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i nvention include those in which conmbi nations of variables (and
substituents) of the X, Rl, and R2 groups are perm ssible so that such
conbi nat iwOe0rds86346 i n stabl e conpounds of Fornula (). PEOGRROIIS$s8 of the
present invention, it is understood that the conbinations of the variabl es
can be selected by one of ordinary skill in the art to provide conpounds of
Formula (1) that are chemcally stable and that can be readily synthesized
by techni ques known in the art, as well as those nethods set forth in the
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onpar ed non-prodrug guanfacine salt form such as guanfacine
[0016] IGrlnS'ﬁ‘?}eféﬂCiseF'P%‘?r?ﬁ?ét '%‘?B%tadﬁrﬁsﬁeﬁg"ﬁr}%%ntl on, a nethod for Ierr0VI ng the
phar macoki neti cs and extendi ng the duration of acti on of guanfacine in a

subj eclgyiARSESF i-,l‘p@rmhﬂom provi ded. The nethod conprises adm nistering to
a subject in need hereof an effective anpunt of a rodrucg of the present
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prof i | @ phamacaltitaty acteptablasatiomiagtemanthéredft i al upsurge in concentrati on of
guanf aci ne, om ni m zi ng any unwant ed cardi ovascul ar or somol ent effects,
while si"gnfficannHy extending the time for which the drug persists in

pl asma ulli nd_f om carti nui ng generation fromthe prodrug) and hence
dur at i onJ of acﬂionﬁ [OB17]In a further aspect, a nethod for reducing inter-
or |ntraCbubject variability of guanfacine plasma |evels is provided. The
nethodym Qprises admnistering to a subject, or group of subjects in need
t her eo an effective anount of a prodrug of the present invention, or a
conposP@?Qﬁr§hereof [0018] I n one preferred enbodi nent, the present
invention is directed to a nethod for mnimzing gastrointestinal si de
effects such as constipation normally associated with adm nistration of
guanfaci ne. The nethod conprises orally adm nistering a guanfacine prodrug
or pharmaceutically acceptable salt of the present invention, and wherein
upon oral adm nistration, the prodrug or pharmaceutically acceptable salt
mnimzes, if not conpletely avoids, the gastrointestinal side effects
usually seen after oral adm nistration of the unbound guanfacine. The
anount of guanfacine is preferably a therapeutically effective anount.
[0019]The present |nvent|on relates to guanfa0|ne prodrugs mhlch preclude
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[0025]FIG 5 illustrates guanfaci ne prodrug (conpound 3) concentration
profiles in rat hepatic portal vein followi ng oral adm nistration of
guanf aci n€oppdBsdyé ( conpound 3) to rats at 1 ny/ kg guanPatigBofwisersbase
equi valents. [0026]FIG 6 illustrates the effects of a guanfacine prodrug
(conpound 1 9) in the elevated plus maze nodel in rats at doses of 0.5 to
10 ng/ kg. A - Effects of test substances on % of entries in open arns. B -
Ef fects of test substances on tinme spent in open arns. For conparative

pur poses, the vehicle w thout any active dm ni stered, as was
guanf aci ne HCI and Cl obazam The nunber iﬁ?ﬁ entheses is the dosage of the
rel evant conpound. DETAI LED DESCRI PTI ON STHE | NVENTI ON A. Definitions

[ 0027] As used herein: [0028] The term "al " as a group, refers to a
strai ght or branched hydrocarbon chain containing the specified nunber of
carbon atonms. When the term "al kyl" is usedry,fhout reference to a nunber
of_car ROR &l oyl oalofrsodificlNAIGH. 31290 %0 ref 1 orat, B dfko¥ KikinEpuP-
preferabl 01- al kyl group. "For exanpl e, f refers to a
strargﬁﬁ“%kybranched al kyl containing at least 1, and at nost 10, carbon
at ons. Reslindapatibely acseahpdostrerC2 C7s aﬂyl(ﬂuﬂmxﬁmsbt@\l ANGI N §O4H, OH, HeHthched
aIkyI Qgﬂlﬁbﬁbﬂgxﬂh | east 2, and at nost 7, carbon atons. Exanples of

al kyl " as used herein |ncIude but are not limted to, nethyl, ethyl,

n- propy$OA:oUtdy1 , n-pentyl, i-butyl, i-propyl, t-butyl, hexyl, heptyl,
octyl, miefAyl, 2athd odécand. Preferably, the al kyl group is a |ower alkyl of
from alP{?Hﬁd R, Jr@ea%h %EM%W Y&tk EacR bELLRERB r¥m ARy Jcoﬁrﬁnsﬂwgcrﬂ/ﬁlt&@élws The
aIk I gr ou % be substituted or unsubstituted. [0029] The term
substrY% ey 18tY4 8N4 PEG herei n denotes al kyl radrcals wherein at |east
one hydrogen is replaced by one or nore substituents such as, but not
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term"carrier"” refers to a diluent, excipient, and/or vehicle with which an

active conmpound is adm ni stered. The pharmaceutical comnpositions of the

i nvention may contain conbi nations of nore than one carrier. Such

pharmaceutical carriers can be sterile liquids, such as water, saline

sol utions, aqueous dextrose sol utions, aqueous glycerol solutions, and

oils, including those of petroleum animl, vegetable or synthetic origin,

such as peanut oil, soybean oil, mneral oil, sesane oil and the |iKke.
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[ 0040] The term "subject” refers to humans. [0041]"Effective anbunt” neans
an anount of a prodrug or conposition of the present invention sufficient
to resul twonotsssesi red t herapeuti c response. The t her ap@@B201WS8$30nse 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 anelioration of the typical synptons of ADHD. In further and/or

al ternative enmbodi nents, the therapeutic response will be anelioration of
the t)(/rah&@dmcsemmymooecemwﬁrw Qiﬂ.rrlﬂ@fabéi&%ﬁMﬁhcﬁé%ad%ﬁhs(r@@notﬂ@bé@?fnﬁ@@&| on,
pai n (neur i rment cognitive

i mpai uc?sqgspost traur‘%atd) slre%s rqp(hmez%r ahdlrsnpda,elr ch(a@Ft’& eg bgﬁgt OSI S and wor ki ng

menory [Q0d4ls j rn P'Pfeefwodlé}ewtherﬁcﬁsnrowqed@mﬁttﬂoé ofedising agyesgsradalfointesigDyide anxi et y
(i nﬁgudﬁét% a@a&ﬁéitsﬂtvrth@uara@inettryatmmm m&%idal. T8¢ fnethéy HEiYes addi ct ijon

wi t hdr ti u uri [ - pucositis,
et c. ?Vﬂorm{ngg HaZnEgc\llr\ke drug oﬁlhoqr%m%@é ra thar%ria]peutlﬁagné(f(cg?t%g%sa}ltgrgeﬁ% ag? t to

det er m(tﬁ@dfaﬁﬁtebfpﬁr th%.PrédrPg @fa?t ﬁr‘émacﬁﬁ'ﬁ%{w PeAsptaklp prohrreaito meagea in ragd therepf.

pot ent iTghical A niedbrh D & atHugah BECS based upon an eval uation of therapeutic

r ESponi(?O‘ [004%1e '32% (hnelp? cgueq%tdleg Irlgetd% ﬁducg |owgr averag d{]s ase%%mﬁgét gn WI th

guanfacin thera der stoo atl on
and/ or Mefiléy/ig Hiei ggpEroAREtieAl epireRant sameered iee reeemdrte@eefaﬂne@alsfpmﬁwh é§t i nal
si de efyii@edcme€l.g., constipation) realized in patients treated with the
prodru cri [ei r t
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free bases uitab phar naceuti cal acce |l e salts include, but are not
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salts, acetamdine and N-substituted acetam di ne, di ne, picoline,
et hanolSRVAET Ffneer g7sratng eidhe asiardis ﬁ@ﬂ%“&?ﬁ%&rat"%ﬁ guanfacine maintains

N, N - diplaema grug lehsis, éreetby satuciey bafré@endplobdrngdaesagd. Chksepeneftepiutiieexsaieddo ( of
basi c nﬁgrg\gg,g{bnggdm G4 1 ncl ude, but are not limted to inorganic acid

salts e h drochl or ] de, robrom de, sulfate, phosphat organi c
2ot o s HBD oo chesanl el T Prien Al e P aba o e FP ROl s
met hanédlovihphetailed Desdiptimasul f onat e, benzenesul fonate, p-tol uenesul fonat e,
canphor sul fonate and napht hal enesul fonate; am no acid salts such as

argi nate, al aninate, asparginate and gl utamate; and carbohydrate salts such
as gluconate and gal acturonate (see, for exanple, Berge, etal.
"Pharmaceutical Salts,” J. Pharm Sd. 1977;66:1). [0046] The term "about,
unl ess otherw se indicated, refers to 10% of the given value. [0047] The
present invention also includes the synthesis of all pharmaceutically
accept abl e i sotopically-1labelled conmpounds of Formula (1) wherein one or
nore atons are replaced by atonms having the sane atom ¢ nunber, but an
atomc nMass or mass nunber dlfferent fromthe atomc Mass or mass nunber

o, o Y ~rN AT A~ 1 .t o, T . o I



, or a Cmunsubstituted or substituted cycloal kyl; R2 is independently at
each occurrence C1 4 alkyl, Cl1 4 al koxy, halo, ON, NO2, NH2, SO3H, OH,
-CHO, - CW®H20r0353862002H;, n is 0, 1,2 or 3; mis 0, 1, PCT&B2A114051738; and
R3 and R4 are each independently selected at each occurrence fromthe group
conprising: hydrogen, hydroxy, -CO2H, nethyl, and -NH2. [0054]1n an
enbodinent: Xis 0 or S; WD 2012/ 035346PCT/ GB2011/ 051730 v(2 (CR3R4)n Rl is
a Cl7 substituted or unsubstituted al kyl, glycosyl,, or a Cmnunsubstituted
or substituted cycloalkyl; R2 is |ndependently at each occurrence Cl_4

al kyl , 4 NH2, SO8H, OH, -CHO, -C2H, or -CH2002H;
nis O,B%?%é@ﬁ%N!b?ﬁE éﬂvﬁmﬂ% 4 or, 5; and R3 and R4 are each

i ndepef@fhk | y el desteatesplasma soncenitation reeftes ferigganfacine feyewopadromigiatian ofg:

hy dr 0g@nanfdtnd bPgtinfacifdFdrud BEnLndsBN4l 5-aMr).to priddtiedalat 5 Aig/kg FlpiciBMée bade I S 0.
[ 0056] IL.n an al ternate enbodinment, X is S. [0057]1n an enbodinent R2 is
|ndepen8uenaﬁy at each occurrence OH, -CHO -CO2H, or -CH2CO2H. [0058]In an
embodi 321 X iKHGE illysiepteRplaprga ?WG%H@M@M'P?“O&@UE‘@@@W Feurnfagieerodig flleway

- CO2H, abhinistdtdiC6idanthdiaPddniy (@dnpRimoslitdBratesRBL0.6 Snghkg SuMEcink e &bhsor
“nS“bSt'&\?ae%E Cl_7 alkyl. In an enbodinment, Rl is a C1_7 al kyl substituted
with one groups selected fromthe ?roup consi sting of: hydroxy,

al koxy [002#4 no, F'(a|3>l‘!UStfatf?étaé@'ﬁaﬁfgﬂcefﬁrﬁEP”Wéﬂf'@s or guanfeciepBstvARiAGine predryodn wpttel 7

al kyl seibslibing @8l agininitrétion anguaefagiicodtguaitiding plobitdd (ddpb@icey) @asty bt On@KP. | n an

enbodi ln an enbodinent, RL is a C2_7 alkyl. [0061]1In an
enbodi g@%ac'ngireéga‘g[e%%g\p% [ll kyl . For exarrpl e, RLis ethyl, n-propyl,

i sopr ofi§f241 n- tﬁt@ﬁll"ust?é%ﬁﬁalwPonCP@@tnnanf"eStforlsercms@n%@eﬁeﬁwmmdmwna@t
al t er natgitie p@rpled, foldling Sratidmyihistrafiordf g@ahacink S@EILE Pavhpound Bytoyhts atSteag/kt vl

I sobut ferably Rl is ethyl. [0062]In an enbodi ment, Rl
is a éhaq‘?a{gun?‘?@gﬁ’&%%huwa%rﬁ Rl is hexyl. [0063]In an enbodi nent Rl cont ai ns

one or WPB?le d&h@éﬂ'i“ﬁfﬂteétgéd?fﬁac'r[e@wﬂ]gI(?P”éi’ﬁu@rﬁdé‘a”lcﬁ@ﬁ‘f'on profiles ipraghegatiePortal g
C2_6 alv&iy Follovarigedrairaaiinistratioh wt guahfadinesptadiny] (@ompéuné3)do ealtht Ringikg gadrifating free

n- prop)é!aseéﬁgggrﬁ)pyl n- butyl, sec-butyl, isobutyl t- butyI or neopentyl. In
an alternate exarrple Xis 0Oand RL is eth i sopropyl, n-butyl,
S DU | sHBYHSEHRSERR 91 O pUBTI ORI i e baIERe M | 5 S
and Rl nioBelan AR abdaabkyflo,5 toN @gkgbA YEfRLR Wi testslstpxesypl %8 of eNtriesin SpanamR1B | s

et hyl ’ Eﬂe&?&f (‘f'ﬂ?éét subkl?r%gg QrPNrne S nﬁrllj%;yeln ’a@se q:op&'btr%gra&\ﬁesp%g)%se/s thle Letpcllg \Whoﬁt any

neopent y n an alternate opyl
i sopr Oﬁ?tlve WﬁS Wstere%@&wmtgapfacmeslé@an@,@lomzarﬁ emWer 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 C,-Cy alkyl group, preferably a C4-C4o alkyl group. For example,
C..10 alkyl refers to a straight or branched alkyl containing at least 1, and at most 10, carbon atoms. For
another example, C,.; alkyl refers to a straight or branched alkyl containing atleast 2, and atmost 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



[0066] I n an enbodinment, Rl is a substituted G alkyl. For exanple, Rl is
carboxyl nethyl. [0067]In an enbodinent, Rl is a cycl oal kyl substituted Oi
al kyl . Fowoere3b®6R1 i s cycl opropyl nmethyl. WO PCT/GB2011/051730

2012/ 035346PCT/ GB2011/ 051730 [0068] I n an enbodinent, X is 0 and RL is a
substituted G alkyl. [0069]1In an enbodinment, X is O and Rl is a cycl oal kyl
substituted d alkyl. [0070]1n an enbodinment, RL is a substituted or
unsubstituted cycloal kyl. [0071]1n an enbodinent Rl is a substituted or

unsubstekémac.esh&]yw |h@t@|%®6|e hdﬁsg@n ema&adn@thw bentbmo@whWam ERPASREth, 1R, amino,
erbodi gente 'cﬁ W %XreRls nalk Isu h mgry( a |X|né amldo e m&grﬁwﬁergw Et y1s
i nked '8 t(?'u% aci ne 71 oN of ?Sh dn asin %my S )[able hyer r oxyl
group. anaky Smﬁra@ h@mvlaparé%faWrmmamamcar@nae wétﬁbg@pxyﬁt@f(@g atfH Q)RR Vimre R

gl ucos e an[QI%3EH & rAdihydEAG eéyRyYster %.d.,S- 0@ whdreiRSis @n SkPSIch blin@ElyIPIThe

unsubstl 007 . i, X IS

substit ftn"fagger%}é%gﬁgtk?%e tf'[éndgcgﬂ“?éltﬁasu S%F%dt%ﬁrho aasrﬁjlb%'r%anpqg R%St'%gnts 0 and
Rl is d03€bsylThetgimacanenyl retersde agrbpdi(@@ht, X is 0 and Rl is a hexose.
Prefer epddsy] X i The Qeranéhriidkyi refed tbl6 9&8p -dd)A 4R tdhsiaxd ofd dapion@tafd & ARedkyigedb, R1

s a CiH |, For exanmple, Rl is 2-hydroxyethyl or
3- hydr ox y'rers%eCIfI gﬁ}j/acld(l;é; n an alternate enbodinent, Xis O and RL is a C2 4

hydr ox Rl | . F@otm} ISHb%'Wteéﬁf%ﬁﬂ? IPeaficing R repigCiF® Yienor| Morg GRERAPHAPBOTHIN S an
enbodi feetionalldloup 5r dBmpsuind With 633 RE jridieBdrdrom thesgrdup okﬁuchGhA szidNnigsYbgeb et , R1
{/? %g Afkod E%ga%?@mw thiothiyS aﬂomgﬂgmi@an?rao F@%%H %E%P%%&t Y olyS |

- CHZCOE]“F”O{ (Ryﬁ@]w“ 'n cugeatkn oekcigalikylalet, hgterocycloalkyl heteroaryl alkenyl alkynyl Cis

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(O)NH-R where R is an alkyl such as methyl), amidine, amido (e.g., -NHC(O)-R where R is an
alkyl such as methyl), carboxamide, carbamate, carbonate, ester, alkoxyester (e.g., -C(O)O-R where R is
an alkyl such as methyl) and acyloxyester (e.g., —-OC(O)}-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 phamaceutical
carriers are described in “Remington’s Pharmaceutical Sciences” by E.W. Martin, 18" 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



R ) I* (CRBR4)n, nis 0, mis 1 and R2 is OH -CHO -CO2H, or -CH2002H.

