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The commercial development of a drug candidate such as (R)-5-((E)-2-

pyrrolidin-3-ylvinyl)pyrimidine involves many steps, including the development of a
cost effective synthetic method that is adaptable to a large scale manufacturing
process. Commercial development also involves research regarding salt forms of

25 the drug substance that exhibit suitable purity, chemical stability, pharmaceutical
properties, and characteristics that facilitate convenient handling and processing.
Furthermore, compositions containing the drug substance should have adequate
shelf life. That is, they should not exhibit significant changes in physicochemical
characteristics such as, but not limited to, chemical composition, water content,

30  density, hygroscopicity, and solubility upon storage over an appreciable period of
time. Additionally, reproducible and constant plasma concentration profiles of drug
upon administration to a patient are also important factors.



accuracy. For exanple, sone salts are solids at anbient tenperatures, while
other salts are liquids, viscous oils, or guns at anbient tenperatures.
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nmono-ci trate Anot her aspect invention 1s a crystalline polynorph of
(R -5- or efficiency of manufacture of the active ingredient and its formulation into a

commercial product. Lastly, there is a need for stable polymorphic forms of these
salts that allows for an increase the ease or efficiency of manufacture of the active
25 ingredient and its formulation into a commercially product.

Summary of the Invention
One aspect of the present invention is an acid addition salt of (R)-5-((E)-2-

pyrrolidin-3-ylvinyl)pyrimidine. In certain embodiments, the acid is selected from

30 hydrochloric, sulfuric, methanesulfonic, maleic, phosphoric, 1-hydroxy-2-naphthoic,
ketoglutaric, malonic, L-tartaric, fumaric, citric, L-malic, hippuric, L-lactic, benzoic,
succinic, adipic, acetic, nicotinic, propionic, orotic, 4-hydroxybenzoic, di-p-toluoyl-D-
tartaric, di-p-anisoyl-D-tartaric, di-benzoyl-D-tartaric, 10-camphorsulfonic, camphoric,
or phencyphos.

35 One aspect of the invention is a maleic acid salt of (R)-5-((E)-2-pyrrolidin-3-

ylvinyl)pyrimidine. Another aspect of the invention is an orotic acid salt of (R)-5-((E)-



((E)-2-pyrrol idin-3-ylvinyl)pyrimdine nono-citrate On aspect of the
invention is a stereospecific synthesis of (R -5-((E)-2-

pyrrol i diwo2ewloss4agl ) pypm di ne Ot her aspects and enbodi memtts2ab/0669e8 pr esent
invention will be described herein The scope of the present invention

i ncl udes conbi nati ons of aspects, enbodi nents, and preferences Brief
Description of the Figures Figure 1 is an XRPD pattern of anorphous form of

R)-5-((E)-2- 2
XRPDpat tbr n PRSI PP R 2 ier Bhel RO b (Y r sl ® 1< &

nmono-citrate Bf GIS(B-2- Byf@hdlmlrw&mwmd\n%f Formll (R)-5-((E)-2-pyrrol
bdin-3-yl vinyl )pyp@ShQ'af}?ecﬁmﬁ’e fildtah %ﬁR%f(@)‘é dykoRtin KRRy Rsifneie of Form

1l (R -5-((E)-2-pyrro di n-3-yl vi ny E\;rlm di ne pono- C|trat Figure 5is

an XRPD patt emPntC't'lBEﬁr rnethey P&Flest‘(f(“B'”‘? ot 15 Gi crystalline HolymerRRAf “pmi di ne
nono- Ci trage I{-ggygr@rr@"d.rsg, gm.ngﬁwmmambtrﬁm dfatdéorm | (R)-5-((E)-2-pyrrol

di n- 3-yl | tate Fi 7 f F
(R 5 ((B) 2. by PBIsspait LB JoRRY B RyFier e S A SaT LeF gure 8 1 < an
XRPD pa]t tern @f/rrdﬂﬂrnm ylblny(ljﬁ)mrﬁrdméED{r%f pwelctsland(équoﬁmlm of thelpresgni mi ?I ne

n eate initio nitions are
gagt rr;ao clar |”7fV§7at'°6‘LW'” ﬁeéeﬁc dther? C%r% {)}‘ﬁ?e Er%aér]q rlvgmogﬁ’?cﬂ@fﬁ% ar term

used herein i sombinatiyme of aspeets) gmtmbefrmmman@ur@ferer@sm shoul d not be consi dered
i ndefi ni tq Rat her, terns are used within their accepted neani ngs The phrase
"conpounds of the present invention" as used herein refers to

(R -5-((E)-2-pyrrol idin-3-yl vBrigfilDgsgriptiordofitbe figuses aci d additi on salt

ther eof The agigld s i§ AR5 fad eﬁrr?H?JMo‘i’ RGP o @%RE -%H{Iridﬁahcs- aci d,

met hanesul f oni' ¢ aci aci d, phoric a dr oxy- 2- naphthoic
aci d, ket ogl utynybpyaoiidine mamtbﬂir@ieam d Lt artaric acid, fumaric acid, citric

acid, L-mali Calﬁqqlréjiz iSUrPRRISD Batfirh vaFdﬁnllﬁﬁ'}tS REP@bQ’rthiﬂfBzyﬁNlﬁyl Wrﬁidméucm nic

acid, adipic acetic acid, nicotinic acid, propionic aC|d orotic
acid, 4- hy@ro%@rpﬂﬁlt% acid, di- p-tol uoyl -D-tartaric acid,

di - p- ani soyl - [x§R& B & drCXRPD pattern of Form |1 (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine

mono-citrate.
Figure 4 is an XRPD pattern of Form Ill (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine
mono-citrate.

20  Figure 5 is an XRPD pattern of Form IV (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine
mono-citrate.
Figure 6 is an XRPD pattern of Form | (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine
mono-orotate.
Figure 7 is an XRPD pattern of Form | (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine

25 mono-maleate.
Figure 8 is an XRPD pattern of Form |l (R)-5-((E)-2-pyrrolidin-3-yivinyl)pyrimidine

mono-maleate.

Detailed Description
30 Definitions
The following definitions are meant to clarify, but not limit, the terms defined.
If a particular term used herein is not specifically defined, such term should not be
considered indefinite. Rather, terms are used within their accepted meanings.
The phrase “compounds of the present invention” as used herein refers to
35 (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or an acid addition salt thereof. The acid

is selected from hydrochloric acid, sulfuric acid, methanesulfonic acid, maleic acid,



acid, di-benzoyl-D-tartaric acid, 10-canphorsulfonic acid, canphoric acid,
or 2- hydroxy-5, 5-dinethyl -4-phenyl -1 , 3, 2-di oxaphosphori nan- 2- one
(phencyphwe)oiofisetsphr ase i ncl udes a hydrate or a sol vat ecrarsaoobasorher, as
used herein, the term "conpound” may be used to nmean the free base form or
alternatively, a salt formof (R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine,
depending on the context, which will be readily apparent. Those skilled in
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phar maceut i cal” conpos herein, the term "pharnmaceuti cal
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condition of t pat1 ent e severlty of the synptoms of the disorder, and
t he manner15i n qmmr@ﬁthme phar maceuti cal conposition is adm nistered.

Typically, to be a%@‘d%béh@rreﬁfjtﬂenteﬁfﬁ‘“rﬂfafrrﬁﬁééu‘ﬁ@al@e osﬁ&ﬂp@ﬂém& aare required
to be adm nistered 1n an anount of |ess thﬁ %’” atlent wei ght .
V admix wﬁ'e
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admi ni st er®d conditions so as to make them suitable for manufacturing and commercialization
purposes.

As used herein, the terms "effective amount," "therapeutic amount,” or
"effective dose" refer to an amount of active ingredient sufficient to elicit the desired
pharmacological or therapeutic effects, thus resulting in effective prevention or

25  treatment of a disorder. Prevention of a disorder may be manifested by delaying or
preventing the progression of the disorder, as well as delaying or preventing the
onset of the symptoms associated with the disorder. Treatment of the disorder may
be manifested by a decrease or elimination of symptoms, inhibition or reversal of the
progression of the disorder, as well as any other contribution to the well being of the

30  patient.

The effective dose can vary, depending upon factors such as the condition of
the patient, the severity of the symptoms of the disorder, and the manner in which
the pharmaceutical composition is administered. Typically, to be administered in an
effective dose, compounds are required to be administered in an amount of less than

35 5 mglkg of patient weight. Often, the compounds may be administered in an amount
from less than about 1 mg/kg patient weight to less than about 100 pg/kg of patient



as a single dose, or as one or nore doses adm nistered over a 24 hours
period. For human patients, the effective dose of the conpounds nay require
adm ni st ewpregivdees46onpound i n an anount of at | east aboRCTAISRI2466078

hr/ patient, but not nore than about 1000 ng/24 hr/patient, and often not
nmor € t han about 500 ng/ 24 hr/ patient. As used herein, the phrase
"substantially crystal | ine" includes greater than 20% preferably greater
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the invention j.n an.isql at |, ixfo,f r f
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accept abl e cargreaterghardarlyied 69,50, éOc(BDmr@ﬁf/cé crystalliaelj uvant s, such as in an oral
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preferably at atno relative_ hu ween 5 and 95%

eric
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recrystallization, solid state phase transition, hydration, dehydration, solvation, or
desolvation.
Examples of “normal storage conditions” include one or more of temperatures

25  of between -80 °C and 50 °C, preferably between 0 °C and 40 °C and more
preferably ambient temperatures, such as 15 °C to 30 °C, pressures of between 0.1
and 2 bars, preferably at atmospheric pressure, relative humidity of between 5 and
95%, preferably 10 to 60%, and exposure to 460 lux or less of UV/visible light, for
prolonged periods, such as greater than or equal to six months. Under such

30 conditions, salts of the invention may be found to be less than 5%, more preferably
less than 2%, and especially less than 1%, chemically degraded or decomposed, or
solid state transformed, as appropriate. The skilled person will appreciate that the
above-mentioned upper and lower limits for temperature, pressure, and relative
humidity represent extremes of normal storage conditions, and that certain

35 combinations of these extremes will not be experienced during normal storage (e.g.
a temperature of 50 °C and a pressure of 0.1 bar).



a tenperature of 50 OC and a pressure of 0.1 bar).Conpounds One enbodi nent
of the present invention includes (R)-5-((E)-2-pyrrolidin-3-

yl vi nyl ) pyoiniodiesa3( Fornmul a |) or a pharmaceutical | y aceeptishéos/ os@ls
thereof. Formula I In one enbodi nent, the conpound of Fornmula | or a
pharmaceutically acceptable salt thereof is substantially pure. In one
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((B)-2-pyrrolidin-3-ylvinyl )fpyrl m di.ne or a pharnmaceuti cal Ig/ accep abl e
salt thereof csaeRialie FRt theredf is supstaptisly PPree e PRALER)PdRRN (the FOMRUND Apr e

preferable | e%rﬁ\blﬁmoﬁg))héﬁvhﬁ&dﬁ@a'll? aBécpiBleafalt \ndrés & dubstant2iy freaek (8PSt
preferably | ess than 1% of

19 S%-S_M(E)-Z- rrolidin:3- IvinI%1 ri mdine by
Reb gt i EhodENanpbdn b e iy S robrimin dhe iy shPUFLE one
enbodi ment of |tdig pRE@ERBItchIfRBEtsDe saktherdefss presait incah drosunt bfeabpoted&s at i on
of (R)-5-((E)-2-pyrrolidi n-?- L i |lz) rimdine or a phar t % y
accept abl e sal® "%ﬂﬂl SyPPared °a{¥ ¥r(1® @gé‘)“{dﬁ]é 'ylfgﬁ%py%mgﬁsr%gﬁéﬁa%ﬁgéﬁ Jhan 15%
mor e pr ef er abltpan 856 by Waight froresreferamtyrgeegierehar 39 y eight, toeeprefgabiynd nost
preferably less t.h d}OOE) ?‘ﬁ i) '?i weidh ¥ gl pyri mdi ne by
wei ght . Anot hegrreéetﬁrgtgal %geﬁ ygv ng gécé}rﬁé%t rrﬁqg'%ﬁ?/g% °it§r\1h?éll%cpu es a nethod for
t he preparHtion of QriejentodifreR) ofthepresesit indemiioginglugdeng Meipdiferitae ne or a
phar maceut i cal AR B8LE(523-byrfGR SQviry PRV Rlidhd1SH d GPmbdidficatly %0
preferably | esdsré!?cﬁgtn 1&@? n%r)e yre# er acbvlc erﬁlﬁg?srs t han 5% evenom)fe
preferably | esasceniable 59t therref Geptainingrlessdhai? iy Insaferaphydass fognoko%. more
(S) -5- ((E) - 2- pytbferdbiydidd-tRarydon dvih iove prafefibBedithave Whind mést pridratine use of
a chiral chromatographi ¢ separati on st %p. _Tpus,, .é.n one .er{bg\dl F{Ent of the
present less than 1% of (S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine by weight.” Another
20 embodiment of the present invention includes a method for the preparation of (R)-5-
((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or a pharmaceutically acceptable salt thereof
containing less than 25%, preferably less than 15%, more preferable less than
5%, even more preferably less than 2%, and most preferably less than 1% of (S)-5-
((E)-2-pyrrolidin-3-ylvinyl)pyrimidine by weight, without the use of a chiral
25 chromatographic separation step.
One embodiment of the present invention includes a method for the
preparation of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or a pharmaceutically
acceptable salt thereof containing less than 25%, preferably less than 15%, more
preferably less than 5%, even more preferably less than 2%, and most preferably
30 less than 1% of (S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine by weight. Another
embodiment of the present invention includes a method for the preparation of (R)-5-
((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or a pharmaceutically acceptable salt thereof
containing less than 25%, preferably less than 15%, more preferable less than
5%, even more preferably less than 2%, and most preferably less than 1% of (S)-5-



invention, a method for the manufacture of substantially pure

(R -5-((E)-2-pyrrolidin- 3-ylvinyl)pyrimdine is provided, w thout reliance
upon chr owatogv@mphiBc separati on. One enbodi ment of the pCEAS2109/0660201t i ON

i ncl udes a nmethod of manufacturing a conpound of the present invention on a
commercial scale, nanmely where the nethod is fully validated cGW

commerci al scal e active pharnmaceutical ingredient (API) manufacturing, wth

f t d
e’ enbodi ot P REGT SRR AREIE e dy ERERTSEhFA Y 1 5T enee
pyrrolidin-3- ;chmrrmydg)mq sepaliatien giep. anLIrmmathdmehyofdhﬁc@fpﬁ%ml e salt
thereof in the, I 36 o%é@rfthéim'gﬁﬁ*b&@r@%'Eubsgﬁﬁalﬁrﬂa%j('Rﬁ’?)Q ey p BT esent

i nvention |ncIu es a net e treatnment or "prevention of a variety of
di sorders and Zyémlipwinidine is peevigedi witheyt f&hﬁﬁcﬁNBQ’b‘Fhr%atf’gfaah'?rﬁ?ﬁ%ﬁt'oi‘n need of

such treat %Ent@neaerﬁﬂb@rn?é?\%'ﬁth@Eﬂels,é/nt‘ﬁfvéﬁibh'lr\bﬂjd@é"ﬁlﬁf&hdafof manufacturing a

(R -5-((E)-2-pyrrolidin-3-ylviny rimd h t ]
accept abl e sal®MppgidRithe W%?e@t @W%‘P’)F/P%g]"?'i'?’g‘gfof%rés?ﬁ'gﬁg%g@ lférelcfﬁa ﬁ‘@fjl on may

bef Isel eCt ed friofmmy Md&é@d@MP%wd dleﬂﬁcélé aéﬂk@pﬁ?r&@bdﬁbﬁ,mgréﬂ@rﬁ(ﬁﬂl i on,

i nfl ammatory response associ ated w t r viral in t|on

pai n, netabol iNEArKNAGHTIBgYithd Eﬁ“ﬁ?r{?r?é ﬁg?'&eb@ ar}g Fe'?ﬂ”%%fP?fSI? descri bed
in further detrafetenber ei n. Anot her enbodi rrent of the present invention

i ncl udes 1:)?rrpounds (}@Ege%]b%ﬁg}snﬁgg:li' rgs mv @EHE‘%M% @%fec;?g - Qg Qn recept or

bi ndi ng studi es as resent
i nvent i on i nclpydeliira3-phiayceidinecak pbanmsutlcaltyraccenmké sdltrihergof in the

t her apeuti cal |n¥a Sﬂcﬁﬁé bfvaem Wt of (R)-5-((E)-2-pyrrolidin-

3-ylvinyl)pyri arnmaceutically acceptable salt thereof and one
or nore phar maceut |Qﬂ§|elrf3b0élﬁ@émféfhﬂ rregent invertion dsdesdBEthee M ¥ t he present

invention inclydgse BPpHé%tuai ofth %%W%%é@%hd QRTRREbS, @cnn;srfsmtghe present

i nvention in tLéq manuf act ure of di canent for treatnent central

nervous syt erAdgigeringrte aéf‘ﬁﬁﬂ“’ﬁ@)é’? ’ﬂﬁﬁgtqf By, treﬂﬁ?ﬁﬂ‘ré’rth@%‘?}ﬁ‘ﬁf’drﬁﬁe?}f"et he
present i nventdyunt &Qh}ig-@(%%Qlﬂlr're':drd(rr(-ﬁﬁlv@yl)pzh{rhlﬂ%|odla @h&nwbyutlaally) pyri m di ne or

a pharmaceutically accepta er eo e toy%ny one of the

Exanpl es. Anoteﬁ’é?pt%tf%ﬁﬁ'ﬂ tﬁ%rﬁ?f HMore precliFalye |SH'\?'8?1?r c@ﬁf%”&'on ma
(R-5-((E)-2- péélerctéhlfl@hﬂhégisdu}jlcﬁbéls)tlﬁybi ONg biserders, aflgrhasativacafidrhmatohy

Ot & S e hE 20 o b B B SO, Aot e
(R) - 5- ((E)202- pyutaimmiude tis&rdyis\or othkr) disarders deseabent in furihleadetaitienein. cAandtier
acceptabl e sal t lgo%%e%?gf tf‘ué) [)reggrﬁ I&QnthR%u%E cg}ﬂpm& {h'at I?avé"dlmt? 6 in
diagnostic agents and in receptor binding studies as described herein.
One embodiment of the present invention includes a pharmaceutical
composition comprising a therapeutically effective amount of (R)-5-((E)-2-pyrrolidin-
25  3-ylvinyl)pyrimidine or a pharmaceutically acceptable salt thereof and one or more
pharmaceutically acceptable carrier. One embodiment of the present invention
includes the use of a pharmaceutical composition of the present invention in the
manufacture of a medicament for treatment of central nervous system disorders and
dysfunctions. Another embodiment of the present invention includes (R)-5-((E)-2-
30  pyrrolidin-3-ylvinyl)pyrimidine or a pharmaceutically acceptable salt thereof with
reference to any one of the Examples. Another embodiment of the present invention
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or a pharmaceutically acceptable salt
thereof for use as an active therapeutic substance. Another embodiment of the
present invention includes (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or a
35 pharmaceutically acceptable salt thereof for use to modulate an NNR in a subject in
need thereof. Another embodiment of the present invention includes (R)-5-((E)-2-



need thereof. Another enbodi ment of the present invention includes

(R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine or a pharmaceutically

accept ablwozalwoesdaaer eof for use in the treatnment or prePemusenIn6t6078

conditions or disorders nediated by NNR Anot her enbodi nent of the present

invention includes a use (R)-5-((E)-2-pyrrol idin-3- ylvinyl)pyrimdine or

a pharmaceutically acceptable salt thereof in the manufacture of a

medi canment for 0.
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standard synt hgihe F’B?Tekaé}ﬁaeldowsﬁﬁo@thlavs? ﬂ@rbeés@ht gybluResiceptT®ithods are set
out bel ow and then specific conpounds

|nvent|8n are prepared in the
wor ki ng Exb”rrpl"é@'afferﬁneﬁ pf 2hydiqgen é%’a}ﬁﬁ ‘é%'ted'é@cq’ tRug: B %Wplaﬁ?'g‘?@é? fng groups
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with general principles of s etic e Protectin r s.are

nani pul at ed ad@@??ﬁ”ﬁ?ﬁ‘t?@nﬁxﬁﬁ AM Mip cqg)(ﬁ éfar E}'H?l%hte S§9'?ﬁg?fg'§? DO & een
and P G M Wit SSucﬁ’rs@tdpcctalmabé&ommoumUs@rgamfm aSyéﬁebmalosdlagmaitlEtﬂ)Dm on, John
Wley & Sons, rk 9)),. These, gr oups. ar r& nveni ent
stage of the corrpou d’ Ee&??? éilr% %%?eﬁb'gwﬁﬁwg‘“?%s gg}rf(gg 8ﬁtﬁ§/%apparent to
t hose ski l4ced dompbhm:isawblcﬁ'hre idemtifiest Heoein oith parbeisite sThesompblindsof thise react i on
condi ti ons andn\Penggnrm bé Fﬁgb{ Pfé@&r}éy&%e?ﬁb%'m&?&' RHoRRstaMably the

I
preparation of' conpoun ent 1nvention The present I nvention
al so provides sanﬂrretmmethm mwragwgwga@yrﬁmet@mwe et out below and

then specific compounds of the invention are prepared in the working Examples.

