling of blood from the tail vein. [00232] Methodology
[00233]Rats were surgically prepared under isofluorane anaesthesia by
attaching a silicon catheter to the portal vein then exteriorising it at
the nape of the neck with a blood collection port attached. [00234] Oral
doses of compound 3 were administered by gavage as a single bolus dose at a
dose  WO 2012/035346PCT/GB2011/051730 volume of 10mL/kg. [00235] At each
sampling time serial point blood samples (approximately 0.2 mL) were taken
simultaneously from the lateral tail vein cannula and the hepatic portal
cannula. After collection of the final blood sample each animal was killed
by cervical dislocation. Blood samples were collected at 15, 30 minutes and
1, 2, 4, 8 and 24 hours post dose. [00236] Pharmacokinetic parameters in
portal and systemic plasma were derived by non-compartmental analysis
(linear/logarithmic trapezoidal) using WinNonlin (Version 4.1) software.
[00237]Results [00238]The results are presented in table 3 and in figures
3, 4 and 5. [00239] Table 3. Compound 3; Pharmacokinetic parameters in
hepatic portal vein and tail vein following oral administration to rat at 1
mg/kg guanfacine free base equivalents  Hepatic portal vein Tail vein
Prodrug Guanfacine Prodrug Guanfacine Compound Cmax (ng/mL) AUC (ng.h/mL) 



Cmax (ng/mL) AUC (ng.h/mL) Cmax (ng/mL) AUC (ng.h/mL) Cmax (ng/mL) AUC
(ng.h/mL) 3 149 397 44.3 72.9 16.4 88.6 2.84 11.7  [00240]The substantial
presence of the prodrug in the hepatic portal circulation relative to the
concentration in the systemic circulation demonstrated the absorption of
the prodrug prior to absorption across the intestine and confirmed adequate
stability in the intestinal lumen. This suggests a lack of extensive
degradation of compound 3 prior to absorption and a reduction in the
potential to elicit a direct pharmacological effect in the gut lumen.
[00241] Example 18. In vitro assessment of the effects of guanfacine and
guanfacine prodrug on a-2 adrenoceptor binding [00242] The target receptor
for guanfacine is the human alpha adrenergic 2A receptor subtype in the
central nervous system. The activation of this receptor is responsible for
its intended therapeutic effect. However, it is possible that local
activation of this receptor which is also present in the gut contributes to
adverse gastrointestinal effects (constipation) associated with guanfacine.
The receptor binding of the prodrugs was investigated to confirm that the
prodrug molecules had been largely inactivated. [00243] Methods [00244] The
binding assay methodology employed in this study followed that described by
Langin et al. (Eur. J. Pharmacol. 167:95-104, 1989) and used human
recombinant CHO cells expressing a-2  WO 2012/035346PCT/GB2011/051730
adrenceptors. The competitive binding ligand was [3H] RX821002 (1nM) which
has a high affinity for the alpha-2A subtype. [00245]Results [00246] The
results are set forth in Table 4. Guanfacine in non-prodrug form showed
considerable potency as a competitive binding agent at the a-2A
adrenoceptor displaying an Ki of 32 nM. The prodrug tested in the assay was
a less potent binding agent to the receptor. The Ki value of prodrug was
300-fold greater than that obtained with guanfacine. Thus, the prodrug
described herein would have little or no effect on intestinal a-2A
adrenoceptors and hence potentially have a diminished ability to induce
constipation through direct actions on gut motility, compared to guanfacine
in non-prodrug form. Table 4: Binding of guanfacine and prodrug at a-2A
adrenoceptor Compound Ki 



Guanfacine 32 nM 3 > 10 pM  [00247] Example 19. In vivo Effects of
Guanfacine and its Prodrugs on Gut Motility in Rat [00248] The effect of a
drug on gut motility can be studied by means of the charcoal propulsion
test. Drugs known to cause constipation such as morphine and guanfacine
significantly delay the transit of a charcoal meal in the rat. The effects
of guanfacine in non-prodrug form and its prodrug on GI motility were
assessed in rats fasted overnight prior to the test. [00249] The method
used was based on that described by Takemori etal. (J. Pharmacol. Exp.
Ther. 169:39, 1969). Test treatments were administered orally 60 minutes
prior to an oral dose of a 10% suspension of charcoal in 2.5% gum Arabic (2
ml/kg). Twenty minutes after dosing with charcoal, the rats were sacrificed
and the entire gastrointestinal tract was removed quickly and carefully.
The distance that the charcoal meal had travelled toward the caecum was
measured and expressed as a percentage of the total gut length. The results
are descibed in Table 5. [00250] Orally administered guanfacine in
non-prodrug form at a dose of 0.1 mg base/kg had significant effects on gut
motility with about 41% reduction in the distance travelled by the charcoal
plug within 20 minutes, compared to that of the control group (treated with
the vehicle). The prodrug was considerably less potent than guanfacine in
the inhibition of GIT transit in the rat (table 5), although systemic
plasma guanfacine levels were similar after administration of either
compound 3 or guanfacine. (table 6). Table 5: Effects of guanfacine or
guanfacine prodrug on gastrointestinal transit of a charcoal meal in the
rat Compounds % inhibition of rat GIT transit at dose (guanfacine free base
equivalents) mg/kg   0.10.3 1  WO 2012/035346PCT/GB2011/051730 Guanfacine
41 56 - 3 15 56 57  WO 2012/035346PCT/GB2011/051730 Table 6: Systemic
plasma levels of guanfacine in rats after oral administration of compound 3
or guanfacine at equimolar doses Compounds administered Dose (guanfacine
free base equivalents)  0.1 mg/kg 0.3 mg/kg 1 mg/kg  