[0083]In an enbodinent RLis R ) I* (CR3R4)n , mis 1, 2, 3,

4, or 5 awo2at2/d3smst one R2 is OH [0084] 1 n an enbodi meRCTRIB20B/(R273) | *

(CR3R4) n , his 0, mis 1, 2, 3, 4, or 5 and at |least one R2 is
I

OH. [0085]In an enbodinment, RL is R2 ) (CR3R4)n and nis O [0086]In an
enbodinent, RlLis v(,R)ml* (CRBRA)n, nis 0, mis 1 and R2 is -CQ2H, or
- CH2002H. [0087]In an enbodiment, Rl is R2)rri I* (CR3R4)n , nis 0, mis 1

and R2 réa‘étnn%?&@%ﬁe daeﬁgﬁ&slend@fhe@MhmeiwheRJadmﬁ.sB?ebrté b pétlent( R 1S

?* mi %se]d haepeln lﬁ% term "ph%aceut[calel aclep%blanmeans approvegtby a regul%tory agencyRilthe s R2)rri

appropriate governmental agency or listed in the U.S. Pharmacopoeia or other generally recognized
pharmacopoeia for use in humans.

[0038] A “phamaceutically 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 (heuropathic 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



(CR3R4)n [0090] I n an enbodinent, Xis 0, RLis R)rri I* (CRBR4)n , n is O,
mis 1 and R2 is -CO2H, or -CH2002H. [0091]In an enbodinment, Xis 0, RLis
R2)m | (GRBR@2/03536is 0, mis 1 and R2 is OH2002H. [ 0092 IrGRen11gsbBdi ment ,
Xis 0, RLis RRyml (CRBROh, nis 0, mis 1 and R2 is -0002H. [0093]In an
enbodinent, RLis RR)mI* (CR3ROn and n is 1, preferably wherein R3 and R4
are H [0094]In an enbodinent, RLis (RRY)mI* (CRBROn, nis 1, mis 0, R3
and R4 are H. [0095]1n an enbodinent Xis 0O, RLis R)ymI* (CR3R4)n and n
is 1, prefaiadlcstabareb i JRRighsHd cR4bal 80kl 5004 888k 8 inaBngtipdied inbBditg othdrs 0, R1
s V( g%rhcg\] n(us%l?e:“)rs',Q él()npemplated 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'-dibenzylethylenediamine

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, et al. “Pharmaceutical Salts,” J. Pharm. Sci. 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 (1) 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. °H, 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”



, his 1 mis 0, R3 and R4 are H [0097]In a particular enbodi nent, the
conpounds of Formula (1) include: C NH O N)LO/Me [0098] A guanfacine
et hyl carwearmt2a3s34guanf aci ne i sopropyl carbamate; [0010PLT@B2guzn¥izei ne
n- butyl carbanate; [ 00102] d guanfaci ne sec-butyl carbanate;

guanf aci ne carboxyl nethyl carbamate; [00112] guanf aci ne

cycl opropyl net hyl carbamate; CI [00113] Me guanf aci ne+) - neni hyl car bamat e;
and [ 00115] I n anot her particul ar enbodi nent, the conpounds of Formula

( I ) | NGh&\dRiations 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 (1)
[0053] In one aspect of the present invention as defined above, there is provided a guanfacine prodrug

of Formula (1), or a pharmaceutically acceptable salt or tautomer thereof:

Cl
0] NH, O
AL MRy
N H X
Cl ,
wherein
XisOorS;

R is a Cqoosubstituted or unsubstituted alkyl, glycosyl,

.

~
| B

/ , or a C3 g unsubstituted or substituted cycloalkyl;

R, is independently at each occurrence C 44 alkyl, C44 alkoxy, halo, CN, NO,, NH,, SO;H, OH, —-CHO,
-COsH, or -CH,CO,H;

nis0,1,2o0r3;

mis0,1,2,3,4o0r, 5; and

Rs; and R4 are each independently selected at each occurrence from the group comprising: hydrogen,
hydroxy, -CO2H, methyl, and —NH..

[0054] In an embodiment:

XisOorS;



C guanfaci ne phenyl acetic acid carbamate; and 0 NH O )"LO [00117]dC
guanf aci ne net a- hydr obenzoic acid carbamate. [00118] I n an enbodi nent, X

t oget her wDt2h12RB5346 not WO 2012/ 035346PCT/ GB2011/ 05173@CT/GB2pDAFIBPI n an
enbodi ment, the invention does not provide conpounds of forrmula |I wherein
Xis 0 and RL is a substituted C2_7 group which is substituted wwth M OH
wherein, Mis absent or is selected fromthe NR3R3 group consi sting of:
LIn0O and LL; wherein R3 is selected fromthe group consisting of: H CA
al kyl and C3_8 cycl oal kyl. C. Advant ages of %k}e guanf aci ne prodrugs of the
present invention [00120] The use of the gu; f/aci ne prodrugs of the present
i nvention provides a neans of del aying t eNTmax conpared to the use of IR
guanfacine to mnimze the inpact of el at ed side effects. The sl ower
di ssolution of the prodrugs conpared to the active drug allows a nore
gradual intestinal absorption. [00121] OncecrRaBgprbed, these prodrugs nay
Provi g, & @S IAliba b ATIBALER KRSk Ve drug Spee, esnsiBuin iRt bibdgube be
gener at ed simulat| ng t del 1 very S%rom a sustained rel ease preparation.
This apiB%¥h avoi ds the need for enteric coated sustained rel ease

f or mul & isdmisperdertiy aheagh becuserse €ct alkyd Cpr @kay, Unale, Co.NO.SMHySBOM, DR, +¢HO,st onach
due to_¢hp prepgsh; of food. [00122] A further advantage of the invention is
that it epables prodrug conmpounds to be obtained in relatively high purity
and es8éhti'af Py free of guanfacine itself. In other words, the prodrugs can
be produséd, @3 Honbrandal or no free guanfaci ne being present. Thus, the
prodr ugs o R}el?'@edcﬂ%@Q&én@éﬁtl?éeﬁ’ec&%‘a@e‘a‘cﬂ oé’é(;%r%e 0% RS ARy ér@c

fol |l ow n% {%I 2'9 ot herwi se be due to guanfacine’itse Af ter
absor pt V&Y. Thd Hdur 838 hn then provide, followi ng cl eavage, guanf aci ne
whi ch i[@p5alvai |labh enbaglinnbXiigd@. i ts t herapeutic effect w thout having

initialdogePi VaRak hitfhateendYimehtdRisfd. cant | ocal effects.

[0057] In an embodiment R; is independently at each occurrence OH, -CHO, -CO.H, or -CH,CO-H.
[0058] In an embodiment X is O and R is independently at each occurrence OH, —-CHO, -CO-H, or
-CH,CO,H.

[0059] In an embodiment, R, is a substituted or unsubstituted C47 alkyl. In an embodiment, R is a

C.7 alkyl substituted with one or two groups selected from the group consisting of: hydroxy, alkoxy, amino,

aryl, heteroaryl and halo. In an embodiment, R, is a C,; alkyl substituted with an amino group and a

/§N NH,
HN H
heteroaryl group. In an embodiment, Ry is M .

[0060] In an embodiment, R4 is a C,.7 alkyl.
[0061] In an embodiment, R4 is a C,.5 alkyl. For example, R4 is ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, isobutyl, t-butyl or neopentyl. In an alternate example, R, is ethyl, n-propyl, isopropyl, n-butyl,

sec-butyl, isobutyl or neopentyl. Preferably R is ethyl.

[0062] In an embodiment, R, is a Cg alkyl. For example, R is hexyl.
[0063] In an embodiment R, contains one or more deuterium atoms.
[0064] In an embodiment, X is O and R, is a C, 5 alkyl, preferably ethyl. For example, X is O and Ry is

ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl or neopentyl. In an alternate example, X is O
and Ry is ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl or neopentyl.

[0065] In an alternate embodiment, X is S and R, is a C, 5 alkyl, preferably ethyl. For example, X is S
and R, is ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-butyl or neopentyl. In an alternate example,
Xis S and Ry is ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl or neopentyl.

[0066] In an embodiment, R+ is a substituted C4 alkyl. For example, R4 is carboxyl methyl.

[0067] In an embodiment, Ry is a cycloalkyl substituted C4 alkyl. For example R is cyclopropyl methyl.



[ 00123] The use of the guanfacine prodrugs of the present invention provides
a neans of delivering guanfacine to the system c circulation but avoi di ng
di rect cowmDaet2/d3siseeen the active drug and a- 2- adr enocepComGB220 /NS d
tract so minimzing 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 G side-effects
associated with admnistration may be a particul ar advantage of using a
I[O(r) gclllr2 Zgoo@é]f t ha% B @fﬁ&i&iﬁné;cnﬂx@é’\@ ia?t!'lR1 is MEUR3AKk4 t@ﬁéﬁAGPCT / GBZglll 05é7§0h _

ref er uan i.n r.a r.adrygs descri bed herein
when ahﬁ*ﬁkstg?g%é%§§PFV?%ﬁh 3@2@“3?%%%%%@3%?&V8Pg&éﬁgaverage (i.e. mean)
ef f ect $003@1 gut!n A embqciment, R islasulsditted oF virsglatiiuiedicy@aalkyr onment of the pati ent
t h?n a [auo N g]r 26 éwgpwarﬁnam iQﬁs@a@{it&tecﬁ ?rm%]mmme@@c@w;. E@riﬁa&@nﬂﬂé/,@ﬁ RGRIn@KI de
salt. 1t1.0 the U 0 e proaru e _pre { Lnyention
can pr SOALGrBa DBl ot v I RO S et B e R oa WS
consi sgeYacHe aprtien ¢ depradssi using gny sugable hygwyy grogp- It patigneniadisient, Br igla
bi oavainkBé.IPrdfarably Reis pluesdeugs of the present invention offer a significant
reducti f ipter- and |gtr Lect variabili f apfaci ne plasma and
oS ool alahEmaRen), (L SIHEK GE sALLBRY b ERDARf o0
t her apd¥#l r €8 poergkodimant. X isp agd B: ipasibstiuted prungymstitgtedcysiRbewht popul ati on
provi dijgegsj nprieyeempRinednX isteaRliR, is gijdodvetihagsarti@iar Emeatfim@antx it 0k 8] ifhe
prese”%ek@&?ﬂ&&?ﬂy?&Qy%ﬁﬁégég&$%§°d for treating a disorder in a subject in

W g

need thereo uanfaci ne: € nmet hod conprises orally adm nistering an
ef f ect [PEClampUnen BemateAmPRERENNR: HP Gelrvgrogalkyheor Grainm R+ [SRYWAPKEHYE® t he
subj ect-hydbgpbgor der may be one treatable with guanfaci ne. For exanple,

t he di r Iarri.c J it S ttention deficit
hypera@?ﬁgftng¥gggﬂggx%$%@%8@§¥%Sgﬂgﬁaqe ?ﬁﬁg@°§?¥@rder. The prodrug can
be any [Qi@hf adh ARepresimatl Reliconpassed by Fornula (1). [00127] The present

i nvention @%so provi des a guanfaci ne conjugate of Fornmula (1) for use in
the trea &e th of a psychiatric condition such as attention deficit

hypera| Wity disorder or oppositional defiance disorder. [00128]1n one
aspect, e present invention is directed to a nmethod for mnimzing the
gastrointestinal side effects normally associated with adm nistration of
guanf aci R;RHhe net hod conprises orally adm nistering a guanfaci ne prodrug
or pharsfaceutically acceptable salt of the present invention, and wherein
upon orgl _adm nistration _the prodrug or pharmaceutically acceptable salt
m ni mi 620 9]ai f W8P NPt B § avoi ds, the constipating effects frequently
seen afteLR@dninistration of higher oral doses of the unbound guanfaci ne.

The ano fm guanfacine is preferably a therapeutically effective anount.
The prddrilg can be any guanfaci ne prodrug enconpassed by Formula (1).

[ 00129] vi ew of the above, there are provided nethods of reducing
gastrointestinal side effects associated wi th guanfacine therapy in a
mammal . HeRaet hods i ncl ude: (a) forming a guanfacine prodrug
of Forndl a (1) an#tmas phar maceutically acceptable salt thereof; and

(b) admdgdbst erh BYehbRinRhO’l 49 or a pharmaceutically acceptable salt thereof
to a mamal in need thereof. [00130]1n another aspect, the invention
Qethod of treating an attention deficit hyperactivity disorder
yal .""The net hod i ncludes adm nistering a prodrug of Formula (1) or
utically acceptable salt thereof to a manmal in need thereof.

e present invention also provides a guanfacine conjugate of

For mul a (#%Rfor use in the treatnent of attention deficit hyperactivity

di sor der/§HRe nanmal [00132] I n yet another aspect, the invention provides
a nethod of trerePAg Mygertension in a manmmal . WO

2012/ 036034 PCTih eiB2Qdckinhil®3® The nethod is conducted by adm nistering a
prodrug of Forrmula (1) or a pharmaceutically acceptable salt thereof to a
manmal in need thereof. [00133] The present invention also provides a

guanf aci ne conjugate of Formula (1) for use in the treatnent of
hypertension in a manmal . [00134] [00135]1deally, the prodrug enployed in
the nmet hods descri bed herein, when adm nistered orally, should achieve

t herapeutically effective guanfacine plasna concentrations. [00136]1n one
preferred enbodi nent, the prodrugs of Fornmula (I) or the pharmaceutically
acceptable salts thereof are orally adm nistered. In sonme preferred

enbodi nents, the nethod protocol includes adm nistering the prodrugs of
Formula (1) or the pharmaceutically acceptable salts thereof in a daily
anount of fromabout 1 ng to about 100 ng, preferably fromabout 1 ng to
about 50 ng, nore preferably fromabout 1 ng to about 15 ng, nore

Y - o I v 1. . o N 1 Y - I a
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[ 00138] The present method is useful for, anong other things, avoiding the
constipating effects associated with guanfaci ne adm nistration resulting
from a- 2awvaednenssxapt or nedi ated i nhibition of gut notil iPCY/GRotaspBred to a
treatment with guanfacine in non-prodrug salt form [00139]Alternatively,
the present invention provides a nethod for inproving the pharnmacokinetics
of guanfacine in a subject in need thereof. The nethod conprises

adm nistering to a subject in need thereof an effective anmount of a prodrug
of the pr 3nt i nvention, or a conposition thereof, wherein the rate and
consistegﬁ@zgi delivery of guanfacine provided by the prodrug offers

advant gge~over that seen when guanfacine in a non-prodrug formis

adm ni ed al one. These benefits include a nodul ati on of the attai nnent
of Cr' sp m nimzing unwanted cardi ovascul ar effects, greater consistency
in attai @rgR)), of plasma | evels and thereby therapeutic response and

prol onged mai nt.enanceroE obl asim -Eh Yool eugl§Hr educi ng dosing frequency and
patient conpliance. The prodrug can be any guanfaci ne prodrug

i mprovin _

enconpggggh by" EOPRRAY S F S [ 00140] In a further alternative aspect, the
present i Nzntion provi des a nethod of reducing effects of guanfacine on
gut noti pt3n1The met hod i ncludes the steps of (a) reacting guanfacine
with arf activated al chohol capable of formng a covalent bond with the
guanf aci under conditions effective to forma prodrug of Fornula (1) and
istering the prodrug of Fornula (1) or the pharnmaceutically

accept abJ@&R:Baht thereof to a mammal in need thereof. WO

2012/ 035346PCT/{GB2H &/1Gimd R36 dH)0LAd] -TloeH o @3800.H. nvent i on al so provi des a
guanf acj conj ugat e of mula (1) for use in the reduction of the effects
of guai4°§§ neq%ﬁgﬁrﬂ?‘)df%ef’rﬁ'?y. E. Salts, solvates, & derivatives of the
conpounds(Rf) the invention [00142] The net hods of the present invention
further conpass the use of salts and sol vates of the guanfacine prodrugs
descri ed’Jherein. In one enbodi ment, the invention disclosed hereinis
meant tezénconpass all pharnmaceutically acceptable salts of guanfacine
prodrugs| [00143] Typically, a pharnmaceutically acceptable salt of a prodrug
of guanf fdtsReénused in the practice of the present invention is prepared by
reacti of t hen prioar3ug onb iy @ieasicind Rais Cappr opri at e. The salt may
precipi&ghf from sabddhifiraRd be collected by filtration or may be
recove#e by evaporation of the solvent in accordance with nethods well
known to hgse skilled in the art. [00144] The acid addition salts of the
prodr ugs~fray "™oe prepared by contacting the free base formw th a sufficient
amount [lof fthe desired acid to produce the salt in the conventional manner.
The freebase form nay be regenerated by contacting the salt formwth a
base andlisqglating the free base in the conventional nmanner. The free base
forms q;f?%ﬁ“fron1their respective salt fornms somewhat in certain physica
properties suct ia8 milubid #.toy5 pred Pddagiong B Bétit-s, but ot herwi se the salts
are equaogs] entin bvehbRinient @sReECti ve free base for purposes of the present

i nvention, [00145] Pharmaceutically acceptable base addition salts are
formed w ﬁﬁnetal bases or am nes, such as alkali and al kaline earth netal
hydr oxi ée& of" organi c ani nes. Exanples of nmetals used as cations are

t assi um magnesium calcium and the |ike. Exanples of suitable
amines are N ,N -d ibenzyl et hyl enedi am i ne, chl oroprocai ne, choline,

di et hano i\ne, dicycl ohexyl am ne, ethyl enedi am ne, N-neihyl gl ucam ne, and
procai ng. |’ 8146 The base addition salts of the acidic conmpounds are
prepar éd by coAf4eEi’ng the free acid formwith a sufficient anount of the
desired base to produce the salt in the conventional manner. The free acid
form mpgoghe r egenerdb&fedtr, Gontacting the salt formw th an acid and
isolating the free acid. [00147] Conpounds useful in the practice of the
present invention may have both a basic and an acidic center and may
therefore be in the formof zwitterions. [00148] Those skilled in the art of
organic chemstry will appreciate that many organi c conpounds can form
conpl exes, 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 nmay form sol vates such
as hydrates useful therein. Techniques for the preparation of solvates are
well known in the art (see, for exanple, Britta in. Polynorphismin

