SYNTHESI S OF DI HYDROTHI EN( 3, 2-d] PYRIM DI NE DI OLS AND SI M LAR PYRI M DI NE

DI OLS CROSS- REFERENCE TO RELATED APPLI CATI ONS This application clainms
benefit twoWo®/14Pr20vi si onal Application No. 61/052, 816, pCiriusdooday30é8, 2008,
the contents of which are hereby incorporated by reference. FIELD OF THE

| NVENTI ON The present invention relates to an inproved nethod for preparing
di hydrothieno[3,2- T|pyrimdine diols, particularly a

6, 7-di hydro-thieno[3,2- f|pyrimdine-2,4-diol, and simlar pyrimdine
diols. More particularly, the present invention sets forth a nmethod for
preparing pyrimdine diols in an efficient, high-yielding reaction that
does not requi reYNEKpesISiQEDENIDROT BREN QI3 3 IV RIMBDENE Pt@ryadiDat es. The

pyrimdi ne diols are useful i roses i ncl udi ng
internediates in the synt hesglngﬁLo Sﬁrg{?@&é%%ﬁpca és) DESCRI PTI ON OF RELATED

ART Di hydr ot hi enopyri m di nes are commonly synthesized from

di hydr ot hi eno - ok im, di i e, as described in U S
Pat ent Publ i c%g%§%%g§%%%§gWW§49 The synthesis of the
di hydr ot hi &no[ 3, 2- Thi} ppplicaviodichiemdibedkfid tates. mediiasms AppikapsroNed chal | engi ng
to 61/052,816, filed May 13, 2008, the contents of which are hereby incorporated

by reference.

FIELD OF THE INVENTION
10 The present invention relates to an improved method for preparing
dihydrothieno[3,2-d]pyrimidine diols, particularly a 6,7-dihydro-thieno[3,2-
d]pyrimidine-2,4-diol, and similar pyrimidine diols. More particularly, the
present invention sets forth a method for preparing pyrimidine diols in an
efficient, high-yielding reaction that does not require expensive and potentially
15  unstable intermediates. The pyrimidine diols are useful for a variety of

purposes including intermediates in the synthesis of pharmaceuticals.

DESCRIPTION OF RELATED ART
Dihydrothienopyrimidines are commonly synthesized from
20  dihydrothieno[3,2-d]pyrimidine diols, for example, as described in U.S. Patent
Publication 2007/0259846 and WO 2006/111549. The synthesis of the
dihydrothieno[3,2-d]pyrimidine diol intermediates has proved challenging to
implement in an efficient reaction that does not require expensive and
potentially unstable intermediates and also results in obtaining the desired
25  product in high yield and purity. For example, U.S. Patent 3,318,881 reports
the condensation of a keto-dihydrothiophene-2-carboxylic acid methyl ester
with s-ethylisothiourea to form 2-ethylsulfanyl-6-7-dihydrothieno[3,2-
d]pyrimidin-4-ol, which can then be subjected to acid hydrolysis to yield a
dihydrothieno[3,2-d]pyrimidine diol as described in U.S. Patent Publication
30  No. 2007/0259846. This process, however, provides only modest yields,



inplenment in an efficient reaction that does not require expensive and
potentially unstable internediates and al so results in obtaining the
desired pwocoex14br27hi gh yield and purity. For exanple, BCHUSP@wOmiocs
3,318,881 reports the condensation of a ket o-di hydrothi ophene-2-carboxylic
acid nethyl ester with s-ethylisothiourea to form

2- et hyl sul fanyl - 6- 7-di hydr ot hi eno[ 3, 2- d] pyri mdi n-4-ol, which can then be
subj ected to acid hydrolysis to yield a di hydrothieno[3,2- T|pyrimdine
di ol as described in U S Patent Publication No. 2007/0259846. This
process, however, provides only nodest yields,requires the use of

s- et hyl i sot hi oyriees the usetof erthglistigdréasatotico srplsgissothihiresh, alrieh @xpensi ve and

have |imted i.l.abi Lii : . I associ at ed
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condensation reaction_have been unsuccessful .because. of poor yields, for
exampl o as 1 eBOP PSR GREE T Uroq 6 B RURTBNER I BEl | . 34: 4150 Ot her
pyri m di nes meghdbesasymichei®nh hed Heeounspydessial dedwdse2ofpod yatlds, fauch as