/}pot her

In all of the examples described below, protecting groups for sensitive or
25  reactive groups are employed where necessary in accordance with general principles
of synthetic chemistry. Protecting groups are manipulated according to standard
methods of organic synthesis (T. W. Green and P. G. M. Wuts, Protecting
Groups in Organic Synthesis, 3 Edition, John Wiley & Sons, New York (1999)).
These groups are removed at a convenient stage of the compound synthesis using
30 methods that are readily apparent to those skilled in the art. The selection of processes
as well as the reaction conditions and order of their execution shall be consistent with
the preparation of compounds of the present invention.
The present invention also provides a method for the synthesis of compounds
useful as intermediates.
35
General Synthetic Methods




useful as internedi ates General Synthetic MethodsOne aspect of the present
i nvention includes the nethod for the stereospecific synthesis of

(R) - 5- (( Byo2emyossaBi di n- 3-yl vinyl ) pyri m di ne (11) outl i med/tisnoiSoh@ne 1.
Commercially available tert-butyl (R)-3-hydroxypyrrolidine-1-carboxylate
(conpound 1) is treated with nethanesul fonyl chloride to give tert-butyl
(R -3- (methyl sul fonyl oxy) pyrrolidine-i-carboxylate (conpound 2), which

e | feocted M Lh Shelhy g anok o iy LR Al oPobgs U

tert-butoxide or s
(R) - 2- (1- (t e/ tstdrespasificasyntriayis op ¥R)F5((E )62-pyrBiigih Brginghagrienidics (o onttined)inwi t h

{hese react | o bewafa il Bty (PR IAdE Rkge | of

t hese reactio
1- et hyl - 2- pyr(c@hpCdlndIOI‘)el,S tehiatest vith frmtmdtpnyldchi@tdhyﬂoagm dent- é@tyl &fanol

tert-but aln I, E"%{h&%mgoqkeﬁblé%"d'% ?C%W HORE ﬁgﬂg 2) AlA%ARNRen ANFbaBiet Ur es

thereof. | ven nesulfonlc ester
formation toI wethediethylmalohate soH \eosuitable rbasé de. g Ipoieasiem dp-prtayidenen sogiam

1-met hyl - 2- pyrerﬂqumg%]n@aﬁe .Vé“d%ﬂﬁt hgﬁ szggfagf TRy carBshyBRrbefdih-3fyHaloh&te

mal onat e di splacene I s~ et hano basés for 'these reactions may be
sel ect ed fr om(cérepayne dpwidt invgriedsteyecghernistry aouichipe chiIERhFFBYN ami ne,

di | sopr opy| et @Ungﬂheﬁv dﬁ&%@ﬁ%béﬂéﬁ&tﬁh& n*é%@éél@&ed ﬁ&q'tw@rﬁﬁé é‘ﬂtoluér@l um

hydri de, sodi um oXl| otassium hydride and |jthium hydride. In one
enbodi ment10; he<ylsa%5e1-ﬂ@fhyf%eyrﬁaétilﬁ@we§meﬁfwﬁvfma€§49eP'fﬁe&?y#?&?‘iam@% gthanol,

triethyl am ne,c@BGtahdl Q@S BrofRan, t1@d|ﬂi€ih@%ﬂfén§“cﬁdkbﬁ@%ﬁﬂlﬂilxtur‘és petassi um
tert-butoxide. I n another enbodi base nmal on?te di s Iacerrent

i s sodi um et hd?PEREMPRAIPEt{Rg st @f @@F@Fha@e%l'ff"ﬁ'c Sﬁfﬁr f8U§at\88 QeIe 7R
hydr oxi de yi eltAssdif@nt fr (he-m4iéretd displicexeatis bomthy-pypyrrolldirdhe- Branbiheal oni ¢

acid (conpound rb ted t
(R -2-(1- (terte"g{?fjW@‘tg‘F%ﬁWq?%sper%%%ﬁ?q %§p'9$‘°)”§e”g{3|e§‘aé‘8% WRRIGBARd 5) .
Sui tabl e s@ ve‘arttaeéeueacttlbasmay bas¢ledetsiromhelproupadf driettgthniineem t he gr oup of

wat er, et hanol tra ur fo 1L.de, 1, 2-
di et hoxyet handéetﬁ@ gamlrg ﬁeﬁ%ﬁr‘ﬂ%'gﬁ%@%‘r”(‘il i ngﬂrﬁtert%uf&fg%%oﬁﬁﬁ{ rﬂ@?af?l
di met hyl sul f oxdodiem rydddeayisadium ethokite retssiumnmydite ancithilinmbysride.ne asgl vent f or

the ester hydre%@’%ln’ien't t%e%g%@%\"ﬁletn?étﬁé?'ﬁé[g(oﬂlfc‘égépforrﬁé\%nt i englla?‘ﬁ%t afdPr the

decar boxylation'1s rrol1dinone. |I'n another enbodi nent the
sol vent for tHee égaee‘prthgma{gngtg plageraent iRatassiiptfetttoxige v BYRNOHSF t he

decar boxyl #f i Qinioginfentingtbdé@iopthethdiBiabydissddemehts sadish eflotigae.  Sui t abl e
bases for the hydrolysis reaction rra%q be selected fromth sg(ébgrzh

pot assi um hydr oxi d&VIohgisehiigstar Hwithauepist RrSssivm var st

car bonat e, (tert-butoxycarbonyl)pyrrolidin-3-yl)malonic acid (compound 4), which is

decarboxylated to afford (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)acetic acid
(compound 5). Suitable solvents for these reactions may be selected from the group

25  of water, ethanol, tetrahydrofuran, dimethylformamide, dimethylacetamide, 1,2-
dimethoxyethane, dioxane, 1-methyl-2-pyrrolidinone, toluene, dimethylsulfoxide, and
mixtures thereof. In one embodiment the solvent for the ester hydrolysis is aqueous
tetrahydrofuran, and the solvent for the decarboxylation is 1-methyl-2-pyrrolidinone.
In another embodiment the solvent for the ester hydrolysis is ethanol, and the

30 solvent for the decarboxylation is a mixture of dimethylsufloxide and toluene.
Suitable bases for the hydrolysis reaction may be selected from the group of
potassium hydroxide, sodium hydroxide, potassium carbonate, sodium carbonate,
barium hydroxide and cesium carbonate. In one embodiment the base is potassium
hydroxide. Reduction of compound 5 gives tert-butyl (R)-3-(2-

35  hydroxyethyl)pyrrolidine-1-carboxylate (compound 6), which may be reacted with
methanesulfonyl chloride and then sodium iodide to give tert-butyl (R)-3-(2-



bari um hydroxi de and cesi um carbonate. I n one enbodi nent the base is

pot assi um hydr oxi de. Reduction of conpound 5 gives tert-butyl (R)-3-(2-
hydr oxyetwol2ppyiss4aBi di ne- 1- car boxyl ate (conpound 6), whiPpch/usagoobesoreact ed
wi t h nmet hanesul fonyl chloride and then sodiumiodide to give tert-butyl
(R) -3-(2-(nethyl sul fonyl oxy) et hyl ) pyrrolidine-1-carboxylate (conpound 7)
and ferf-butyl (R)-3- (2-iodoethyl)pyrrolidine-1-carboxylate (conpound 8),
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t et r ahydr of ur ma$es]prthd|mwtdnes¢yfem:haster foonativamay beisetettay fremltfiegiodeof and
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is 1,2- dinmethox trea nmen pot assi um
t erf - but oxi de thg W@f@ﬁh%@ﬁﬁéﬂﬁﬁﬂ fapic estriferatstien '§(§l%ﬂf—t’@nﬁf 0$U"tah|ie§0'r/@'ﬁ%t| on may

be sel ect ed frf@rrfhé B&dg'a%ldlﬁcé?ﬁenlrr%?@é @BEH@&N&% 'ﬂ%"tﬁoup of 1-methyl-2-
1- net hyl - yrrol | di none di met hyl acet am de, et hanol,

tetrahydr 0115ur arro lﬂ’i”@?%tr?é“%{hﬂfoFﬁ‘%!‘E"G‘F é’ém‘fth\éﬁm@@m'dq ﬁ”@ﬂ@ leftbyRent t he
sol vent is 1, Zetehp@blueaty € RhmnAgthoxgeinbad i xiras ammdiyisuidiide, sRp@kiupss may be

sel ected fromthe group of potassiumt /f but sodi hoxi de and
di azabi cycl ouﬁ'&?é?:%{niﬁ orférF"éq?B fﬁ‘sﬁﬂl frs e 'Pﬁg g'ég%cq"ée”gﬁt Ssi um

tert - but oxi de.dinkahdxgethame. cat al yzed coupling of conmpound 9 with

5- br onopyri m di ne

R R Tt oy ElnfE Reatment o esmpoun 8 Wit ol o DYRFS 89S 9 di ne ( 10)

whi ch is @@pr abmpded 9. rSLlltble!e bolvaits fot m[s reactign vy be selected from the group of
(a2 L
1- net hyl - 2- py rdrrmethyihqetatrede ethmlhyetréhydrm"ardei;oxalnamdhylmtmttmcnfe Iraorek
embodiment the solvent is 1,2-dimethoxyethane. Suitable bases for this reaction
may be selected from the group of potassium tert-butoxide, sodium ethoxide and
25 diazabicycloundecane. In another embodiment the base is potassium fert-butoxide.
Palladium-catalyzed coupling of compound 9 with 5-bromopyrimidine yields
(R)-1-(tert-butoxycarbonyl)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine (10), which is de-
protected in the final step to give (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine (11).
Suitable solvents for the palladium-catalyzed coupling reaction may be selected from
30 the group of 1-methyl-2-pyrrolidinone, dimethylformamide, dimethylacetamide and
acetonitrile. In one embodiment the solvent is dimethylacetamide. Suitable bases
for the palladium catalyzed coupling reaction may be selected from the group of
triethylamine, diethylisopropylamine, diisopropylethylamine, and sodium acetate. In
one embodiment the base is sodium acetate. Suitable phosphine ligands for the
35  palladium catalyzed coupling reaction may be selected from the group of tri-n-
butylphosphine, tri-tert-butylphosphine, tricyclohexylphosphine, triphenylphosphine,

10



acetonitrile. In one enbodi nent the solvent is dinethylacetam de. Suitable
bases for the palladiumcatal yzed coupling reaction nmay be selected from

t he groupwof2otwicetsByl am ne, di et hyli sopropyl am ne, dii seprapsyéoeiobsram ne,
and sodium acetate. In one enbodi rent the base is sodium acetate. Suitable
phosphi ne ligands for the palladiumcatal yzed coupling reaction nmay be

sel ected fromthe group of tri-nbutyl phosphi ne, tri-tert-butyl phosphi ne,

| oh I I 1,
LBy e phenyTERaURRERanF 8P EchBUATRRIABs L fbEne FERasAE | oL
is 1, 1'-bi s(dh@hmsphlp@hganunm‘p)ﬁ Es(ldmbefwmhoﬂhlﬁwbﬂr@cepal Buitiblernadadieinyst s f or
the pal | adi umc%?aeyg syféllgtﬂ g%ﬂ#u tdlyz g&% nd@)ﬁct[@:ﬁ n%ﬁlltfe(\ste?e‘étetjrfr‘amthge group of

pal I adi um aceta I'um chl ori
tris(di benzyl agf@tmf@)a"adw amaéat@m@&aﬁlmmlortdﬁ@néalpp%asimmﬁﬂé@tb&nwceioge

pal | adi um acetjgbRe erﬁﬂb&rﬁ@rht%éﬁaumm%atfa%t i§ BQIaQnﬁmFHc@ia&aCtSLﬁlablé@aﬁédt@mr may be
sel ected fromthe grou wat er, di chl or onet hane, I orof orm and

di chl or oet hanghe ?’ﬁ’rp@F?éP@h"@aﬁloﬁé‘i‘ﬁy bteﬁé'egﬁfj\/@ﬂ‘tth? gr%f’ Vatels i t abl e acids for
t he de- pr ot ectdihbréBa@ained Bniddiorhens gicheioethahd. Omchbempbdimpntahe solvent is

trifluoroacetic acid, ric a nd sulfuric acid.. ln one

enbodi nent t heValgi P it@'%ﬁﬂ‘f%#ém%ld? 8"1:(%??8” repRIMY LS sieZegkqdr{rotnh@egHupof

organi ¢ synt haﬁltrﬁluwolad:etna[apldetwldaicalondﬂan]d arivesutfurixdckt Imohé epbedimedtise of

produci ng gonmpou qo hir RY esent invention which are labeled with a

r adi oi sot o@ 6?8&‘ VY '98 vari ous di agnostic uses. For exanple, coupling
of 1 1C-| abel ed 5- @hosmgkiltedrin thenart of arhaio aptheasis Qill @pprlegiateietithbie exstoval of
the protectin taple for use
i posi tron enaunaieils 3PREbLIRedthodunlt BEHEBAGRCRRAHR M 82 ° pect "of
the present i rigkeied with aeachole@om)amomat@m varipus giggedstic Rpes.- fqrexample,
2-pyrrolidin- ) i

(R -5-((E)-2- ?Ié':yo)rabw (Pgarbb%:%n@ %@/yrnlmrﬁm |V¥1Iteh ?orzn qo#gdfsroeréolltg)évggb ormis a

vi scous 0i15 wremovalmf tr@cprmmmg @r@umm Hesaibedwillnreducetaeornoyad BriEDI | |

react with botd, bg@ﬁ%glg@n@ﬁ@gswng%bgagﬁy ds to make certain acid addition
salts that have physical properties that are advantageous for the
preparation of pharmaceutical conposi Schgmed ch as crystallinity, water
solubility, and stability toward chem cal degradation. Typically these salt
forms are pharmaceutically acceptable sal ts One aspect of t he present

i nvention includes acid addition sal ts of ( éé
OH COZH
\ "
Boc Boc Boc
3 4
1 2
|
OH OMs —/
— CO, —_ \/
Z & P Z 3 R Z S S : : -
Y \ " |
Boc Boc Boc Boc
5 6 7 8
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2-pyrrolidin-3-ylvinyl)pyrimdine. The acid is selected from hydrochloric
acid, sulfuric acid, nethanesulfonic acid, maleic acid, phosphoric acid,
1- hydr oxyw@-2neples4¥8i ¢ aci d, ketoglutaric acid, malonic &cirdjS209tesUari c
acid, fumaric acid, citric acid, L-malic acid, hippuric acid, L-lactic
acid, benzoic acid, succinic acid, adipic acid, acetic acid, nicotinic
acid, propionic acid, orotic acid, 4-hydroxybenzoic acid,

di - p-t ol uoyl - %aﬂrFtoﬂ'ﬁéC acid, di-p-anisoyl-D-tartaric aci d

di - benzoyl -D-tartarrc acid, 10- canphorsul fonic acid, canphorlc acid, and
phencyphos. The pr ©semspechoiihe bissentinyentioncelaigeto nayeksatt &xms ol (RIGHRt es of

t hese salt for rroTJ?ﬁsﬁ/kmy&%ﬁWrﬁer xRpg (@1@ F@%ﬁoﬁj ggqulbpg,hmgj,r{eh@ﬂ@r esent

i nvention can v e molar ratio of acid
to (R -5-((E) -f@el@ew@rm@ﬁ mwg&ouwwwy'wWMﬁ*ﬁréP'H@“thH?W?V%rthaffie basgyt ot her

ratios, sueh ag)Radtwithibdth fn’oréame?ar%@ an?aclds,toafaﬁe@@rwm hli@adddepears ng upon
the manner by which the salts descri herein e salts can

have cryst al é'c‘?tlﬁ‘é‘t’%?*é’§'°§|f?é?p68@éI”l?ﬁléresaéjl" PReQuy %é&eé’f%paﬁ? @E@Et during salt

formation. Th%arnﬁé&@ut&al éo%p@@ﬂor&cwdﬁ aﬁayénalmrt@;mtemwbmtyhemd stabifitpt es of
varying stoi CBI 0 cf%]u alge aget tII Yh S Qalt forms are pha eutical{y

(R) - 5- ((E) - 2- p¥F"BICPMA2 $€9R0T4N1 ) W?ﬁ}‘n&%a PNoTe Sdtent of the
present i nventdcosptaiensalitsalt has a stoichionetry of acid to

(R) -5- ((B) 72- pyrroldy a@;{g{%ctx ML p?@ grﬁﬁ{\/’eﬁtﬂowlﬁ%dgg adid 2ddifidh SROLNES-sqMEodi ment ,

the salt has a stoi c%
(R -5-((E)-2- p@mwmll¢|m6w1\@w9mw'mq;me) pRheiagidds sleqgd flom hydsprhianie eCied nfpdfichrent  of

the present i rb‘éﬁﬁHe%néé"u%M@Q&d (nEQIeléacflé Fp\m?pheb(é' 5, '1CHyHroxy 2-naphthoic

3-ylvinyl)pyrimdine nono-citrate or ri/?(ﬂlrate or sol'vate thereof. Another

embodi nent of acitekgfpgluteri agicweaiRnicorsid, héiP eaciffymarq aqid, cBricRRd Saie n- 3-

ylvinyl) pyri mingippRQcRl PiRtiadd, b@nib‘{cdé'cﬂi @u&fmcsé&d/ atipictabigr sfic admot her
enbodi mrent of the present i nvention ingcl

(R)-5- ((E)2- WW'B'F@B‘F’rPFQQ' 'Q/i’%?flo)'%'ﬁraf"%ﬁPWéOWB‘ﬁBHﬁIa@'Qt@ potP'UBV'TR/dr ate or

sol vat e t her eqhptar®d deldl dilLanisbyPBLdrtaat a&nhleul-bémﬂm tartaneadid,a0- conpr i ses
processes for the grelg%nratl on of the ise candit under

Th r

whi ch the sal t@MRhg's mr?a?a%@°8ﬁﬁ?'$laé‘a|pf‘§”°d§*?°§r ﬁﬁﬁgaase Hréveggﬂntassonay be
obt ai ned byhcrmcsl}icwslhwrat&@nd solctaes afoimdseahlt aemsondi ti ons. The met hod for
preparing the salt can . vary. The pr r
((E)-2-pyrrolidin- gfh§|s ﬂ?l”}em/'lp %}ea?lﬂsecog'ngﬁgﬁqu\ ?&eﬁ)t '?cﬁ n Cﬁ”n"\?Bﬁ' vFé)g: (1)
En'R;d gg( 'E E)ezo‘z r eee(abnameu isdypical that the n}mtaroeitiotolﬁecid toe(B)-bé(@ Myrrsmlm -ably pure

\ n Suyiqt ARl wth
any of the aCI )ﬁyrln% Ra % 1 d?fﬂ 1r¥§§p%ﬁ%rg%tﬁysr%0h Qf% 1Syt ?@ ﬁ%%g%?ggérlen !
sui tabl e sol vemtS$lbIBy|BieQ%ﬂdlr3@ L@OBthednannéqu W@Uéﬁ"i@ﬁ't?fdeﬁﬁ@eé@ﬂ?m are

formed, the salts can have crystal structures that occlude solvents that are present
during salt formation. Thus, the salts can occur as hydrates and other solvates of
25  varying stoichiometry of solvent relative to (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine.
In one embodiment of the present invention, the salt has a stoichiometry of
acid to (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine of 1:2. In another embodiment, the
salt has a stoichiometry of acid to (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine of 1:1.
Another embodiment of the present invention includes (R)-5-((E)-2-pyrrolidin-
30  3-ylvinyl)pyrimidine mono-citrate or a hydrate or solvate thereof. Another
embodiment of the present invention includes (R)-5-((E)-2-pyrrolidin-3-
ylvinyl)pyrimidine mono-orotate or a hydrate or solvate thereof. Another embodiment
of the present invention includes (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
maleate or a hydrate or solvate thereof.
35 A further aspect of the present invention comprises processes for the

preparation of the salts. The precise conditions under which the salts are formed
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(i1) (a) cooling the resulting salt solution if necessary to cause
precipitation, or (ii) (b) adding a suitable anti-solvent to cause

preci pi t avDan10/w6443i i) (c) evaporating the first sol venrcans2@dasengs and new
sol vent and repeating either steps (ii) (a) or step (ii) (b), and (iii)
filtering to collect the salt, and optional recrystallization. The
stoichionetry, solvent m x, solute concentration, and tenperature enployed

Ca oY FERT RS e P PRy B8 i b oBRSRR R B

met hanol , i somooipglled abrwtitloos., | sopropyl acetate, acetone, ethyl acetate,

tol uene, water, rmt'l'ﬁ¥h1r g#ola%rr#f@%a he@%ﬁ R¥ths béﬂpcw YWhl‘SFeQQr%tlor{ &T(Ry-But yl

nmet hyl ether, tetra ura or onet hane, n-hept ane,
acetonitrile. (A& I@mﬂ@tﬂiﬁ ﬁ'thnyb‘ﬁV“ml@e;ﬁaBéQéﬁ‘ﬁ WW@h‘f‘Y%\fﬁscorrprl ses t he

nydr ooh 07 ls? R ibnd s fide besch6l Qsohﬁfféh PO TUL e ¢ sty puiB(FBLe (B2

phosphori ¢ aci é rox%/ﬁ! hoi ¢ aci etogl utaric, aci mal oni c
aci d, L-tart arAygoligsi-gryviny Fm@'n&d" aSU'E?Plerﬁot‘!e%ic‘i"H‘ aqy 9fhe acidsdd e fBour i ¢

acid, L-lacti GraghQolufisi@rehg ofifht deid$HGCdufbile Sdheht, éﬁﬁﬂaw 6531 dquiveitd ¢ aci d,
nicotinic acid, propionic acid, orotic acid, 4-hy roxybenzoi c acid,

di - pt ol uoyl - @fﬁflﬁr%%‘rl c acid, d| p-ani soyl-D-tartaric acid,

di - benzoyl - D- @y ta)aédoﬁn éebsulhﬂg séhadmjﬁem suécfeesursztoa@ude pneanmndmmcﬂ acid, and
phencyphos sal ts of g ypyrimdine in

subst anti al9 y @rlkadd qg,éh%ult%é;? Apt- qq{\%%htgéﬁag%e Qr%'p'%}'orblp stallinity may be
det ermi ned by (fijne) &aporatrdy thefisbsoluest argl adding yang oswd solvetit Biid epeatog ethRPD) .

Q her techniques, ch a |jd state NVR, FT-IR, Ranman spectroscopy,

di fferential é@%ﬁ%ﬁx@ 955?'36’3{3@ PS]/& (DSC) and nicrocal orinetry, may al so be
used. For corrp(mpﬁtésng)fo dohiect thersat rendioptianat ieomystallizatihas been found to be
possi bl e to produc rystalline.
Several of these c(rerygt I'(:I%ioh{eétrgaﬁo nt‘é‘ﬁ%n%ﬁléj?e{%ng '%E@ol{[) [1 p%%(?rlgm ent to

est abl i sh theiempioyerdicsevim Rh@em”l@ﬂﬂlu@S¢|‘<ﬁmtsdflat®albﬁrﬂ§%qﬁ9lp('if%ﬂafeb?repar ations.
Such stability, ﬂlpﬁa {HE SR ShE e, Wtﬁou‘t’%ﬁeﬁ%b{ éi’rﬁan\(iﬁ)f%tha%lol@@pﬂ&)ﬂy to gain

and rel ease atno eric nolsture can assessed nam Cc vapor sSsor ptl on

(DVS). Stabil |algphpblSéprepﬂ@@@i@ténq%mfemt@éa%ﬁweﬁelﬁffaﬁ W e&dnetBe e&Wldi ed by
storing the solddhesRbihg @Hbuﬂrme%n@f’é%ufyomemm ditfer ge@dtlydebRyran, and t hen

re- exam ni ng each by weig earance under the m croscope, and XRPD.
Pol ynor phs Theligh¥rippethare. thef’tﬁ‘g pﬂ”@é‘@ﬁ?”'ﬁ”%\/entl on may crystallize in nore

than one fgrm a clpHeamiReingnt 6 théaroresera hvpritloy DmMpriges the rcbcklodhag| yor phi ¢

forms sulfuric acid, methanesulfonic acid, maleic acid, phosphoric acid, 1-hydroxy-2-
naphthoic acid, ketoglutaric acid, malonic acid, L-tartaric acid, fumaric acid, citric
acid, L-malic acid, hippuric acid, L-lactic acid, benzoic acid, succinic acid, adipic acid,
acetic acid, nicotinic acid, propionic acid, orotic acid, 4-hydroxybenzoic acid, di-p-

25  toluoyl-D-tartaric acid, di-p-anisoyl-D-tartaric acid, di-benzoyl-D-tartaric acid, 10-
camphorsulfonic acid, camphoric acid, and phencyphos salts of (R)-5-((E)-2-
pyrrolidin-3-ylvinyl)pyrimidine in substantially crystalline form.

The degree (%) of crystallinity may be determined by the skilled person using
x-ray powder diffraction (XRPD). Other techniques, such as solid state NMR, FT-IR,

30 Raman spectroscopy, differential scanning calorimetry (DSC) and microcalorimetry,
may also be used. For compounds of the current invention, it has been found to be
possible to produce salts in forms which are greater than 80% crystalline.

Several of these crystalline salts demonstrated stability sufficient to establish
their promise in the production of pharmaceutical preparations. Such stability can be

35 demonstrated in a variety of ways. Propensity to gain and release atmospheric
moisture can be assessed by dynamic vapor sorption (DVS). Stability to elevated
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("pol ynorphs") are within the scope of the present invention. Polynorphism
general ly can occur as a response to changes in tenperature, pressure, or
bot h. Polwounphicse¥3can al so result fromvariations in tireTasgeabdorgzati on
process. Pol ynorphs can be distingui shed by various physical
characteristics known in the art such as XRPD patterns (diffractograns),
sol :Jbijl ity in vari ous soI vents, and nelting point. The present invention

i ncl udes vari hlcforms of the salt for of

(R-5-((B)-2- ol RRR T gy et oo T R 4P seEE Bkl

sol vat es of ther upetbterght &ysfﬂrlddlheyrquxahmmbmqmbxawegmihmeltaecé uegrthe t heir
X-ray powder I&)‘og %%‘ D) patterns (diffractograns). One enbodi nent
of the present rnvention |nc ‘udes a crystalline formof (R)-5-
((B)-2-pyrrolidin-3-ylvinyl)pyrimdine nono-citrate. Another embodi ment of
the presentg i B ”9 i ncl udes an anor phous form of

(R -5-((E)-2-pyTTroO in-3- ylvinyl)pyrimdine nono-citrate. Another

enbodi ment of the 5he§@npoqnﬁ$/efrth¢aﬁ@s'ifmve@reﬁleﬁﬁw@mﬁdﬁﬂw

(R)-5-((E)-2- Ffb!rrn{%&Q’a&eﬁsﬁikNdvﬂVés)déWHoFﬁh@hﬂQnd@aﬁﬁblymabﬁlcvdmse XRPD pattern
substantially corresponds to odi ment of the

present i nvent(RIMOFREE ) geavithi ”ptB? ??PBF;? ihe pfeéfeﬂt\q?)‘fe”t'%) Pmymo”g':os
5-((E)-2-pyrr Qjehdrlany canydcuirgla)rayonsé tildhenQEMempérataﬁeeprEmum br totrar act eri zed

by a XRPD att c iSi as ne . of p 5.27
1603 13, 7 2 PWPSRRBRI R Brsaut KERTefE B thRehihodiobhs" P owES 2
pol ynor phi ¢ fmambeﬂls(r@pisﬁec( leEaanQusmhyslcﬂl phhracterwtwknwmyptg}'\elamsucmes
nono-citrate se. tothat
shown 11 A gurdtD bedRRGEIA B PRI bivants, 88 FERRTBGT,
pol ynor phi ¢ form ofThé R)esént(r(vléytl@-lwtvdeslvamqws IwoBmyl‘PhiCﬁW)SwﬁherﬁaﬂfQi@s Of
nono-citrate F Q) Pf I gphattern
conpri si ng at (ﬁg@é{ Zﬁf‘gﬂ' B?ﬁt ﬁghigﬁyﬁwdﬁg g%}gﬁﬁg éydréws Qﬂdcgor\iéféts o?{hZZ 06 24 66

salts. Such polymorphic forms are characterized by the|r x-ray powder dlffractlon

(XRPD) patterns (diffractograms).