Phar maceutical solids. Marcel Decker, New York, 1999.). The conpounds
useful in the practice of the present invention can have one or nore chiral
centers and, depending on the nature of individual conponents, they can

al so have geonetrical isoners. F. Pharmaceutical Conpositions of the
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continuous generation of active froma system c reservoir of prodrug - but

whi ch may offer other advantages - gastroretentive or nucoretentive

f or mul at iwooeabiagous to those used in nmetforrn i n pro@CEIGB2 UGS

G unetz(r) or duphage XR(r) nay be useful. The fornmer exploits a drug

delivery system known as Gel shield D ffusion TM Technol ogy while the latter

uses a so-called Acuform TM delivery system In both cases the concept is

to retain drug in the stomach, slow ng drug passage into the il eum

maxi m zin he period over mhlch absorption takes place and effectively

prolongln hasna drug levels. O her drug delivery systens affording

delaye ogression along the G tract may al so be of value. [00152] The

f or mul ns of the present invention can be adm nistered fromone to six

times daily, depending on the dosage form and dosage. [00153]In one aspect,

t he pres@r;Rp)pventi on provi des a pharnaceutlcal conposition containing at

| east orfe actlwesghﬁ%mqgﬁmghcgbrrBg@ﬁgygﬂt (i.e., a guanfacine prodrug), or

a pharmaceutical 'y accept abl e derivative (e.g., a salt or solvate) thereof,

and a p¥&fhacebitencaPrymetdet abl e carrier or other excipient. In

particul ajg \the invention provides a pharnaceutical conposition including a

t her apeu ; Qh{y effective anount of at |east one prodrug described herein,

or a phar ceutically acceptable derivative thereof, and a pharmaceutically

accept carrier or excipient. [00154] For the nethods of the invention,

the prodrug enployed in the present invention may be used in conbination

w t h ot h&R;Rher api es and/ or active agents. Accordingly, the present

i nvent i.gn provigies, misn adiRULOBIcA”pect, a pharnmaceutical conposition

|nclud|%§ at | east one coqyound useful in the practice of the present

i nvent 1R8] or B 3pKAPAHBNItT Al |y acceptable salt or solvate thereof, a

second ac se agent, and, optionally a pharmaceutically acceptable carrier
exci pi Nt/m [ 00155] Wien conbined in the same fornulation, it will be

apprecrav d that the two conpounds nust be stable and conpatlble wi th each

ot her t he ot her conponents of the fornulation. Wen fornmulated WO

2012/ 035846PCT/ GB2011/ 051730 separately the conpounds may be provided in

any convé&R:Bpt fornul ati on, conveniently in such manner as is known for

such coﬁboundsrmgohhe1aﬁiRﬂ§QQg56]The prodrugs used herein may be

for mul :(;o%g] for _adm nistration in-any convenient way for use in human

nmedi ci ne and tﬂe Faventon 't ere?bre includes within its scope

pharnaced; ﬁ conpositions conprising a conpound of the invention adapted

for use oman nedi ci ne. Such conpositions nmay be presented for use in a
conventfi 6njal manner with the aid of one or nore pharnmaceutical ly acceptable
exci pi e or carriers. Acceptable carriers and excipients for therapeutic
use are II-knomn in the pharmaceutical art, and are described, for
exanpl e, ($wRRen ngton' s Phar maceuti cal Scrences Mack Publishing Co. (A R

GEnnaro/edlt 1985). The choice of pharnaceutlcal carrier can be selected
with regapd tom%ngﬁ&ﬁﬁgmegsbpﬁrg of adm nistration and standard
pharmaceut cal practice. The phar maceut i cal conpositions may include, in
addi tion @ﬁthe carrier, any suitable binder(s), lubricant(s), suspending
agent (s)ys4codting agent(s) and/ or sol ubilizing agent(s).

[00157HPr servatives, stabilizers, dyes and even flavoring agents may be
provi de An the pharnaceutlcal conposition. Exanpl es of preservatives

i ncl ude (%?Ednrbenzoate ascorbic acid and esters of p-hydroxybenzoic acid.
Ant i oxi “and suspendi ng agents nay al so be used. [00158] The conpounds
used il the i nvERPi™®# TRy Ros -APH edCtPly- known nilling procedures such as
wet mi l[doomg t oinGbtembodiaerPalit OCREsSi ze appropriate for tablet formation and
for other formulation types. Finely divided (nanoparticul ate) preparations
of the compounds may be prepared by processes known in the art, for
exanpl e, see International Patent Application No. WO 02/00196 (SmthKline
Beecham). [00159] The prodrugs and pharmaceutical conpositions of the
present invention are intended to be admnistered orally (e.g., as a

tabl et, sachet, capsule, pastille, pill, bolus, powler, paste, granules,
bull ets or prem x preparation, ovule, elixir, solution, suspension,

di spersion, gel, syrup or as an ingestible solution). In addition,
conpounds may be present as a dry powder for constitution with water or

ot her suitable vehicle before use, optionally with flavoring and col oring
agents. Solid and liquid conpositions may be prepared accordi ng to nethods
wel | -known in the art. Such conpositions may al so contain one or nore
pharmaceutically acceptable carriers and excipients which may be in solid
or I|qU|d form [OOIGQ]D spersrons can be prepared |n a I|qU|d carrler or
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but are not limted to, synthetic aromas and natural aromatic oils such as
extracts of oils, flowers, fruits (e.g., banana, apple, sour cherry, peach)
and conbiweaetnmssidher eof, and sim | ar aromas. Their usePdeBE/GN73ANY
factors, the nost inportant being the organol eptic acceptability for the
popul ation that will be taking the pharmaceutical conpositions.

[ 00168] Exanpl es of suitable pharmaceutically acceptable dyes for the oral
conpositions include, but are not limted to, synthetic and natural dyes
such as ﬁp%gnlun1dioxide, bet a- carotene and extracts of grapefruit peel.

[00169] Ex l,es of pharmaceutically acceptable coatings for the oral
conp05| ns, typically used to facilitate swallow ng, nodify the rel ease
propert , inmprove the appearance, and/or mask the taste of the

conpositions include, but are not |limted to, hydroxypropyl nethyl cellul ose,
hydr oxypramrlcel | ul ose and acryl at e-met hacryl ate copol yners.
[00170L8U|tablqngéqgghg§dﬂ iskiigeaReeutical ly acceptable sweeteners for the
oral conpositions include, but are not linmted to, aspartanme, saccharin,
sacchali®¥2kodi [ EBeHTAL/E PaReEe, xylitol, mannitol, sorb itol, |actose
and sucro Q) [ 00171] Sui t abl e exanpl es of pharnaceutically acceptable
buffers u efi herein include, but are not linmited to, citric acid, sodium
citratd, *Sodi um bi carbonat e, di basic sodi um phosphat e, magnesi um oxi de,
calciu rbonat e and magnesi um hydroxi de. WD 2012/ 035346PCT/ GB2011/ 051730
[ 00172] Sui t abl e exanpl es of pharmaceutically acceptabl e surfactants useful
herein i fR:Bde, but are not limted to, sodiumlauryl sulfate and

pol ysorbat es. [9873]sSainki &k, G0OPOSi.ti ons of a similar type may al so be

enpl oy fill in capsules. Preferred excipients in this
regard(ﬁ%g(g:ljlsude"!1 ﬁg %%gﬁgpké%ch a cellulose, mlk sugar or high nolecul ar
wei ght p ;g thylene gl ycol s. For aqueous suspensions and/or elixirs, the
agent mconbi ned with various sweetening or flavoring agents, coloring
mat t er [jor |dyes, with enul sifying and/or suspending agents and with diluents
such as ter, ethanol, propylene glycol and glycerin, and conbi nations

t her eof . 00174]SU|tabIe exanpl es of pharmaceutically acceptable
preserngifvgﬁnlnclude but are not linmited to, various antibacterial and
anti fungal agemntdn suchrefagblyehereints and Braredanpl e et hanol , propyl ene gl ycol
benzyl[@bgphohmaﬁgh&mgnmgﬁngl guat ernary ammoni um salts, and parabens
(such as nethyl paraben, ethyl par aben, and propyl paraben).

[ 00175] Su R@ble exanpl es of pharnmaceutically acceptable stabilizers and
anti oxi gdaqt s™ nclude, but are not limted to, ethylenedi am netetra-acetic
acid ( ), thiourea, tocopherol and butyl hydroxyan (hydroxyani sole).

[ 00176] TfYie pharnmaceutical conpositions of the invention may contain from
0.01 tO‘E%EE |ght per volunme of the prodrugs enconpassed by the present

i nventi g Doses [00177] The doses described throughout the specification
refer to the amBifrt Md¥0-fuaktBAHE - in the conposition, in free base form

[ 00178]0wopr oprih at emipaimedX & q, RuBj ects) to be treated according to the

nmet hods of the invention include any human in need of such treatnent.

Met hods f ?ﬁ%pe di agnosi s and clinical evaluation of ADHD or CDD including
the sevwerkty of the condition experienced by a human are well known in the
art. T|u it is within the skill of the ordinary practitioner in the art
(e.g., a[nedical doctor) to determne if a patient is in need of treatnent.
[00179]Tﬁﬁ1§9||y, a physician will determ ne the actual dosage which wll
be nDsL/SU|taquj£%q %&ém& mMemn?Ja%leﬁg The specific dose |evel and
frequency of d8%a age ko % rii e |vidual may be varied and wl |
depend [9986In a'WéWF@VWmﬁmt¥§éIBn§ |nclud|ng the activity of the specific
conpound enpl oyed, the netabolic stability and | ength of action of that
conpound, the age, body weight, general health, sex, diet, node and tine of
adm nistration, rate of excretion, drug conbination, the severity of the
particul ar condition, and the individual undergoing therapy. [00140]1n a
preferred enbodi nent, an effective anmount of prodrugs of Fornula (1) is
fromabout 1 ng to about 100 ng, preferably fromabout 1 to about 50 ny,
and nore preferably fromabout 1 ng to about 5 ng. If the prodrugs of
Forrmula (1) provide near conplete oral bioavailability, the preferred
dosage is fromabout 1 to about 5ng , based on the currently effective
maxi mum dai | y doses of fromabout 1 to about 5 ng. If the systemc
availability fromthe prodrug yields a | ower absolute oral bioavailablity,
then the preferred dosage is fromabout 2 ng to about 10 ngy. The prodrugs,
as described herein, may be adm ni stered once daily or WO
2012/035346PCT/G82011/051730 d|V|ded into nultiple doses as part of
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wi th anot her active agent, the individual conponents of such conbinations
may be adm ni stered either sequentially or sinultaneously in separate or
conbi ned wbharrasssi cal fornul ati ons by any conveni ent POUGR201ASN730

adm nistration is sequential, either the prodrugs enconpassed by the
present invention or the second active agent may be adm nistered first. For
exanple, in the case of a conbination therapy with another active agent,

t he prodrugs enconpassed by the present invention may be adm nistered in a
sequenti a nner in a reginmen that will provide beneficial effects of the
drug conbirratj on. VWen adm nistration is sinultaneous, the conbination may
be adn” Stered either in the sanme or different pharmaceutical

conposit igns. For exanple, the prodrugs enconpassed by the present

i nventioh and another active agent nmay be administered in a substantially
si mul t an@mryr, )ranner, such as in a single capsule or tablet having a fixed
ratio of these agant.Ss@®R, b RULLP! e, separate capsules or tablets for each
agent. [00184] Wien' t he 'prodrugs enconpassed by the present invention are
used in combination with another agent active in the nethods for treating
ADHD/ Opotr  hyipe paréaudr embodinient, dresempdungacfifomautp@umtideray di ffer from t hat
when the conpound i s usgd al one. Appropriate doses will be readily

appreci ated by thg kil Ped Nl tlie art. H. Synthesis of the Prodrugs

[ 00185] General |y, nods Jlof epari ng prodrugs of Fornula (1)include
reacti ng guanfaci neyw tH anNactiNat alMehol under conditions effective to
forn1pr@§§ugs of Fogmul a (I?. Attivated al cohols useful in the WD

2012/0§ %PCT/GBZOll/OSl?SO nmet hods descri bed herein can be prepared by
standard t echni qB&8RASHAY CY I MR%e of ordinary skill, for exanple, reacting
an al cohol (or thiol) with oxalyl chloride to forma chloroforrnate or with
DSC to prepare an agtivgted carbonate. The met hods provide a guanfacine
prodrug where guagf asrne Os bokded t o an al cohol through a carbanate or

t hi omar bamat e |inkagel [00186}lFor lpurposesyof illustration, the methods of
prepari ng prodrugs descri bed”hemei n"@'nclMhade: (a) reacting an activated
alcoholmﬁgkthiol haymi ng t he"f or Al a; LG C(=0)-X-RlL wi th guanfaci ne under
basi c CORG ti ons sufficient to forma prodrug of the formula (1): C
wherein LG is a PEEFFRYMEPBUS™HE0 or S; (CR3R4)N Rl is a CL_7
substituted or unsu J al kyl, glycosyl," or a Cmunsubstituted or
substituted cycl of sNfind pendently at each occurrence Cl_4 al kyl,
Cl_4 al koxy, halo - p DMQN AOH, -CHO, -CO2H, or -CH2002H, n is
0, 1,2 or 3; mis O] 1 , 4Hor,05; aMe R3 and R4 are each independently
sel ect ggb106] each oc@urrence fromthe group conprising: hydrogen, hydroxy,
-C2H, nethyl, agehnNiRisod A IS HaMak: | eaving group useful in the preparation
i ncl udes hal ogen, NHS or p-nitrophenyl oxy and ot her |eaving groups known by
those of ordinary skill in the art. [00188]1t will be understood that other
art recogni zed prag t L@g grouHs can be used in place of BOO and t-Bu.

[ 00189] Preferably regcti gns e carried out in an inert solvent such
as 1, 2-di nel hoxye t met hanol , met hyl ene chl ori de,
chloroform THF, N, N -di net ylfﬁrnaﬁide ( eor m xtures thereof. The
reacti ggiaofan be pr@ferably conducted in the presence of a base, such as

N- et hyl nor phol i genfabindMbutyithBehiy! am nopyri di ne ( DVAP),

di i sopropyl et hyl am ne, pyridine, triethylamne, WO

2012/ 035346PCT/ GB2011/ 051730 etc. to neutralize any acids generated. The

I

reactions can be casyied out at a tenperature fromabout O C up to about 22
C (room tenperatu [ 00{90] erpati'yvel y, conpounds of Fornula (1) can be
prepared w thout % ser iaent at| Msi ng standard techni ques known
to those of ordinar} Nh the fi%ld.

[00102] cl

guanfacine sec-butyl carbamate;



Exanpl es [00191] Preferably the present invention is further illustrated by
reference to the follow ng Exanpl es. However, it should be noted that these
Exanpl es,wbizke/@356enbodi ment s descri bed above, are il | eeTrGR20U5a13d ar e
not to be construed as restricting the enabl ed scope of the invention in
any way. The bol d-faced nunbers recited in the Exanples correspond to those
shown in the reaction schenes. Abbreviations are used throughout the
exanpl es such as, DCC (dicycl ohexyl carbodiim de), NWM (N et hyl nor phol i ne),

DME (1, 2-di et hoxyethang), NHS (N-hydroxysuccinimde), TFA (trifluoroacetic
acid), DSC (N, N -@ ci nPm i &l rbonate), THF (tetrahydrofuran) and DWMF
(N, N -di net hyl f or e JExa |%iE% nt h&d¢i s of Conpounds of Fornula (1)
[ 00192] The synthesys o yl anf@ci ng carbamate was achi eved as shown

in Sch?ﬁﬁo% by reacgi ng guanfacine HCl wiéh al kyl chloroformate in the
presence off NWM i %négF..ﬂgﬁ gxnth éic route i s shown below in Schene 1.
GQuanf aci ne HCl (& S%B?e3@? ﬁwggaration of CGuanfaci ne carbanmate prodrugs

HC NH O Me N-L NOLMe 5 d WO 2012/ 035346PCT/ GB2011/ 051730

[ 00194] Conpound 3: cl
0 Aielet 1 | guani di nocar bonyl oxy} et hane
juanflaci p& et M@l car bamat e Hydrochl ori de
z ©

: 317785 consistent for protonated ion
(M) deofMR ( DVB(d6) 8.83 (br, 2 H 2+), 7.49 (d, J= 7.5 Hz, 2 H 2 x
ArH) 3 (m 1 H AH, 4 .01 gn%]tzt_ H ArCH2CH2), 1.18 (t, J = 6.9 Hz 3 H,
CH3): Purity: > 9GRS PEW B P %e guanfaci ne content by HPLC
Solubility: > L inag%fcz <1 nmg/nm in water. [00195] Conpound 4:

n

Hydrochl oride. Tr 3
Appear ance: white splid;