6, 7- di hydr o- 5H I t i.m di ne- -djol, i t yields. F

exanp:ey gﬁolgxc %%@%%H%§¥%tﬁ¥?§2$ﬁ%%%?8k%§§@%gﬁgﬁﬁ%%ﬂﬁg ed.SCheﬁ{ 15, 4 :
317 were used to g®imerRirnidinds 194268 $98chSsi fd PRhYRIhliaae pydib] sdithe
derivatives for use as§£¥poglyceniph anti hypertensi ve and_ anorexi genic
agents. Howevato T Hlydirad-pyclqrspappviding2sediels Bimedesi tides divs, a need in the
art to prepar gxample, diols reported by Sekiya et al. (1980) Eur. J. Med. Chem. 15, 4: 317

10 were used to generate 2,4-diamino-5,6-polymethlenepyrimidine derivatives for
use as hypoglycemic, antihypertensive and anorexigenic agents. However,
because of the above-discussed limitations, a need in the art to prepare

intermediate diols via improved and efficient synthetic methods remains.

15  BRIEF DESCRIPTION OF THE INVENTION
The present invention provides an improved, high-yield method for
preparing dihydrothienol[3,2-d]pyrimidine diols, and similar pyrimidine-2,4-

diols. The disclosed method for preparing a compound of formula I:

comprises reacting a starting compound of the formula II



intermedi ate diols via inproved and efficient synthetic nethods renains.
BRI EF DESCRI PTI ON OF THE | NVENTI ON The present invention provides an

i mpr oved,wbi2gés/mbelrd nmet hod for preparing di hydr ot hi enopP8Tarsedoppy3obsn di ne
diols, and simlar pyrimdine-2,4- diols. The disclosed nethod for
preparing a conpound of fornula | : conprises reacting a starting conpound
of the formula Ilwith urea, in the presence of acid, to yield an
internediate of the formula IV and cyclizing the internediate of the
formula IVwith a base, to yield the final product of the formula | . The
present invention also provides a nethod for preparing additional

pyrim dine diols. For exaiple, a nethod for preparing a conpound of fornula
X: conprises reacting a sfparting conmpound of the formula VIIlIwith urea, in
t he presence of acid, ield ﬁn internediate of the fornmula I X and
cyclizing the inter e formula IXwth a base, to yield the
final product of the f X. The acid may be selected fromacetic acid,
trifluoroacetic acid, oric acid, tolygne sulfonic acid, hydrobromc
acid, hydrochloric acid, sul H%%ﬁ acid and nitric acid. In a preferred
enbodi nent, the acid is hydroé¢horic acid. The base may be selected from

t he group consiitktutdaginale preseade divicid) Weichbaaaerm®liad ofahkfoxinda Yases, and
nmet al phosphate bases. In a
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10 and cyclizing the intermediate of the formula IV with a base, to yield the final
product of the formula L.
The present invention also provides a method for preparing additional
pyrimidine diols. For example, a method for preparing a compound of
formula X:

15

X

comprises reacting a starting compound of the formula VIII



preferred enbodi nent, the base is MeONa. In another preferred enbodi nent,
the base is NaOH |In one enbodi nent of the invention, the conpound of
formul a IwpD20®/14612di hydr o-t hi eno[ 3, 2- T] pyri rni di ne- 2, 4pdirals2¢obouives a | a),
6- nmet hyl - 6, 7-di hydrot hi eno[ 3,2- T]pyrirnidine-2,4-diol (formula Ib),