Systemic plasma concentration of guanfacine (ng/mL) at 60 and 80 minutes
after dosing  60 min 80 min 60 min 80 min 60 min 80 min Guanfacine 0.62
0.40 0.36 1.00 NM NM 3 0.51 0.27 1.21 0.87 2.45 2.17  [00251]Without being
by bound by any theory, the lack of effects on gut motility by the prodrug
is attributed in part to the reduced or minimally availabile active drug
(guanfacine) within the gut lumen to interact locally with a-2A
adrenoceptors. [0252]Example 20: In vivo effects of prodrug in anxiety
models in rodents [0253]The effects of compound 19 was evaluated in three
rodent models of efficacy and compound 19 was shown to be efficacious in
the Elevated Plus-Maze Test in the rat. [0254]The method, which detects
anxiolytic activity, follows that described by Handley and Mithani (Naunyn.
Schmied. Arch. Pharmacol., 327, 1-5, 1984). Rodents avoid open spaces (the
open arms of an elevated plus-maze). The percentage of time spent on the
open arms and the number of entries in the open arms are considered to be
the best measures of anxiety (File, S.E. 1991. Animal models of anxiety. In
Biological Psychiatry (G. Racagni, N. Brunello, and T. Fukuda, eds.) pp.
596-599. Elsevier, New York.). [0255]Anxiolytics increase exploratory
activity in the open arms, as indicated by increased time spent on the open
arms and/or by increased % open-arm entries. [0256]At 10 mg/kg, compound 19
significantly increased the percent of entries and had a similar tendency
on the time spent in the open arms (+87%, p < 0.05 and +69%, NS,
respectively) (Figure 6). [00257]Example 21: Comparative bioavailability of
guanfacine in a microdose study in Healthy Adult Male and Female Subjects
given guanfacine or guanfacine prodrug (compound 3) 



[00258] This study determined the extent to which compound 3 is orally
absorbed and cleaved systemically to release guanfacine. [00259] Compound 3
and guanfacine were administered orally at a dose of 100pg free base to 12
healthy male and female volunteers aged 18-45 years. Blood samples were
withdrawn pre-dose and at 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 16, 24, 32, and 48
hours post dose and submitted to analysis for the parent drug and prodrug
using a validated LC-MS-MS assay. The following pharmacokinetic parameters
derived from the plasma analytical data were determined;  WO
2012/035346PCT/GB2011/051730 CmaxMaximum measured concentration
Frel/0Relative oral bioavailability of Guanfacine t1/2Elimination half life
[00260] The results are given in Table 7 below [00261] Table 7. Guanfacine
and compound 3 pharmacokinetic parameters following administration to
healthy human volunteers Treatment Analyte Cmax (pg/mL) AUCo-t (pg.h/mL)
tI/2 (h) Compound 3 Compound 3 89  38 92  43 0.95  0.19 (n=4) Compound 3
Guanfacine 103  77 2113  524 17.2  2.0 Guanfacine Guanfacine 150  37 3617
933 15.8  1.8  The data demonstrate absorption of the prodrug in man and
subsequent cleavage to guanfacine. The relative bioavailability of
guanfacine was 81% for compound 3 administration compared to guanfacine
administration (adjusted for molecular weight, 100pg of compound 3 free
base contains 77.35pg of guanfacine).  