1-{A142-(2,6-D e - atetyl Fguani di nocar bonyl oxy) propane

Hydr ochl ori de. 5 éc ine g;propyl car bamat e Hydrochl oride To
a stirred suspensgi on of anﬂ%cin hyd |l oride (2.83 g, 10.02 mml) and
4-net2i§) épholiﬁb (1.01 g, 1.10 n., X 82 mmol) in dry THF (60 nmL), under
an at gﬁ re of nitrogen, was added n-propyl chloroformate (1.23 g, 1.13
nL, 10.02 mmol) SHIEE0E PeEYG@RAB2 % ont i nued at room t enperat ure over ni ght .
and the filtrate was concentrated to yield a white
solid. The residug i fibd u§ing a PBiotage Isolera automated

chr omat ogr aphy syk - [ phase nditions (silica colum,

gradient of 10 -> Tp0 % EtOWc i N pe ith detection at 254 nmto afford
guanf aci ne n-propylgcarbamate hydrochl/ofy de (970 ng, 26 /0), as a white

sol i d. [0wipelar ance: white solid; LCM5:Pnrz = 331.90, consistent for
protonat ed parenguanfBiné Myl calbdnddR (DVBO-d6): 11.27 (br, 1 H NH), 8.83
(br, 2 H NH+), 7.49 (d, J =83 H, 2 H 2x AH, 735 (m 1H AH,
4.06 (s, 2 H ArCH F94 (tNwI=cB.5 Hz, 2 H CH2), 1.58 (m 2 H CH2),
0.89 (t, J= 7.4 Hs Z}L;Er ty: > 95 %dye HPLC, no free guanfacine
by HPLC; Sol ubility J Ty I y >l ng/ nL in water, > 1 ng /
mlin water / CH3CN,(1: 1) . H{00106] Conppund]5:

2-{A142- (2, 6- D chl of'o- phenyl ) - acet yl RrggtaniNi noear bonyl oxy) propane WO
2012/ 035346PCT/ GB2011/ 051730 FVdrochIorideOHTriviaI nane: Guanfaci ne

i sopr of81%98ar bamat e Hydrochl ori de
guafacine 6-glucose carbamate;

Cl
I JI\JIE i
OH
NN
H H
[00108] Cl
guanfacine 2-hydroxyethyl carbamate; and
Cl
L JC
NT N 07 "0H

[00109] Cl



Appear ance: white solid; LCMS: mz = 331.90, consistent for protonated
parent ion (MH); 1H NVR (DMSO-d6): 8.80 (br, 2 H NH2+), 7.49 (d, J = 7.8
Hz, 2 H WOxo®W®H3467.35 (m 1 H ArH), 4.77 (m 1 H CHPCTAEB11(5]1738 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 ng / nL in DMSO, < 1 ng / nL in water,
>5ng in 3.0 mL CH3CN /3.0 nL H20. [00197] Conpound 6:

1- {Al42- (2, 6- D chl or o- phenyl ) - acet yl Fguani di nocar bonyl oxy) but ane

o St g SUSReTaL A ot @“V%Xfy@d?‘ﬂi@&‘”“?%” o de’ (2783 g, 1002 ml) and.
yfo ;uiar BTgoda m(T?%B c%rj[lp oggrmula ﬂ))ln 9,

4-met h rphoTl in dry THF (60 nlL), under
an atnosphere kpgem+ was added n-butyl chloroformate (1.37 g, 1.30
m., 10.02 nnnli nd |r S cgntinued at roomtenperature overnight.
The m xture was er d d heyfiltrate concentrated to yield a pale

yel | ow[eod$i]due. CThW@'crude residage was purified using a Biotage !solera
aut onmaigeshiihe osebgonaphyarsansdttem under normal phase conditions (silica
colum, gradient,of 0 -> 100 % EtOAc in petrol) with detection at 254 nmto
af ford guanfaci ng n- butyI carbanmat e hydrnochl ori de (830 ng, 22 %, as a
white solid.. Appeg N t CMB: mlz = 345.85, consistent for
protonated parv 1N+H) 1H| NMR (DNBC>d6) 11. 27 (br, 1 H NH), 8.83
(br, 2 H  NH2+ 49 Cd, W= 7°7 Hz, 2 H 2x ArH), 7.35 (m 1 H ArH),
4.06 (%l AGH) T 3.98(t, J =6.5 H, 2 H CH), 1.55 (m 2 H CH).
1.33 (ﬁva”éaCHeCGLq?)Opy'dew(C?f ajate; 7. 3 Hz, 3 H, CH3): Purity: > 95 % by HPLC,
no free guanfaC|ne by HPLC, Solub|IWbyv/ﬂe10 ng /nL in DMBO <1 ng / nL in
water, > 1 ng / in mater / CH3CN (1% 1). [00198] Conpound 7:
2- {A142 (2, 6-D Fgéani di nocar bonyl oxy) - but ane
Hydr ochl ori de. 2- but anol car banmate Hydrochl ori de
Appear ance: wh 2 : 85, consistent for protonated
par ent ion (M) °NVR (DMSO-d6): 9.%3 (br, 2 H NH2+), 7.53 (d, J =7.6
Hz, 2 Tb sX ArH), 7.39 (m 1 H ArH),44.76 (m 1 H CH), 4.15 (s, 2 H,
CH2) J=6.3 Hz, 3 H CH3), 0.88(t, J=7.4 Hz
3 H, Cﬁ%ﬁg§ﬁkﬁgymhmg}%%mw%%anﬁPLC no free guanfacine by HPLC, Solubility:
> 10 ng / L in OMBO, < d ngH/ m. in water, >5 nmg / nL in water / CH3CN (1
: 1). [00199] Cofpound 8
1-{ A142- (2, 6- Di i ' ;%T :Efet Fgaani |nocarbonyloxy) 2- net hyl pr opane
Hydr ochl ori de. a anf aci ne i sobutyl carbanmate Hydrochl oride
WD 20124q3H346PCT/ GB2011/ 051730 To a stirred suspension of guanfacine
hydroc@hgﬁkg@nqgmﬁéygmngg 02 mol ) and 4-nethyl norpholine (1.01 g, 1.10 ni,
10.02 mmol ) in dry THF (60 nlL), under an atnosphere of nitrogen, was added
i sobut yl chlorofornate (1.37 g, 1.31 ni, 10.02 mmol ) and stirring was
cont i nped15it rioemittee paracuEt emisdonet, fieghipouhtieof Moiuler (@ insige:f i | t ered and t he
filtrate concentrated tg yield a pale yell ow resigdue. The residue was
purified using a otgge Osol erHa aut onpt’edyChrgfat ogr aphy system under
nor mal phase cond : adi egt of 0 -> 100 % EtOAc in
petrol) wi th detectyon B4 nm“to & f ord guanfaci ne iso-butyl carbamate
hydrocmoqqéjde (1.1040, 29 /0), & a white solid. Appearance: white solid;
345.85, consistent for protonated parent ion (M#); 1H NWR
(DVBO- d6) :  11. 3194apfacing phignyleptic agid gagbanpge; anH NH2+), 7.49 (d, J = 7.6 Hz,

2 H 2x ArH), 7.3 cll H, A«FD, 4. 06 2 H ArCH2), 3.77 (d, J = 6.5
Hz, 2 H CH2), 1.8 10H, = 6.7 Hz, 6 H 2 x CH3);
Purity: > 95 % by S pa fr guanf S cy HPLC Solublllty > 10 ng /

nm. in DVBO, < 1 ngy
[0020010 ound 9:Cl
1-{Al42- (2 6-Dic F’@Jaﬂfaglné’h‘l@@m'yaro@&‘é‘é.é’éc!:ogééﬁdahgle”OCar bonyl oxy) -2, 2-d

i met hyl pr opane drochloridée. Trivial nanme: Guanfaci ne neopentyl car bamat e
Hydrocﬁﬁﬂﬁﬁde Gn EmMEPFIP b QIRNFENER BrS B?t guanf aci ne hydrochl oride (2.83 g,
10.02 mol ) and 4-net hyl norpholine (1.01 g, 1.10 ni, 10.02 nmmol) in dry THF
(60 nmL), under an atnosphere of nitrogen, was added neopentyl chl oroformate
(1.51 g, 1.49 n, 10.02 mmol) and stirring was continued at room
tenperature 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

nor mal phase conditions (silica colum, gradient of 5 -> 100 % EtOAc in
petrol) with detection at 254 nmto afford guanfaci ne neopentyl carbamate
hydrochloride (1.33 g, 34 /0), as a white solid. Appearance: white solid;
LCVS: mz = 359. 95, con5|stent for protonated par ent |on (N+H) 1H NVR

I R AN~ Lo/~ N\ a A ~e~ 71 1 "~ NS AN 7 — e o oa

m7in Patef > / nEOkth water / CH3CN (1: 1).



The activated carbonate can then be subsequently coupled to guanfacine
hydrochl oride in the presence of 4-nethyl norpholine. Purification by nornal
phase chrwoabgssjhy aff orded guanfaci ne 2-butanol car baeatGB208I51730
formati on was achi eved 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 nL, 6.76 nmol) and
pyridine (0.70 g, 0.71 m., 8.85mmol) in acetonitrile (40 n.) was added

N, N - dlsu§la carbonate (2.25 g, 8.78 mvl) in one portion, and
stirri s | nued at éog ature overnight. The resulting m xture
was evapor at ed tegAdryness t hg|l resi due was taken up in dichl oronethane
(100 niL), washed wi tRsat ur at ed dgueous sodi um bi carbonate (2 x 100 nL) and
saturated brine (50 %} @{led (My504) and concentrated to afford

2- but anol - (CO. N—hydrox?sﬂ inimde) (1.16 g, 79 /0), as a colourl ess oi

that was used w thout fdrther WD 2012/035346PCT/ GB2011/051730
purification. A @ i guanf aci ne hydrochloride (1.81 g, 6.42 mmol) and
4- el hyl nor phol i ne (1 , 1.41m., 12.84 muol) in anhydrous DMF (40 nlL)
was stirred for 10 m n~& room tenperature. To the stirred solution was
added 2-but anol - (CO. N- hydr oxysuccinimde) (1.15 g, 5.35 mmol) in anhydrous
DVMF (10 nL) and the m xtire-was stirred at roomtenperature overnight. The

m xtur TO(M% di 'nléhpe%b&ﬁlr%ght QﬁJ\Wenﬁ’&l%@é fot ﬁégdéﬁo}n Qurf@s Bh@rnﬁj%ll\fﬂﬁérglﬂx"f@éand
quenched [water containi ni%f &t g‘h'ﬁ an g%d%é% (50
mL) wi thSSUPHIYRY Gen progRWhiFh's S“\‘ﬁ utg e YT OH; é’i?@?'“v!)éé“ %%E)’HP&”P@%I %

wi th saturated aqueous sodi um bi carboxt e (50RyL) and saturated brine
(50nL), dried (MySH) sand congentr at The re|S| due was purified by using a

Bi ot age !sol era autongted chrjpmat Qgr aphy ;s ste\m upder  norgral jphase
conditions (silica en ﬁf tOAé\&( rol) with
det ect igedp 3dnsfrfy oM t O fo d rude guahf acine buhan I baymteh k360 ny,

19 /0), ?Ig§?%?@ thggr%p%%g%t{% :?Ekéle%d% |(EL§/%|029P of guanf aci ne 2- but anol

car bama 14rrL) was added 2 M

hydr ogen chlorlde i n diethyl ether (1. 04 m., 2.08 nmmol) and stirring was

g ontinged at rAa@vantagePertat Ylishfdcide ptOdriysiof tHdpreBant inveRtionas evapor ated to
rynes 7 r ca

o L TR 28000 e LB AR AN

washed Telix EePRArEdd® F‘FérUSE( of I gli@faﬁm to nTipjgn 'ZPé@ g et Q\f/éswaxtf ¢latedpida %Ctﬁn the stamisy |

acet at @issd@dibh enh@ﬁodwgss;umbar@mtoftmd dctivitt dr@yallangla fbiegehdud) iniaansDat@brpddh. C

5 ’
%e; 8') %btmt] S%r}cc%gso%‘éﬁgﬁe% H)%ru% RH§ &Q% %%EQ%% Wﬁ%&l \%rdn% fg%% Y
consi St”@MPO’F'EWe P PoeBRRte§ '@;fhtf‘e p%lﬁer( fipmy systpingdrelzask/aEreyaion- 1his g:_prqaﬁl? 1
H, NH) avdids8fe fdat for 2ntklic ddiad-$ystaihed Beldadle fodmutatidnLwHith, may bl sutdeck toArdrhaturd cad®d (M

1HAr (d, J =6.5 Hz, 2 H CH2), 1.86 (m 1
k%m%é tl?edStén?aCh%%% Iﬁ;p%%)]ﬁ O;g%&)?( CH3). Purity:> 95 % by HPLC. No free

guanf aé‘?oﬂézlby Apitiesr adygniags ofitheyjnventionds thj itenahlesi prpdpygrsemPeunds fodeobianed iy wat er

> 1 Iy rdlativély high puityeind AssGAGNree b quaiihcine MAEF. 20 AROBEBAUEOGHIGR2AA bé HBAERD

{2221[ [2 %%g&rr%?g}rﬁaor OgJaﬁfacm S)elrg; prese? Ththsatma rI'Oﬁréj sa.?flghceﬁrgentlog arec?gle to %vmd any
Tri vi b YRSoGE PARF RIPHeES mawhw Vet Saralebaekeqs HEMOSISRE 6t BRoion
d6- et hatreqlrodfugs 0éh ten drbvidedfolavirg) cleamabepyuahfecimnewtiich iSavaiabletto flvint its thatameltian ol )
in anhxﬁécwﬁmhmav. Oﬁ.t.&ﬁ%.@r |sevi@‘§nfs%f‘ﬁ§g1t loBal @@ec& ce-bath under nitrogen and

20 % p osgene Int ?Fg 11 mmol) was added.
dr opwi W12%; i (e HefP e arirgneRETYSs Of the P@F%%@Ye”io@rﬂv"ifﬁ Pi”?‘?@”%/m idelyeringe
react i gnanfacik tr tee wygemad dirovigidn bat aveiding diectroontast betwper tas aatiee dridnandr esul ti ng

m Xt ur % mengéépk&ﬁq th\é‘dl nac;[ Eil):mkmgndgnl/ pot@rﬂgl &HQBL[‘%B 'eﬁ&:tshYtqg &%Q!}IQ [h'a%%rt(o@' 51

g, 23.0 %} added 1n one portion and stir q ontl nued at room
t enper éﬁelfP%S“B By ﬁ?“@?ﬁ of “ﬂ@“?“@%FPEW%WHV b5 SkgH S'r‘%%%w'fhi'ﬂ P%QtédR%ﬂﬁ‘a“Of‘ﬁéth‘Fi ltrate
was CcoRrderderGisigedeffastsyasgicted with aduministessiorduay Kela 2iticgihr. adVdmitage pBsing aerosag of
purifi e JMskRGwanddhot age !sol era automated chromat ography system under
normal phase conditions (silica colum, gradient of 10 -> 100 % et hyl
acetate in petrol) with detection at 254 nmto afford guanfaci ne d5-et hyl
carbamate (0.17 g, 3 /0), as a yellow solid. Appearance: yellow solid;
LCVS: mz = 322.90, consistent for protonated parent ion (MH); 1H NWR
(DVMBO-d6): 11.23 (br, 1 H, NH), 8.83 (br, 2 H NH+), 7.49 (d, J = 7.7 Hz,
2 H 2x AH, 7.35(m 1 H ArH), 4.06 (s, 2 H ArCH); Purity: > 95% by
HPLC, no free guanfacine by HPLC, Solubility: > 10 ng / nL in DVSO, < 1 ny
/ mL in water. WD 2012/035346PCT/ GB2011/ 051730

2 (2 6 dICh| orophenyl) N—(N—(MZR 38 4S 5R 6S) 3 4 5 tr| hydroxy 6 rret hoxyt et

o




To a stirred solution of guanfacine

[ 2-(tert-butyl-di phenyl -silanyl oxy)-ethyl] carbamate (1.14 g, 2.00 mml) in
THF (20 M 20e280388kded 1 M TBAF sol ution in THF (4. 00 nipca/aconmmsi)3p and
the reaction mxture was stirred at roomtenperature for 30 mn. The
resulting solution was concentrated and the residue was purified using a

Bi ot age !sol era aut omated chronmat ography system under nornal phase
conditions (silica colum, gradient of 0 -> 20 % et hanol in

di chl ofeviBiihanedrerabiy, fgusteécﬁ@ttméaépyamh 254brdamg§ BesgHined heﬂéamﬁ,@waa@.mstered orally,
(2- hydl;n%x et hﬁ@?ggyal%\qer aver%gfs(l 99 61ea effecQs n e(% mg?ﬁltry in twh as?ro atlnal enAP n%g'nta()Pce'

whi te $6P7g:>9
(M) ; ”T?I-QaNWNh@'DWB@- Rfedrug quanfagng $att fO”]J SHFh aqtgyanf@nreryfqrwlonge W't 2 X NH) 7.49
(d, J fooﬁzﬂ HZAdd@or{dlly %e&s@éf'tﬂ)e,prozjr%o(tﬁ@ prdseht mv@ﬁlk%,c:ar‘ﬂpr3\5de(9tre;¢ate}l consﬁte’n’cyHi 1

ni:)Lg-i) ﬁ%"p?q’sg gg [TE éens Ig%flnﬁo(ge %ons i 8ra‘?’§§ vagn}lltyt Asa reg_%?)f’thls onﬁ%tXnt O?aﬂ)l?/g O% <1 g
I L i Romealaity. e Bivge Bl L PressTURNeETan PRI ERUCPOYADE] TpRRYRPCR2:
3- W [ 2virdaofity Of glahftige Fﬂmﬁnﬁi CﬂS@br)He&tra@u%andiHm@eag@mwt@m; AR, 1- ol

T e UG S YRR SLBRTR S A PLPRRS Bl )

tert- butyI di phenyl chlorosilane (4.40 g, 4.10 nL, 16 mml ) was sl owy added
t 0o t hepsol uti ometbdo&l Trddimemt Xt ure was stirred overni ght at room

t enper r ti.o

col our FLHE8; e biEs Vol SRS drighol BFbUAES S e 8 B8l By

was hed gv@rfasingat ymetipdeomprgesrily aAe inGsefing iy affactive ?W”(%@GU?FBC'”G@W@Q ofthgySO4)
and t herse@meetibd ﬁttlﬁkubﬁctafl'lﬁé)dil%rder may be one treatable with guanfacine. For example, the