6- et hyl -6, 7-di hydro-thieno[3,2- rf]pyrimdine-2,4-diol (formula lc),

6- phenyl -6, 7-di hydro-thieno[ 3, 2- rf]pyrimdine-2,4-diol (formula Id),

6, 6- di met hyl -6, 7-di hydro-thieno[3,2- rf]pyrimdine-2,4-diol (formula le) or
7- Met hyl - 6, 7-di hydro-thieno[3,2- rf]pyrimdine-2,4-diol (fornmula If). In
anot her enbodi rent of the invention, the conpound of formula X is

9H-i ndeno[ 2,1 - f]pyrim g’ne-2,4-diol (fornula Xb).The above and stil
further features and advfantages of the present invention will becone
apparent upon consRderat'™an-0f the follow ng detail ed description of
specific enbodi nents t of . DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Reference will now be a in detail to the presently preferred enbodi nents
of the invention, whRth, Rier with the follow ng exanples, serve to
explain the principles of the i nventi Y% These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other enbodi nents nay be

~ P

utilized, with urea, in the presence of acid, to yield an intermediate of the formula IX
H2N
R »:o
R3 NH
R* CO,R*
2 IX

5  and cyclizing the intermediate of the formula IX with a base, to yield the final
product of the formula X.

The acid may be selected from acetic acid, trifluoroacetic acid,
perchloric acid, toluene sulfonic acid, hydrobromic acid, hydrochloric acid,
sulfuric acid and nitric acid. In a preferred embodiment, the acid is

10 hydrochloric acid. The base may be selected from the group consisting of
metal hydride bases, metal alkoxide bases, and metal phosphate bases. In a
preferred embodiment, the base is MeONa. In another preferred embodiment,
the base is NaOH.

In one embodiment of the invention, the compound of formula [ is 6,7-

15  dihydro-thieno[3,2-d]|pyrimidine-2,4-diol (formula Ia), 6-methyl-6,7-dihydro-
thieno[3,2-d|pyrimidine-2,4-diol (formula Ib), 6-ethyl-6,7-dihydro-thieno[3,2-
d]pyrimidine-2,4-diol (formula Ic), 6-phenyl-6,7-dihydro-thieno[3,2-
d]pyrimidine-2,4-diol (formula Id), 6,6-dimethyl-6,7-dihydro-thieno[3,2-
d]pyrimidine-2,4-diol (formula Ie) or 7-Methyl-6,7-dihydro-thieno[3,2-

20  d]pyrimidine-2,4-diol (formula If).

In another embodiment of the invention, the compound of formula X is

9H-indeno|2,1-d]pyrimidine-2,4-diol (formula Xb).



and that structural, physical, and chem cal changes nmay be made w t hout
departing fromthe spirit and scope of the present invention. Unless

ot her w sewOebiwmadi27al | technical and scientific terns uget/usesiomobdve the
sanme neani ng as commonly understood by one of ordinary skill in the art to
which this invention belongs. Al though any nmethods and materials simlar or
equi val ent to those described herein can be used in the practice or testing
of the present invention, the preferred nmethods, devices, and nmaterials are
now descri bed. The foll ow ng abbrevi ati ons are used herein: Bu = butyl;
HPLC = hi gh-performance |iquid chromatography; iPr = isopropyl; M =

met hyl ; NVR = nucIE@ﬂmnﬁgnémﬁﬂﬁn@@nﬁ@m@@amL@h@h%£$Pf&emhﬁﬂﬁd chr omat ogr aphy

MBSS spect r ong tvéal’noﬁl%ﬁ‘% 0 'ggﬂgﬁ%}é?r} cons Ei I{a&o f-gi'l(%vm b }néed'baye.r

chr omat ogr aphy erns no e I ne herel ou e given the
meani ngs thatdmnu@ﬂmbéqgmﬂ&@nﬁﬂ&hhﬁﬁﬂhmxmne of skill |n the art in |light of
the disclosure and the context. For exanple, "G - alkoxy" is a G- alkyl
with a term nal

5  DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the presently preferred
embodiments of the invention, which, together with the following examples,
serve to explain the principles of the invention. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the

10  invention, and it is to be understood that other embodiments may be utilized,
and that structural, physical, and chemical changes may be made without
departing from the spirit and scope of the present invention. Unless otherwise
defined, all technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this

15  invention belongs. Although any methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present
invention, the preferred methods, devices, and materials are now described.