One embodiment of the present invention includes a crystalline form of (R)-5-

((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate. Another embodiment of the
present invention includes an amorphous form of (R)-5-((E)-2-pyrrolidin-3-

20  ylvinyl)pyrimidine mono-citrate. Another embodiment of the present invention
includes an amorphous form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
citrate whose XRPD pattern substantially corresponds to that shown in Figure 1.

One embodiment of the present invention includes a polymorphic form of (R)-
5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form | characterized by a XRPD

25  pattern comprising at least one of the following peaks:

20
5.27

10.03

13.77
21.73

Another embodiment, the present invention includes a polymorphic form of
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form | whose XRPD pattern

30 substantially corresponds to that shown in Figure 2.
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32 13 33 35 34 6 1 35 96 38 65 40 23 Anot her enbodi nent, the present

i nvention includes a polynorphic formof (R)-5-((E)-2-pyrrol

i di n-3-ylwOornyloeyqai di ne nono-citrate Form Il whose XRPPCRAIS2@9066078
substantially corresponds to that shown in Figure 3 One enbodi nent of the
present invention includes a polynorphic formof (R)-5-((E)-2-pyrrol

i din-3-ylvinyl)pyrimdine nono-citrate Form 11l characterized by a XRPD

pattern conpri sing f : j 4 24 16 24
08 38 19 18 10 48 SF Agg‘?"?k"eg‘g%ig‘eo‘%&gﬂg@aé”% 'qu%g%@’%i%%%@%& 34 86
37 26 37 63 3QR)ﬁ-A(Eb?WHOI'@Wb%ﬂV'ﬁﬁ)ﬁt{'}'m'ﬂﬁ_@ "}ﬂ“@fyéfﬁte 'Tqiimémfiatﬁﬁ"te!“ﬁ‘?,q Rites a

pol ynor phi ¢ fg,bwaafx-r(aﬁhm@acﬁ& at@rPohioRbing beakst Whe/ bithé IdMuwihghbedKae
nono-citrate Form 11 whose XRPD pattern substantially corresponds to that
shown in Figure 4 .

20
11.02
20.01
22.06
24.66
32.13
33.35
34.61
35.96
38.65
40.23

Another embodiment, the present invention includes a polymorphic form of
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form Il whose XRPD pattern
substantially corresponds to that shown in Figure 3.

One embodiment of the present invention includes a polymorphic form of

10  (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form Ili characterized by a

XRPD pattern comprising at least one of the following peaks:

20
9.43

12.24

16.24
18.38
19.18
19.48
21.52
22.89
23.08
2428
30.77
31.27
32.36
33.09
34.86
37.26
37.63
39.47
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One enbodi ment of the present invention includes a polynorphic formof (R)-
5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine nono-citrate Form |V characteri zed
by a XRPDvpabtoawss4sonpri sing at | east one of the foll owpa@/yse@kss6028) 5. 05
10.81 14.06 15.20 17.43 23.57 24.21 25.52 26.95 Anot her enbodi ment, the
present invention includes a polynorphic form of

(R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine nono-citrate Form IV whose
XRPD pattern substantially corresponds to that shown in Figure 5 One

enbodi nent of the present invention includes a crystalline formof (R)-

5;] ((E) - 2- pyrrol i di mngthet embpodingnyrtherprébent invention drckidas e polgmerpbietierdi efent  of
the present i QiR | ; =

5-((E)-2-pyrr gﬁgi(LE?g_%yﬂ@l?d#ﬁ??lg@xlwlrﬁ%%n%ﬁt%égﬁnem E@ro sn? >I(R}(D:R§ra g%r? erized
by a XRPD pat tsipstaetighpeqreasppdato thabshowpifeFigyrethe f ol | owi ng peaks: 2Q 2.55
6.54 8.66 13.26 14.Ghf3 chbolihehtofdife frdséndinkehtidh indlRidéda ddiy@emRic@em of (R)-

5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form |V characterized by a

XRPD pattern comprising at least one of the following peaks:

20

5.05

10.81
14.06
15.20
17.43
23.57
24.21
25.52
26.95

10 Another embodiment, the present invention includes a polymorphic form of
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form 1V whose XRPD pattern
substantially corresponds to that shown in Figure 5

One embodiment of the present invention includes a crystalline form of (R)-
5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-orotate.

15 One embodiment of the present invention includes a polymorphic form of (R)-
5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-orotate Form | characterized by a XRPD
pattern comprising at least one of the following peaks:

20
2.55
6.54
8.66
13.26
14.56
15.98
17.47
18.53
19.30
20.26
21.05
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23.14 24.32 25.56 26.87 27.84 28.76 29.53 Anot her enbodi nent,

i nvention includes a polynorphic fo

rm of

t he present

(R) - 5- (( Byo2emyossaBi di n- 3-yl vi nyl ) pyri m di ne nono- or ot aPeTHRszemIo6an®se XRPD

pattern substantially corresponds to that shown in Figure 6 .
invention includes a crystalline formof (R)-

enbodi nent of the present

5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdi ne nono-nal eate.

the present invention includes a po
5-((E)-2-pyrrolidin-3-ylvinyl)pyrim
by a XRPD pattern conprising at |ea
16.09 18.00 19.07 24.49 26.40 26.04
i nvention includes a polynorphic fo
(R -5-((E)-2-pyrrolidin-3-ylvinyl)p
pattern substantially corresponds t
enbodi nent of the present invention
(R -5-((E)-2-pyrrolidin-3-ylvinyl)p
characterized by a XRPD pattern co

peaks: 2Q 4.3 1 16 .56

y_m)rEhi c f

One

One enbodi ment of
orm of (R)-

mal eate Form | characterized

t of®el4of the follow ng peaks: 2Q 12.81
27. 8832Anot her enbodi nent, the present

[ M 0bs5 56

yri mgine npno-nmal eate Form | whose XRPD
_thg.}%show in Figure 7 . One
Hettdes—a pol ynor phi ¢ form of

i % e npno- mal eate Form ||

ri sehep at | east one of the follow ng

Another embodiment, the present invention includes a polymorphic form of
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-orotate Form | whose XRPD pattern

substantially corresponds to that shown in Figure 6.

One embodiment of the present invention includes a crystalline form of (R)-

5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate.
One embodiment of the present invention includes a polymorphic form of (R)-

5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate Form | characterized by a

XRPD pattern comprising at least one of the following peaks:

10

20

12.81

16.09

18.00

19.07

24.49

26.40

26.04

27.88

Another embodiment, the present invention includes a polymorphic form of

(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate Form | whose XRPD

pattern substantially corresponds to that shown in Figure 7.

15

One embodiment of the present invention includes a polymorphic form of

(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate Form |l characterized by a

XRPD pattern comprising at least one of the following peaks:

20

4.31

16.56

18.29

18.78

19.64
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Another embodiment, the present invention includes a polymorphic form of

(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate Form Il whose XRPD

pattern substantially corresponds to that shown in Figure 8

As noted, the salt forms of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine may

exist in solvated, for example hydrated, as well as unsolvated forms. The present

invention encompasses all such forms.

The present invention also includes isotopically labeled compounds wherein

one or more atoms are replaced by an atom having an atomic mass or mass number

10

different from the atomic mass or mass number usually found in nature. Examples

of isotopes that can be incorporated into compounds of the invention include

isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine, and
chlorine, such as 2H, *H, "°C, "“C, "N, "0, and ""0. Such isotopically labeled

compounds are useful as research or diagnostic tools.

15
Pharmaceutical Compositions

Although it is possible to administer the compound of the present invention in

the form of a bulk active chemical, it is preferred to administer the compound in the

form of a pharmaceutical composition or formulation. Thus, one aspect the present

20

invention includes pharmaceutical compositions comprising the compound of the

present invention and one or more pharmaceutically acceptable carriers, diluents,

or excipients. Another aspect of the invention provides a process for the preparation

of a pharmaceutical composition, including admixing the compound of the present

invention with one or more pharmaceutically acceptable carriers, diluents or

25  excipients.

The manner in which the compound of the present invention is administered

18



present invention and one or nore pharnmaceutically acceptable carriers,

di luents, or excipients. Another aspect of the invention provides a process
for the pweparwtssaas of a pharmaceutical conposition, i|inecCudiseeoacdrsi ng t he
conmpound of the present invention with one or nore pharmaceutically
acceptabl e carriers, diluents or excipients. The manner in which the
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20  multiple or subunit doses
The administration of the pharmaceutical compositions described herein can
be intermittent, or at a gradual, continuous, constant or controlled rate. The
pharmaceutical compositions may be administered to a warm-blooded animal, for
example, a mammal such as a mouse, rat, cat, rabbit, dog, pig, cow, or monkey; but
25 advantageously is administered to a human being. In addition, the time of day and
the number of times per day that the pharmaceutical composition is administered
can vary.
The compound of the present invention may be used in the treatment of a
variety of disorders and conditions and, as such, may be used in combination with a
30 variety of other suitable therapeutic agents useful in the treatment or prophylaxis of
those disorders or conditions. Thus, one embodiment of the present invention
includes the administration of the compound of the present invention in combination
with other therapeutic compounds. For example, the compound of the present
invention can be used in combination with other NNR ligands (such as varenicline),
35 antioxidants (such as free radical scavenging agents), antibacterial agents (such as
penicillin antibiotics), antiviral agents (such as nucleoside analogs, like zidovudine
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variety of disorders and conditions and, as such, may be used in
conbination with a variety of other suitable therapeutic agents useful in
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combination may be administered separately in a sequential manner wherein one

25 treatment agent is administered first and the other second. Such sequential
administration may be close in time or remote in time.
Another aspect of the present invention includes combination therapy
comprising administering to the subject a therapeutically or prophylactically effective
amount of the compound of the present invention and one or more other therapy

30 including chemotherapy, radiation therapy, gene therapy, or immunotherapy.

Method of Treatment

(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine, a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition containing such can be used for the
35  prevention or treatment of various conditions or disorders for which other types of
nicotinic compounds have been proposed or are shown to be useful as therapeutics,
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Anot her aspect of the present invention includes conbination therapy
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salt theregf, ®Ysidd phdr maceuti cal conpositions containing such are useful
in the treatnent or prevention of a variety of CNS disorders, including
neur odegener ati ve di sorders, neuropsychiatric disorders, neurologic

di sorders, andcNgldiscitiergns. The conmpounds and their pharmaceuti cal
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behavi ors; t o digonders@europsychiatric disorders, neurologlc dlsorders and addictions. The

compounds and their pharmaceutical compositions can be used to treat or prevent
cognitive impairments and dysfunctions, age-related and otherwise; attentional
disorders and dementias, including those due to infectious agents or metabolic

25  disturbances; to provide neuroprotection; to treat convulsions and multiple cerebral
infarcts; to treat mood disorders, compulsions and addictive behaviors; to provide
analgesia; to control inflammation, such as mediated by cytokines and nuclear factor
kappa B; to treat inflammatory disorders; to provide pain relief, and to treat
infections, as anti-infectious agents for treating bacterial, fungal, and viral infections.

30 Among the disorders, diseases and conditions that the compounds and
pharmaceutical compositions of the present invention can be used to treat or prevent
are: age-associated memory impairment (AAMI), mild cognitive impairment (MCI),
age-related cognitive decline (ARCD), pre-senile dementia, early onset Alzheimer's
disease, senile dementia, dementia of the Alzheimer’s type, Alzheimer’s disease,

35  cognitive impairment no dementia (CIND), Lewy body dementia, HiV-dementia, AIDS
dementia complex, vascular dementia, Down syndrome, head trauma, traumatic
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25 impairment, pre-senile dementia, Alzheimer's disease, senile dementia, dementia of
the Alzheimer’s type, age-related memory impairment, Lewy body dementia,
vascular dementia, AIDS dementia complex, dyslexia, Parkinsonism including
Parkinson’s disease, cognitive impairment and dementia of Parkinson's Disease,
cognitive impairment of multiple sclerosis, cognitive impairment caused by traumatic

30  brain injury, dementias due to other general medical conditions, anxiety disorders,
including but not limited to panic disorder without agoraphobia, panic disorder with
agoraphobia, agoraphobia without history of panic disorder, specific phobia, social
phobia, obsessive-compulsive disorder, post-traumatic stress disorder, acute stress
disorder, generalized anxiety disorder and generalized anxiety disorder due to a

35 general medical condition, mood disorders, including but not limited to major
depressive disorder, dysthymic disorder, bipolar depression, bipolar mania, bipolar |
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Inflammation
The nervous system, primarily through the vagus nerve, is known to regulate
25 the magnitude of the innate immune response by inhibiting the release of
macrophage tumor necrosis factor (TNF). This physiological mechanism is known
as the “cholinergic anti-inflammatory pathway” (see, for example, Tracey, “The
inflammatory reflex,” Nature 420: 853-9 (2002)). Excessive inflammation and tumor
necrosis factor synthesis cause morbidity and even mortality in a variety of diseases.
30 These diseases include, but are not limited to, endotoxemia, rheumatoid arthritis,
osteoarthritis, psoriasis, asthma, atherosclerosis, idiopathic pulmonary fibrosis, and
inflammatory bowel disease.
Inflammatory conditions that can be treated or prevented by administering the
compounds described herein include, but are not limited to, chronic and acute
35 inflammation, psoriasis, endotoxemia, gout, acute pseudogout, acute gouty arthritis,

arthritis, rheumatoid arthritis, osteoarthritis, allograft rejection, chronic transplant
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antimicrobial properties.
These compounds can also be used as adjunct therapy in combination with
existing therapies to manage bacterial, viral and fungal infections, such as
25 antibiotics, antivirals and antifungals. Antitoxins can also be used to bind to toxins
produced by the infectious agents and aliow the bound toxins to pass through the
body without generating an inflammatory response. Examples of antitoxins are
disclosed, for example, in U.S. Patent No. 6,310,043 to Bundle et al. Other agents
effective against bacterial and other toxins can be effective and their therapeutic
30 effect can be complemented by co-administration with the compounds described

herein.

The compounds of the present invention and their pharmaceutical
35 compositions are particularly useful in treating and preventing pain, including acute,
persistent, and chronic pain. The pain types and painful conditions that can be
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of an external stimulus), and dysesthesia (spontaneous or evoked unpleasant

abnormal sensations) are also typically characterized as types of neuropathic pain.

The compounds of the present invention and their pharmaceutical compositions are

particularly useful in treating and preventing these neuropathic pain types and

25  associated conditions.

Other Disorders
In addition to treating CNS disorders, inflammation, and pain, the compounds

of the present invention can be also used to prevent or treat certain other conditions,

30 diseases, and disorders in which NNRs play a role. Examples include autoimmune
disorders such as lupus, disorders associated with cytokine release, cachexia
secondary to infection (e.g., as occurs in AIDS, AIDS related complex and
neoplasia), obesity, pemphitis, urinary incontinence, retinal diseases, infectious
diseases, myasthenia, Eaton-Lambert syndrome, hypertension, osteoporosis,

35 vasoconstriction, vasodilatation, cardiac arrhythmias, type | diabetes, type Il
diabetes, bulimia, anorexia, diarrhea, constipation, and ulcers, as well as those
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saturating concentratlons The admmlstered doses typically are below the toxic

range and provide high contrast images. The compounds are expected to be
capable of administration in non-toxic levels. Determination of dose is carried out in
a manner known to one skilled in the art of radiolabel imaging. See, for example,
U.S. Patent No. 5,969,144 to London et al.

25 The compounds can be administered using known techniques. See, for
example, U.S. Patent No. 5,969,144 to London et al. The compounds can be
administered in formulation compositions that incorporate other ingredients, such as
those types of ingredients that are useful in formulating a diagnostic composition.
Compounds useful in accordance with carrying out the present invention most

30 preferably are employed in forms of high purity. See, U.S. Patent No. 5,853,696 to
Elmalch et al.

After the compounds are administered to a subject (e.g., a human subject),
the presence of that compound within the subject can be imaged and quantified by
appropriate techniques in order to indicate the presence, quantity, and functionality

35  of selected NNR subtypes. In addition to humans, the compounds can also be
administered to animals, such as mice, rats, dogs, and monkeys. SPECT and PET
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subt ypes wi t hidiagneee gisepsedt a aubmb]seé@h 5 phyrnarcratigt (Theimefiad ine&epr ai n f or

di agnosi s assoginikiring tb thaR piiint £hstehbl{Nbeled §&ﬂ;§:ﬁ‘1ﬁd @Qﬁeﬂilﬁéﬂ KEREIR, ankn one
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adm ni st eri ng reeptdralibtppds) ETHosa sﬁiwédaﬁt@tdryofluauhgHednmmwnduomsd@cri bed
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i ncl udi ng con I ons Sorders associ t he
central an2 autisondars mclode @ vide variety eh@NS Sisedses and disorders, including
Alzheimer’s disease, Parkinson’s disease, and schizophrenia. These and other
representative diseases and disorders that can be evaluated include those that are
set forth in U.S. Patent No. 5,952,339 to Bencherif et al.
In another aspect, the diagnostic compositions can be used in a method to
25  monitor selective nicotinic receptor subtypes of a subject, such as a human patient.
The method involves administering a detectably labeled compound as described
herein to that patient and detecting the binding of that compound to selected nicotinic

receptor subtypes namely, the a4B2 receptor subtypes.

30 Receptor Binding
The compounds of this invention can be used as reference ligands in binding

assays for compounds which bind to NNR subtypes, particularly the a4p2 receptor
subtypes. For this purpose the compounds of this invention are preferably labeled with a
radioactive isotopic moiety such as °H, or “C. Examples of such binding assays are

35  described in detail below.
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20 under non-ambient conditions were mounted on a silicon wafer with heat-conducting
compound. The sample was then heated to the appropriate temperature at ca. 10
°C/min and subsequently held isothermally for about 5 min before data collection was
initiated. Peak positions are reported as °28 with an accuracy of £0.1°.

Single Crystal XRD (SXD)

25 Data were collected on a Bruker AXS 1K SMART CCD diffractometer
equipped with an Oxford Cryosystems Cryostream cooling device. Structures were
solved using either the SHELXS or SHELXD programs and refined with the SHELXL
program as part of the Bruker AXS SHELXTL suite. Unless otherwise stated,

hydrogen atoms attached to carbon were placed geometrically and allowed to refine
30  with a riding isotropic displacement parameter. Hydrogen atoms attached to a

heteroatom were located in a difference Fourier synthesis and were allowed to refine

freely with an isotropic displacement parameter.

Nuclear Magnetic Resonance (NMR) Spectrometry

NMR spectra were collected on either a Varian Unity 300 MHz instrument or
35  a Bruker 400MHz instrument equipped with an auto-sampler and controlled by a
DRX400 console. Automated experiments were acquired using ICONNMR v4.0.4
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conpound. The sanple was then heated to the appropriate tenperature at ca.
10 ¢ mn and subsequently held isothermally for about 5 mn before data
col | ecti omowan/i6ni4Bi at ed. Peak positions are reported a®CIZqSasmloc@ns
accuracy of 0.1. Single Crystal XRD (SXD) Data were coll ected on a Bruker
AXS 1K SMART CCD diffractoneter equi pped with an Oxford Cryosystens
Cryostream cool i ng device. Structures were solved using either the SHELXS
or SHELXD pro f.] ot r e

Br uker AXS SH%E@”?@?‘ n@%”"hﬁl%gsé% oEl ﬁép%cse st§ &g@%%@%@%gﬁa o@é %O?t ached
t 0 carbon wer eexpérieends. Feonet-noutingl spgcteasdory| daﬁwdretaqueerduth@ugh the vae pf di ng

i sotropic di spid'bg&gg@h egparameter. Hydrogen atons attached to a heteroatom
were |located in erence Fourier synthesis and were allowed to refine
freely with arMelinatPeii ¢ di spl acement paraneter. Nucl ear Magnetic Resonance

(NMR)  Spectg onet ry A\Eher D6iHsHat $BEEmEIhd S&ﬁt%@p&ﬂtu@hfab%e@aV@Eét% Uni ty 300
MHz instrunment or a Bruker 400MHz instrunent equi pped with an auto- sarrpl er

and cont r ol | ed*OF§SRONBIRSKIDD MealiRg Fte Of ARGt BY Xper i ments were acquired
usi ng | CONNVR piffer@nttb{ Btdnnthg DaldriteeH (ESOY t h TOpSpI nv 1.3 (patch level 8)

usi ng the standard roscopy,
dat agvvere acquired [g#%%%weﬂer%ﬁ% eéix By Jﬁ‘(gﬁgﬁﬁ"ﬂe @ﬂ@w‘i\/@%tﬂ%ﬁ&s‘?ﬁ% P
Fi sher - Johns hapippedigith a0 positipnpotodangyigyailbe instruvaant wae dalibedtedhfos endrgyng
correspon g o\t W W al

Scanni ng QY ot fpbir A i g ik o, A5babe Pripdureth T
QLO00 or a Metsampre, DS(pigPaled elyainiye damivial hgatsd aptsi/miprireau2o-Glarfgher . The

i nstrunment was,ggabi hr tion using
certified i ndi T?‘p“.’““éryg@e%*‘gi B R SO - ol 6

al um ni um pan, A& - #2n from 25 Cto 175- 200 OC. A nitrogen
purge at 30 nl/m nmairawerb&bn&@bmm [MetrerAemS Q500 NEA BB uiFhaMlites 16 C

Anal ysis (TGA) a were col I I nstr nt 00 TGA
equi bped via n ReStE BaereTBR oin MeSaARDER sdfatinver WeaReBRtanay
equi pped with s&nﬁ)ﬂerpafa Ilristromeﬁtlslmoealmélnwtrumﬁﬁt Wawénhplér’&mtécaﬂlﬁﬁféd u“éi‘mg
i nstrunment was ted . usin rtlfle ically
5-10 ng of eac%ng'gﬁ% ugmeWa pr°8§’d‘°b i@@ﬁtoée%Ch s%g\pf avyae q%g Pﬁlﬁ“ﬁ) & rti%{i)bl e and
al um ni um DSC qt&tmumambnbtmmd’mm:enimsaﬁaﬂand wa$ heated at 10 °C/min from

ambient temperature to 350 °C. A nitrogen purge at 60 mL/minwas maintained over

20 the sample. Mettler TGA/SDTA 851e: The instrument was temperature calibrated
using certified indium. Typically 5-10 mg of each sample was loaded onto a pre-

tared aluminum crucible and was heated at 10 °C/min from ambient temperature to
350 °C. A nitrogen purge at 50 mL/min was maintained over the sample.
Polarized Light Microscopy (PLM)

25 Samples were studied on a Leica LM/DM polarized light microscope with a
digital video camera for image capture. A small amount of each sample was placed
on a glass slide, mounted in immersion oil and covered with a glass slip, the
individual particles being separated as well as possible. The sample was viewed
with appropriate magnification and partially polarised light, coupled to a A false-color

30 filter.