3-(ter Y I ve) as a
col our ltdggrlggr rhziyq) Q?HM!FIC §6n|d@i§r¥ éﬁ ﬁt@@@ﬁ?ﬁfﬂ(}lt R}ﬁ)&r ?v?tgdlgordeqldﬁcﬁb%bé ﬁ%hél

sol ut i dpfiagse dsorqegr theprpdpyd-can B%@?Yﬂ“a@?q'@r?md&%ﬁ‘%?%ﬁ%?ﬁbif gmute1l) 57 g 5 00
nmol ) i[ov127et Ok rdsére infdbiomhi3o presdea ddashiidindl cotliigatect Favimtiad ) for osxribewat e (1. 67
9, 6. SQregfm%t)of é‘g%cﬁ :Qﬁcgconé{ il dn%h as a(ﬁerﬁlg)n geﬁc@hy%%ra%it @séc? ))sﬂﬁ)ﬁg dtaiha% ce
suspensi on was Irred overnight at roomte eratu esutln m xture
was cofE®AtT ated and the resi due was taken up in d| chI ororret hane (100 m),
washed [00128] Sah biicadspekt AHLIRE4Et iISv@diidang diectad ta@amadtierd (fad minirhRBg Me)gastivthtesadaur at ed

bri
3. (tor RIS PrarSiL Ep ATt A0 SRCERIN LR PRARNE tmessorlt 1 1 e
(2.09 §dmygbteyinga nggfa%{nWPQr@g @@P?fa‘aﬁ%va?a"me%%s%of H® Afese iy gqeien. and

puri f i eatrebuporforaiainiiseatoh, togiaodragormpaarmachuacdly atcepliabld dalt DonigizeHif8& mmol ) and
4- met hﬁ&l‘ﬁ%@t@lygvd dgethé Qonngagng leeJt %TJ Ig%genrgﬁp Qdﬁl%t@mﬂ%gﬁlm OQM: géslé tH@L) Was

stirre mn at roomt his solution was a

3-(ter f‘”%f‘%“aﬂf""ﬁﬂ"e nEHe aWP%ﬁW“@R‘??'”edF Brﬁ%"‘b!t’ adﬁer?@@'q?]iw&?tﬁf%?@%‘él Heni de)
(2.09 groddigssn usn‘ra]iy)guanfaomntp;odrugtescoal\dﬁss(edﬁy Fﬂrbnular(lgd the m xture was stirred at
roomt %ms%}at Ufn%.eQIVo‘?{hB 'aQ(We thér 8o rited BB 8fFédﬁ&n%’&&r&r\tééﬂﬂﬁgld%ﬁelatsa hyl

acet at sol ution was_ quench er containing NaCl (1.25
g per E‘?S"&' Hd)A(E@il‘a”fﬁﬂ‘?@i@%@8@@615@#/@8?@?1@%939@0 (0.14 g per L)] (100 ni)
with stirring (dom3ty agwanfadiheprodrgaofi Formuey@ror apisarsaqeaticalyed ceptethlevsals the@ofiv t h
sat urat,gg aqueous sodi um bi carbonate (100 ni), water (100 nl) and saturated
brine (100 m.), dried %{jand concentrated to give an oil. This crude
material was p{ ?‘1"?'@86 'i*f"gD " 5 e RPEMPeR I L Acs R Rl AN SERF B RSP Bhy

syst emneettteresior nal phase conditions (silica colum, gradient of 5 -> 100 %
ethyl 68t e |n%n9tﬁéra%e)ct Weﬁrﬂer%ﬁ Sr%@uh&rb rﬁétho%%‘?tré&ﬂhééh a%?(t%ngél’@f‘fu?)%}a@ﬁnty

[3-(tert- but | - di phenyl -si | an 4 carbamte (1 g a
white gﬁprdﬁ q—@a@ﬁ?{. 1%? g’ﬁmg%pﬁuqeéﬁdraﬁlsﬁﬁrggn %{etiirH%of Formula (1) or a pharmaceufically

[ 3- (t ermteeblably kaltdhgbafityd maminalrryhesr yHergof. opy| | car bamate (1.62 g, 2.77 nmol)
in THF [dod8ymL) TN@p?’es%ﬁlqmntJonMsI%Ed&QJ Hlah@0nd SonjliHte bFForAuIATl forasefh tﬁHT'D| ), and

t he reactlon g roomterrperaturefor 0 mn.

resul t|trﬁ‘§fm§'6tIog%tfea??”\ﬁﬁévai%?%aé’ﬁ‘ftly BYE® "2 BPPHESs and the resi due vvas purl fied
usi ng 0Bt agk yelswbiberaspeast, treatvedtioo iprayides anetaprhsf tregting bypederdion imomaminalphase
conditions (silica colum, gradient of 0 -> 50 % nethanol in

di chl oronet hane) with detection at 254 nmto give guanfacine

(3- hydroxypropyl) carbamate (0.87 g, 90 %, as a white solid. Appearance:
white solid; LCVS: mz = 347.90, consistent for protonated parent ion
(MH); 1H NWR (DVBO-d6): 11.26 (br, 1 H NH), 8.83 (br, 2 H 2 x NH, 7.49
(d, J =7.8H, 2 H 2x AH, 7.35(m 1 H AH, 451 (t, J=51Hz, 1
H O, 4.06 (m 4 H ArCH2CH2), 3.47 (m 2 H CH2), 1.71 (m 2 H, CHZ)
Purity: > 95 % by HPLC, no free guanfacine by HPLC, Solubility: > 10 ng /
n1_|nDIVBO <1ng/ n1_|nvvater > 10 nmg / n1_|nwater/ CHBCN(l: 1).
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[ 00211] Conpound 11 is activated by reacting with N, N -di succi ni m dyl
carbonate (DSC) in the presence of a base, pyridine. The activated

car bonat ewp20a3pi4ed Wit h guanfacine in the presence of pPNUMB2holdsorsed by
acidification to give the product, conpound 13, as HCl salt. The synthetic
route i s shown below in Schenme 2. [00212] Scheme 2: DDSC D Pyridine 'O
0,xCD3 DD 12 WD 2012/035346PCT/ GB2011/ 051730 Exanple 6: Preparation of
Guanf aci ne- 6- gl ucose carbamate hydrochl ori de (conmpound 16) [00213] Conpound
14 is apd inutabceg c&wuét&ﬁwédﬁﬁméeérh@abkowugdf FSFMQS (1) Yr MphahthcAcpaRbRaOSE) 1 n
the pr asen Xl’lfdl ne. The activated carbonate is coupled with
guanf acine Ce of NVM to give the coupled internediate. The

i nter mﬁQﬁ@Ti]e i §h€t@@90&'@/@ﬂf@ﬂ alsg Piesif¢scriguanfacing coniigatel oftfpdnuddriertusein thef ol | owed
aci di f ireatink&df hyRedHnyien hiagngdireguct , conpound 16, as HCl salt. The synthetic
route i®1§ﬂown bel ow in Schene 3. [00214] Schene 3: Exampl e 7:

Preparé of Guanfaci ne (2-hydroxyethyl) carbamate (conpound 19)

[ 002151®dB%lounldealy, thespragrug earleydd inhe egibeds dgsaibadiereimwben adguiisered erllvdy |

car bonghsid dem6ye théra;telaﬁtaw a&ang @uéhfacae blagrﬁa cdayéritrdti.dne The activated

car bongﬁ S CB refer‘?é] ? 91' drugls Es)hg nHJlae &% (;j)ﬂ%rmayem éa‘ﬂy gclc\e/&atglehe

coupl e er med 161 e epro
pal I adlsﬁlﬁ}”@aﬁtoéﬁr?z)@djy ?@?Télfﬂ'éigréﬁa'ﬂlséfﬁ? prptsr%@m@da@ntm the @QQ“P%FPTO@@P' trlyeest he
pr oduc dmBRIEFRHtACrd@ugsas Fdkalila$iPdrithe phBenasaURtNGhdcBpthiiélifts ihSreSTrOxRiD a6Vt | N

Sche e 02 C

Pr epar a |O(r)TLnQD(§) tl@]%%faggﬁgo T% H:L?%{alwl_h(g?n %W,Qg liabﬁ%t%g m(g?égrr%%ueﬁeé%ffoﬂ 00217]
ConpouRieup h mado akout lﬁaﬁ%mfgpr?@a@v ff?fg aut hmet\ebodt i0gnge erdnere PgieradtydicBonat e
(DSC)  iabout hengps sBEITIAY Bdse@orAs QnOLmdeflgChrﬂHbmeTrﬁ&eaﬁéd fored. efdhCstbaratBabiky

COUpl eqr eZ) %@te?c%iarb%veir SB|DE of'?ar @@ﬁ%ﬁ%ht the! %M tré?ergﬁd\ég%]’:\tgg%fr(a%%B{)Lﬁ 9 mg to

i nter nedi at internediate Is rotected By pall umcatal yze
hydr og@Pt1®MY- fol | owed acidification to give the product, conpound 22, as
HCl sal[do13/he Bynbspetts of thetertiorowtsdome cdrplgan of Forbalh @na tHie. phhd2diitalpchene 5:

WO 201%é&§ééé§§ﬂér@%%%n@s§e]rgd?’ 91e dosage mentioned is based on the amount of guanfacine free

base rather than the amount of the conjugate administered.

Fto a rtfahmma |n neéd l‘f)1

[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 C,,.x S0 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 ().

[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.



22 Exanple 9: Preparation of Guanfacine phenyl acetic acid carbanate

Hydr ochl ori de (conpound 25) [00219] Conpound 23 is activated by reacting
with N, Nwo 208us6346i m i dyl carbonate (DSC) in the preserce/GH20H/I3850,
pyridine. The activated carbonate is coupled with guanfacine in the
presence of NMMto give the coupled internediate. The internediate is
deprotected by pall adi um catal yzed hydrogenation, followed acidification to
gi ve the product, compound 25, as HClI salt. The synthetic route is shown

bel ow i[dmsqhenme@resér@w&%n Mmeéagﬁémieeoﬂ}%até%fewuatu )@ usdin fAdanf aci ne

rreta h y4¢) drochl ori (conpound 28) [00221]
¥cfr %@X\?\gtne ?ifj(f: tSO 9“""8*%%”6 e ?nomé with N, N -disuccinimdyl carbonate

(DSC) in the presence of a base pyridine. The activated carbonate was
coupl ect wi t h gsatf savdies, &metim.vwa&ﬁaeanwuna&/uth@ugbment he coupl ed

i nt er T-Eh ho& d r‘r‘f”‘edir te |nve tloq(:ﬁ}? hgr e%gér# % b%e Bge Q %‘g s a d go?va?es)éfzt%
FoIoned 'S ai T8 GrUPPhee prodie 8,

hydr og nat I on

HCl salgvanfapipe PWW%@F@“@'B%’@- i“s°”§ ﬁ@hﬁﬂ"ﬁ@té‘w 'FW”E@W@@ESGF’ he[ewﬂ?wzﬂnt@chene 7.
WO 201%hmammérmw|maﬁ&@smlgaarﬁéanelﬁhﬂp@é ation of

Guant aido’?? ]( S)Ty ic It Iadlhra]|¥rracguq % egta-ll-els ttol%af loHrB 8fa Cgr%fg t’|nee u-gg PacF ? of
guanf acl ne- RSt car banat ? P PI°UOP - ieved in
four dlﬂzﬁtﬁ“ﬁé'ﬁt inyegtiog is nremateﬂav r%aCt'OSDﬁ'ﬁ%PrOéf Uﬁ&ylth %Va%ﬂokﬂs@f)@el?r@é? Hiﬁe ﬁ?"eaﬁlynent

W t h diprecitdte fadhh ¥diutidh 6@ fRQBRcRd bR filgatisR ofndY beGbcoered b es/bwlz&tiaﬁ) bf thé\saiemdn

y| eI d. &edég |f?ﬁ%e‘tan%d?w? kngwrﬁ‘%'thét"@%ui:eﬁ’h"tﬁé%—?d to the "activated car bonat e’

'Succini m d car bon by coupling of this 'activated
car bonéQ°é44]t o Yaant a@q'twe sgl§ ofyihg eropuss may e meerarqddy contacying the fregMase feemiiiei ne
car bamatseficiéie Bmviak ofafie desieedBoial t@rodijes theaalt iaael comedtidayl nine@t MRfeeidabdifor
trifl uﬂ{a&%g ?e lar?erﬁgd c%ﬂa&h%ﬁeg,gl%m?\ﬁd{‘be?ag? n(nko?atfn lh@¥ str %H@ o%ventional
tri-tritfuordacetat€ as a Ite so OW Ng puri fcation
r ever s 8§Ma 5 feR PRedertyg ApHym they resPeRtive salidpras F%‘@Q“ﬂ?ﬂt ipgerpinRnSicRArgpsTties
di hydr eednlsarsoldiity ib pOier piverts,bit dimakije tha salis arasqeivd|e tothgir respeétive freebB3atdn was
addedmga@ggeggftggprggengggénpm carbonate (4.63 g, 43.71 nmmol) in water (14 nl)

follo % -tert- di carbonate (2.24 g, 10.27 mol) and the m xture
was stilf¥8d atPPEwseYiiesly arckpigble bassaddtion safgpee foé'ﬁ‘?ﬁ"i"@rﬁneﬁﬁ' RasgP & ApfRes, such
neut r alak sie4li dn@ app4ting e&thaetd) @GSt B diganityatieg e Ax4pipes phaétals ushd astcatbnsvarieh

varer Gaf, nq‘;péta?ﬂ% %%&fg @O%Q’M Anghilte. 368HAL dseon&taaeéanEl—Lre The organi cs

were co concentrate Ive colourless oil. The
crude MY @rbieaqvlemleneﬁ@m"ﬁ PR PRI e?hﬂlnﬁtda%'@”P'é'BP%rdéFy‘aﬂleW'Ef‘d

chr omatetgeeeplayhineV¥OniBil@leB6iSA 6RCIHEB2011/ 051730 system under nornal phase
condi ti (ﬂﬂ% ( S"I‘I‘f%@sec‘ﬁh g(m'lexaltgcf;fq’r%I a%imc c9r#1ponas> arg’é'ei{ﬁrgestgmnt%tmb fhe free acid form

dlchloronethane etection

N, N - divita gufficnt paunf ¢fjtisslesied bS?Le t@ prog%e/t'ﬁﬁsa't%h%lc‘\m‘ﬁ”f"énaé'ﬁ?’lnﬁr Hgfree a4q r r ed
sol ut i eommodayNe MgeokratBolcy- doBipeting el sdit fooh wittOarG@idgand bolatingrtmfee acid. anhydr ous
acet onigdgqihe (éoﬁmnog QGRS fthd 5r9a@@of%§>ragﬁl%emomna9hawBah 955@.@% afid a&.&wnat e
(0.59 g, 2.29 by anhydrous pyri di ne .

nmol ) &ﬂﬁertaﬁeméh@ﬁ@ﬁé‘i '??rl” Wﬁéor@tof?"}"%'o%gver ni ght at room terrper at ur e The
resul ti[0eg48jol uthbgrrskiledsin terecte brgartiecheaistly wig aphiredatd tgtdndng odiacititamronmtsitame (50
m), V‘@o’?r'ﬂ%gm bileB %%&Uaﬁe%%ﬂth%@l%%§wl%&ﬂhé{fﬂr@ﬂe§&émﬂéﬁqﬁ/h&ﬁthéy aﬁ@gr@&%utaté&%l; er

(50 nL) an satu at ed ‘@é’) Zﬁ %I\/?‘%'dé concentr at ed to give
N, N - dFD’ga@ze(j@g mvgefea.vvﬁwa e 3 PB?&V’EPBE’F hq ‘Efe%eét 'gveniAndrRYieat i ve)
as an ebliateskocraasstydnatee dsefi kheteiro T edicgesfor the prajarétipd pioivhies ardeve( o6 inghe 2. 68
nmol ) %H‘{iseé f%x%l@@‘nﬁzh@lﬂogﬁloﬁoﬂls%% /gharrgacggt/cgﬂ-sollo% Mc%@ék)er NBw b, % é( 10

nm.) was S) - hi sti roxysucci ni m de’