WO 2012/035346PCT/GB2011/051730 wherein Xis 0 or S; R1 is a C1_20
substituted or unsubstituted alkyl, glycosyl, R2 )m I (CR3R4)n , or a Cm
unsubstituted or substituted cycloalkyl; R2 is independently at each
occurrence C1_4 alkyl, C1_4 alkoxy, halo, ON, NO2, NH2, SO3H, OH, -CHO,
-CO2H, or -CH2002H; n is 0, 1,2 or 3; m is 0, 1, 2, 3, 4 or, 5; and R3 and
R4 are each independently selected at each occurrence from the group
comprising: hydrogen, hydroxy, -CO2H, methyl, and -NH2.  2. The compound of
claim 1, wherein X is 0. 3. The compound of claim 1, wherein R1 is a C2_5
alkyl.  4. The compound of claim 1, wherein R1 is ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, isobutyl, neopentyl, 6-glucosyl, or benzyl.
5. The compound of claim 1, wherein R1 is ethyl, n-propyl, isopropyl,
n-butyl, or sec-butyl.  6. The compound of claim 1, wherein R1 is a C2_4
hydroxyalkyl.  7. The compound of claim 1, wherein R1 is 2-hydroxyethyl, or
3-hydroxypropyl.  8. The compound of claim 1, wherein R1 is phenyl acetic
acid or meta-hydrobenzoic acid.  WO 2012/035346PCT/GB2011/051730  9.A
compound of claim 1 selected from the group consisting of: Cl  NH 0 N)L0/Me
Cl guanfacine ethyl carbamate;  Cl guanfacine n-butyl carbamate;  Cl
guanfacine sec-butyl carbamate;  



guanfacine isobutyl carbamate;  guanfacine neopentyl carbamate; guanfacine
benzyl carbamate; guanfacine d5-ethyl carbamate;  CIHO'''OH OH guafacine
6-glucose carbamate;  CI  guanfacine (2-hydroxyethyl) carbamate; CI 0 NH 0
AN)LOOH  CI guanfacine (3-hydroxypropyl) carbamate;  guanfacine
cyclopropylmethyl carbamate; MeMe CI Me guanfacine-(-)-menthyl carbamate;
and H T T NH 0 guanfacine n-hexyl carbamate. 10.A compound of claim 1
selected from the group consisting of:    Cl  guanfacine phenyl acetic acid
carbamate, Cl 0 NH 0 



)"L0  Cl guanfacine meta-hydrobenzoic acid carbamate,  WO
2012/035346PCT/GB2011/051730 guanfacine-(S)-histidinyl carbamate CI
guanfacine ethanethiol carbamate; and CI  guanfacine tert-butyl carbamate.
11. A guanfacine prodrug of any of claims 1 to 11 for use as a medicament.
12. Use of a guanfacine prodrug of any of claims 1 to 11 in the preparation
of a medicament for treating a condition selected from the group consisting
of: attention deficit hyperactivity disorder (ADHD), oppositional defiance
disorder (ODD), a cardiovascular condition such as hypertension,
neuropathic pain, cognitive impairment associated with schizophrenia
(CIAS), psychosis and working memory loss in the elderly, anxiety
(including paediatric anxiety, PTSD, OCD, self injury), pruritis, addiction
withdrawal, autism, chemotherapy induced mucositis, post traumatic stress
syndrome or a disorder characterized by hot flushes.  13. Use of a
guanfacine prodrug of claim 13 wherein the condition is attention deficit
hyperactivity disorder (ADHD).  14. A guanfacine prodrug of any of claims 1
to 11 for use in the treatment of a condition selected from the group
consisting of: selected from the group consisting of: attention deficit
hyperactivity disorder (ADHD), oppositional defiance disorder (ODD), a
cardiovascular condition such as hypertension, neuropathic pain, cognitive
impairment associated with schizophrenia (CIAS), psychosis and working
memory loss in the elderly, anxiety (including paediatric anxiety, PTSD,
OCD, self injury), pruritis, addiction withdrawal, autism, chemotherapy
induced mucositis, post traumatic stress syndrome or a disorder
characterized by hot flushes.  15. A guanfacine prodrug as claimed in claim
15 for use in the treatment of attention deficit hyperactivity disorder
(ADHD).  16. A method of reducing gastrointestinal side effects associated
with guanfacine therapy in a  WO 2012/035346PCT/GB2011/051730 mammal,
comprising:             (a) forming a guanfacine prodrug of any of claims 1
to 11 or a pharmaceutically acceptable salt thereof; and             (b)
administering the prodrug or a pharmaceutically acceptable salt thereof to
a mammal in need thereof.  17. The method of claim 17, wherein the
gastrointestinal side effects include constipation.  18. A method of
treating an attention deficit hyperactivity disorder in a mammal,
comprising administering a guanfacine prodrug of any of claims 1 to 11 or a
pharmaceutically acceptable salt thereof to a mammal in need thereof.  19.
A method of treating hypertension in a mammal, comprising administering a
guanfacine prodrug of any of claims 1 to 11 or a pharmaceutically
acceptable salt thereof to a mammal in need thereof.  20. The method of any
of claims 17 to 20, wherein when ingested orally, the prodrug induces
statistically significardy lower average effects on gut motility in the
gastrointestinal environment than a non-prodrug guanfacine salt form.  21.
The method of any of claims 17 to 20, wherein the prodrug or a
pharmaceutically acceptable salt thereof is administered orally.  22. The
method of any of claims 17 to 20, wherein the prodrug or a pharmaceutically
acceptable salt thereof is administered in an amount of from about 1 to
about 10 mg based on the amount of guanfacine in free base form. 