Hot Stage Microscopy (HSM)

Hot Stage Microscopy was carried out using a Leica LM/DM polarized light
microscope combined with a Mettler-Toledo MTFP82HT hot-stage and a digital video
camera for image capture. A small amount of each sample was placed onto a glass

35  slide with individual particles separated as well as possible. The sample was viewed
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anbi ent tenperature to 350 OC. A nitrogen purge at 60 niL/m n was mai ntai ned
over the sanple. Mettler TGA SDTA 851e: The instrunent was tenperature

cal i br at edousiogsaertified i ndium Typically 5-10 ng of Peaais2@anpiozs was

| oaded onto a pretared al um num cruci ble and was heated at 10 Cmn from
anbi ent tenperature to 350 OC. A nitrogen purge at 50 niL/m n was mai ntai ned
over the sanple. Polarized Light Mcroscopy (PLM Sanples were studied on a

Lei ca LM DM p%@rg&é&% ,J,tg%t?nmaq.’f %ﬁ@ﬁﬁﬂ%}alaﬁz&ll@h({ %ug c?dqﬁg AQQ%SS 8o OF

i mage capture eac sl ide,
mount ed i n i nrfilles Woitst bing heried Bora eadiont hemparayrw@lcellvlq@10t<|3/§"ri nd| vi dual

particles bei ng,SeRAIAEdoBo¥®ls) @s possible. The sanple was viewed with
appropriate nagnification and partially polarised |i h@tg coupled to a |
cg?sa in

fal se-col or filter .Somsien SeRgeNweedsterpiped viing a fe RESM%BEEBpy was
carried outs UsiopdlioR ah&\Zef codivlolidd HyEMS ARSI é@@%oﬂ@a?é%l@@@n&@nb' ned with a
Mettl er-Tol edo MIFP82 hot - stae %ewg deo ¢ ra tor i mage
capture. A snefTMPERBIRYaLMagiang 55% b E%Br%\@%@ CEQs- a.‘t%'};\"gg Q’I‘”faﬁe with

i ndi vijdualh pardongblied b?@rpﬂﬂigaﬁtgednﬂ&fmlahdg@t mm@nb\:\/ﬂ\afﬂmﬂwrméefmﬁs e
vi ewedwi t h appr.opri nification an tLa rrze | ght, couple
toal fal sep(F:)'B?/B'\’ fa\tl'le "gm’v{m y“ﬁ&"?measwg‘i@’%a"?%r%?"oh | ent IIS%?em(?:])eraturep
typically at L@yr@mic rang®yiar1@0 %iRbrioteduicaothe (sBVIS)E. Bur weiglieharget her ms wer e
D o Aaaldrs | @hsdrPABudY B hOLERRE L TRICRANeRATAL CORARRARIEBNT O] | ©F

by SM5 Ana y5| SUlY twar e enperature was mal ntalned at 25
0C by the i nstthamobadmne (a@pwacyrﬂbocmm dity was controlled by m xing

streams of dry andm&%{gl a4 9(9@18 sa?ﬁbl@k’vai1 p[?%d'?‘!)n {h'e“?éﬁ’eé AHeth Qtfaln%gggl%l—/ mn. The

relative humdit asur ed a cali troni c prob nam ¢
range of 1.0- 1@@ ejgapgler andignt @Qﬂdﬁ'@&ﬁ‘r Thesagwiepras. '039*?6 amépglﬁ@de@r?é 8% R mass
rel axation) ofagdhe -8afBlcs Atbicht Ewa:%hgn AQﬁo.S@é s‘6ﬁ>$|o@%6ﬁlbﬁlﬁwvb¥péﬁvﬂﬂnb@r ed by

t he m crobal ance (accuracy i cal | 5- 20 | e was pl aced
on the tarkd n@s‘?ﬁ‘g‘é‘ﬁ‘ép?}%é%sc@f‘%@!v'ngéﬁ@y% 'fey ﬂﬁ agjg The
sanpl e was | oaskedrméttat @8|°Cat eol, ®H iARMalskvarnglo-26%MRE {dnyei cal anbl ent
conditions). A noisture sorption isothermwas perforned as outlined bel ow
(2 scans giving 1 conplete cycle). The standard isotherm was perfornmed at
25 "C at 10% RbV$ Gesencahathal/gararaet®rs90% RH range. DVS Generi c net hod

par anet ers

Parameters Values
Adsorption - Scan 1 40 - 90
Desorption / Adsorption - Scan2 | 90 - Dry, Dry - 40
Intervals (% RH) 10
Number of Scans 2
Flow rate (mL/min) 200
Temperature (°C) 25
Stability (°C/min) 0.2
Sorption Time (hours) 6 hour time out
20 Samples were recovered after completion of the isotherm and re-analyzed by

XRPD.
Water Determination by Karl Fischer (KF)

The water content of each sample was measured on a Mettler Toledo DL39
Coulometer using Hydranal Coulomat AG reagent and an argon purge. Weighed
25  solid samples were introduced into the vessel on a platinum TGA pan which was
connected to a subaseal to avoid water ingress. Approx 10 mg of sample was used
per titration and duplicate determinations were made.
Thermodynamic Agueous Solubility by HPLC

Aqueous solubility was determined by suspending sufficient compound in
30 water to give a maximum final concentration of 210 mg/mL of the parent free-form of
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Sanmpl es were recovered after conpletion of the isothermand re-analyzed by
XRPD. Water Determ nation by Karl Fischer (KF) The water content of each
sanpl e wasOrmeaesead on a Mettl er Tol edo DL39 Coul onet er Pagiusgookkpasoasal

Coul omat AG reagent and an argon purge. Wi ghed solid sanples were
introduced into the vessel on a platinum TGA pan whi ch was connected to a
subaseal to avoid water ingress. Approx 10 ng of sanple was used per

titration and | i cat term nati ons d eous
Sol ubi lity by tﬂ@,E gou e LSPEITIN Vi’%?%{ bfateeg%?% E"%@Rs%@géh”dmﬁ R
sufficient compawn@hsuredvxﬂhesustpengmn/\eaatherafdtelmm'fwglab gesntikantG fiter ote ©f >10

/L of the t ee- S
Dol | brat og N lioté £Fie G548 Gat Btn SATBP S raclPr S RERRAH"ESS by
suspensi on wasHRUewit iefarencedo & Riaodayd Sﬁu@nﬁgpwfpb@ﬂte&qi mg&nl ipMSQ 96 wel |
plate. The i l[ﬁ;f@rbﬁt \)@%ey&?me@ldn%r@dd Ilaiédaanf:l @tﬁ&s@fed%famyé]solutlmrét ation was

by HPLC with reference standard solution of approximately 0.1 ng/nL in
DVSO. Di f f er erifiegtg. uﬁ'ﬁsod}fb"’lyﬁ’éassqa!fﬁﬁﬁdd‘s'”ﬂlﬂl‘elﬁeéﬂ aéﬁ‘?ﬁ dgieaming BY sanpl e

3 0|t uti Onsd\/\ﬁr Glnt'ethaﬁ@ﬁ ffdhe Jéyk f&ﬁidlatheIstame\wténﬂbaltml a%ttﬁéipﬂuﬁ:lp@g)ezahm tpteak ar eas
eterm ne in ation e ion tine as
the princi paIy %@'}Qﬁ%'ﬂle?"ﬁ’@ gftt%?fﬁﬁ’?gs‘?ﬁ? %fglsig'@dn hleffq?rr@%%gbgﬁfvﬁ cient solid

inthe filter ¢oliedtel. t he XRPD was col | ected. HPLC net hod parameters for
t her nodyn {p c aqueous solubility nmethod Analysis was perfornmed on an
Agil ent HPI 100 series system equipped with a diode array detector and
usi ng Chenst athﬂ?irC mfrmd/aaremeamtbr mEFrmnamI@hetmooalsolmmtvth HPLC Purity
anal ysi s was—perforned-on—anAgitentr HP1—10 Ser mequipped with a
di ode array d&?%@&%?th%d usi ng_ChenttPRYEGH P EB Q:Sa‘?)é? g“@'l SR1. HPLQ

met hod par angodmsn:f or chem cal puri tyPMebreemaxnamadIﬂISda) Thmobax éGmaphy Dat a
wer e col | ect|eblumm Benieratoderi@61 AdvarkSed Conpact |1 C (for cations) and ja
Met r ohm 861 | StaalacddieGmpadh: | C (for| Bai dMsY, sing | C Net software v2.3.
Sanpl es wer g TeEEpjattRHAs @8):1000 ppm stjocRs3,i10, ZWHBEO. Sanpl es were diluted to
100 ppm wi t I} ORdetibpr 1 or to testing. C}é@n d/v]:]i cation was achi eved by
conpari son WwiévetingihdBardingdh (Hn)ons of "Kn concentration of the ion being
anal yzed. | qrFiddhRrRaswinbgiimphy net hod fr ani ons pKa Determ nation and

Predi ction |PhaseA: 0.1% TFA in water

Phase B: 0.085% TFA in acetonitrile

Timetable: Time (min) % Phase A % Phase B
0.0 95 5
1.0 80 20
2.3 5 95
3.3 5 95
3.5 95 5
4.4 95 5

Analysis was performed on an Agilent HP1100 series system equipped with a
diode array detector and using ChemStation software vB.02.01-SR1.
15  Chemical Purity by HPLC
Purity analysis was performed on an Agilent HP1100 series system equipped

with a diode array detector and using ChemStation software vB.02.01-SR1.

HPLC method parameters for chemical purity determination

Sample Preparation 0.5 mg/mL in acetonitrile:water 1:1 (v/v)
Column: Phenomenex Luna C18 (2), 150 x 4.6 mm, 5 um
Column Temperature (°C): 25

Injection (ul): 5

Detection:

Wavelength, Bandwidth( nm): 255,90

Flow Rate (mL/min): 1
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Data were collected on a Sirius G pKa instrunent with a D-PAS attachnent.
Measurenents were nade at 25 OC in aqueous solution by UV and i n nethanol
wat er m xwores/dsy44pot enti onetry. The titration nmedi a wa®Cramse@osseesngt h
adjusted (ISA) with 0.15 MKC (aq). The values found in the nethanol water
m xtures were corrected to 0% co-sol vent via Yasuda- Shedl ovsky

extrapol ation. The data were refined usi ng Ref i nerrent Pro softvvare v 1.0.

Prediction of R atues—was adeusi g, redict on DUI t-ware—v9, Log
E] Det er mi nat i kgﬂz(sgléd were coltected Qﬁ’;ﬁgﬁwteiﬁmhmé it olLI on—on—& gl rius
pKa i nstrur ng—three ratios S Mo 17Q, yeng ste
(I'SA) water t%ﬂagﬁgrbate Log P, Log r:g ek(rtn}nZuu |_u/'l) H?/salAuca.)a%Hgéﬂuata re
refined using Refinenent Pro softwargsv—1i0—"Pre g ctron—ofrggog—Pvat 1es was
made using ACD v9 and Syracuse KQ/\YN%Z 67 sofgware—Exgrpte—2-—Synt hesi s
of fert-butyl (R) 3(rYEthy|SU|f0ny|03<c)pylluiidilg&-l- cartigxytate (2)
Procedure A: To a sotuttomof—teft=butyt—(R=3hydroxypyrrotidine=1i=
carboxylate (200 g , 1.07 mol) and triethylamne (167 g , 1.63 mol) in

t ol uene (700 ren Chﬂomﬂmrapﬁv 30 C was added nethanesul fonyl chloride (156 g
, 1.36 nol) drop- Wi Mé}blcé’ne%tj%%'l\métmﬂmtm AdGarRes %Hp@ct% (forChtibfs) 20 OC

The solution was warned to anbi ent tenperat ure and to stir.

reaction sol utd"§f M@@h@aﬁ%wé’da%mompaﬁdcé‘ﬁwy%buw 'Iqj}l@SP%W%!@tV&@l i sh

conpl eti on 50f Sdapldsasé b@Bare@l&QﬂO@(ﬂpBﬁM StbékaMn BMSN S anRGEiied dildidttoSeg PENSI ON
was filtered to r ochl ori The filtrate was

e i e hydr
washed w th 00 A VShio: ST oA LR A ES SRS EBBTOT B The
organi c | ayer stasiadrsottorand keancentsratagsh ofkkeion beidgaeglystessure to give 2
as a viscous oil (260 g, 92% which is used without further purification.
1H NVMR (CDCI 3, 400 MHz) d 5.27 (m 1H), 3.44 - 3.76 (m 4H), 3.05 (s, 3H),

2.26 (m 1H), lon @B’O(Tﬁtogﬁaﬁby mﬁth@@lfC(rsaniOGSH) Pr ocedure B: A reactor was
charged with t R=3=hydrox ot re—t-—carboxytate—{(2-90 kg,
10.7 nol), tol ?HRW“@M??P\ kg) and tri ”ﬁ SPARIS(1. 75 kg, 17.3 nol). |The

reactor was fl
cooled to 3 C.

GOt wi £ h mtroaen fo

MQEOSWIA Suphé 250t (410 2} i rr ¢d and

QetunaTemperdtae1C)chl or

Ambientl . 72 ka, nmol) was sl ow y added

(over a 2 h pq

injecdipn wl)h conti nuous

2Z& bath cooling (exotherm c reaction)

@etadtiori:i on, the tenper
How Rate arnkehid)r i et hyl an
Eeet: Both GC and

pCordactivite ddtdctrC) . The m xture, mpow

M2 hydrochloride, was stirred 12 h as
3.2 mM sodium carbonate,

1.0 mM sodium hydrogen carbonate in water

(after conpl et
vi scous with (

it warned to 2

10
lon Chromatography method for cations
Type of method Cation exchange
Column: Metrosep C 2 — 250 (4.0 x 250 mm)
Column Temperature (°C): Ambient
Injection (ul): 20
Detection: Conductivity detector
Flow Rate (mL/min): 1.0
Eluent; 4.0 mM Tartaric acid,
0.75 mM Dipicolinic acid in water
pKa Determination and Prediction
Data were collected on a Sirius GlpKa instrument with a D-PAS attachment.
15 Measurements were made at 25 °C in aqueous solution by UV and in methanol

water mixtures by potentiometry. The titration media was ionic-strength adjusted
(ISA) with 0.15 M KCI (aq). The values found in the methanol water mixtures were
corrected to 0% co-solvent via Yasuda-Shedlovsky extrapolation. The data were

refined using Refinement Pro software v1.0. Prediction of pKa values was made
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TLC anal ysis (ninhydrin stain) indicated that no starting materi al

remai ned. The m xture was filtered to renove the triethylam ne

hydr ochl owodel0/@msd3t he filtrate was returned to the reaeCorus2000@6dors trat e
was then washed (2 x 3 kg) with 5% aqueous sodi um bi carbonate, using 15 nmn
of stirring and 15 mn of settling tinme for each wash. The resulting
organic | ayer was dried over anhydrous sodiumsulfate and filtered. The

vol atiles were re %froéntthe |Itr3te under vacuum first at 50 OC for 4
h and then at L?Wﬂir%ﬁp THBEFE'TPEY'6r 10 h . The residue wei ghed 3.00 kg
(106%i el d) arisgWwaRBetemi@mdtiocal by chr omat ographi ¢ and NVR anal y5| s to

previ ously pr t ol uene.
Exanpl e 3. Syn eg’?s%gpgg‘a‘?%?%yﬁet”?ﬂ@&g W?R%?%buu?@ ca;'P ony ol i di n- 3-
yl ) mal onat e (35"%’(@19&%@@@1@' uxmcmerwtfs@qlmﬁt%@ﬁ/@fwa&rttegenm@tﬁLeg Prlbwt oxi de
(187 g , 162 F‘.EQ'a)nd'LB%b‘d@ﬁfe@\{ﬂ/{l}weﬁfa&%&é@kéfﬂé@@ﬂﬁg{ Réfinkfheht PYRSHALESH odi et hyI

mal onate (268 ile malntalnAEQ;? he tenperature bel ow 35
The sol ution v%ed'ﬂ@atoéaoq B valgesprasqArressing Al Yo DRragyserkRVWYVEY YL@t v

(R) - 3- (et hyl gakfvaray! oxyl ) pyrrolidi ne-1-carboxyl ate ( 112 g, 420 m‘ml ) was
added and the qu ion was heated to 65 0C and stirred for
reaction sol ut pf}%g Synmssiseideabytyd (Ry- %WEFtBHQ‘I"MH”‘M!PVHPL@“Fﬂ est abI i sh

conpl etion of dafsoxyR@e(2)on. Upon conpl eti on of reactl on (10 12 h) , the
m xture was cool ed _to aroun was added to

the soluti$n, and M—@adroa"o?%‘f’%”% bSWhRB‘Q‘r’é(H@?‘EKRVHH"d&e N hydrochloric
acid (650 rrL) .carboRylte $200td, N @7 Swispiadicdhyiamise {16l Ge1.68 mometowehe (7003 L) and

chl or of or m | aybPdad ! Fel R mrlBodfuphraiei il Jehupdtigraeli o 1o |
give a yel | owwdiile mafFiteniog thewaspealateeadt viddo 20 10eThe edut{od W28 wgrmetd washed
W th deioni Ze%n%% ?{eg‘gz%g%uréaggal*&uedB]StlrOﬁ'ﬁéa@agtrqn%%ﬁ{lﬁ)r}m%szcOn d%;[/ar;ixﬁt ed under

reduced pressure a th 1H NWVR
anal ysi s i1di catdapalyzediby HRL.Cltoesthbizh capgle®ngf thal reafion Uhom&rﬁ%tdnef hyl

mal onat e (122g%je re@&% Zt%é%splenw \Wé@ fitered t5 {%#\g'tﬁ@{ﬁgthsflgm% hydidEnRS! I al  was

carried forwar e next I catron. NVR
(CDCl 3, 400 Mibyflaratewwafhedmyh ~@063L pfrﬁllutfrapue®S$edlemblc:arli)onate 30 (m 1H),

3.27 (d, J = ]s@IuHZn 'ﬂHé)or%eﬁcqg’yeGWas &b ard- BRcdrated idhderdefRed Plesdif 1o 1. 61
(m1H, 1.45 (s, Preparation B: A react or mgl nt ai ned

under a nitrogdR zaqsrﬁ)‘éiﬂ‘?é? %'f (2RR8. e)r"b’&ﬂ‘ inHses Wihoutduist puifisatiet (5. 50 kg)

and 21% (2 weintdDGRdbOMHRS BB e, HA), 8ldanphe X6b (s231023Blh; The
m xture was stlrrte agrjl vvarrrzs 7d@n0 C. ethyfﬂrﬁgﬁonates (3) Sg@@ 21.9

nmol ) was addedHérv?eTs(H‘ éb’ e Begr"i' od. The reactl on m xture

Procedure B: A reactor was charged with tert-butyl (R)-3-hydroxypyrrolidine-
1-carboxylate (2.00 kg, 10.7 mol), toluene (8.70 kg) and triethylamine (1.75 kg, 17.3
mol). The reactor was flushed with nitrogen for 15 min. The mixture was stirred and

25 cooled to 3 °C. Methanesulfonyl chloride (1.72 kg, mol) was slowly added (over a 2
h period) with continuous ice bath cooling (exothermic reaction) (after complete
addition, the temperature was 14 °C). The mixture, now viscous with precipitated
triethylamine hydrochloride, was stirred 12 h as it warmed to 20 °C. Both GC and
TLC analysis (ninhydrin stain) indicated that no starting material remained. The

30  mixture was filtered to remove the triethylamine hydrochloride, and the filtrate was
returned to the reactor. The filtrate was then washed (2 x 3 kg) with 5% aqueous
sodium bicarbonate, using 15 min of stirring and 15 min of settling time for each
wash. The resulting organic layer was dried over anhydrous sodium sulfate and
filtered. The volatiles were removed from the filtrate under vacuum, first at 50 °C for

35 4 hand then at ambient temperature for 10 h. The residue weighed 3.00 kg (106%
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was then warnmed at 40 OC for 1.5 h . A solution of terf-butyl (R)-3-

(met hyl sul fonyl oxyl ) pyrrolidine-i-carboxylate (3.00 kg of the product from
Exanpl e 2wQ 2Proosedare B, 10.7 nol) in 200 proof ethanol PCH/USRORYSCORRS
added, and the resulting m xture was heated at reflux (78 0C) for 2 h. Both
GC and TLC anal ysis (ninhydrin stain) indicated that no starting materi al
remai ned. The stirred m xture was then cooled to 25 C, diluted with water

2.25 kg), . i j tral hyd hl ori
e d (1027 ko380 R el dog ot sk AANGERARERN I 05" W co
with methyl terepaned sampiasheith theEBEPtigithatit ¢agtaned talaene. kg) , using 15 min of
stirring and Jé(amrﬁ%/ gfsoyﬁgéské &jSéthi?ﬁRf-?-rm-?@liflb#g\?@l?anblihﬁ)mumeﬂ MIBEwashes

were dried over a r sodli um sul fat e filtered and concentrat ed
under vacuum athngdomt (r 6 h. The residue (red oil) wei ghed 4.45 kg and

was 49% degj red pr %@g&n@ﬂ@%@%ﬁ%@h 8t dobAYuRViBH-BLioxidé Elsd of | 8MnfoBrid - but vl

(R)-3- hydroxypyrrdol'Tdi ne-I-carboxylate). Exanple 4. Synthesis of

(R)-2-(1-(tert "b‘@ﬂ‘&’&%@ﬂ@?ﬂﬂe)(ﬂy)’?l‘-gw%? -eQ-dﬂ‘?Fr)r\Tfﬁ'ﬁP'BPﬁt%( i% 1e4Priiedure A:

I(Z)Ba8sol t(Jg ggn rﬁéi?tbffﬂﬁl @tﬁé)l‘éhhgéraﬁfre geqmg g%.BTthgma]guﬁs héatéifﬁﬂ(lifb angont ai ni ng
.8 ¢ mol ) . o an : o iethyl malonate, in

t et r ahydr of uraﬁﬁ'”ﬁ%foéz?_%o\%% éé‘#é‘&" &)%I%EHH.SH& yﬁﬁg{lwmﬂgﬁeﬂécaé%qx@ﬂeon (450 g
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cooled to 5 0 was adj usted t ion o ydrochloric
acid (750 nlL),thepld wahadiustedifa $-AEY additinarns RNmydrashleric agidfS&mL). 1he0C for 30

mn. The m xt yesuitigSubpdnbBh s fildhel, tah@ whiet {167 L)CaknRFornAd aad ward h hexanes
( 1 L). The aqueous

: filtrate was extracted with chl roformg 1L$ nd the
chl or of or M9 ayidedaEhealutiga was mixpd dhaseiahlysandde é@?@g’"i“ rAYEhwas ¢qlie t%.(fl on step
were redi ssol vied evBpdratb® (8ded Fdtutedlorbgsuld/topRatal yegow 6il. 4thelfil. wabhissiaddihi on was
et o ol Pl e d 8 Toh a2 D SRR BEBA TS
an of f-whi t e sads adnéeblra@l.undéreediobd essuee et Soesthidtedivarechatl wdiol vid(k5en et hyl
The suspenst orPieRy FNE: SigRRRaCH BTlo b0 NES SBETF ) 48B4 0ked with
et hyl acet2it e dighy mblDatel() 22ghdnk @acfesmétBylR-Ra0lidinonet(® gyi e rB8eral grag 80. 1%)
of 4 as a whitg Saleh gt G N8Sstls Gthdulruhhg diftdation. 'H NMR (CDCls, 400

MHz) 6 4.20 (q, 4H), 3.63 (m, 1H), 3.48 (m, 1H), 3.30 (m, 1H), 3.27 (d, J = 10 Hz,
1H), 3.03 (m, 1H), 2.80 (m, 1H), 2.08 (m, 1H), 1.61 (m,1H), 1.45 (s, 9H), 1.27 (t, 6H).
Preparation B: A reactor, maintained under a nitrogen atmosphere, was