1. 78 mibf ‘)‘O”éPHH”défJF‘?f‘r" hige Qiastict et 'Pfﬁ%e&t 'ﬁYe”P‘?ﬂ‘cﬁ?{‘ f‘%"r‘?ﬁéf’ 'U?réc%ﬂ?bﬁeﬁieﬁﬁf‘d Et hyl
acet at degebOingrty) thevagiuradtiiedviduaticanipenanisx thay eanvaizs heuecgeometdced isarhers. cont ai ni ng
NaCl (1.25 g per L) and AcOH (0.14 g per L)] (50 nL) with stirring for 30
m n. The organ [y | aye separ ated and washed with 8 % aqueous sodi um

bi car bonat e (SB X V@Pm@g JURss ‘%a'FFg]"‘é%T'tt'ﬂPat ed brine (50 nL), dried
(MS™) and concentrat ed. The residue was purified using a Biotage !solera
aut omat ed chr omat ogr aphy system under nornmal phase conditions (silica
colum, gradient of 0 -> 25 % net hanol in dichloronethane) with detection
at 254 nmto 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 mol) in trifluoroacetic acid (20nL) was stirred at
roomtenperature for 1 h. The m xture was evaporated to dryness and
residual trifluoroacetic acid was renoved azeotropically with chloroform (4
x 20 mL). The residue was purified using a Biotage !solera autonated

chr orrat ogr aphy system under rever sed phase condl ti ons (018 coI um, gr adi ent
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The residue was purified by nedi um pressure chromatography on silica
eluting with a gradient of 20 -> 50 % ethyl acetate in petrol and dried in
vacuo at w0 2@2436344 h to af ford guanfaci ne ethanthi ol cacharE/051730
hydrochl ori de (523 ng, 27 /0), as a white solid. Rf 0.51 [20 % et hyl
acetate - 80 % petrol]. Appearance: Wite solid; LCMS: mz = 333. 80,

consi stent for protonated parent ion (MH); 1H NVR (DVBO d6): 11.06 (br, 1
H NH), 8.89 (br, 2 H NH+), 7.51 (d, J =8.4 Hz, 2 H 2x ArH), 7.36 (m
1 H Af[tid)l49]4 Ofhile$tis p%sb‘bleﬂ\bgd'?)me |r2th33ne(rﬂdsohhe u?veRt.oHZthe Brobﬂug PEbe 0. 89 (t J
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& o B e A S e b Bl R R R Bepipn A N Bl 1y o
of 2 MPifedGedeseitedEbere- i n di et hyl ether to afford guanfacine tert-butyl
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guanf a hy [ n . , , a
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in petro etectio nmto afford guanfacine tert-butyl
car bané@®31lo. Eﬁ‘a‘?r grosezgogregs of guanfgcipgviieh dogiof gsultig sugtaingd plagmagragsigyelsgeioat e -
80 % pebrtialidus gdrzraiors bfiactive trod WPLESIc ed3e@bir cfppedafugcl boewhi@rmayifendtheg ar bamat e
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hydr ogen ¢ e resultin
sus pen§P‘25‘r?S\%§“ 4 Pé’cﬂ’h?%r RP 'ﬂ?yrpea’ﬁ%f“'t hee fopner expigiisa giyp Aelversaysi igep ?%)n
fi |t r atdeBhiclamufueion @ dedhhold@Oitile ik 1adBr USeOx ed-tdllghAcufcdm af B@iely gpsent. ambome

tert-bufyl th%%#?c%@ﬁ&%r&é%%@%ﬂé %r?rﬁacﬁq % %%u std g;}z 1nt<53tﬁe Wﬂhéxﬁmzﬁﬁ’

pear ance: consi st ent roto at ed i on
( MHt) ; PEI99INR “@EWB@O%'))” tagespiace gpd effsctively Nﬁ?ﬁl?'ng RlasR U9 Igvels Ty 2 H, 2 x
ArH), deld8fBystemsdfforiingldelaykd blogtessiorRalbhg the GHEAEL mdy. o6 besfvalleH, tert-butyl);

Pur It yg)ﬁ 5%9 ”@hgyorllﬁiﬁ) !a'tan thﬁ’e/ﬁrgééﬁﬂﬁ\%m d?l%all?ye a_(Fnlnrgsterg&)%rc'mell\é tB)éD(tlrﬁes’L(Qaan [l
. Exanpl e 14:

st abi | |dFRP”§'f‘Q|€ﬁ @%d%ﬁﬁ‘g‘?/fﬁf“i‘ @E?sdoé?ﬂ?nf aC| ne prodr ugs Guanf aC| ne benzyl
car bampaoa 533y drio o aspéct] eherbstnt2yvedion GroGidds a\ihkbkGiacéutibia Gdmpwsitidredontalding aOease0 C

0.1 M Qhé acﬁ’i@@thwa]a(cgutlcQ%gﬁad%nt (33 aQJLanacuM pﬂ&ﬁ?&ﬁr@%%h&l’hﬁaé&;ﬁc%c@eﬁ}ablg7 cCo0.1 M

phosphat e buft Pro-d Active ug Pro-drug Active Pro-d
derivative (e. g a salt or solva e) thereof, and a pharmaceutlcally acceptable carrler or other eXC|p|en 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



Active drug Pro-drug Active drug O 1h 0 1h 0 2h 0 2h 0 2h O 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
WO 2012/035346 PCT/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 phamaceutical 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 miled 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.



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
GQuanf aci ne n-butyl carbamate Hydrochloride pH 1.237 C 0.1 M HC / NadC
buffer pHvB.2012/@84€ 0.1 Mcitrate buffer pH 6.8, 37 C OPCTMRBRhOHSNZ0e
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

[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 carboxymethylcellulose, 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,
hydroxypropylmethylcellulose, 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 phamaceutically acceptable sweeteners for the oral compositions
include, but are not limited to, aspartame, saccharin, saccharin sodium, sodium cyclamate, xylitol, mannitol,
sorbitol, lactose and sucrose.

[00171] Suitable examples of phamaceutically 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.
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[00172] Suitable examples of phamaceutically 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 phamaceutically 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.

foo180] In a preferred embodiment, an effective amount of prodrugs of Formula (1) 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 (1) 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
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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 (l)include reacting guanfacine with an

activated alcohol under conditions effective to form prodrugs of Formula (1). Activated alcohols useful in the
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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 chloroformate 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 (l):

Cl
O NH, O
N

i~ N)J\ X/ R1
Cl H
wherein

LG is a leaving group;

XisOorS;
Ro
Nl
l =
(CR3R4)n
R is a C,7substituted or unsubstituted alkyl, glycosyl, ,, or a Cs ¢ unsubstituted or substituted
cycloalkyl;

R, is independently at each occurrence C 44 alkyl, C44 alkoxy, halo, CN, NO,, NH,, SO;H, OH, —-CHO,
-COsH, or -CH,CO,H;

nis0,1,2o0r3;

mis0,1,2,3,4o0r, 5; and

R; and R, are each independently selected at each occurrence from the group comprising: hydrogen,
hydroxy, -CO2H, methyl, and —NH..

[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 BOC
and t-Bu.

[00189] Preferably, the reactions are carried out in an inert solvent such as 1,2-dimethoxyethane
(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 (NMM), dimethylaminopyridine (DMAP), diisopropylethylamine, pyridine, triethylamine,
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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’-disuccinimidyl carbonate), THF (tetrahydrofuran) and DMF (N,N’-dimethylformamide).

Example 1: Synthesis of Compounds of Formula (l)

[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.

[00193] Scheme 1:

Cl HCI | HCI
L roccon g
- 1=\~ -
NN N~ >N” O O-R,
c H H NMM / THF a U

Guanfacine HCI (1)

Example 2: Preparation of Guanfacine carbamate prodrugs

Cl o jﬂ" i HCI cl o NH O HCI
NTINTTO e N I}IJ\O/\/MG
Cl H H Cl H H
3 4
Cl Hcl HCI
O NH O Me Cl O NH O
cl H H Cl 0Ol
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[00194] Compound 3: {N'-[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"); 'H NMR (DMSO-dg):
8.83 (br, 2H,NH,"),7.49 (d, J=75Hz,2H, 2 x ArH), 7.35 (m, 1 H, ArH), 4.01 (m, 4 H, ArCH,CH,), 1.18 (t,
J =6.9Hz 3 H, CHy); Purity: > 99 % by HPLC, no free guanfacine content by HPLC; Solubility: > 10 mg/mL
in DMSQO, <1 mg/mL in water.

[00195] Compound 4: 1-{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy} 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 % EtOAc in petrol) with detection at 254 nm to afford guanfacine n-propyl carbamate

hydrochloride (970 mg, 26 %), as a white solid.

Appearance: white solid; LCMS: m/z = 331.90, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 11.27 (br, 1 H,NH), 8.83 (br,2 H, NH,"), 7.49 (d, J=8.3 Hz, 2H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.06 (s, 2 H, ArCH.), 3.94 (t, J=6.5Hz, 2H, CH,), 1.58 (m, 2 H, CH,), 0.89 (t, J = 7.4 Hz, 3 H, CH5);
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 / CH;CN (1 : 1).

[00196] Compound 5: 2-{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy} propane
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Hydrochloride.

Trivial name: Guanfacine isopropyl carbamate Hydrochloride

Appearance: white solid; LCMS: m/z = 331.90, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 8.80 (br, 2 H, NH,"), 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, ArCH.), 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 CH;CN / 3.0 mL H-O.

[00197] Compound 6: 1-{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy} 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 Isolera automated chromatography system under normal phase conditions (silica

column, gradient of 0 — 100 % EtOAc 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"); 'H NMR
(DMSO-dg): 11.27 (br, 1 H,NH), 8.83 (br, 2 H, NH,"), 7.49(d, J=7.7 Hz, 2H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.06 (s, 2H, ArCHy), 3.98 (t, J=6.5Hz, 2 H, CH,), 1.55 (m, 2 H, CH,), 1.33 (m, 2H, CH5), 0.89(t, J = 7.3 Hz,
3 H, CHg); 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 / CH;CN (1 : 1).

[00198] Compound 7: 2-{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy}-butane
Hydrochloride.

Trivial name: Guanfacine 2-butanol carbamate Hydrochloride

Appearance: white solid; LCMS: m/z = 345.85, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 9.53 (br, 2 H, NH,"), 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,2H, CHy), 1.59(m, 2 H,CH,), 1.23 (d, J = 6.3 Hz, 3H, CH3), 0.88 (t, /= 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 / CH;CN (1 : 1).

[00199] Compound 8: 1-{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy}-2-methylpropane
Hydrochloride.

Trivial name: Guanfacine isobutyl carbamate Hydrochloride
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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 Isolera automated chromatography system under normal phase conditions (silica

column, gradient of 0 - 100 % EtOAc in petrol) with detection at 254 nm to afford guanfacine iso-butyl

carbamate hydrochloride (1.10 g, 29 %), as a white solid.

Appearance: white solid; LCMS: m/z = 345.85, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 11.31 (br, 1 H, NH), 8.83 (br, 2 H, NH,"), 7.49(d, J=7.6 Hz, 2H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.06 (s, 2 H, ArCH.), 3.77 (d, J = 6.5 Hz, 2 H, CH,), 1.86 (m, 1 H, CH), 0.89 (d, J = 6.7 Hz, 6 H, 2 x CHy3);
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 / CH;CN (1 : 1).

[00200] Compound 9:
1-{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy}-2,2-dimethylpropane 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 % EtOAc in petrol) with detection at 254 nm to afford guanfacine neopentyl

carbamate hydrochloride (1.33 g, 34 %), as a white solid.

Appearance: white solid; LCMS: m/z = 359.95, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 11.38 (br, 1 H,NH), 8.83 (br, 2 H, NH,"), 7.49(d, J=7.7 Hz, 2H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.05 (s, 2H, ArCH,), 3.68 (s, 2H, CHy), 0.91 (s, 9 H, 3 x CHj3); 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 / CH;CN (1 : 1).

[00201] Compound 10: {N'-[2-(2,6-Dichloro-phenyl}-acetyl]-guanidino-carbonyloxy} toluene
Hydrochloride

Trivial name: Guanfacine benzyl carbamate Hydrochloride
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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 Isolera automated chromatography system under reversed-phase conditions (C4s 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 %), as a white solid.

Appearance: white solid; LCMS: m/z = 379.85, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 8.88 (br,2H,NH,"), 7.49(d, J=7.8Hz,2H, 2 x ArH), 7.40-7.28 (m, 6 H, 6 x ArH), 5.08 (s, 2
H, CH,), 4.08 (s, 2 H, CHy,); Purity: > 99 % by HPLC, no free guanfacine by HPLC; Solubility: > 10 mg/mL
in DMSO, <1 mg / mL in water, > 5 mg / mL in CH;CN.

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:

Cl

H
0 |
IR e cl H H
OH o~ “osu o Nu Hl NN O
DSC, Pyridine cl - Y ﬁAMe
me Lo e L - T
Me 0 NH O Me

Me NMM, DMF
Cl

HCI

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 (MgSO4) and concentrated to afford

2-butanol-(CO.N-hydroxysuccinimide) (1.16 g, 79 %), as a colourless oil that was used without further
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purification.

A mixture of guanfacine hydrochloride (1.81 g, 6.42 mmol) and 4-methylmorpholine (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 NaCl (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 (MgSQO,4) and concentrated. The residue was

purified by using a Biotage Isolera automated chromatography system under normal phase conditions

(silica column, gradient of 5 - 40 % EtOAc in petrol) with detection at 254 nm to afford crude guanfacine

2-butanol carbamate (360 mg, 19 %), 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
fitration and dried in vacuo at 40 °C overnight to afford guanfacine 2-butanol carbamate hydrochloride (195

mg, 10 %), 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,2H, NH2+),7.49(d,J=7.6 Hz,2H, 2 x ArH), 7.35 (m,
1H, ArH), 4.06 (s, 2 H, ArCH2), 3.77 (d, J =6.5Hz, 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).

Example 4: Preparation of Guanfacine carbamate prodrugs
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[00202] Compound 13: {N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy} ds-ethane.

Trivial name: Guanfacine ds-ethyl carbamate

A stirred solution of ds-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 Isolera 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 ds-ethyl carbamate (0.17 g, 3 %), as a yellow

solid.

Appearance: yellow solid; LCMS: m/z = 322.90, consistent for protonated parent ion (MH™); 'H NMR
(DMSO-dg): 11.23 (br, 1 H, NH), 8.83 (br, 2 H, NH,"), 7.49(d, J=7.7 Hz, 2H, 2 x ArH), 7.35 (m, 1 H, ArH),
4.06 (s, 2 H, ArCH,); Purity: > 95 % by HPLC, no free guanfacine by HPLC; Solubility: >10mg/ mL in
DMSO, <1 mg/ mL in water.

[00203] Compound 16:
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2-(2,6-dichlorophenyl)-N-(N-((((2R,3S,4S,5R,6S)-3,4,5-trihydroxy-6-methoxytetrahydro-2H-pyran-2-yl)met
hoxy)carbonyl)carbamimidoyl)acetamide hydrochloride

Trivial name: Guanfacine-6-glucose carbamate hydrochloride

Appearance: pale yellow solid; LCMS: ES* (M+H) * = 466.06; '"H NMR (DMSO-dg): 3.06 (1H,t, J=10),3.13
(1H,s),3.17 (1H,dd, J =10, 4), 3.23 (3H, 8), 3.36 (1H, m), 3.52 (1H, m), [4.10 (2H, 8), 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-{N'-[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 0°C. 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 nomal phase conditions (silica column, gradient of 5 — 100 % ethyl acetate in petrol) with detection

at 254 nm to give 2-(tert-butyl-diphenyl-silanyloxy)-ethanol (3.30 g, 69 %), 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 (MgSO,) and concentrated
to afford 2-(tert-butyl-diphenyl-silanyloxy)-ethanol-(CO.N-hydroxysuccinimide) (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 ovemight. The resulting mixture was diluted
with ethyl acetate (100 mL) and the solution was quenched [water containing NaCl (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 (MgSQ,) 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 %), as a white solid.
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To a stirred solution of guanfacine [2-(fert-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 Isolera 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 %), as a white solid.

Appearance: white solid; LCMS: m/z = 333.90, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 11.23 (br, 1 H, NH), 8.81 (br,2H,2 x NH),7.49(d, J=7.8Hz,2H,2 x ArH), 7.35(m, 1 H, ArH),
4.75(t,J=5.2Hz, 1 H, OH), 4.07 (m, 4 H, ArCH.CH,), 3.57 (m, 2 H, CHy); 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-{N'-[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 0°C. 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 (MgSO,) 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-(fert-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, 0.52mL, 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 (MgSO,) and concentrated to afford
3-(tert-butyl-diphenyl-silanyloxy)-propan-1-ol-(CO.N-hydroxysuccinimide) (2.09 g, 92 %), 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-ol-(C O.N-hydroxysuccinimide) (2.09 g, 4.59 mmol) in anhydrous
DMF (10 mL) and the mixture was stirred at room temperature ovemight. The resulting mixture was diluted

with ethyl acetate (100 mL) and the solution was quenched [water containing NaCl (1.25 g per L) and AcOH
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(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 (MgSQ,) and
concentrated to give an oil. This crude material 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 guanfacine [3-(tert-butyl-diphenyl-silanyloxy)-propyl] carbamate
(1.6449, 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 Isolera 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"); 'H NMR
(DMSO-dg): 11.26 (br, 1 H,NH), 8.83 (br,2H,2 x NH),7.49(d, J=7.8Hz,2H,2 x ArH), 7.35(m, 1 H, ArH),
451 (t, J=5.1 Hz, 1 H, OH), 4.06 (m, 4 H, ArCH,CH,), 3.47 (m, 2 H, CH.), 1.71 (m, 2 H, CH,); 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-[({[2-(2,6-dichlorophenyl)acetamidol]methanimidoyl)oxy]phenyl}acetic acid
Hydrochloride

Trivial name: Guanfacine phenyl acetic acid carbamate Hydrochloride

Appearance: white solid; LCMS: ES(M+H) 423.81, 425.76; '"H NMR (DMSO-dq): 3 9.20 (br s, 1H, NH),
9.03 (brs, 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, CH2CO2H); Purity: > 96.5 % by HPLC;
Solubility: >23 mg/mL in DMSO, < 2.3 mg /mL in water.

[00207] Compound 28: 3-[({[2-(2,6-dichlorophenyl)acetamido]methanimidoyl}carbamoyl)oxy]benzoic
acid hydrochloride

Trivial name: Guanfacine meta-hydroxybenzoic acid carbamate hydrochloride

Appearance: white solid; LCMS: m/z = 411, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 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.

[00208] Compound 29:
1-(R)-{N’-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidinocarbonyloxy}-2-(S)-isopropyl-5-(R)-methyl-cyclohexan
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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 Isolera automated chromatography system under reversed-phase
conditions (C+s 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)-menthyl chloroformate (1.39 g, 1.36 mL(-)-menthyl carbamate hydrochloride
(450 mg, 28 %), as a white solid.