The following abbreviations are used herein:

Bu = butyl;

20  HPLC = high-performance liquid chromatography;

iPr = isopropyl;

Me = methyl;

NMR = nuclear magnetic resonance;

LCMS (EI) = liquid chromatography mass spectrometry (electron impact)

25  t=tert; and
TLC = thin layer chromatography.

Terms not specifically defined herein should be given the meanings
that would be given to them by one of skill in the art in light of the disclosure
and the context. For example, “C;¢ alkoxy” is a C; alkyl with a terminal

30  oxygen, such as methoxy, ethoxy, propoxy, pentoxy and hexoxy. All alkyl,



oxygen, such as net hoxy, ethoxy, propoxy, pentoxy and hexoxy. Al

al kyl , al kyl ene or al kynyl groups shall be understood as bei ng branched or
unbr anchesiowh@yortruct ural | y possi bl e and unl ess ot her RCTAISS@eOII0cEd.

O her nore specific definitions are as follows: The term"alkyl" refers to
a saturated aliphatic radical containing fromone to ten carbon atons or a
nono- or pol yunsaturated aliphatic hydrocarbon radical containing fromtwo
to twelve carbon atons unl ess otherw se stated. The nobno- or

pol yunsat urat ed ali phatic hydrocarbon radi cal contains at |east one double
or triple bond, respectively. Exanples of "al kyl" include al kyl groups that
are straight elkgiene alakginylgroppy shaldetuaiersingd dsrtomgdmechal @i ght car bon at ons

and branched g éﬁ#h&[ &He‘%?g%%&é@i{;{%g&b\%%@ nl&E Sife Mflsel sﬁgmﬁ%; bon atoms. Q her

exanpl es inclu ower a are stral in al kyl groups
cont ai ni ng fron1on@&momsmxp@ﬂhbhﬁnmmmmaeammubwanched aIkyI groups

containing fromthree to, r bon a ons und rstood that any
conbi nation termu etﬁménﬁkyil ]i?%rsotlp dsgiupA ahB#’aélﬁ %F?ag? é&aémfl% "d¥al ogs
according o bﬂanabamﬁxﬂa&mnutn@nmefm&ﬂbhy@unmabmmamanphﬁmmbemns such as
"al koxy", "alkythjo" refer to alk 9.2 .second group via an

i nk
oxygon or sal FaLs R Rd o PP SR EST youne e e ST nhed Lo a
carbonyl groupghé kekd--or ?Jihsaﬂuiﬁydd aquhasmlcklyﬁroadiaérﬁgdldﬁssﬁtmh@a ierein shall be

under st ood tooggkggﬁkgg?l dartla or fully hal ggenated
ple bond, respectively. Examples of “alky]l” include alkyl
groups that are straight chain alkyl groups containing from one to eight carbon

10 atoms and branched alkyl groups containing from three to ten carbon atoms.
Other examples include lower alkyl groups which are straight chain alkyl
groups containing from one to six carbon atoms and branched alkyl groups
containing from three to six carbon atoms. It should be understood that any
combination term using an “alk” or “alkyl” prefix refers to analogs according

15  to the above definition of “alkyl”. For example, terms such as “alkoxy”,
“alkythio” refer to alkyl groups linked to a second group via an oxygen or
sulfur atom. “Alkanoyl” refers to an alkyl group linked to a carbonyl group
(C=0). Each alkyl or alkyl analog described herein shall be understood to be
optionally partially or fully halogenated.