25  charged with 200 proof ethanol (5.50 kg) and 21% (by weight) sodium ethoxide in
ethanol (7.00 kg, 21.6 mol). The mixture was stirred and warmed to 30 °C. Diethyl
malonate (3.50 kg, 21.9 mol) was added over a 20 min period. The reaction mixture
was then warmed at 40 °C for 1.5 h. A solution of tert-butyl (R)-3-
(methylsulfonyloxyl)pyrrolidine-1-carboxylate (3.00 kg of the product from Example 2,

30  Procedure B, 10.7 mol) in 200 proof ethanol (5.50 kg) was added, and the resulting
mixture was heated at reflux (78 °C) for 2 h. Both GC and TLC analysis (ninhydrin
stain) indicated that no starting material remained. The stirred mixture was then

cooled to 25 °C, diluted with water (2.25 kg), and treated slowly with a solution of
concentrated hydrochloric acid (1.27 kg, 12.9 mol) in water (5.44 kg). This mixture
35 was washed twice with methyl tert-butyl ether (MTBE) (14.1 kg and 11.4 kg), using

15 min of stirring and 15 min of settling time for each wash. The combined MTBE
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step wthout further purification. 1H NVR (d4-CH3OH, 400 MHz) d 3.60 (m
1H, 3.46 (m 1H), 3.29-3.32 (m 2H), 2.72 (m 1H, 2.09 (m 1H, 1.70 (m
1H), 1.45W0=2010@id5443Pr ocedure B: A sol ution of the produeCTafS2ieanpie 3
Procedure B (4.35 kg), containing 2.13 kg (6.47 nol) of 3, in
tetrahydrofuran (13.9 kg) was added to a stirred, cool ed solution of

pot assi um hydroxide ( 1.60 kg, 40.0 nol) in deionized water (2.00 kg) under

h
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tenperature of the m xt'ure at during and f mn afrter
addi ti on. Theaﬁﬂim the solution was adjusted to 3.7 by further addition of

hydrochl oric acid. piiiaqduia: er&@édldlow@sthg9Idda@tto¢éxéwpxére,lrbrbeédum\ (:mshed with
water (16 kg), and vacuum dried nper at ure e dry
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pon conpl et i o ¢ -¢ £R S i FlimiGRCkdeRa! éﬂd'tﬂé‘gl\é@%?&qpésm%%%?ﬂ

The sol ution was e-1 1.00 L)

was added. Thé‘%ﬁ?ﬁé% Linethe aguprusdilteate wagrrtraeied withyeMereformy k) anddhe ol | ect ed.
The aqueous p%&%f&ﬁﬂaﬁ‘éﬁﬁa@?}h%ld@ tﬂﬂe%%@c&le@te@% ih)e’flltrtah@rpstéﬁ‘%/@rre%or m( 1.00

L). The organi¢c | ayers were conbined and concentrated under reduced
pressure at 5(9'%?8”9@”@6'0@9"?[@1 (érlr) 8Y I‘eat'WIFOSA'%lq Thesolytianwps/dgredioMrBE (2. 00

L) and wasived réfvhb@eeunﬂuugsm»@dwrdmirs@ml Jhi @hid@kdim(l eI%\ﬂter@QorlnI)mechrQi organic

lgflzgr avvas col Ic%ﬁée%?raf%ﬁ un eorr}eC u'getecrI g}egguréj atdsef)r §5e %’oglveparneo%svblh.te solid (58 ?5 0Cto

The solids were combined and dissolved in ethyl acetate (350 mL) to give a
suspension that was warmed to 55 — 60 °C for 2h. The suspension was filtered
while hot and the resulting cake washed with ethyl acetate (2 x 150 mL) and hexanes

25 (2 x250 mL) to give 83.0 g (80.1%) of 4 as a white solid which was used in the next
step without further purification. "H NMR (d,-CH;OH, 400 MHz) & 3.60 (m, 1H), 3.46
(m, 1H), 3.29-3.32 (m, 2H), 2.72 (m, 1H), 2.09 (m, 1H), 1.70 (m, 1H), 1.45 (s, 9H).

Procedure B: A solution of the product of Example 3, Procedure B (4.35 kg),

containing 2.13 kg (6.47 mol) of 3, in tetrahydrofuran (13.9 kg) was added to a

30  stirred, cooled solution of potassium hydroxide (1.60 kg, 40.0 mol) in deionized water
(2.00 kg) under a nitrogen atmosphere, while maintaining the temperature below 35
°C. The reaction mixture was heated and maintained at 40 - 45 °C for 24 h, by which
time GC and TLC analysis indicated that the reaction was complete. The mixture
was cooled to 25 °C and washed with MTBE (34 kg), using 15 min of stirring and 15

35  min of settling time. The aqueous layer was collected and cooled to 1 °C. A mixture
of concentrated hydrochloric acid (2.61 kg, 26.5 mol) in deionized water (2.18 kg)
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sem -solid. The sem -solid was suspended in 1:4 ethyl acetate/hexanes (100
m.), heated to 50 0C, held for 30 mn, cooled to -10 OC, and filtered. The
filtrate woomowsant rat ed under reduced pressure to gi veCansesw/ocaehns ch was
di ssolved in MIBE (250 nL) and washed twice with 0.6N hydrochloric acid (2
x 100 nlL). The organic |ayer was concentrated under reduced pressure at
50-55 0C to give a sem -solid which was suspended in 1:4 ethyl

acet at e/ hexaneg, (tﬁ%h d Fllaﬁgt FééPES tl%ngg?ra@% & tf\é)rtmxﬁﬂe 0 Dy £ORkiRG r?cg 00
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t
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cool ed to 25 Ol{fihatpH ami Trendtiteedidwashcoledte by(filteatiBn kggshedditMieier 9. 44 ko) .
Lo separate (10 A5 el S Ao ol 108 off R BB GRERE B queoue. phase
was combi ned vdotmivinkAr Belids ¢1. zsnkgccj)%% )ﬁld)w\reeejdcffrmngtmﬁrﬁnmlcallyaiwjtlcal tr?owed to settle
45 mn). 4fh scol l ecte and t he aqueous phase was

Conbi nod et n RREER ErARREahRRs

conmbined with stirred for 15 min, and allowed to settle (15
mn). The thr&é(ampéeaﬁﬁynmﬁwe@(ﬁb?wﬂ -Hentbutexicathanylipyretidinardad)acetices with 1N
hydrochl oric agi ;8 44 kg portions) and once with water (6.39 kg), using

15 min of stirring and 15 mn of settli time for each wash. The resulting

sol uti on was dri edPsaeedurgd fasabiion §b@)13rh?éfﬁmbat°éyc(aﬂboﬁ)ylky)m@ﬁd3*f| |tered. The
filtrate was %%%Hk%@h?% gbrlﬁq’fmerﬂ%ﬁigib?ﬁolﬂfn%ﬁ§w& Iﬁtwag sgtrr&qu(d%r Riroddh gi ve an

solid. This solid heat ed .under  vacuum f or 4 and for
16 h at 25 ocatﬂé%v %&f?b%h s 195ction S%utpggva?%rﬁalﬁﬂﬁye%pow@@pd apW@edure C
(stream i ned ymFLEsb establish compigtidhof Zherda@ionr Upsifcdimilétioh aF Jeacthinhd r r ed

d .343. 9 , 1.05
s o SO Vi 900 £ Ay LSRRy 5%
was heat ed t o wierQCO0 by, add BITBE (T.00 t hwas addmu uTlee prasesderedeparsiet Lndaine of
I i
0. 02 ol )i 1 LSBT i b0 R U b RS BRI b, 76 oc
for 8 h . 20he thenoihisdoferaa@td0dn. e ongamic mgrsmeramcembmﬂdtdmdwamentr@téd 0 L) and
acidified to R4 rdauied Pre@MrE‘Q Sd—éﬁo‘Q: t{?g)ve a-m)‘ﬂ %ng%ﬁ)%s 850Nl in firgEur e was

extracted with tol uene P
(2.00 L) and washed twnce W|th 0 6N hydrochloric aCId (2 X 1 00 L). The organic

layer was collected and concentrated under reduced pressure at 50-55 °C to give a
semi-solid. The semi-solid was suspended in 1:4 ethyl acetate/hexanes (100 mL),

25 heated to 50 °C, held for 30 min, cooled to -10 °C, and filtered. The filtrate was
concentrated under reduced pressure to give an oil, which was dissolved in MTBE
(250 mL) and washed twice with 0.6N hydrochloric acid (2 x 100 mL). The organic
layer was concentrated under reduced pressure at 50-55 °C to give a semi-solid
which was suspended in 1:4 ethyl acetate/hexanes (50 mL), heated to 50 °C, held

30  for 30 min, cooled to -10 °C, and filtered. The solids were collected, suspended in
hexanes (200 mL), and collected by filtration to give 54.0 g (77.6%) of 5. 'H NMR
(CDCl;, 400 MHz) 8 11.00 (br s, 1H), 3.63 (m, 1H), 3.45 (M, 1H), 3.30 (M, 1H), 2.97
(m, 1H), 2.58 (m, 1H), 2.44 (m, 2H), 2.09 (m, 1H), 1.59 (M, 1H), 1.46 (s, 9H).

Procedure B: A solution of (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-

35  ylmalonic acid (1.04 kg, 3.81 mol) in 1-methyl-2-pyrrolidinone (6.49 kg) was stirred

under nitrogen at 110 °C for 5 h , by which time TLC and HPLC analysis indicated
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concentrated under vacuumto afford 230 g of a red oil. The red oil was
added at 85 0C to a 22.5 wei ght percent aqueous potassi um hydroxide (748 ¢
, 3.01 nowd.2oAidee+43t he additi on was conpl ete, the react POR/USRINPASA@TRIr € Was
allowed to slowy rise to 102 OC while a distillation of ethanol ensued.
When the reaction tenperature had reached 102 0C, and distillation had
subsi ded, heating was continued for an additional 90 min. The reaction

m xture was cqplid, ko ct%ﬁmag%mgg%pjrhgg%;cﬁ@gg}uﬁ chhY@dttE' ok Ok YeRE g2 400
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period to cont gas
concentrated under vacuum to afford 230 g of a red oil. The red oil was added at 85

°C to a 22.5 weight percent aqueous potassium hydroxide (748 g, 3.01 mot). After
the addition was complete, the reaction temperature was allowed to slowly rise to

25 102 °C while a distillation of ethanol ensued. When the reaction temperature had
reached 102 °C, and distillation had subsided, heating was continued for an
additional 90 min. The reaction mixture was cooled to ambient temperature and
washed with toluene (2 x 400 mL). To the aqueous layer was added 600 mL 6M
hydrochloric acid, while keeping the internal temperature below 20 °C. This resulted

30 inthe formation of a precipitate, starting at pH of about 4-5. The suspension was
filtered, and the filter cake was washed with 300 mL water. The solid was dried
under vacuum to afford 77 g of (R)-2-(1-(tert-butoxycarbonyl)pyrrolidin-3-yl)malonic
acid as an off-white solid (54% yield with respect to (R)-tert-butyl 3-
(methylsulfonyloxy)pyrrolidine-1-carboxylate). "H NMR (DMSO-ds, 400 MHz): & 3.47

35 (m, 1H); 3.32 (m, 1H); 3.24 (m, 1H); 3.16 (m, 1H); 3.92 (m, 1H); 2.86 (m, 1H); 1.95
(m, 1H); 1.59 (m, 1H); 1.39 (s, 9H).
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solution was extracted with 500 nL of a 1: 1 hexanes/ethyl acetate
solution. The organic |ayer was washed wth saturated sodi um chl oride

sol uti on woaodvdieed3wi th 10 g of silica gel. The silica gelr/usa@oneswoyed by
filtration and washed with 100 nL of 1:1 hexanes/ethyl acetate. The organic
| ayers were conbi ned and concentrated under vacuumto give 6 (42 g, 91.3 %
as a light-orange oil that solidified upon sitting. 1H NVR (CDCl 3, 400 MHz)

1, 1. 5. 2 0% e SRRl by eappphidae Skl g 5.8 (M oy
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h t econd 7 L
Bo?fleo\rllvaszl ﬂmspean%ttiegﬁ gfggﬁgtﬂgllﬁﬁb @W @Q{H&H)E@Q?Y&M‘%amsn and
alloved to separbowlata(éd phases (20 min). The organic phase was again
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settling tinme.y)aeatic aeigé4f.¢ 9 pdidsemeliis tettahisdralicendil HR) @P9 mtawgefooleti40-g) and
stirred 1h. Thg ?n%@rnﬂ_u(_rs@ﬁ\mow&§‘4Mf6&a%e(u799F%lum%a%dé&@9d slé\K)IQtJt*H@ m xture

was stirred for 1. he m xture was filtered d the filtéer cake was
washed with 1:feskhwuptesnaintainigithelempgiobirg @Wﬁ5tha'1'ﬂecf The F‘d‘ﬂt@”m WagReEnNt r at ed

under vacuum ab arﬁﬁ@nﬂ@mf)@rl’atu@e bnd snTrE@fdraguhmb@gmmd wé/ﬁagmégs HoGRy sho( 103%

U LR N T L L

(R)-3-(2-(net _hydacmurh ftiosngdidion et bydigdipror°al, Bl :mee%somambmydmklaé eol(ut?:)m (m ocedure

?ér -tl)-gxf/ll Z?LUE IA@B(X&% a?&%dgﬁgmﬁe%&r % 34 %mh%d fr(l}’{;?t y Oll)%B% O? gl ?6 in tol uene

(380 M ) 28nd sobibdredas extragted @adh 5%mhahe§dlﬁe®mels/edﬁyl anetaﬂesc(ll’z}@no The, 256

mol ) was organic layer was washed with saturated sodium chloride solution and dried with 10
g of silica gel. The silica gel was removed by filtration and washed with 100 mL of
1:1 hexanes/ethyl acetate. The organic layers were combined and concentrated
under vacuum to give 6 (42 g, 91.3 %) as a light-orange oil that solidified upon

25  sitting. '"H NMR (CDCls, 400 MHz) & 3.67 (m, 2H), 3.38-3.62 (m, 2H), 3.25 (m, 1H),
2.90 (m, 1H), 2.25 (m, 1H), 1.98-2.05 (m, 1H), 1.61-1.69 (m, 2H), 1.48-1.59 (m, 2H),
1.46 (s, 9H).

Procedure B: Borane-THF complex (3.90 kg or L of 1M in THF, mol) was

added slowly to a stirred solution of (R)-2-(1-(fert-butoxycarbonyl)pyrrolidine-3-

30  yhacetic acid (683 g, 3.03 mol) in THF (2.5 kg), kept under nitrogen gas, and using a
water bath to keep the temperature between 23 and 28 °C. The addition took 1.75
h. Stirring at 25 °C was continued for 1 h, after which time GC analysis indicated
complete reaction. The reaction mixture was cooled to <10 °C and maintained below
25 °C as 10% aqueous sodium hydroxide (1.22 kg) was slowly added. The addition

35 took 40 min. The mixture was stirred 1 h at 25 °C, and then combined with 1:1 (v/v)
heptane/ethyl acetate (7 L). The mixture was stirred for 15 min and allowed to
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added slowy so as to maintain the tenperature around -5 to 0 0OC. The
solution was warned to anbient tenperature and stirred for 1 h . The

sol uti on waxorewpi4ed hourly and anal yzed by HPLC t o est &britshoooospret i on of
the reaction. Upon conpletion of reaction, the solution was filtered, and
the filtrate was washed with a 5% sodi um bi carbonate solution (250 nmL). The
organic | ayer was collected and washed with a saturated aqueous sodi um

hlorid | utd ] T ' : | : | ed r
i L T U S e S L
% as a |ight-Rp@se wep eanddnedavihia secangd NivRortiarDef| 131 hepdanefathy) agptate 26hist , J =

228 (m aky, ESguedtrt Phiredia shofel (opdrbintd pieses $20 i), TH6 e S oy
Procedure B: \Bhges Was sgain windrpway ﬁ%"%ﬁé?r@?m%# gpNiE PeAsed ere Washeg Wilhi ne (460
g , 4.55 nal ) saneaté agdedds sydium chioride (4.16 kg), using 15 min of mixing and 1 h of
ol 6 7 Prete. Hhesr @it s GOy 81ob08 T QeR SR ang
cooled to 5 C.TWMnhansLdoﬂnng/dulfabl(moiQjWa(séadbdganmthé@r}imie_)wasaﬂrraﬁfded isl ow vy,
e s el SEEhE A Dy RALE S e R U VSl §§ ot cool 1o

t enper at ur e waeptane/athyl avethtef @1l).1 TS ilnate avas wricehtrated undeG@canalay s#&°G ndi cat ed
t hat the rgact et.e. . } |.ed: “C, and solids
wore f11teitog TorrhaPle ERIMdiGueiohas o7b 115, VB, 46k et orsy 1 ST
filtrate was deplapaduhistothendse idgutisalis pesiousty bicparicd samples o6, Oy RWIR f or 15

mn, and the phasss were allowed to separate for 30 min. The organi c phase
was then stirred"wth saturated aqueous sodi um chl ori de_é_B. 9 kg) for 30
mn, and the pgHagwie ided-batyl et (% (etistonyloxgletyt) pyirelidingrd- or gani ¢ phase
was combi ned Vafkbxgidkd G§ 9el (160 g) and stirred for 1 h . Anhydrous sodium
sulfate (540 g) was added, and the m xture was stirred an additional 40

mn. The nioxture wEEcedda A jTorassation ghartiriyl (R)-Br(@hydrarenaiiyd pylectidiaer 1wi t h

tol uene (460 Ghrboxyiste(41.6 §2atod nv»ﬁ&))mggeagdrtaétﬁﬂammé%) ﬁg%@?‘%ﬂiﬂeﬂb (ﬂgd?ﬁ 1(‘) g; | S
or an a

h. “Thi s 1 ef ¢ PIENG Seieco 5 5o0 PeiEnisyank GiRarG GOS M RSTEOBHaSynt hesi o of
tert-butyl (Raddedsioylpyas @l mahtai-tle eapbaiye atotnd 3)toBreoc gt seiutsn Wassol ut i on
oo P edio B A LSS Rl LRl e bory et
1, 2- di et #6xy dohdynand(atalzed by) HRlStossstablishcboatplelion 6Gh@@attn. 4pon. The
Lo s, SRl dopitan ehangh Vasthdive o Sl ALLASRASHER o1 o0,
0C, and 5% sodium bicarbonate solution (250 mL). The organic layer was collected and
washed with a saturated aqueous sodium chloride solution (250 mL). The organic
layer was collected, dried over silica gel (10 g), and concentrated under vacuum to
25 give 7(53.0 g, 92.8 %) as a light-yellow viscous oil. 'H NMR (CDCls, 400 MHz) &
4.26 (t, J = 6.8 Hz, 2H), 3.41-3.63 (m, 2H),3.27 (m, 1H), 3.02 (s, 3H), 2.92 (m, 1H),
2.28 (m, 1H), 2.05 (m, 1H), 1.83 (m, 2H), 1.50-1.63 (m, 1H), 1.46 (s, 9H).
Procedure B: Under a nitrogen atmosphere, a solution of triethylamine (460
g, 4.55 mol) and tert-butyl (R)-3-(2-hydroxymethyl)pyrrolidine-1-carboxylate (the
30  entire sample from Example 7, Procedure B, 3.03 mol) in toluene (5.20 kg) was
stirred and cooled to 5 °C. Methanesulfonyl chloride (470 g, 4.10 mol) was added
slowly, over a 1.25 h, keeping the temperature below 15 °C using ice bath cooling.
The mixture was gradually warmed (over 1.5 h) to 35 °C, and this temperature was
maintained for 1.25 h, at which point GC analysis indicated that the reaction was
35 complete. The mixture was cooled to 25 °C, and solids were filtered off and the filter
cake washed with toluene (1.28 kg). The filtrate was stirred with 10% aqueous
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solid potassiumterf-butoxide (32.0 g , 288 muvl) was added whil e

mai nt ai ni ng tenperature below 0 OC. The reaction m xture was warned to
anbi ent twopercatstse and stirred for 1 h . The m xture waREsTABa@badR®Ur | y
and anal yzed by HPLC to establish conpletion of the reaction. Upon

conpl etion of reaction, the mxture was filtered through a pad of

di atomaceous earth (25 g dry basis). The cake was washed with

1, 2-di et hoxyetg n trates oncen t ed

under vacuum 9 Ogﬁph?%gggﬁf T B W ebesraue Alovee o SRt P was
di ssol ved i n H®xaine3h¢ d@anirphasestasrtinendstifrod wBlﬁ)saftunateda:qdeduslsbemacbhtoode enove

the solids. ThgoQGPRALG mifuAs tmé@ﬁagg vgeg e Qiea gazéagsg%e% 26 th. Bye 2Nd

concentrat ed vacuum'to as a colorless oil. 1H
NVR ( CDCI 3, 40093an4znhage waszvor(ltmedlwnyw snlsa 96 (Q‘iﬂjg andstirtecpforHy h. Anbydi®isHz1 1H),

5.03 (dd, % = sladn%m"%lfatx;,l ﬂO%)%aE‘%ddéU’Qamd t%e%xté”re@%s(sﬁﬂredzé'r‘)add?trogﬁ 4()%n 1H),
3.05 (m 1H), H% 1.46 (m 9H).
Procedure B: AI' '@d‘l"ﬁt‘ﬁed’l‘f"sd e"tfétfefedbﬁﬂrgﬂ’e CQKG(VZQS washad Wit toluehe (460 g).

(et hyl S:JI f onyithexXitiats wad édhyém@ldddjnﬂ&vlacumém fot &h (a?%rxgre@umﬁdkgl?pr O?;JC; .
f Ex 7, P jumj o
2 2- d?xt ﬁoxyé’ﬁ?&‘%gte‘(ée'?v%)'u'ﬂégg%% %%a%ynoggl 19-5 %r?d@?”’rﬂufer ogen,

at which tinme spG@aadiyss s i ndi cated that the reacti on vva; conpl et (e48'l4'he

| uti I 0 0C,. a ot assi u rt-butoxide g,
203; Irrgln) V@;sq%% 5 é%yﬁ ‘ng%% g’i‘*ﬂ%ﬁﬂylﬂ’%ﬂ"‘{nﬁr@)"amw@ Pné? nt ai ni ng
t enperat ure bel ow Pﬁooadhre'NweAs;cmmohbmermmyt@m)e-\Nas stirred 1 hTﬁt 5I OtC

d sl ow esql ution

ﬁgnﬁ I f e?edyt( % g%’fgnﬁog(ﬁ)%gwl)@% O%Cg%rggxyia %ﬁ 94685 Hmlﬂ]r}y %é%“?@ The
filter cake we(@O Q/asl‘@dnmplb AndL], denetmwahgramé@lmq\&aﬁstk@)i at 580 dofdodned
filtrat was
Stirred i t“ﬁrﬁ‘e"?i%&“%%ﬁ%&% ARG RS T dPRa bl BPECT SbE EETHANF, 15T o
(the filtéeh caktheipactiamsHean completian of neaction, the pelutivs)vaszaded tve10|¢tanate was
concentr at ed léeﬁ"cﬁsoté/s%ﬁwz*(ahs%hto%ae (ﬁdg Z%BYﬁné’r)E\ﬁ?sgaogEd Q/hfegﬂaﬁ re) A

sample of this materi al racti onal ISt -23 torr to
gi ve 296 g of t?mww@cbe@w%;ﬁl ffB‘EIOOG)'XtWBW%V\@Uﬂ%d wr@@r&mwﬁtw
Example 9 : Swnlk&eddoof h( Me lﬁbiuﬁgha@sé?ﬁ(dlécpﬁc%uﬂ anéﬂaa'ah%bmswp}zé'téﬂ dine (11)

h | ut f t -
3 vi gl py £ of FPRISK OmBIEPHILg e 8ciops Ugor cardeiian jeackinu e feidyie YA ne
(30.3 g , 2090 fireret }hrough alpad daua(odnaaé@méanhwdw@)aélgr mneealee Was iashe@ ., 3.8
ol ), and SO%tH ﬁ%ﬁ\égye h]aﬁe g}ogtrgL)( ggﬁcombleed f[?tratés were conce%lrg}%g tamde (250

m.) for 1 h , 1°um-ac
under vacuum to yield an orange oil with suspended solids. The oil was dissolved in

hexanes (400 mL), stirred for 30 min, and filtered to remove the solids. The organic
layer was dried over silica gel (10 g), and concentrated under vacuum to give 9 (26.4

25 g, 82.9 %) as a colorless oil. '"H NMR (CDCls, 400 MHz) & 5.77 (m, 1H), 5.10 (dd, J
=1.2Hz, J =16 Hz, 1H), 5.03 (dd, J = 1.2 Hz, J = 8.8 Hz, 1H), 3.41-3.59 (m, 2H),
3.29 (m, 1H), 3.05 (m, 1H), 2.78 (m, 1H), 2.01 (m, 1H), 1.62-1.73 (m, 1H), 1.46 (m,
9H).