Appearance: White solid; LCMS: m/z = 427.95, consistent for protonated ion (MH+); H NMR (DMSO-dg):
8.99 (br, 2 H, NH,"), 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,
ArCH.), 1.97 -1.83 (m,2H, CH and 0.5 xCH,), 1.62 (m, 2 H, CH,), 1.15(m, 1H,0.5xCH2),1.32 (m, 1 H,
0.5 xCHy), 1.07 — 0.83 (m, 9 H, 2 x Isopropyl CHj;, Isopropyl CH, CH and 0.5 xCH,), 0.74 (d, J=6.9Hz, 3
H, CHj3); 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 H.O.

[00209] Compound 31:{N'-[2-(2,6-Dichloro-phenyl)-acetyl]-guanidino-carbonyloxy} methylcyclopropane
Hydrochloride

Trivial name:  Guanfacine cyclopropylmethyl carbamate Hydrochloride

To a stirred solution of cyclopropanemethanol (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 °C 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 (MgSQ,) and concentrated
to afford cyclopropanemethanol-(CO.N-hydroxysuccinimide) (2.93 g, 99 %), 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-(CO.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
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acetate (100 mL) and the solution was quenched [water containing NaCl (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 (MgSQ,) 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 Isolera automated chromatography
system under normal phase conditions (silica column, gradient of 5 — 40 % EtOAc in petrol) with detection

at 254 nm to afford guanfacine cyclopropylmethyl carbamate (0.89g, 33 %), 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 %) as a white solid.

Appearance: White solid; LCMS: m/z = 343.95, Consistent for protonated parent ion (MH+); 'H NMR
(DMSO-dg): 9.55 (br, 2H,NH,"), 7.53 (d, J =7.7Hz, 2 H, 2 x ArH), 7.39 (m, 1 H, ArH), 4.17 (s, 2 H, CH,),
4.02(d,J=7.3Hz,2H, CHy), 1.15(m, 1 H, CH), 0.55 (m, 2 H, 2 x 0.5 CHy), 0.32 (m, 2 H, 2 x 0.5 CHy);
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 ds-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:
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Example 6: Preparation of Guanfacine-6-glucose carbamate hydrochloride (compound 16)

[00213] Compound 14 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 to give the
coupled intermediate. The intermediate is deprotected by palladium-catalyzed hydrogenation, followed
acidification to give the product, compound 16, as HCl salt. The synthetic route is shown below in Scheme
3.

[00214] Scheme 3:
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Example 7: Preparation of Guanfacine (2-hydroxyethyl) carbamate (compound 19)

[00215] Compound 17 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 to give the
coupled intermediate. The intermediate is deprotected by palladium-catalyzed hydrogenation, followed
acidification to give the product, compound 19, as HCl salt. The synthetic route is shown below in Scheme
4.

[00216] Scheme 4:
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Example 8: Preparation of Guanfacine (2-hydroxyethyl) carbamate (compound 22)

[00217] Compound 20 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 to give the
coupled intermediate. The intermediate is deprotected by palladium-catalyzed hydrogenation, followed
acidification to give the product, compound 22, as HCl salt. The synthetic route is shown below in Scheme
5.

[00218] Scheme 5:
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Example 9: Preparation of Guanfacine phenyl acetic acid carbamate Hydrochloride (compound 25)
[00219] Compound 23 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 to give the
coupled intermediate. The intermediate is deprotected by palladium-catalyzed hydrogenation, followed
acidification to give the product, compound 25, as HCl salt. The synthetic route is shown below in Scheme
6.

[00220] Scheme 6:
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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:
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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-fert-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'-di-Boc-(S)-histidinyl-guanfacine carbamate:

Hog N H.-Boc N o BN
ey I
s N Dioxane HO s N CH3CN \H/ ° "
y Boc o Boc
H Boc N Ho ! N

Cl H H M \> Cl H H N~ ‘ \>
. TFA
guanfacine.HCI ‘ NYN\‘(O o N ERLEANN ‘ NYNTO s N
NMM/DMF 5 NH O Boc O NH O H
al cl 3 TFA

Removal of the Boc groups was achieved by treatment with ftrifluoroacetic acid to give
guanfacine-(S)-histidinyl carbamate tri-frifluoroacetate 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 (MgSQ,) and concentrated to

give a colourless oil. The crude material was purified using a Biotage Isolera automated chromatography
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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 %), 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 (MgSQO,) 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-methylmorpholine (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 NaCl (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 (MgSQ,) and concentrated. The residue was purified

using a Biotage Isolera 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 %), as a white solid.

N,N'-di-Boc-(S)-histidinyl-guanfacine carbamate (0.53 g, 0.87 mmol) in frifluoroacetic 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 Isolera

automated chromatography system under reversed-phase conditions (C4s column, gradient of 0 > 100 %

MeCN in 05 % aqueous TFA) with detection at 254 nm to afford, after freeze-drying,

guanfacine-(S)-histidinyl carbamate tri-trifluoroacetate (0.36 g, 55 %), as a white solid.

Appearance: White solid; LCMS: m/z = 412.95, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 14.47 (br, 2 H, NH,"), 9.06 (m, 3 H, CH and NH,"), 8.29 (br, 3 H, NH5"), 7.51 (m, 3 H, 2 x ArH
and CH), 7.37 (m, 1 H, ArH), 4.11 (m, 4 H, CH, and ArCH,), 3.77 (br, 1 H, CH), 3.03 (m, 2H, CHy); 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)

The synthesis of guanfacine ethanethiol carbamate hydrochloride was achieved in a single reaction step:
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Guanfacine hydrochloride was reacted with S-ethyl chlorothioformate in the presence of

N-methylmorpholine to give the required guanfacine ethanethiol 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 %), as a white solid.
R; 0.51 [20 % ethyl acetate — 80 % petrol].

Appearance:  White solid; LCMS: m/z = 333.80, consistent for protonated parent ion (MH"); 'H NMR
(DMSO-dg): 11.06 (br, 1 H, NH), 8.89 (br, 2 H, NH,"), 7.51 (d, J = 8.4 Hz, 2 H, 2 x ArH), 7.36 (m, 1 H, ArH),
4.09 (s, 2 H, ArCH.), 2.72 (q, J = 7.2 Hz, 2 H, CH,), 0.89 (t, J = 7.2 Hz, 3 H, CHj3); 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:

cl H (Boc),0 Cl HoH
N.__NHz EtsN N. _N_ _OBu

[ U

O NH HC DMF O NH O
cl cl
cl Ho H

N N. _OBu

2 M HCI / Et,0 H Y

Guanfacine hydrochloride was reacted with di-tert-butyl dicarbonate in the presence of triethylamine to give

guanfacine tert-butyl carbamate as a white solid after purification by normal phase chromatography. The
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free base was treated with a solution of 2 M hydrogen chloride in diethyl ether to afford guanfacine fert-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-fert-butyl dicarbonate (1.55 g, 7.09 mmol) in DMF (5 mL) followed by triethylamine (1 mL) and the mixture
was stirred ovemight 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 (MgSO,) 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 %), as a white solid. R;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 %), as a white solid.

Appearance: White solid; LCMS: m/z = 345.90, consistent for protonated ion (MH); 'H NMR (DMSO-dg):
9.45 (br,2H,NH"),7.52(d, J =8.1 Hz, 2 H, 2 x ArH), 7.38 (m, 1 H, ArH), 4.14 (s,2 H, ArCHy), 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 2mL CH;CN / 1 mL H2O.

Example 14: stability studies on various guanfacine prodrugs

Guanfacine benzyl carbamate Hydrochloride

pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
Pro-drug Active Pro-drug Active drug | Pro-drug Active Pro-drug Active

drug drug drug

0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 |1 90.7) 00| 0.0 | 100 | 1004 | 0O | 0.0 | 100|940 | 0.0 | 0.0 | 100 | 98.6 | 0.0 | 0.0
100 | 90.3 | 00 | 0.0 | 100 | 1005 00 | OO0 | 100|953 |00 | 0.0 | 100 | 99.0)| 0.0 ] 0.0

Guanfacine n-butyl carbamate Hydrochloride

pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug

0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 {940 00 | 00 | 100 |946 | 00| 00 |100| 99| 00| 0.0 | 100 | 90.7| 00 | 0.0
100 {940 00| 00 [ 100 949 00| 00 |100|90.7 | 00| 00 100 910| 0.0 | 0.0
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Guanfacine isobutyl carbamate Hydrochloride
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 {951 | 0.0 | 0.0 | 100 |952 | 0.0 | 0.0 | 100|982 | 0.0 | 0.0 | 100 | 953 | 0.0 | 0.0
100 | 95.0 | 0.0 | 0.0 | 100 | 953 | 0.0 | 0.0 |100| 979 | 0.0 | 0.0 | 100 | 96.7 | 0.0 | 0.0
Guanfacine-(-)-menthyl carbamate Hydrochloride
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 | 946 | 0.0 | 0.0 | 100 |98.3| 0.0 | 0.0 | 100|979 | 0.0 | 0.0 | 100 | 94.7 | 0.0 | 0.0
100 | 955 | 0.0 | 0.0 | 100 | 996 | 0.0 | 0.0 | 100|973 | 0.0 | 0.0 | 100 | 969 | 0.0 | 0.0
Guanfacine 2-butanol carbamate Hydrochloride
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 | 959 | 00 | 0.0 | 100 |987| 00 | 00 |100| 934 | 00| 0.0 100|934 |00 | 0.0
100 | 959 | 00 | 0.0 | 100 |989| 00 | 00 |100]| 934 | 00 | 0.0 100|936 | 0.0 | 0.0
Guanfacine neopentyl carbamate Hydrochloride
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 | 947 | 0.0 | 0.0 | 100 |961 | 00| 0.0 | 100|983 | 0.0 | 0.0 | 100 | 99.2 | 0.0 | 0.0
100 | 939 | 0.0 | 0.0 | 100 |96.8| 0.0 | 0.0 | 100|979 | 0.0 | 0.0 | 100 | 98.5 | 0.0 | 0.0
Guanfacine-(S)-histidinyl carbamate Tri-trifluoroacetate
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
Active . Active Active
Pro-drug drug Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
995 (847|105 | 17 |996|981 04| 12 984 | 0.0 | 16 |87.1[99.2| 0.0 | 0.8 | 854
994 (833 |06 | 18 [995]|978 05| 13 |986| 00 |14 [88.1]/981| 0.0 | 18 |858
Guanfacine n-propyl carbamate Hydrochloride
pH1.2, 37 °C | pH 3.0, 20 °C | pH 6.8, 37 °C \ pH7.4, 37°C
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0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 {944 | 0.0 | 0.0 | 100 |940| 00| 0.0 |100| 958 | 0.0 | 0.0 | 100 | 96.3| 0.0 | 0.0
100 | 946 | 0.0 | 0.0 | 100 |944 | 0.0 | 0.0 | 100|964 | 0.0 | 0.0 | 100 | 96.0 | 0.0 | 0.0
Guanfacine ethanethiol carbamate Hydrochloride
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Active drug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 [ 81.0 | 0.0 | 101 | 100 | 856 | 00| 0.0 |100]93.0| 0.0 | 0.0 | 100 | 945 | 0.0 ] 0.0
100 | 804 | 0.0 | 11.0 | 100 | 848 | 0.0 | 0.0 | 100|925 | 0.0 | 0.0 | 100 | 952 | 0.0 | 0.0
Guanfacine fert-butyl carbamate Hydrochloride
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
Active . Active Active
Pro-drug drug Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
912 | 0.0 | 88 | 99.7 | 100 | 345 | 0.0 | 66.6 | 100 | 83.6 | 0.0 | 142|100 | 84.2 | 0.0 | 11.0
90.5| 0.0 | 95| 100 | 100 | 345 | 0.0 | 655 | 100|849 | 0.0 | 152|100 | 827 | 0.0 | 11.2
Guanfacine (2-hydroxyethyl) carbamate
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 | 914 | 0.0 | 05 [ 100|980 | 00| 04 |100| 874 | 00 | 98 | 100|725 | 0.0 | 226
100 | 915 00 | 05 | 100|980 | 00 | 04 |100| 875 | 00 | 9.8 | 100 | 73.0 | 0.0 | 22.3
Guanfacine ds-ethyl carbamate
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
. . Active Active
Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug drug Pro-drug drug
0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 | 976 | 0.0 | 0.0 | 100 |98.7| 0.0 | 0.0 | 100|994 | 0.0 | 0.0 | 100 | 994 | 0.0 | 0.0
100 | 966 | 0.0 | 0.0 | 100 | 98.3| 0.0 | 0.0 | 100|992 | 0.0 | 0.0 | 100 | 99.2 | 0.0 | 0.0
Guanfacine (3-hydroxypropyl) carbamate
pH 1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C

0.1 M HCI / NaCl 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

Pro-drug | Active




2h 0 2h 0 2h 0 2h O 2h O 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
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drug drug

0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 | 948 | 00 | 0.0 | 100 |981 | 00 | 00 |100| 992 | 0.0 | 0.0 100|982 | 0.0 | 0.0
100 {94900 | 00 | 100 /983 00| 00 |100|99.7 | 00 | 0.0 | 100 | 98.2| 0.0 | 0.0

Guanfacine cyclopropylmethyl carbamate Hydrochloride

pH1.2, 37 °C pH 3.0, 20 °C pH 6.8, 37 °C pH7.4, 37 °C
0.1 M HCI / NaCl buffer 0.1 M citrate buffer 0.1 M phosphate buffer | 0.1 M phosphate buffer
Active Active

Pro-drug | Activedrug | Pro-drug | Active drug | Pro-drug Pro-drug

drug drug

0 1h 0 1h 0 2h 0 2h 0 2h 0 2h 0 2h 0 2h
100 {929 | 0.0 | 06 | 100 |983| 00| 00 |100| 976 | 00 | 0.0 | 100|996 | 0.0 | 0.0
100 | 92.7 | 00 | 06 | 100 |985| 00 | 00 |100| 974|100 | 0.0 100 | 995 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 C,,.« for guanfacine was calculated by comparison with guanfacine-dosed animals. The results

are given in the table below.

Compound Trivial name Rel Cax
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 ds-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
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derived from the plasma analytical data were determined using Win Nonlin;

Cmax Maximum measured concentration
Frel% Relative 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 Fra% Cmax (ng/mL) Prodrug Cmax
3 87 20.3 0.93
4 113 24 BLQ
5 91 221 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 C.., 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 minimised. 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



Quanf aci ne neopentyl carbamate 42 10 Guanfaci ne benzyl carbamate 32 13
GQuanf aci ne d5-ethyl carbamate 87 16 Guanf aci ne-6-gl ucose carbamate 43 19
Guanf aci neo(aINpaI4exyet hyl ) carbamate 53. 22 Guanf aci ne PC3AdBrdricnsypoopyl )
carbamate 106 25 CGuanfaci ne phenyl acetic acid carbamate 53 28 Guanfaci ne
met a- hydr oxybenzoi ¢ acid carbamate 53 Guanfaci ne glycolic acid carbamate
10 29 @uanfacine nenthyl carbamate 0 31 Guanfaci ne cycl opropyl net hyl
carbanmate 82 Exanple 16. Conparative bioavailability study of guanfacine
I N nmonkeyse 6f opokguanf aci ne or guanfacine prodrug WO

2012/ O?géélﬁpq( eaczga]mlpllir%Stgﬁ?eBs%rial 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

Cmax AUC Cmax AUC Cmax AUC Cmax AUC

Compound (ng/mL) | (ng.h/imL) | (ng/mL) | (ng.h/mL) | (ng/mL) | (ng.h/mL) | (ng/mL) | (ng.h/mL)

3 149 397 443 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



[00226]In order to characterize the pharnmacokinetics of sel ected guanfaci ne
conj ugates, test substances e.g. guanfaci ne and guanfaci ne prodrugs were
adm ni st ewedoeto3siyai nol ar doses to nonkeys (0.5 ng/ kg) &ou/gRabE/051730y/ kQ) .
[ 00227] Bl ood sanpl es were taken at various tinmes after adm nistration and
submtted to analysis for the parent drug and prodrug using a qualified
LC- M5- M5S assay. The foll owi ng phar macoki netic paranmeters derived fromthe
pl asma anal ytical data were determ ned using Wn Nonlin; CmaxMaxi mum
measur agreR@POANITHAEINYRIIVE BnbiRGIRJaAd W37 ls2ioR@ M) Rh had /higH afffaifaf @ei ne
[00228%I ‘rll'gl_gAr%%ul ts are given in Table 2 below and FIG 1 and 2 (conpounds
3, 4, 574%h %Lj YP¥abl e 2. Guanf aci ne phar macoki neti c paraneters foll ow ng
admi ni $9024%]1i oRewts guanf aci ne prodrugs to nonkeys Conpound Frei % Crax

(ng/ mLYoo2a&dr tigk CEIRX ard sStfordOn Batil H3Gdhnfhdine RholBbidu@g Btm 2owkd Bbididera8@ 18. 5
BLQ 19 pgtgnc%/%'s cgrgpe%tivze%in]d%% aéegn't §t tﬁ;e' él-gA 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
o-2A adrenoceptor

Compound Ki
Guanfacine 32 nM

3 >10 uM

[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 Gl motility were
assessed in rats fasted overnight prior to the test.