Procedure B: A solution of tert-butyl (R)-3-(2-

30  (methylsulfonyloxy)ethyl)pyrrolidine-1-carboxylate (792 g of the product of Example
7, Procedure B, ~2.5 mol), sodium iodide (484 g, 3.27 mol) and 1,2-dimethoxyethane
(7.2 L) was stirred at 55 °C for 4.5 h under nitrogen, at which time GC analysis
indicated that the reaction was complete. The solution was cooled to <10 °C, and
solid potassium fert-butoxide (484 g, 4.32 mol) was added in portions (1.25 h

35  addition time) while maintaining temperature below 15 °C. The reaction mixture was
stirred 1 h at 5 °C, warmed slowly (6 h) to 20 °C, and stirred at 20 °C for 1 h. The
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ng, 3.8 mmol ) was added. The reaction m xture was heated to 150 "C at a
rate of 40 Ch and stirred for 16 h. The m xture was cooled to 10 0OC and
guenched wothivesas (750 nlL) while mai ntaini ng an inter RAT/USRINPBs@TRIT €

bel ow 20 0OC. MIBE (300 nm.) was added, followed by diatonmaceous earth (40 g
, dry basis). The suspension was stirred for 1 h at anbient tenperature and
filtered through a bed of diatomaceous earth. The resi due was washed with

MIBE (2 100 equi pped
w th s over heRyfafiasiitered ol baTold AIRAERC adh Gl b“c‘ﬁéfe*d‘e " he
suspensi on wadiltet Gake was veshe withdt2-dimsthoxitethaaented ko)uride gaabingd lé‘at@%l t hr ough

di at ommceous | Gkd BonoBferd PN, ATHECerbd MR a2 40 in ) and the

filtrate was concentrat I N vacuo an orange oil. The
oi | is dissol \eatapg ((MTBEfO( Q'DOT'WLSP“WTSFQ’WYP@BPV ("F’?“C(“Zth@ fier ceka @asmol|

thiol/g, Sig i Gydsh&d Wifit440 Mesf r%éf&ﬂd) aFrmesmman@s SN cSteRitunbEBAcue 8r
nit rogen at anmhient te era

fil dth f fil
and held in a4y'&de gk‘,’Bﬁ %919%::? 90170?8”@& uﬁ?rﬁ?‘l‘g e{tﬁ'é ntmt?r_lor&%g W:af;]emals ;g(rjed

the filtrate aguefioralyp@stiied acdo-Botitdgiwk1dey BRjuRTiEl 9(bpai3bhe3 POf @pgrl
t enper at ure between 1%0 0C and 23 C. The m xture was stirred vigorously for

1 h and the orfY$PcCr&)&YS¥enoved. The remai ni ng aqueous | ayer was basified
with 45 w % K@iatiple 9l9yntiedss &fha)-sxe(sa)dztpyn@hamwﬁmyryﬁyrmau@(u1)act ed once

wi th chlor for 300 Eyaporati o S bat h
Fenper at ur D aresencyss plionsd BRY6R o cohigng AL AT EYyBISESL of' i n- 3.
ylvinyl)pyri modrbmeylétee(eilﬁ dnalge nasol)a 5beshapylimidinki(8h3 g s190mmedi,at ¢ty di ssol ved

i n isopropanol |t .f i nt hesi s
of (R)-5-((E) %*(‘gghé%’h%%”gﬁ&ﬂ’é% 23’3314’ SR Al sodt ARGl 5 s BUT 1O S
citric acid (2296l in N-ginatigcetamides@p? mpriaol h(@@@aﬂ*dlqman@atﬂ/ﬁ@r (25 )
was added droﬁnd“ﬁmﬁwoﬁWa@aF&H& Phe reactjon, mixture was heated to 150,°C at a rate of 40
(R-5-((E) 2prr Vi ny rimdine free base (16.0 g 9 1.2
ol ) 1 Boprbing siseions B waRooledd I I anaperE IS e ee ded
with (R)-5- (('i)'so?mD)V\K/Hin@'rhéMtélnnﬁg!hw&b{él)té?ﬁ(;féréfbr‘élﬂéﬁ)m qirtgatzeoaym 11 (200
ng) and stirred for ensi on was heated_to 65 0C and stirred

for 1 h, afté’YaS\ﬁHP%‘th"ﬁ&!e%%?détﬁma Ufgart 48 % dViR3sish TORSEIPesien W% and
al lowed to st afifedior 20 at Gmbient tdRApératuldignaiteReNoGIh MB&d dfididtamadotr ough a

conrse 0L a5 e BA 5 SERERAFTEEL & URB SRR il S0Pt Pl
tan solid 20as tnsfeded to a/2t wesset eqippBLwitivay bveehebd strrey a(nﬂ@:%rgeq’l with
1 and 1 1) a@ohvefedcHefbod 46 Yl g ASETr VRSt 3 4 ABiep Meitbiloing 01 o~
1H), 6.50 (d, and4filtargd froughidjatorsac@bug enith. ThereFidiz wagiwashed with MTBE)(2 x3. 43- 3. 50
100 mL,), and the filtrate was concentrated in vacuo to afford 28.6 g of an orange oil.
The oil is dissolved in MTBE (100 mL) and Si-Thiol ® (2.0 g, 1.46 mmol thiol/g,
25  Silicycle Inc.) was addéd. The suspension was stirred under nitrogen at ambient
temperature for 3 h, filtered through a fine filter, and held in a glass container.
To a solution of 6 M HCI (70 mL) was added the filtrate over a period of 30
min while maintaining the internal temperature between 20 °C and 23 °C. The
mixture was stirred vigorously for 1 h and the organic layer removed. The remaining
30  aqueous layer was basified with 45 wt% KOH (50 mL), and the resulting suspension
was extracted once with chioroform (300 mL). Evaporation of the solvent in vacuo
(bath temperature at 45 °C) gave 16.0 g (71.8%), of (R)-5-((E)-2-pyrrolidin-3-
ylvinyl)pyrimidine free base as a red oil, which is immediately dissolved in
isopropanol (50 mL) and used for salt formation.
35 Example 10: Synthesis of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-

citrate
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(m 1H), 3.34-3.43 (m 1H), 3.20-3.30 (m 1H), 3,08-3.19 (m 1H), 3.00-3.08
(m 1H, 2.77 (d; J =16 Hz, 2H), 2.65 (d, J =16 Hz, 2H), 2.16-2.26 (m 1H),
1. 80- 1. 92awOnp10lddp443Exanpl e 11: Screen for hydrochl ori ¢ &cirdisaediotéoos sal t s
of (R -5-((E)-2- pyrrolidin-3-ylvinyl)pyrimdine

(R -5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimdine free base was dissolved in

ei t her, isopropyl acetate, tetrahydrofuran, nethyl isobutyl ketone,
acetonitrile, ro ul.tin I ed with
1 eq. of HC J@Iq ﬁ?ﬁ‘&gﬂof%t”f)ﬂ%g&@oét%é)-l'-%dvm8 n '%o‘)f aﬁ& é%qv'ﬂ a{t{}rs?é et her,
IMin water, 5i)iwasiasdgrdpyisalacoliton m‘r(RnﬁA((Emzdwm@dwneB ylmmé)pm'rmdimee was

| ncubated at %F%%"B%%g;[ of 3%&%1 roﬂo?rp}ch ébyrﬁl_e)ea?)i f”(?rTl?élre@umW‘er e the

experinment re stabl'e was anal yzed by XRPD.
Exanpl e 12: Scplaton Wag seedehith @615d(|:'éc2cnwr|0tﬂhn 3ving)Ryfimidine mono-citrate

(R -5-((E) %2- I °C and
(R)-5-((B) ~2- %’%&(kﬁ 'ﬂg)ga-"f)év'f{%d%; %)ﬁhfdmm&?ﬁ%%e?sé? ha: heatEto o Oénom ol )
was di ssol ved stifiecfot F]érafiew’b'ﬁbﬁ}ﬁSU&E%F@PévaéFO%{%p&Ql ratr %%ﬂ ol utions
‘S’ecr e t(rjeat eld ‘(’j&ll&\*l?ed]{o%ﬂatnd%f 20 *t?fofq)% heﬁiéfﬁﬁtgﬂ)dhgloﬁWaéflltéezﬁthhﬁlgbw)cpansar med to 50
and cool ed sl ow o anhi ent tenpera V. t vent, was
t hen evapor at &Fsﬁﬁtﬁ%ra’\%&&?ﬂeﬁﬁe@ ﬁ@@t‘”aﬁé‘@tsi:‘]ﬂg",‘"%a r?‘%é'd (8%[“32,8% TR&Yy zed by
]3<RPD Theksol Itéﬁiibétyl%tﬁdlﬁ%n ﬁgt)orrﬁeiresmtusg Freeiclihy, tamhsoiit eas dtiedid veciceatd  75%RH
or a wee and re-anal.yze th S£s, . - ient did
not yield @ c%spgf’ Pl"ﬁﬁ%@l (3%9( ﬁngéﬁlzeoﬁ%cdﬁegiamg&ﬁm@% riGHR<C ot
telt rghydrof urlqmumndof rs@msmm;\bl ualas@harh solien'eH Ner(lazcattQ@MH;t ) dveBs85a(st Hi)ned, t he
solid was analyze g kaa week to
assess stabi l |E¥@ ghﬂx)f éﬁgg ng acy &Esj\?eé%édé;cr"ehtﬁlé izsﬁ%%q%re{je“%gs\ge
procedur es f or(n, 0H)Br8g-3.480(n0" Hp S 20- 28, 16 HE-3.49 (rhn,yldl'b&m -3.0B émathild,

sulfuric aci dazpﬂ}aﬁoﬁn?é% éégsa@l ut1é‘ﬁ£ez' 92? Qﬁoﬁ—Bh%MQE%dm

1- hydr oxy-2-n c acl aric acid tartaric
aci d, funmats c Bxangle t1 tScreendor tiydrocintatic emd@ddl,tIOmSplSﬂpf tR)éc(l(@ 2-L-lactic
aci d, benzoic iSHEGIN adi pic acid, acetic acid, nicotinic
aci d, propi Onlpg’ﬂé?gild g '&hﬁy"g’ﬁd 4- hydroxybenzm c acid, and

di - p- Tol uoyl - ORY- &2t Ryriatidin3- YEKWWImldll@freS(haé%Waiﬁ dissolvesia eithesi d addi ti on

salts of (R
(R)-5- ((E§ é-ﬁiép‘@y’%ﬁeﬁé‘%wﬁc?ﬂg“% e frﬁ’]w%/dr%’@ﬁéé%negb%n't”'e P57 ol )

was di ssol ved al¢phel tTHi‘érfeﬁug'BQlS@l ”Véﬁ’,sé'teéfeé vitp 1zﬁ9e9fd7'§'td|e|"1€é3d 'g%@e gfotl‘%t i ons
vere then jg e%ﬁ‘ddm@ hiind) 181 i€ ieth9f ethdd €1\ PIrRSPENMGH iBGpras)l icroper Melnow) ,

warnmed to 50 0C, and
dioxane. The mixture was incubated at 50 °C/ambient temperature (4 h cycles) for
24 h. Where the experiment resulted in a stable solid, the material was analyzed by
XRPD.
Example 12: Screen for “mono” acid addition salts of (R)-5-((E)-2-pyrrolidin-3-
25  ylvinyl)pyrimidine
(R)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine free base (10 mg, 0.057 mmol) was
dissolved in either isopropyl acetate or acetonitrile. The solutions were treated with 1
eq. of the corresponding acid (see below), warmed to 50 °C, and cooled slowly to
ambient temperature overnight. The solvent was then evaporated under vacuum
30 without heating, and the residues analyzed by XRPD. The solids are then stored in a
humidity chamber at 40 °C and 75%RH for a week, and re-analyzed by XRPD.
In the cases where the experiment did not yield a crystalline solid, the
samples were maturated in tetrahydrofuran and isopropyl alcohol, and where a solid
was obtained, the solid was analyzed by XRPD and stored in the humidity chamber

35 for a week to assess stability.
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cooled slowy to anmbi ent tenperature overnight. The sol vent was then
evapor at ed under vacuum wi t hout heating, and the residues anal yzed by XRPD.
The sol i dwoweroes4aen stored in the hum dity chanber at 20T0S2&68660396RH f or
a week, and reanalyzed by XRPD. In the cases where the experinent did not
yield a crystalline solid, these sanples were maturated in tetrahydrofuran
and i sopropyl al cohol, and where a solid was obtained, the solid is

anal yzed by XFPD anle SRS okl WS DN Lins BRTREI fRlecdigtohfrSocss

stability. The fol I'owm cene 08%dur es
for form ng "Hewnd aaciuadldmddsalt\sdwdmhbec acsd:lstrlﬂmc@cecmdthamh@rmmﬁ d,

phosphori ¢ acibieik 8@ Unblohic adl {thydfB-OMaghtAGE doig lkeldBlihdeizEiods @nicf unri c
el & f gEichiny

acid, citric aci acl succlinic ac adl acl

di - p-t ol uoyl - @CtdaHaa&arlea%ufwnawﬁ@P@%&ﬂ leatRbs agid mp@cefpd p#r'éi"é@&'ﬂe f or

sel ected sal t Septoid Mid, Buddirio ackt, aB fclaRld! &befic cidf,Invdotinié h&w r;jré’ﬂl&lﬂd@:loo\ nunmber of
(R -5-((E)-2- pyrrolldln 3- IV|n r|md| ne salts were chosen to scal e- up

to -200 my forrqiGAcKet-Nh QE'?ZQ | 'Eﬂ"ld" Pripaoy-laniarie 8¢ids i ncl ude: citrate

(mono and  henigxampledt BiRrdeiToOIhentt” Bb’draﬁl!iﬂbﬁ%&ﬂ@bﬁ(d)@(ﬁ)z-p)d'kolﬁl‘irﬂhuoy|
D-tartrate (nong and hem%, mal eate (nono and hemi), and fumarate (nono and

hem ). (R)-5- MEYYPYHRYIBE | di n-3-yl vi nyl ) pyrimi dine free base (189 g,

1.077 mol , vvas di (R)qi«E;:lzmrraﬁﬁnt@mhyl)lpymmdmheeé@éset(nomgvva%t et r eat ed
vvlthlle of t 0 i on of th‘fem)no

ool 1 and B 5 g Rpal e e SRy G era S ThERToRR usla e, £ vas
war med up to S@aed with @. Scaxp bettie davespshding acid (Seabddowe)n tvatnerge SACQrand

i ght. Th i L e i .and bef
O e 04 el LA RS AR AL LR Do UBEL AR P O
det er mi ne contusder vefuurawighoupheatingreand thel residtes, anahcledjadmérme@elmsyvar@r e run

to establish %ﬁé’siﬁtérb&}ﬁtﬂé hirity éfm%h%ﬁéll 40CEh 259 RHYEr é)\%éi]gh& by of new

forms for each experinments were used to assess hygroscopicity of
t he sal t s.15HPI2CAZAGRWXFRERRY t her modynani ¢ sol ubility were aI so measured for

each salt. Exanple Inltﬁe bR whree(the expetnentalid Adt ryreﬁré/&ryétayﬂa 0¥ ithdsdi ne
nono-citrate For rrolidin-3- i mdi ne
mono-ci trate FEMREP “&éémﬁtﬂéa;?%iBé?tgg%?fﬂﬁaﬁﬁng &° rﬁ@yl %ﬁégs%ﬂdtw@&er 2&ng
procedure, fravasiobtaredpyié salicias atazetdpy KRAD@hAIons iRt Himidity @haraberifer
tetrahydrofura wee'ﬁ‘ltctj ggsrégst 'st‘ét?:l't}' t he nono-citrate Form |
20 The following acids were screened, using the above procedures for forming
“hemi” acid addition salts: sulfuric acid, maleic acid, phosphoric acid, ketoglutaric
acid, malonic acid, L-tartaric acid, fumaric acid, citric acid, L-malic acid, succinic
acid, adipic acid, and di-p-toluoyl-D-tartaric acid.
Example 14: General scale-up procedure for selected salts of (R)-5-((E)-2-
25  pyrrolidin-3-ylvinyl)pyrimidine

A number of (R)-5-((E)-2-pyrrolidin-3-ylvinyl) pyrimidine salts were
chosen to scale-up to ~200 mg for further characterization. These salt forms
include: citrate (mono and hemi), orotate (mono), 4-hydroxybenzoate (mono), di-p-
toluoyl-D-tartrate (mono and hemi), maleate (mono and hemi), and fumarate (mono

30 and hemi).

(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base (189 mg, 1.077 mmol,
was dissolved in acetonitrile. The solution was then treated with 1.1 eq. of the
corresponding acid for the preparation of the mono salt, and 0.5 eq. for the
preparation of the hemi salt. The mixture was warmed up to 50 °C and cooled down

35  slowly to ambient temperature overnight.
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was obtai ned according to the nono salt screening procedure, from
acetonitrile, by evaporation and maturation in isopropyl alcohol. The XRPD
di ffract oyoamodfes{4R) - 5- ((E)-2-pyrrolidin-3-ylvinyl)pyripeirdiSe@9nesnos ci tr at e
Form| is shown in Figure 2 . Exanple 16:

(R -5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimdine nono-citrate Formll A
suspensi on of the (R) 5-((B)-2-pyrrolidin-3-ylvinyl)pyrimdine mono- citrate
Forms Il and |11 t ha te rre

h . The suspension wég&su paéﬁ%ena[sqgerggsp%g'et% gﬁr s(ﬁ'ep%ﬁbegor?g?'gg(?? alyzg

fol | owed i mrediyatRAG, abg 'H&MR. TG AROErnentHeerd Gedormed tatetemiinerGitedt bf. Heat| ng
was di sconti n”FaCﬂerLb‘PQfEeF@&?\Qﬂ{sngn(fl%@%ép(ﬁ%nf?%ré%ﬁgQ&hﬂ@h‘é@ﬁlh@%‘? ngd and

stirred at anbi ent tenperatufe he suspensi on was | tered, and
any residual rigdi@ed @rm And the pessility ofnewifermsder eagh seu O Scxaeimestiaveret hanol .

The resi dug wagedtd @Ge@thgﬁﬁ’)s@c@ldlt? olthE uatst APLE Buty bRy BieMSodynamic solubmt%_
(R -5-((E)-2-pyr I’O|Idln- %agyrlmdlne nono-citrate Form | | he XRPD

“ylvin
di ffractogram ?ﬁ?"@%‘(’g 1idin-3-ylvinyl)pyrinidine nonocitrate
Form Il is shaaniple : gar -6-((B)-2-PiyoNEines- mew;smrnmbmus:mono-c.trate Form |

2- I t
(R)-5-((B)- 2- pyr r ol RerHEBY VRS PGS RERG ctiele ke | gs OBRERd: ed by
freeze drying a@carduhgtq tha maho &) sdedn{rig)pracepyrier fdrh tlopropylakstateyby pyri m di ne
A L e
Figure 1. Exawmswbwed(aﬁyor@nq {oEthe moﬁ’gsaltﬁtoremnrmg3):qﬂedmrayfr<)rpycetmnltdienw
mono-citrate Fe%;EBrétlo'n dnBhattirhfdin Bo § @Xﬁﬁ ?1cbﬁ!i| 11 XhVb @bf#re?c?c)@rrérﬁ‘ofjéﬁ‘%

nmono-citrate Form | ar e anorp
(R -5-((E)-2- ﬁgﬁr)ﬂowrralldm @ry&nvl nyym)qwrmc?ﬁ%nltf?ée Aold$ shcwnenﬁgua%nd at

anmbi ent 't e”perEittapr?e f@r(R}-WEpQWﬁohJ hl% nﬁﬁﬁ%ﬂr“l&ﬂéﬁﬁa{ﬂﬂ@{e Form |

(R -5-((E)-2-pyrrolidin-3-ylvin r nono-citrate Form | ‘ is shown
in Figure . Exarrp?“*éui@e”SPRPf E‘e((% ((ﬁ) PPy rAidine- yiwmd)yvrwﬁrye)rmmcmﬁam ne
mono-ci trate Rk I ¥nd m)mém(é.ﬁ}ne%qﬂmgl helafélds 50 yé ¥hd“§ﬂr9e8¥6r'1rﬂ Fhae

nono-citrate Form IV was obtai ned imaturatlono Form |

acet one/ met hy SUPRSIBIAR YBS ResEAeNiheccledrn 281 ¢ at attegr-apn oh. fﬁ’dﬂ’f@dm trate Form
IV is shown i rrnlﬁe@'dfe@l ty hex@igidack &050 °C at a rate of +30 °C/h. Heatlng was

2- I d d - (- tat | t
Grot e ao - ( esaanyEd Boop¥eablodso, Bl ondihE s perionits troteg 39801 ing. hot
sol ution @0 (I%)nblﬁen( {eBpet\py fardb hl Thensuspatisionmvds fipgred randiang rdsideel hatseal (1 084
g, 6 18 mmol )n fh@ f@?s&ké’ﬁ"rﬁg& o&tjvﬁth%?nn&%u ﬁie{th(QdTh% %g g)urg3 vgas]c c;rleakat 9_(5] EC

resulting mxture o
in vacuo for 16 h to give (R) 5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate

Form Il. The XRPD diffractogram of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
citrate Form 1l is shown in Figure 3.
25 Example 17: Amorphous (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
citrate
Amorphous (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate was
prepared by freeze drying a solution of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine
mono-citrate Form Il in water. The XRPD diffractogram of amorphous (R)-5-((E)-2-
30  pyrrolidin-3-ylvinyl)pyrimidine mono-citrate is shown in Figure 1.
Example 18: (R)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form lli
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form Il was
prepared by allowing amorphous (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
citrate to stand at ambient temperature for two hours. The XRPD diffractogram of
35 (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate Form Ill is shown in Figure
4.
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heated under reflux for 5 mMm cooled to anbient tenperature and stirred
overni ght The |ight-beige powder was filtered, washed with 2-propanol (10,
8 nmL) andworpedes4a3a vacuum oven (air bleed) at 50 0C f @cTAB200906600% ve 1
872 g (77 9% of an off-white to white, lunpy solid, np 230-233 0C 1H NWR
(D20 d 8 80 (s, 1H), 8 60 (s, 2H), 6 40 (d, 1H), 6 25 (dd, 1H), 5 93 (s,
1H, =CH of orotic acid, indicating a nono-salt stoichionetry), 3 38 (dd,
1H, 329 (m 1H), 3 17 (m 1H, 3 04 (m 1H), 2 97 (dd, 1H), 2 13 (m 1H),
1 78 (m 1H) Elenental analysis results suggests t he presence of excess
orotic acid arkxampie 19: {Rhe{(E)-8Pytrotidinci-yiviowlpyrimiding menee¢itrateffasmdMt al

1% “Found (G, 53 JERNE LS gy itipniie ppflodits Sy Magbnlined e i e

21: (R) 5- ((E)byznwuam of oo quﬁqmﬂﬂ)qﬁw ISﬁbtaylh@tOﬁ%nBl%X%E’%ﬁtﬁrar@gnam

(R)-5-((E) 52- FbYHo% chrdtetro?»my\l/wwmpw.gmél ne free base (189 ng, 1 077
mml, freshly prepared) was dissolved in acetonitrile (5 The sol ution

was then treatfe@mple 20:{RkS5-(§)- 8‘IPYHH"@P&Y'E‘"&'&Wﬂ'@ﬁ!“ﬁt"i‘Qﬂ? @M)'prté?ehanol ) at
anbi ent tenpergjure The m xture was warned up to 50 C and cool ed down

slowy to anbient tenperature overni ght The solid obtained was filtered and
dried under sucti oﬁ)"nEfaﬁldéO@@? AP EhAMel ¥@s ggdedrass soid ép a firfgRthe XRPD

di f f ract ogr amsefuti¢rR-(R)- 6(((@)-233yﬁwdirp$ ylviey)pyrirdidink Yed Yh3ddH B4 @i 628 ARy Or ot at e
Forml is 1%hown

(o5t (&R0 H pretepnd AEmD) AR hofPioerifiat. Ton EesHine EPErp6f sl was
(R) - 5- ]S(E) hI2 m;eafedIunde(;‘lra‘ﬂ&-ﬂ)flja_lrhlnyclto)olbym md|EMemb?ﬁu®aﬂl s(hﬂr&?o@mgﬁt P7t7
|, i ssql v nitri e solution
et hon 1 oncDa TRRERe PR e R ke yashe R ftdpl Cish B lend BfedS
t et r ahydr of ur savacadm avdn (einbleedrg &0 &€ for @0 Tie give R 1812 @ (W\h@%y\afranmﬂf \Mptettmt 50 Cd
d | ed d . r al ne
mas fi1tered S Sbysdil BV ERSs CENPIGR K501 0K Bla gty B 8°3ua 861 2
1H NVR ThelSXRR® dH)f6.22@doti)adOd(s, (IR) %@(@))ti@aquymd@btmg a mono-salt
i di n-3-yl vi nyls}d?éf{dn@trgi 3%s 1859 ;rﬂiﬁﬁﬁﬁf% m, %Hf%\mm' ?H)Fb@ﬁ'f:c?d 7Exanpl e

23: (R -5-( P%/ |ne orm ||
(R -5-((B)- 2 ﬁw %13 @ AH3- 1y18v(rm9H emﬁmtahamélyw@mukﬁawa@sés thedresenge was

slurried in etdpgneks %ﬁc !ad?&b%aé eq. 1%5@59ro€|‘é 5cu§ sall%im@ﬁf&Jn&ryf Cﬁlerﬁ&teh XRPD

anal ysis of the solid showed FormlIl. fractogram o
(R) - 5- ((E) - 2- pyRiv8pi Crloiated 91 GioHypNy p@pﬁph‘dom (fe%é*ﬁéu IS e ht@ﬂrﬁ‘*% is shown
in Figure 2 . Fouadit e5324b%, (58)4455 (K, %)04’% BYior@ N, Borre%s;, vb giay! ) pyri m di ne

T xa.“var Bl P Aot (EF) Pebas Sy aFifs 91 AP 597 b o e
(1.00 g , 5 70 mTDkR) 5-(EL2-p@rulibiin-3-ylvinyl)pyrimidine free base (189 mg, 1.077 mmol,
freshly prepared) was dissolved in acetonitrile (5 ml). The solution was then treated
with 1.1 eq. of an orotic acid solution (1M in ethanol) at ambient temperature. The
25  mixture was warmed up to 50 "C and cooled down slowly to ambient temperature
overnight. The solid obtained was filtered and dried under suction before being
analysed by XRPD, and 'H-NMR. The XRPD diffractogram of (R)-5-((E)-2-pyrrolidin-
3-ylvinyl)pyrimidine mono-orotate Form | is shown in Figure 6.
Example 22: (R)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine mono-maleate Form |
30 (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base (189 mg, 1.077 mmol,
freshly prepared) was dissolved in acetonitrile (5 ml). The solution was then treated
with 1.1 eq. of an maleic acid solution (1M in tetrahydrofuran) at ambient
temperature. The mixture was warmed up to 50 "C and cooled down slowly to
ambient temperature overnight. The solid obtained was filtered and dried under
35  suction before being analysed by XRPD, and 'H-NMR. The XRPD diffractogram of
(R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate Form | is shown in Figure 7.
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(10 mM _). The salt precipitated upon further warm ng of the solution. To
facilitate stirring, the mxture was diluted with ethanol (6 nL), and the
| unps werwobknokemM4di t h a spatula. The m xture was cool e@CraSamoioedtrs
tenperature and was | eft standing overnight. The |ight-beige powder was
filtered, washed with ethanol, and dried in a vacuum oven at 50 OC for 6 h
to give 1.40 g (92.3% of a creany-white, fluffy powder, np 149-151 0C. 1H

ngl( E)%BO; H? ) Eg(aﬁg)?? 9?;3 (éf:“);-((égb Sgﬁr()ﬁg n(iglv%@@%@? g%e%oz%leié |-4on Ed 1H) 1. 80
(m 1H), 13C NMR IWB‘MEB? pyrraliding4yhany)pintiding mnermaieam:ﬁFdDm I)M&S 97 154 17,
133. 66, 130.31y, ﬂe’tﬁn efhandBnd %cuﬁhé d3a§ 504§/r93¥h égeﬂ% 48'1:1| Rﬁﬁ 5%198! IgMé' S

Cal cul ated for ClOH13N3 CH2MA 70% ound (C,
54.39% 54. 29%plidshogedEogm . BosRRQ d'ﬁ@cws%n afsRBEBUE)- 2@!59&15*!%3 25:

(R -5-((F) 52- erygbyrﬂhdine?mmhdzmanébt)ewmm@émnhengur@&p toluoyl -Drartarate
Solid di-p-tol quv1 D-tartarate salts was obtained accordin to the "hem

salt screeni nd8 %r‘@ﬂ@ﬁﬁ@ﬁ'ﬁl‘%‘ﬂ;ﬁ ylvipghpyrinigine menasexalate | e by
evaporation, or by o&wamrcﬁ(blsoegl 573 ﬁﬁ%l)%'ad@é‘o?és@é @n&@d 4 Ry, b\bérrﬁat uration

th tetrahyd f t oII
Vn\iatura'ta i (rjﬁ \>/l\,1 ':s?? gw'l?()éifﬁ’c%ﬁ%'ld' él'}‘lllé'” Wﬁ'ﬁ@ng b& etn@%’a to make
a | arger quant(i@ mLpfTnefmlt:pedctpxtat(a&):por{)fuﬂherIﬂafrpmg of tueybluilibnt aTotfadfnlitaIeam d (
1.103 g, 385 n war m
(R) - 5- ?( E)2102 B%‘? I é’| | dﬁ‘nﬂggﬁ’gv??\”t%ﬁyr‘%‘ﬁ%"&&?%'f%r%”drth%g“e“p(sﬂeé%%%ke” wi
mmol ) in et harfodpafukd Trie)mixtarefway donled kadvhiiers tdresatprecnid pias detfesdartdivat fal | ed
to dissolve UWanBﬁft'ﬁﬁglgﬁ%d@ﬁ%WdErew%soﬁltE%tjl\H%h dUftn birGRY, HaRAE RO Ut ! o

(with a few fine so was stirred en al to stand at
anbi ent terrpervaﬁmo‘@@é\t AP ghfor 61He gjye d 40 PABYYAf dereampwhisg. tlulls a | i ght

bei ge powder Vpﬁﬁldéﬂ ﬁyméﬁsﬂchINMR mMé@fd (}1% W(% 1ﬁ)h§8§@ bA$ eV (R,
filtered, wash vacuum oven at 50 0C

for 2 1 h ' g?ﬁ)e?‘lo 6d g F! “50/1)"')0%1%%“ b, Wﬁ%% 296 (@At 1H). &8 frow- t i nged
powder, np 1781H;808c9 1H WR%@@d 53)5 MUmmﬁaﬁéa@m? 1@@@? acid salt

stoi chionetry. br oad 2 (s, 1H),

8.80 (s, 2H), 15“@’7 1(3& 6%21%30 3166}4120 48 7Hd’r‘c%% i4988a30I4@mELe§‘§P€a’ %’l?’dﬁs@hl onetry),
7.27 (d, 2H, -C3fddikted foi OYHERE 10)8,G, (Besd. 338l H, STOHLCN, 0584%) )Foufid 40, (dd, 1H),

6.34 (d, 1H), H, iety, indicating a

heni - gal t g?oﬁgt?%%%é’??%“% Fégg%g;oégg%% 18@‘*”%4 ?‘Fﬁw 3.00 (m 1H), 2.86
(m 1H), 2075 Exadohplel2d): (R)25-88)-2-Pyrrdlitlin 3C§H'lﬁnﬂipy@m|d|nmb&ﬁ-w-pitd$ldbyléﬂ-i ng a
hem -salt stoi h|o try) 1.93 (m 1H), 1.61 (m 1H). Exanple 26:

(R -5-((E)-2- d| n- 3-yl vinyl)pyri mdi ne hem -di - p-benzoyl -Dtartarate
(+)-0 0 -Di - benzoy Bol[ddnartblaoyl@ -tadtarete(shlitHREs ehtaied/abcomivig)to WS haditleslt as a

screening procedure from isopropyl acetate or acetonitrile by evaporation, or by
evaporation if isopropyl acetate followed by maturation with tetrahydrofuran or by
25  evaporation of acetonitrile followed by maturation with isopropyl alcohol.

The following procedure was used to make a larger quantity of the salt. (+)-
0O,0’-Di-p-toluoyl-D-tartaric acid (1.103 g, 2.85mmol) was added as a solid to a
stirring, warm solution of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base (1.007
g, 5.74 mmol) in ethanol (10 mL). A few insoluble solids precipitated that failed to

30 dissolve upon heating the mixture to reflux. The light amber solution (with a few fine
solids) was stirred for 4-5 h and then allowed to stand at ambient temperature
overnight. The precipitation of the salt as a light beige powder was slow. After
stirring for 15 days, the solids were filtered, washed with ethanol (5 mL) and dried in
a vacuum oven at 50 °C for 21 h to give 1.50 g (71.5%) of an off-white to slightly

35  yellow-tinged powder, mp 178-180 °C. 'H NMR (DMSO-dg) confirms the 1:0.5
base:acid salt stoichiometry. 'H NMR (DMSO-d): 8 10.30 (broad s, ~1H), 9.02 (s,
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solid to a stirring, warm sol ution of

(R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine free base (1.003 g, 5.72 nmol)
i n et hanoWo(QaD/asb443. The m xture was heated to near ref Pax/usao/ob@rs pl at e,
producing a |light anber solution. The resulting solution was cooled to

anbi ent tenperature and was |eft standing overnight. Because no solids were
present, the solution was slowy evaporated in a funme hood, affordl ng

Spatula scrapi b ERnESzE PRAERSH, Baf-bfigihd gleats éo'ﬁfe%%%fﬁ

m Xt ure was st2il+ F@xtis-0indicatingtet heniselt stoichidsetngr @44 (ddt Ei)efl. 34\Waslhiedi 5 tsh a

Lo bl veYy, o5t §Eﬁ‘§9§“§%m‘"d’ﬁ‘?‘e%‘“%a*'@vﬂ‘eeﬁ%%’”%@éﬁ@&@ o2 %ﬁf ik
(DVSO-d 6) cor$f14r(madH RD0(mp 1H) 8e$§éma&h*)d2§él(cid 4tb 2639 (o Akt rts of ACVR ( DVBO- d

6) : d 10.25 (rﬁkflé%ﬁdncﬁeatllrl%Ei}\emQSéﬂ%tcﬁcf'mon'Jéfﬂl) 193 HSQI ﬁﬁ) 1%|’I'|)(m 7H)98 (d, 2H
BH5-), 7.57 (m IR, 2H) . 5 61 (s,
1H, - CH(CO 2H)EX@mplg 26; {RIE-HE)-2Pyrro WHT%‘&‘('PY]’@W&'"HQWP h§5\'1‘" BTaSNEdBret ry) |
3.22 (dd, 1H) tadarhte (dt, 1H), 3.00 (dt, 1H), 2.88 (m 1H), 2.77 (dd, 1H),
1.92 (m 1H), 1.61

, 1H) . Exanple 27:.
(R -5-((E)-2- Pyrrol(’i()gh? Q?ﬁ”&?%ﬁ‘p"?ﬁfﬁ%dﬂ R85 Behi2 BiMmop wesiadesA asit ar t ar at e
(+)-Di-p-ani S%&Shdt@-atﬁfrhgrw&rr%dltﬁoﬁ& f (R99-(®) wmolgmdegw |)@nﬁmned;ée% 3 .
tirring, i.on rrolidin-3-ylvinp i i
?rlee bage 1\?‘8. g;%e )003,9. 8¢ ﬂé“gﬂ} h '(‘fg‘(a )(%0 '%be ﬁ@éﬂm‘f Sé??la[?)fg %Eg "wWith a few
sol i ds pr esentrefluv@s aaidtpla&dprad@bnﬁgaaﬁghdamberablua@rt Gmtreﬁtmlrdlssm%n/\ﬁaéﬂ I
solids. The sql

Cemperature 1 gpond B iutaithe S MR B S ac ARt Hhedte R i ur o
cont ai ni ng |i gtere bresge thesdutea was slovtystasmated 1 avsmestood raffdrdingstami ght . The

oven at 50 0C T Gemif2piee <bplopyEhaa o gy dascafla fih Sheryd @ TEEHHT
173-177 0Q5 1I9ceRRI @DA/SITriRD, gght@@neﬁalm@m drpogited. § hbawéuracwaa stirsgct
stoi chionetry. ovéﬁg%h@m\%r@lltew@ m%%we%%ﬁ%o%?&ﬂ)%ﬁace @mg)zz?:rﬁs 1H),

8.80 (s, 2H), catin t Stol ionetry),
7.00 (d, 2H, dcsqtuvavacvmpmatﬁg *a foredihte give 1%(3& (@ﬁﬂ%%@f ayoff-ghitlo (dd, 1H),
6.34 (d, 1H), powdé&, .€n§155hleo € ERAR (@ws Oéigdn@lrnﬁeatﬁ&yoswg&b%aalsam a

hem -salt stoichionetry), aci d _noi eti/—l i ndi cating a

heni -sal t st oiSEHRNSMEtYy)H NMRZ@’\M%)ﬁ-ﬂozé(t’_[@?d(sm"“i)rﬁﬁozésd WO BH), 2.85

(Q éH%(E)%ZS 2Hm79|18-0d , 2H-CH2-)( 67 ) 1H, beﬁ;) (8 (RHH, @H@W&(&Bm 561 o
0 in di_.ne nono-

(SO|)I d di-p- toF%c}H éﬁ?@? )aega?fécéé)“{% “@t'%? PRESRI asﬁfg Od“erﬁrd}/@ozzt(ﬂ% ' nmono”

salt screeni ngHmramle(durIEl) f3raondi, s @By, Ad)eRav eddynHaae2qm, tH), 1161k,

evapor at i on. 1H).
Example 27: (R)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine hemi-di-p-anisoyI-D-
25 tartarate
(+)-Di-p-anisoyl-D-tartaric acid (1.199 g) was added as a solid to a stirring, warm
solution of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base (0.999 g) in ethanol
(10 mL). The resulting solution, with a few solids present, was stirred and heated in
an attempt to dissolve all solids. The solution became a thick mass. After standing
30  at ambient temperature for 4-5 h, additional ethanol (10 mL) was added. The
mixture containing light-beige to cream-colored solids was stirred overnight. The
solids were filtered, washed with ethanol (10 mL), and dried in a vacuum oven at 50
°C for 21 h to give 1.91 g (87.3%) of a white powder, mp 173-177 °C. 'H NMR
(DMSO-dg) confirmed the 1:0.5 base:acid salt stoichiometry. 'H NMR (DMSO-dg): &
35 10.20 (broad s, ~1H), 9.02 (s, 1H), 8.80 (s, 2H), 7.93 (d, 2H, -CsH.-, indicating a
hemi-salt stoichiometry), 7.00 (d, 2H, -CsH,-, indicating a hemi-salt stoichiometry),

47



The foll ow ng procedure was used to nmake a larger quantity of the salt.
(+)- 0,0'-Di-p-toluoyl-D-tartaric acid (2.205 g, 5.71 nmmol) was added as a
solid to wobiwms4ag, war m sol uti on of PCT/US2009/066078

(R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine free base (1.000 g, 5.70 nmol)
in ethanol (21 m _). Precipitation of the salt was i mediate. After gently
heating the stirring mxture on a hot plate to near reflux, the resulting
m xt ure was cQQ i en h re

il tered. vashed Gt O EERLE ) §%§?%a‘%“t?,ﬁ<%%zaﬁ-éﬁﬁ%éh@%@@éfaﬁﬁ%ﬁn at 50
OC for 13 h t dwegi-sait Boict8amefry],B6761(89) 3tbF-OgH} piceivid-rmeittyangieating e hempsalg1- 184 0C.

:1H NVR ( DVBO- dp@éhno‘?@#% %'%C{%c‘i H?«%% i F@?HH) Snell ﬁhhﬂ{j‘)@tafsgm 1»4)"'2"#%( PYBO-d 6)

d 9.60 (broa 8.82 (s -'CeH4-
i ndi cating a re¥RosaH. 11dme Abnet ry), 7.27 (d, 4H, -C6H4- , indicating a
nono-sal t st oigghie > nidiak of acid
noi ety, |nd%| caEt;(:ang aigm)g%)os ggﬁ??ﬁ&%ﬁ%ﬂe??@pw ICI30 m%&ilgkbm%@3 (m 1H),

3.09 (m 1H), tortastem 1H), 2.85 (dd, 1H), 2.33 (6H, -CH3 of acid noiety,

i ndi cating a nono- S@ilddl%t@hﬁwmﬁﬂérbté)saltgw&% dbtainelidccording ® theTmdrd) salExanpl e
29: (R -5-((E)-2-Pyrrolidin-3-y

mono- di - p- benZGiRENRY Roceyule g°’(‘¢§°pf9pégc%ly{eo%ﬁ‘z‘%n't”ﬁti’ya‘?vf"ﬁ?rﬁtéonam d (2.05 g ,
5.72 mol ) was addedeaﬂo@nggidcddar@was 84adIts inake aAgenaantitt dfame it (+)-

R -5-((E - 3- , i=m di f 9 g D69
ﬁmi)l ) |(§1 )ekohaﬁ%br ?PX rélr'%ﬂ%@%d&r?{’ g:@ﬁ“’?ﬁr’lg\gﬁs aanEeS%ggl ﬁ% %ol uti on.
After stirri ngtiaing, vf/amtém&momefa(Rb -Ag(E)Rrpyoplpin: @cylmovi)gyflmtdme f@alblase)tﬂdlﬁ)ﬂr ed in
the warm sol utd 870 nihsh hefihl (E"Ppmnxf-t’rg&ﬁita o RO dAmAiEBIRI P TPEr At ur @

over a twoday he Tresu vvere tered on a chner
funnel , washedenily heanghtaestiripg mxtge ml)ﬂ hohpiéledt? neay fefwxdhﬂéﬁ?HUﬂg BEse (ai r

bl eed) at 50 %stQBIe&% é}nﬁléhtgér?&(,ﬁergtur%?’a'hg rdsAifin s@hd@f/veﬂa fht’eﬂz'ﬂt w@éﬂegﬂntﬁ 0

off-white ngﬁ é confirnmed the 1:1 salt
st oi chi one e”la]qu ?'Dh)s@%drl?ﬂ'"abﬂa%‘uﬁ‘?@'b?b@d for 137 [ 9ved Bl ¢, 1H),

9.83 (s, 2H) (96.9%) 6pla Ilg‘ﬂwael?@bﬁvder nip 661- (azn CZF'H m@n)lso be)2dnfired 414,
C6H5-), 6.45 ( i cating

amono-sal t st oﬁ%?ﬁ'%‘fh‘wetrys 'ﬁf‘“’{%@MS_LC&TFG) §9é39 (t”ﬁf‘d il—])m(;%(%( %’]" %%‘J 2.96
(m 1H), 2.85 dh), 288 (d, 2+40EHMMindiddting 3 nfoRolsan stdichiomBXgNPLE(BAH, -CoH,-
(5082 e e A P (LR | amghonul ronare
solid to a0st idckd m@etywadlmtlsg)bmﬂidnomam’stoucmometry 3.30 (dd, 1H), 3.23 (m, 1H), 3.09
- opanol (23 2550t £ 95(od ML R B BTG %gﬁ%om ing to
anbi ent terrperradznmrsajt stdinbiogetwgs 2108 (pr Bd)i HBS &ni oh. of soI i ds. The sol ution was
al lowed to st aadQNEs8) (R5-(EREIFHNANS:-IHMGHbRImIEHRLASTY- 8% BBA.60! | ds was
tartarate
25 (+)-0,0'-Di-benzoyl-D-tartaric acid (2.05 g, 5.72 mmol) was added as a solid
to a stirring, warm solution of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base
(0.999 g, 5.69 mmol) in ethanol (21 mL) in a round-bottomed flask, producing a
solution. After stirring and further heating, precipitation of the salt occurred in the
warm solution. The resulting mixture was cooled to ambient temperature over a two-
30 day weekend. The resulting solids were filtered on a Buichner funnel, washed with
ethanol (4 x 5 mL), and dried in a vacuum oven (air bleed) at 50 °C for 13 h to give
2.832 g (93.0%) of a light-beige to off-white powder, mp 165-171 °C. 'H NMR
(DMSO-ds) confirmed the 1:1 salt stoichiometry. 'H NMR (DMSO-dq): & 9.65 (broad
s, ~1H), 9.03 (s, 1H), 9.83 (s, 2H), 7.94 (d, 4H, C¢Hs-), 7.60 (m, 2H, C¢Hs-), 7.50 (m,
35 4H, CgHs-), 6.45 (m, 2H), 5.67 (s, 2H, -CH(CO,H)-O- of acid moiety, indicating a
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observed. After stirring two days, the m xture was diluted with 2-propanol
(10.5 nmL) because stirring this jelly-like white mass was difficult. After
over ni ghtwetnrowdeng3 the resulting white powder was filteceasernasdehner
funnel, washed with 2-propanol (5 nL) (NOTE: The solids appeared to have
sone solubility in 2-propanol) and dried in a vacuumoven (air bleed) at
5Q0C for 6 hto give 1.47 g (63.2% of a white powder, np 172-173 0C. 1H

NVR (DMSQd 6) dﬁ(%féa @Fouﬁ%?rheﬁy%g%? é&d Sk 3%'(91”‘?%% og/tht §t, Ebﬁﬁﬂ' g, seven

days, a second Cro nee erved 1n
crystallizati ch8d quu‘cH)SZ 01I'h1151|‘hat@9(rml1l‘k)~.as filtered, washed wi th 2-propanol

10 nL dd 1 ht
(10401) 30, Sraiidss (P eTamERIGRLS BRI A T 1 Logoke |

1H), 8.87 (s %H)Phoﬁlﬁofpneﬁﬂ 2H) 3 41 (dd 1H) 3.33 (m 1H, partially
masked by H2O), 3. 2{g)((H. 1@-&mpl€br§tﬁ¥or€xma0|&w 32929 %&Z(rﬂqol whd adc?ed%g a(sghd 1H,

-CH2- of acid m)let i'ndi cati ng a nono-sal st0|C|orrer y), 4 (m 1H),
2.41 (d, 1H, t@ﬂ;_sﬂmag WREMEOhPrEehfR)-PHE) 8d’b/ir?i@'”a3 Wﬁﬂ@wﬂm'd@?éfeeﬁ?%ﬁmtry)

i- %g Et : gHS H ,00%) 21@ ﬁrbpéhoﬁ(ZB*)nL 8. 7@)5nrﬁc5!) in hitbundlbo8méd flaskHUpod calingm  3H) ,
. m

at | t 1 h 1
Lo 0 SN it tEpe e i Wk pEEpiAon Or e TR LB e ot 1
0.73 (s, 3H, -dlblBedto smud(?bvémlget )Gelatmdus:raatbng cantmnmgmmaésolmmehl omatS ; y% )
Ex | 3 3- e rmn R -(+) -
Ca?rpnﬁosat éTO((ngbﬁév&% ﬁe{:ﬁw r| c ”&e %nf%ﬁieéag&% % Pinov\faéjsa”&@ed as a

solid to a st |hepaursg Stlwag thl$JeIIM::Itkea\rmne)fnass was difficult. After overnight stirring, the