[00249] The method used was based on that described by Takemori et al. (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 mikg). 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
0.1 0.3 1




30 NC 5.14 BLQ NC = not cal cul ated [00229] Adm ni stration of conpounds
3,4,5 and 6 resulted in a high relative guanfacine bioabailability (>87%

wi th a blwoterk/asdcdel ayed Cnax val ue. (FIG 1). SystemPCTIGB2e118050130
prodrugs were |low or below the imt of quantification but detectable up to
24 hours after the adm nistration for conpound 3. (FIG 2). The

phar macoki netic profile suggests a sl ow but near conpl ete absorption of the
prodrug with rapid conversion to guanfacine. [00230] Exanple 17. The

phar maeRkiR&Gld Cs of gyanfaci ngqand prodrugs 1 B@grats i nf hepatic-portal and
tail wveins foll ow ng ral admpistratilon of nrnr‘lrug [0 231] The absgrp i on
of intldct prodrug and conver5|%n of prjodrug tg guanf ac| ne afté? absorption
is inmportant if any local effects of the active conpound on al pha 2
adrenoceptors in the gastrointestinal tract are to be mnim ised. The
collection of blood fromthe hepatic portal vein follow ng oral

adm nistration allows the anal ysis of absorbed prodrug and active drug

| evel s prior to first pass netabolismin the liver. System c |evels can be
measured by sanpling of blood fromthe tail vein. [00232] Met hodol ogy

[ 00233] Rats were surgically prepared under isofluorane anaesthesia by
attaching a silicon catheter to the portal vein then exteriorising it at

t he nape of the neck with a blood collection port attached. [00234] Oral
doses of compound 3 were adni ni stered by gavage as a single bolus dose at a
dose WO 2012/ 035346PCT/ GB2011/ 051730 vol unme of 10ni/kg. [00235] At each
sanpling tine serial point blood sanples (approximately 0.2 nlL) were taken
simul taneously fromthe lateral tail vein cannula and the hepatic portal
cannul a. After collection of the final blood sanple each animal was killed
by cervical dislocation. Blood sanples were collected at 15, 30 m nutes and
1, 2, 4, 8 and 24 hours post dose. [00236] Pharmnmacokinetic paraneters in
portal and system c plasma were derived by non-conpartnental analysis
(linear/logarithm c trapezoidal) using WnNonlin (Version 4.1) software.

[ 00237] Resul ts [00238] The results are presented in table 3 and in figures
3, 4 and 5. [00239] Table 3. Conpound 3; Pharnmacokinetic paraneters in
hepatic portal vein and tail vein followng oral adm nistration to rat at 1
ng/ kg guanfaci ne free base equivalents Hepatic portal vein Tail vein
Prodrug Guanfaci ne Prodrug Guanfaci ne Conpound Crax (ng/nL) AUC (ng.h/nlL)




Crax (ng/nmL) AUC (ng.h/nL) Crmax (ng/nL) AUC (ng.h/nL) Cmax (ng/mL) AUC
(ng.h/m) 3 149 397 44.3 72.9 16.4 88.6 2.84 11.7 [00240] The substanti al
presence Wb 20te3p346dr ug i n the hepatic portal circul ati eaTrgs2a11/05€7300 t he
concentration in the systemc circul ati on denonstrated the absorption of
the prodrug prior to absorption across the intestine and confirnmed adequate
stability in the intestinal lunmen. This suggests a |l ack of extensive
degradati on of conpound 3 prior to absorption and a reduction in the

pot ent itable b:Byaibrhblasrfa HidILd buphRhaReaS 8 6@l adfiris@stioniofcopeur@lor §usiRBine

[ 00241 ]at &tk @osk8. I n vitro assessnent of the effects of guanfaci ne and
guanf aCionpopmdsdr ug on | a- 2 adrenooeﬁ(guadﬁaqlnhfrug qae@aam]ale“ﬁtae target receptor

for guaphifdleai s the rhumag gty éd aUIFHUlg E IULU}.LUI blﬂ.Hg)kdc in—1he
central nervous system The activation prpnt is responsible for

its intended therapeuti SY&teMicRlasmpcpngeptratiop °f %“%%@PM%‘“H%FO ARsEE
activation of this rec eptor whi ch i s alhgsutes sfeedbsinglh t he gut contributes to
adver se—gastrotntesti "°"60ﬁhri ect 30 gonstiPatrom Aot Wty gt n aci ne.
The receptor binding t prodrugs was investigated to conflirm t he

pr odr u§uATPEeUl es had beBA2| a*ge‘P-éin nact9%at ed. [490243] Wt hods '\{'\/00244] The
bi ndi ng assay net hodol ogysenpl oyegr i n| T .31 stjudy .g70l ljowedst hat dggcri bed by

Langi n—et—al—(Eur—3—Pharmacol—316+- 951041989 —and—used-huran
reconmbi nant CHO cel | s expressing a-2 WD 2012/ 035346PCT/ GBZOll/ 051730
adr enc ggpe{]s- Wﬂw%u%lﬁ@%& béan% Q«\yﬂﬁ’é %thb'lé&ﬁ-ﬂlqeﬁ\é@@ ol it M whi ch

e Eit%wgl‘fef'faﬂﬁ%%? ﬁedf*??dfamrnﬁ Pt ae g boﬂﬁ%&_’%ﬁdﬁv e 9%?%6@16% i

consi déteddt peglpvismaYAadreaocepapet i ti ve bi ndi ng 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- f ol ¥fleatfermple 'f‘kYa‘Peéfota|°ﬁ%erW9t"P1a'@iPé¥1f"86?'ﬁé‘r°‘1'ﬁ!l§ the prodrug

descri pgzb3]er eina eW&itH d c&}aab@nd 19 Wds@vAliatéttin BhrdeaBdenPodeltd? &ffitdd@ hncProdound

adr enoclgeltgghsowa?o e ?frc':amoug t%QE{evatedyPlusaR/I/aze es r?!hngra?he‘d abi Ii ty to induce .
const | patl on throug | rec I ONS On conpar ed to guanf acl ne

in non{@&Yr ugrhe ([rrel.‘hod Valipheletécts Bixiditio gctn@n‘.y D lravsfitzet deveritged dy plamtkyagd Bithamt 2A

adr enom&w. SW SelFbﬂ. I*ﬂarmacol., 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]1Example 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 100ug 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 detemrmined;
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System ¢ plasma concentration of guanfacine (ng/nL) at 60 and 80 m nutes
after dosing 60 min 80 mn 60 mn 80 mn 60 mn 80 mn Guanfacine 0.62
0.40 0. 36w0.202/ask445M 3 0. 51 0.27 1.21 0.87 2.45 2.17 [ @O2EH2W1tdso130 bei ng
by bound by any theory, the lack of effects on gut notility by the prodrug
is attributed in part to the reduced or minimally availabile active drug
(guanfacine) within the gut lunmen to interact locally with a-2A
adrenoceptors. [0252] Exanple 20: In vivo effects of prodrug in anxiety
nodel s gLavsident s [ 0253] The effects of conmpound 19 was evaluated in three
rodent nodels of efficacy and conpound 19 was shown to be efficacious in
the El evated Pl us-Maze Test in the rat. [0254] The net hod, which detects
anxi ol yti c act Agpogpund efiFommde disampPédscri bed by Handl ey and M thani (Naunyn.
Schm ed. Arch. Phargracol ., 327, 1-5, 1984). Rodents avoid open spaces (the
open arnms of a eva ed\iy] Os- maze). The percentage of tinme spent on the
open arns and urhep of “entriks in the open arns are considered to be

t he best neasures of aHxieﬂy (File, S.E. 1991. Aninmal nodels of anxiety. In
Bi ol ogi cal PsycHilatry (G Racagni, N. Brunello, and T. Fukuda, eds.) pp.
596- 599%heEhsevi er, New York.). [0255] Anxi ol ytics increase exploratory
activity pn.the open arns, as indicated by increased tine spent on the open
arns and/ or_by increased % open-armentries. [0256] At 10 ng/ kg, conpound 19
si gni f iRo &t Gy SUPRiFESE BNV PRIt dlohBVeTsYlent ri es and had a similar tendency
on the ti spent in the open arnms (+87% p < 0.05 and +69% NS,

respecti yelyy (Figure 6). [00257] Exanpl e 21: Conparative bioavailability of
guanf a [ AY in a mcrodose study in Healthy Adult Male and Femal e Subjects
gi ven faci ne or guanfaci ne prodrug (conpound 3)

(CR3R)n
, or a C3 g unsubstituted or substituted cycloalkyl;

R, is independently at each occurrence C1.4 alkyl, C4.4 alkoxy, halo, CN, NO,, NH,, SO;H, OH, —-CHO,
-COsH, or -CH,CO,H;
nis0,1,2o0r3;
mis0,1,2,3,4o0r, 5; and
R; and R, are each independently selected at each occurrence from the group comprising: hydrogen,
hydroxy, -CO-H, methyl, and —NH..

2. The compound of claim 1, wherein X is O.
3. The compound of claim 1, wherein R, is a Co 5 alkyl.
4, The compound of claim 1, wherein R is ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl,

neopentyl, 6-glucosyl, or benzyl.

5. The compound of claim 1, wherein R is ethyl, n-propyl, isopropyl, n-butyl, or sec-butyl.
6. The compound of claim 1, wherein R, is a Co 4 hydroxyalkyl.
7. The compound of claim 1, wherein R is 2-hydroxyethyl, or 3-hydroxypropyl.

8. The compound of claim 1, wherein R, is phenyl acetic acid or meta-hydrobenzoic acid.



[ 00258] This study determ ned the extent to which conmpound 3 is orally
absorbed and cl eaved system cally to rel ease guanfaci ne. [00259] Conpound 3
and guanfwioi2ne/oseise admi nistered orally at a dose of 10@pg/dBer/dsase to 12
heal t hy mal e and femal e vol unteers aged 18-45 years. Bl ood sanples were

Wi t hdrawn pre-dose and at 0.5, 1, 2, 3, 4, 5, 6, 8, 12, 16, 24, 32, and 48
hours post dose and submtted to analysis for the parent drug and prodrug
using a validated LC-Ms-MS assay. The foll owi ng pharmacoki netic paraneters
derive@. from t Reoridoasd® cRffh ¥didctalrofahdgrv®s @nslaihgbmm ned; WO

2012/ 035346PCT/ GB201 {051730 CmraxMaxi mum nmeasur ed concentration

Frel /ORel ati ve 3 @avahﬁabiéity of Quanfacine t1/2Elimnation half life
[ 00260] The re§ 5 ar ¢ Nﬁﬁ?r ilh Table 7 bel ow [00261] Table 7. Guanfacine
and conmpound 3 : dnmefers fol l owing administration to
heal t hy human vo PnteersFWredinent Anal yte Cmax (pg/nL) AUCo-t (pg.h/m)
t1/2 (h) Conpound 3 Conmpound 3 89 38 92 43 0.95 0.19 (n=4) Conpound 3
Guanf aci ne 103guapfacipg gyl cgpamate, 2 2. 0 Guanf aci ne Guanfaci ne 150 37 3617
933 15.8 1.8 The data denonstrate absorption of the prodrug in man and
subsequent cleavage Y guanfaci ne. The relative bioavailability of

guanf aci ne was 813 orcconn@und33 adm ni stration conpared to guanfaci ne

adm ni stration qufcular i ght, 100pg of conpound 3 free
base contai ns @éT\v/wF

Cl

H H Me
Cl
guanfacine isopropyl carbamate;
Cl
O NH O
N N SN Me
H H
Cl

guanfacine n-butyl carbamate;

“ @] NH O Me
AL
Cl

guanfacine sec-butyl carbamate;

@T)LJ\J\/\(

guanfacine isobutyl carbamate;



WO 2012/ 035346PCT/ GB2011/ 051730 wherein Xis O or S; Rl is a C1_20
substituted or unsubstituted al kyl, glycosyl, RR )mIl (CR3R4)n , or a Cm
unsubst i twbedi20B353abst i t ut ed cycl oal kyl ; R2 is i ndependeaTiGB2at1/isash
occurrence Cl1 4 alkyl, Cl1_4 al koxy, halo, ON, NO2, NH2, SG3H, OH, -CHO
-CO2H, or -CH2002H;, nis 0, 1,2 or 3; mis O, 1, 2, 3, 4 or, 5; and R3 and
R4 are each independently selected at each occurrence fromthe group

conpri sing: hydrogen, hydroxy, -CO2H, nethyl, and -NH2. 2. The conpound of
claiml1l, wherein X ig 0. 3. The conpound of claiml1, wherein RLis a C2_5

al kyl. 4. The | of erein RL is ethyl, n-propyl,

i sopropyl, n-b - bu I I\/leneopentyl 6- gI ucosyl, or benzyl.
5. The corrpound pf clai mNL, ere‘i) is ethyl, n-propyl, isopropyl,
n-butyl, or sec-{ |utyI . The conpouke of claiml1, wherein RL is a C2 4
hydroxyal kyl . 7. ¢ f claimi1, wherein RL is 2-hydroxyethyl, or
3- hydr oxypr opy?guan a@'ne 'ﬁ?@n@g ®of claim1, wherein RL is phenyl acetic

acid or neta- hydroben20| c aci d V\D 2012/ 035346PCT/ GB2011/ 051730 9. A
conpound of cI 1 el ected fromthe group consisting of: G NH O N)LO/ Me
Cl guanf aci ne amifte; O guanfacine n-butyl carbamate; d

guanf aci ne sec a’%

Cl

HO

OH
guafacine 6-glucose carbamate;
Cl
O NH O
OH
N)J\N)J\ O/\/
H H
Cl
guanfacine (2-hydroxyethyl) carbamate;
Cl
I JI\JIE )(J)\
N~ N7 Yo7 "oH
H H
Cl

guanfacine (3-hydroxypropyl) carbamate;



guanf aci ne i sobutyl carbamate; guanfacine neopentyl carbanate;
carbamate; CIHO''OH OH
6- gl ucosewoanbrarseise; Cl guanfaci ne (2-hydroxyethyl) cachara/osCi300 NH O
AN) LOOH CI guanfaci ne (3-hydroxypropyl) carbamate; guanfacine
cycl opropyl met hyl carbamate; MeMe CI Me guanfaci ne-(-)-nent hyl

benzyl carbamate; guanfaci ne d5-et hyl

and HT T NH O guanfaci ne n-hexyl carbamate.

sel ected fromthe group consisting of:

carbamate, d ]
(e} NH O

”J\”J\OAQ/OH

guanfacine carboxyl methyl carbamate;

cl HCI

Corrr

d

2

guanfacine cyclopropylmethyl carbamate;

Me

Cl
H H g
NTNTO
O NH O
Cl
Me .
2

guanfacine-(-)-menthyl carbamate; and

o

guanfacine n-hexyl carbamate.

4

Me

- | |

R L U N
)I A

s “|O MH

10. A conpound of c
guanf aci ne phenyl

10. A compound of claim 1 selected from the group consisting of:

Cl OH
O NH O ‘/I:::T/N\”/
AT
Cl

guanfacine phenyl acetic acid carbamate,

CIO NH O @\
”/JL\”/JL\O CO,H
C

guanfacine meta-hydrobenzoic acid carbamate,
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acetic acid
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11. A guanfacine prodrug of any of clainms 1 to 11 for use as a nedi canent.
12. Use of a guanfacine prodrug of any of clainms 1 to 11 in the preparation
of a nedicanent for treating a condition selected fromthe group consisting
of : attention deficit hyperactivity disorder (ADHD), oppositional defiance
di sorder (ODD) guafa6iné-B)pamsiidartian@@ndi ti on such as hypertension,

neur opat hic pain, cognitive inpairnment associated with schi zophrenia
(CAS), psychosis and working nenory loss in the elderly, anxiety
(including paedijatric apxiegy, PTSD OCD, self injury), pruritis, addiction
wi t hdrawal , au 3% rﬁ}Eh\TTo nduced nucositis, post traumatic stress
syndrone or a ( erized by hot fl ushes. 13. Use of a

guanf aci ne prodrfig of claim 13 wherein the condition is attention deficit
hyperactivity gissftidesthdrdbidD)arbanbé; afd guanf aci ne prodrug of any of clainms 1
to 11 for use infthe treatnent of a condition selected fromthe group

consi sting of: sg dif r t oup consisting of: attention deficit
hyperactivity [p (ADHD) [ oppositional defiance disorder (ODD), a
cardi ovascul ar i tloon suchcas hypertensi on, neuropathic pain, cognitive
i npai rnment associ at éd with schi zophrenia (Cl AS) psychosis and working
menory | oss i n9t°ABCBY BEPIY! caRAXPEtLy (i ncl udi ng paediatric anxiety, PTSD,
OCD, self injury), pruritis, addiction withdrawal, autism chenotherapy

i nducednucosi Aigganf4es browugunmyiof:c@m S851190MUdE BTBmBicamedl, SOT der
characterized by hot flushes. 15. A guanfacine prodrug as clainmed in claim
15 for use in the treatnent of attention deficit hyperactivity disorder
(ADHD) 12. 16. AYsreaf RedaniAcine prpdeionieryaserior htethin ialprepprgtone p eetlisareppsioti at ed
Wi th guaatingaicomiitoh e fiof the gridp &Q&&b@&ﬁ&éﬁ%ﬂe@%@a&é&l&%&@rdmmb)
conprisin acin rodru f claims 1

to 11 OPP Itlor};fll defiance dj order((ﬁ}:)DLa card{og%s'oulgr con |t|0{1 ﬁe% R ]hyperte |o(r)1 neuro%at%c pain (b)
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conpri §P§*ﬂ@3adm nistering a guanf aci ne prodr ug of any of clains 1 to 11 or a

pharmaceutically acceptable salt thereof to a mammal in need thereof. 19.

A method of treating hypertension in a manmal, conprising admnistering a

guanfaci ne prodrug of any of clainms 1 to 11 or a pharnmaceutically

accept dBl e sal Ysatieaguasyacing pepdrpg oheidimil 3 Wherelp therrapdiiton is attorgion gefisit ppeREHtof  any

of cl aideerddriabBDR0, wherein when ingested orally, the prodrug induces

statistically significardy | ower average effects on gut notility in the

gastr0| ntestinal environment than a non-prodrug guanfacine salt form 21.
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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
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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 significantly 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 phamaceutically acceptable

salt thereof is administered orally.

22. The method of any of claims 17 to 20, wherein the prodrug or a phamaceutically 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.