R -5-((E)-2- ' i mi 20
(75 (05) 2 iy o AP {148, Wid oo
sol i ds di ssol veld, (N@FEOH'HG ﬁ@jldaay@qareﬂmgqugqmsolqwtypp deigrianch end diiedsn upon

standing at _arhi(iim RSP Bl far 81 R 6o gTDT470] 68 bANcMAR RARGRBH r at ed

via rot ary evaporation tq an rrber-br own foamt under vacuum

at 50 C (ai% BPR&EM 111 6HINMR ([Y1Se-dp). aonlymg thyt 1:4 sdif sleisliemetanifteroi | .

| sopropyl acets@ér@m@%@véﬁaayw@sse@&dﬁaop amgmttke@gesr@eunewasws%r@hhmd to stand
at anbient te rﬁture overn e was soneevi dence of cr

nucl eation in 'q“?rédlr%ﬁﬁ@e”ﬂ was fiigied. vashst ¥pb & pé?f’éf‘%ft(éa/@ib m.) and
2- propanol ( 2(hndrdﬁéds)1 anasuanl desh, (ain Dided)u 5HICoHR Bh WESVEOBAS & ofigatissigeand

e Vel el NS AP T 0o P b BB B,
stirred owvar ni2yht3.41(de, t)i3.38 i, e¢Hspeariially mﬁeke&i tfyl Hzoerm @ 18) Betoner, funnel
bl ced) at 50 0O rere 8oy 28 B T Srba T B ERnb A P 3k Te o of eam
col ored powderstoiehioniedyy, 253 (OC1HI BL4MINR 1H, -CH,- of acid moiety, indicating a mono-
salt stoichiometry), 2.25 (t, 0.5 H), 2.20 (t 0.5 H), 2.15 (m, 1H), 1.93 (t, 1H), 1.82 (m,
3H), 1.28 (m, 2H, -CH,- of acid moiety, indicating a mono-salt stoichiometry), 1.03 (s,
25  3H, -CHj; of acid moiety, indicating a mono-salt stoichiometry), 0.73 (s, 3H, -CHj; of
acid moiety, indicating a mono-salt stoichiometry).
Example 31: (R)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine mono-(1R,2S)-(+)-
Camphorate
(1R,2S)-(+)-Camphoric acid (1.149 g, 5.74 mmol) was added as a solid to a
30  stirring, warm solution of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base (1.00 g,
5.70 mmol) in ethanol (14 mL) in a round-bottomed flask. Upon heating, all solids
dissolved, affording a yellow solution. No precipitate forms upon standing at ambient
temperature overnight. The solution was concentrated via rotary evaporation to an
amber-brown foam that was dried under vacuum at 50 °C (air bleed) for 6 h to give
35  2.098 g of a viscous, amber oil. Isopropyl acetate (10 mL) was added, and the

solution was allowed to stand at ambient temperature overnight. There was some
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(DVBO-de) confirned the 1:1 salt stoichionetry. 1H NVR (DMSCGd 6) : d 9.00
(s, 1H, 8.85 (s, 2H), 6.58 (dd, 1H), 6.47 (d, 1H), 3.17 (dd, 1H), 3.08 (m
1H), 2. 9WOn10ldeF4432. 92 (dd, 1H) 2.74 (dd, 1H), 2.61 (deCTAINPG0IDCHAS
(sextet, 1H, 2.00 (m 2H), 1.65 (m 2H), 1.32 (m 1H), 1.15 (s, 3H, -CH3
of acid noiety, indicating a nono-salt stoichionetry), 1.07 (s, 3H -CH3 of
acid noiety, indi cating a nono-salt stoichionetry), 0.75 (s, 3H, -CH3 of

aci d noiety, rro‘fgdéeﬁ/?%l rﬁq%fé%ﬁ kntthesqLPﬁrﬁJ] r%ﬁéf)o ’\%Peqpép‘?o é tate

(R -5-((E)-2- ne nono-di - p-ani artarate
(+) - Di - p- ani sdy? mb) angr2- aﬁop@oétzodrm wa%acgied@nmh@rmmgrewagggu dgatgd a solid

to a stirring, an%flrrﬂéoséve#'% RNTIS resulting milky, creamy solids with some oran%e Iumps
(R-5-((E)-2-pyrrolidi 3-ylvinyl)pyrimdine free base( 75 mmol )

g,
i n et hanol (2zveﬁi5>r°I<$ﬂ \&'t%ﬁﬁ?&ﬂ%@f‘t’m%axwea@k'm'%%%'% vag §tiggd BYefP'H@ sal t
occurred beaf ormeaklwHie sblme wetd ﬁltéredrbnamlmuérf&ﬁeawaameocwumcdow ibeloyeen added.

The salt did not heatin but 't ar the solids
changed, Wthaggta&éﬁ@ ha?cggrggm@mcuu%'qyg@ T q}\?ﬁdfgtp% \ﬂ% % H'{?eg‘fﬁ xture was
cool ed to anbizos4 gt(enrp%)atarr@‘fwmémseaatddldmﬂpmder rﬁkﬂ157h1591°t3e "HMIR t i n)g .
solids were fi on.a B sh Lt 10 x 5 nL) an
dried in a vaéh&' qdf’éﬁon(f'ﬁ??dctg?i Hé{g’ @"’g%"f %EN% (ﬁwl%g)‘%ﬁjv%egégf@ g (94. 4%
of an of f - whi t1&)t885/s| 2%&!),66&(9dd<pr6wde§d 1HP317%ddl 183 (IBNrri\lhR) C DV dg)
confirms the | . 6 rgad s,
TS R e T o R e TR R
nono-salt st oi(oh2idyré32yn, 1FY) 015 (sl 3HAGH; -00adit moietyi, mdlcefamlavgorm -saftnosal t

stoi chi onetr Erpl-,l(dggg cid noiety,

i ndi cating ay)r%t)or'l@os%"&mgtogll_%hslfrr@? &%c'd?&f r@ R&Qéalgf acid noiety,

i ndi cating a rpsichiosmgtiy), §t7é|(%rﬁ"br@'ﬂar%ffw'd3‘°’my Qflﬂ’d?at"lg-ﬁ mogo-sait (m 1H), 3.09
(m 1H), 2. 955(d1ah,0]n,k& 2 84 (m 1H, 2.01 (m 1H), 1. 69 (m 1H) hExarrplhe
33: (R)-5- E 2- n pyrim di ne nono-(R)-(-)- Phencyphos
sai (R (5 Trameltan 2 L R A I S b e i
stirring sol utthpsraf (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine free base
(1.006 g, 5.73 m"ml%rln et hanal in a round-bottoned flask. Mst of

| R
the solids di $8oPvsdnispybHtatarie Pi('ﬂéz %ﬁs)%ﬁtﬁéﬁrf‘o'f wWahatded @ solhi@al | solids
di ssol ved wi t ltigiagiwemhertiomer. (RIB@(E?}»Qi;ﬂyfrbll’dm-S avrbﬁypyﬁraidmteif@a bags(1loat ed to

flux, | ed nbi ent ht
The. 1 ebul L1 ng Suhi P ETRICBAIE ML L) €r B ipnls e s Al BURE 1 unnel
washed wi t20 cekccuredibafond al( & tind_+)-dingtalsaye D-tantaria avid bad beevadiedailhe dliteed) at

gg 0C for 18 rEilot r?otgisgcﬁveoup%?'l h%at%g,( g’lﬁ ‘tI%@ppggraRéef 6f% éo‘ﬁdsc 5%%@(] With TP 197-201

conversion to a light, fluffy, white powder. The mixture was cooled to ambient
temperature and was stirred over 48 h. The resulting solids were filtered on a
Buchner funnel, washed with ethanol (5 x 5 mL) and dried in a vacuum oven (air

25 bleed) at 50 °C for 13 h to give 3.20 g (94.4%) of an off-white to white, chalky
powder, mp 173-176°C. 'H NMR (DMSO-ds) confirms the 1:1 salt stoichiometry. 'H
NMR (DMSO-dg): 8 9.65 (broad s, ~1H), 9.03 (s, 1H), 8.82 (s, 2H), 7.89 (d, 4H, -
CeHs-, indicating a mono-salt stoichiometry), 7.01 (d, 4H, -C¢H,-, indicating a mono-
salt stoichiometry), 6.44 (m, 2H), 5.60 (s, 2H, CH(CO,H)-O- of acid moiety, indicating

30  a mono-salt stoichiometry), 3.79 (s, 6H, -OCHj; of acid moiety, indicating a mono-salt
stoichiometry), 3.30 (dd, 1H), 3.22 (m, 1H), 3.09 (m, 1H), 2.95 (m, 1H), 2.84 (m, 1H),
2.01 (m, 1H), 1.69 (m, 1H).
Example 33: (R)-5-((E)-2-Pyrrolidin-3-ylvinyl)pyrimidine mono-(R)-(-)-
Phencyphos salt

35 (R)-(-)-Phencyphos (1.391 g, 5.77 mmol) was added as a solid to a stirring
solution of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine free base (1.006 g, 5.73 mmol)
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1H NWVR (DVMBO-d 6) confirns the 1:1 salt stoichionmetry. 1H NVR (DVBQd 6) : d
9.81 (broad s, ~1H), 9.02 (s, 1H), 8.85 (s, 2H), 7.27 (m 5H, C6H5-), 6.56
(dd, 1H) ,w6.24B/0684431H), 5.00 (d, 1H, -OCH of acid noi eCy/Uskevdioc@rs ng a
nono-salt stoichionetry), 4.00 (d, 1H -0-CH 2- of acid noiety, indicating
a nono-salt stoichionmetry), 3.48 (dd, 1H, - 0-CH 2- of aC|d noi ety,

i ndicating a nono-salt stoichionetry), 3.36 (dd, 1H), 3.30 (m 1H), 3.17

1 3. 07 0.79 ,
S To of adh et it ardingcbnednatk Mot e coladedkllbg pbbn, 0070 (°
3H, -CH3 of adtidingat @nventltmw@tmengmhallm@h@@%aotve@wcoln gentbmeamrw) .Thal t hough
specific enbocyt.ﬁaataints@frséln@nma%%%asedwaéﬁm 'c&ﬂedi{o? the?leprgJ Aﬁqg @Lvsgi and

described in detarl, the invention is not limte ove
detai | ed descrdIpVediastand overpight Jba resyitiog wihie. apsdierfike Gestals wewriteiedwent i on

and shoul d 5n0ta Mhﬁérﬂﬁﬁrer%sWéﬁ BBl difEinbN® nal) ¥nd Uf@dlﬁta'v‘a&h&{ oleRQair
kill ed |n the art, and

me%hfj? i catl I§i§: ?atfég? 838')/\1?0'{ t°@é"ﬁﬁ/1'1?9lrj@ﬁf9{%8p%fﬁwiﬂ ife crytals (e 19704&Ht Con are
|A Et Sﬂf'ﬁdafj 3. ?IéHmwg l([?eskf)%)td)o[mrfi? tlsel?nz)_ealoér»tokl:ﬂ?rgét@péﬂdﬁm@lbrﬂsmm géaim 1.
wherein the aéﬁraa$ @8 ﬁ?)oéng%’n(fd?@g (i“ck'q @%Erd@gdﬁeﬁa&é@(jff oni c,

mal ei c, phosphtbt)lﬁsoo (11 hydoamy—cﬂauammdmmm;catm @ glond-asli stoictiarerny) c4.00

L-tartari f t I ctl c
succi ni c, C]adl g‘m” g(?:gﬁ c(gf a%ﬁdch&ﬁ "Jmﬁcatm | on| %alt SL(?'S P/ %%gfc@x%enzm c,
di - p-tol uoyI O-CHe-tofi acid moiity, plda?ﬁtlwmom-aaltmwmqmeiw) @e?ﬁz(dylﬂ-n}it a0 taric,

L0- canphor sul gpiy7 GRAPRAIdSm, %Hf'z%?g&mﬁ'%n (o, 103 RS AR ON sal tof

Caimil, wherein the acid is citri'c
addi tion salt 35% “@f Agid Moisty, ;ndicatipger wppo-sestaigiometsy),i GB0g b, aftl @ﬂ | y

crystalline f@b'ﬂ\mcﬁety i cati bﬂ*o'nb@@lt §t@|6lﬁ\'brﬂétry)

(R -5-((E),- 2pyrro| ﬁ rHB/ rimdine nono-citrate. . An anor phous
form of (PRP-5- ((E)A 5’??&? e @"%{ﬁ%wﬁ)offfﬁﬂtﬂﬂvamﬁ%amfﬁﬂ Hystpted ansl . An
anmor phous f or riesfibéd?h détail, (HE)invantioy is'rdt nrﬁheath%reyd ThéboveuéthiddespptpRgoci trat e
whose XRPD pattern.substanti aII correfgon ) t W‘V{r}wpom in Figure 1. 7.

A pol ynor phi c Ry aeﬁ)(erréola(n(g) ORI B ef"éﬂnr‘f’n $ RS ne
nmono- ci trat e chestitatingeany fimithtibly ofthepiowenition. Madifiyatidid \Kill Besbvipns Pakdse kKild@pr i si ng

at |east one ‘Me z}rthgno]c éﬂlnjlo%%ﬂlgnsptﬁﬁlﬁ% :nolzagpart from the spirit of the invention are

20  intended to be included with the scope of the appended claims.

25
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11.02 20.01 22.06 24.66 32.13 33.35 34.61 35.96 38.65 40.23 8. A

pol ynorphic formof (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine

nono- ci t rebeowness43 XRPD pattern substantially correspon@#sTius2edamateoghown i n
Figure 3 . 9. A polynorphic form of

(R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine nono-citrate characterized by
a powder x-ray diffraction pattern conprising at |east one of the follow ng
peaks: | 243 12 24 16 24 18 38 19 18 19 48 2 1 52 22 89 23 08 24 28 30 77

3127 32 36 33 09 34 86 37 26 37 63 39 47
We claim:

1. An acid addition salt of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine wherein the
acid is selected from hydrochloric, sulfuric, methanesulfonic, maleic,

5 phosphoric, 1-hydroxy-2-naphthoic, ketoglutaric, malonic, L-tartaric, fumaric,
citric, L-malic, hippuric, L-lactic, benzoic, succinic, adipic, acetic, nicotinic,
propionic, orotic, 4-hydroxybenzoic, di-p-toluoyl-D-tartaric, di-p-anisoyl-D-
tartaric, di-benzoyl-D-tartaric, 10-camphorsulfonic, camphoric, and
phencyphos.

10 2. The acid addition salt of Claim 1, wherein the acid is citric, orotic, or maleate.
3. The acid addition salt of Claims 1 or 2, wherein the salt is in substantially
crystalline form.
4. A crystalline form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate.
5. An amorphous form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
15 citrate.
6. An amorphous form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
citrate whose XRPD pattern substantially corresponds to that shown in Figure
1.
7. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate
20 characterized by a powder x-ray diffraction pattern comprising at least one of
the following peaks:

20
11.02
20.01
22.06
24.66
32.13
33.35
34.61
35.96
38.65
40.23

8. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate
whose XRPD pattern substantially corresponds to that shown in Figure 3.
25 9. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate
characterized by a powder x-ray diffraction pattern comprising at least one of
the following peaks:

L 26 |
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A polynorphic formof (R)-5-((E)-2-pyrrol idin-3-ylvinyl)pyrimdine

nono-ci trate whose XRPD pattern substantially corresponds to that shown in
Fi gure 4 wopolwwssphi c form of (R)-5-((E)-2-pyrrol idi nP8TxUSee0apbeopypmi di ne
nono-citrate characterized by a powder x-ray diffraction pattern conprising
at | east one of the following peaks 2Q5 5 10 8 1 14 06 15 20 17 43 23 47
24 2 1 25 52 26 95 A polynorphic formof (R)-5-((E)-2-pyrrol

K

i di n-3-ylvinyl)pyrimdine nono-citrate—-whose—X

corresponds to that shown in Figure

5 Agﬁpycf

(R-5-((E)-2-pyrrol idin-3-ylvinyl)pyrifdai ne

formof (R -5-((E)-2-pyrrol idin-3-ylviiwgidspyr

characterized by a powder x-ray dif

ractdgn pa
| il Eél’—é%nnp4

of the follow ng peaks8.66 13.26 14}

J0 11.9\J1.830 R

22.02 23.14 24.32 25. 56

19.48

21.52

22.89

23.08

24.28

30.77

31.27

32.36

33.09

34.86

37.26

37.63

39.47

RPD pattern substantially

I'1'i ne form of

nono-orotate A pol ynor phic

i m di ne nonoorotate

ttern conprising at |east one
7.47 18.53 19.30 20.26 21.05

10. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate

whose XRPD pattern substantially corresponds to that shown in Figure 4.

11. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate

5 characterized by a powder x-ray diffraction pattern comprising at least one of

the following peaks:

20

5.05

10.81

14.06

15.20

17.43

23.47

24.21

25.52

26.95

12. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-citrate

whose XRPD pattern substantially corresponds to that shown in Figure 5.

10 13. A crystalline form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-orotate

14. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-

orotate characterized by a powder x-ray diffraction pattern comprising at least

one of the following peaks:

20

2.55

6.54
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26.87 27.84 28.76 29.53 15. A pol ynorphic form of

(R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine nonoorotate whose XRPD pattern
subst ant iaDI2g100B8448sponds to that shown in Figure 6. 16PCAUSRG640$ ne form
of (R -5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine nono-naleate. 17. A

pol ynorphic formof (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine

nonomal eat e characteri zed by a powder x-ray diffraction pattern conpri sing

at | east one of the follow ng peaks; ZQS%g.Sl
f .

26.04 27.88 18 . A polynorphic form

16. 09 18.00 19.07 24.49 26. 40

O
T
r

i M3A8ne

(R -5-((E)-2-pyrrolidin-3-ylvi nyI)p;/

substantially corresponds to that shownt4.56 Fi

ononal eat e whose XRPD pattern
ure 7. 19. A polynorphic form

of (R)-5-((E)-2-pyrrolidin-3-ylviny|)pytsgs di ne nononal eate characteri zed

by a powder x-ray diffraction pattern cpgrisi

ng at |east one of the
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15. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-

orotate whose XRPD pattern substantially corresponds to that shown in

Figure 6.

5 16. A crystalline form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-maleate.

17. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-

maleate characterized by a powder x-ray diffraction pattern comprising at

least one of the following peaks:

20

12.81

16.09

18.00

19.07

24.49

26.40

26.04

27.88

10 18. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-

maleate whose XRPD pattern substantially corresponds to that shown in

Figure 7.

19. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-

maleate characterized by a powder x-ray diffraction pattern comprising at

15 least one of the following peaks:

54



21.46 21.90 22.43 22.86 25.40 25.73 26.15 26.56 27.40 28.59 29.57 20. A

pol ynorphic formof (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimdine

nononal eawe 20ftvase44XRPD pattern substantially correspondecrastévane®irown in

Figure 8 . 2 1. A pharnaceutical conposition conprising a conmpound

according to any of Clainms 1 - 20 and one or nore pharmaceutically

acceptable carrier, diluent, or excipient. 22. A nmethod of treating or

preventing pain, inflammuation, or artNS (Eebm deny conprising the

adm ni stration of a conpound according—tgoanyoff ainms 1 - 20. 23. Use of

a conmpound according to any of Cainms—t 76 20 rn{the manufacture of a
FeRt-of pai n, inflammation, or a CNS

|

on - nf

medi canent for the treatnent of prepentiofh—of——pa
di sorder. 24. A conpound of any of ain®? - 20 for use in treati ng or
preventing pain, inflanmation, or a| CNS @i’§ordern. 25. A nethod for

manuf acture of a conmpound of Clains|1 - B® whenein (S)-5-
((E)-2-pyrrolidin-3-ylvinyl)pyrimdine igpresent in an anmount of |ess than
25% by weight. 26. The nethod of C gim 2p,,Wherein
(S)-5-((E)-2-pyrrolidin-3-ylvinyl) pyrim 4i4| e1s|present in an amount of

| ess than 15% by wei ght.27. The net hed—ef—Catm{25, wherein
(S)-5-((E)-2-pyrrolidin-3-ylvinyl) pyri nm4di%he_is present in an anount of

| ess than 5% by wei ght. 28. The net hod of2-48] ai m|25, wherein
(S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimztsae i s|present in an anmount of

| ess than 2% by wei ght. 25.40
25.73
26.15
26.56
27.40
28.59
29.57

20. A polymorphic form of (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine mono-
maleate whose XRPD pattern substantially corresponds to that shown in
Figure 8.

5 21. A pharmaceutical composition comprising a compound according to any of
Claims 1 — 20 and one or more pharmaceutically acceptable carrier, diluent,
or excipient.

22. A method of treating or preventing pain, inflammation, or a CNS disorder
comprising the administration of a compound according to any of Claims 1 —

10 20.

23. Use of a compound according to any of Claims 1 — 20 in the manufacture of
a medicament for the treatment of prevention of pain, inflammation, or a CNS
disorder.

24. A compound of any of Claims 1 — 20 for use in treating or preventing pain,

15 inflammation, or a CNS disorder.

25. A method for manufacture of a compound of Claims 1 — 20, wherein (S)-5-
((E)-2-pyrrolidin-3-ylvinyl)pyrimidine is present in an amount of less than 25%
by weight.

26. The method of Claim 25, wherein (S)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine is

20 present in an amount of less than 15% by weight.
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29. The nmethod of C aim 25, wherein
(S)-5-((B)-2-pyrrolidin-3-ylvinyl)pyrimdine is present in an amunt of

| ess t harwO%iwoesmsght . 30. The method of Cains 25 - 2@CTMises00ioncon® chiral
chromat ogr aphi ¢ separation step is required. 3 1. A method for

manuf act uri ng pharmaceutical grade (R)-5-((E)-2-pyrrolidin-3-
ylvinyl)pyrimdine or a pharmacetuically acceptable salt thereof. 32. A

met hod for manuf gty fa@ égf)C@m(Z%S% e?eup ridél% Caé\]r%héﬁ}]\éeryi @YH dhdine or a

pharmaceutically accept a e salt er eo comerci al
manuf act ure. 33. TRESatMayameuntphipsa tBan Skhibymeioht.t he method is fully

val i dated cGW Cmﬁwbt%dm:ﬁzépv{/heﬁ@ﬁ‘ LA I-PolidA-3-y NI BYrRfded i
synt hesi zed by any of Cl ains 2I - gé) T(IKF_:b ﬂgrouﬁ y%gﬁ}r;s 25 I-S

usi ng one or nore BfESELER FYRMEYRf °f2'e~‘(31thi"i Y WEPRY car bonyl )

pyrrolidins3-yl)rarhamteod (fRzid 26 buter a6 Qg)y@é\frlkwd]b{-b)ylwnyl)pyrlmldlne is
pyrrolidin-3-yl)nal On{?f}c{ aci

d
hydr oxyet hyl ) pyrr oPiearmdl 9t %’B?%‘gﬁb?%ﬁ%hgn 5%5’2/9"@?9?‘ butyl (R)-3-(2-
i odoet hyl ) pyr r ol 3UiTheméthod oDOleimsaR5e- 265 whgreinhet dhirali ohtopiategia@ticeseparation

step is required.
31. A method for manufacturing pharmaceutical grade (R)-5-((E)-2-pyrrolidin-3-
10 ylvinyl)pyrimidine or a pharmacetuically acceptable salt thereof.

32. A method for manufacturing (R)-5-((E)-2-pyrrolidin-3-ylvinyl)pyrimidine or a
pharmaceutically acceptable salt thereof that is scalable to commercial
manufacture.

33. The method of Claim 32, wherein the method is fully validated cGMP

15 commercial scale APl manufacturing.

34. The product synthesized by any of Claims 25 — 33.

35. The method of Claims 25 - 33, using one or more of diethyl (R)-2-(1-(tert-
butoxycarbonyl)pyrrolidin-3-yl)malonate, (R)-2-(1-(tert-
butoxycarbonyl)pyrrolidin-3-yl)malonic acid, fert-butyl (R)-3-(2-

20 hydroxyethyl)pyrrolidine-1-carboxylate, and tert-butyl (R)-3-(2-
iodoethyl)pyrrolidine-1-carboxylate as synthetic intermediates.
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