20 The term “cycloalkyl” refers to the cyclic analog of an alkyl group, as
defined above. Examples of cycloalkyl groups are saturated or unsaturated
nonaromatic cycloalkyl groups containing from three to eight carbon atoms,
and other examples include cycloalkyl groups having three to six carbon
atoms. Examples of “cycloalkyl” include, for example, cyclopropyl,

25  cyclopentyl, and cyclohexyl.

The term “heterocycloalkyl” refers to a stable 4-8 membered (but
preferably, 5 or 6 membered) monocyclic or 8-11 membered bicyclic
heterocycle radical which may be either saturated or unsaturated, and is non-
aromatic. Each heterocycle consists of carbon atoms and from 1 to 4

30  heteroatoms chosen from nitrogen, oxygen and sulfur. The heterocycle may



The term "cycloal kyl" refers to the cyclic analog of an al kyl group, as
defi ned above. Exanples of cycloal kyl groups are saturated or unsaturated
nonar omatwo 209ci4027kyl groups containing fromthree to ecghuS2eaokivss at ons,
and ot her exanpl es include cycl oal kyl groups having three to six carbon
atons. Exanples of "cycloal kyl" include, for exanple, cyclopropyl,

cycl opentyl, and cycl ohexyl. The term "heterocycl oal kyl" refers to a stable
4-8 nenbered (but preferably, 5 or 6 nenbered) nonocyclic or 8-11 nenbered
bi cyclic heterocycle radical which may be either saturated or unsaturated,
and is nonaromatic. Each heterocycle consists of carbon atonms and from1l to
4 het er oat ons beditshkal Hyraopnateit efdlgedycleoxdnge reseltsdn shelckaation Thestdbdt er ocycl e

maybe attachegngﬁmégéﬁgbggbgfe&ﬂﬁy&gﬁﬁ "I£QP§QFk§.né?%aég?égﬁlcreatlon of a

stabl e structure ero yc oa cal s such as
pyrrolinyl, pywmﬂﬁhdimwkmdpyt@xmbMMyWJpnpnmmaln@nﬁmhnﬂp|per|d|nyI
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hexahydropynlﬂﬂmwmmhmbﬁm@mydnmp&bﬁda@lmwhmydbﬁyﬁmﬁmgxazolyI
1, 2-t hi azi nan I OXi a2|n oxi de

i sot hi azol i di ﬁ?}ﬁahydfown%?ﬁl@% Cgléydé%axﬁz?ﬁyijg ‘giaa‘flﬁ‘w qylzdlﬂ’“g‘i (Wrgé The term

"hal ogen” r ef gfifilidzthaly100 -0i8xide hidMHih A dink 1l L ekioRRle@hd in0idiAd8dinfiS
2,4-dione,
The term “halogen” refers to bromine, chlorine, fluorine or iodine. As
10 used herein above and throughout this application, “nitrogen” and “sulfur”
include any oxidized form of nitrogen and sulfur and the quaternized form of
any basic nitrogen.
The term “aryl” shall be understood to mean a 6-12 membered
aromatic carbocycle, which can be a single ring or can be multiple rings fused
15  together or linked covalently. The term “aryl” includes, for example, phenyl
and naphthyl; other terms comprising “aryl” will have the same definition for
the aryl component, examples of these moieties include: arylalkyl, aryloxy or
arylthio.
The term “heteroaryl” refers to a stable 5-8 membered (but preferably,
20 5 or 6 membered) monocyclic or §-11 membered bicyclic aromatic
heterocycle radical. Fach heterocycle consists of carbon atoms and from 1 to
4 heteroatoms chosen from nitrogen, oxygen and sulfur. The heteroaryl group
may be attached by any atom of the ring which results in the creation of a
stable structure. Examples of “heteroaryl” include radicals such as furanyl,
25  thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, indolizinyl, indolyl, isoindolyl,
benzofuranyl, benzothienyl, indazolyl, benzimidazolyl, benzthiazolyl,

benzoxazolyl, purinyl, quinolizinyl, quinolinyl, isoquinolinyl, cinnolinyl,



used herein above and throughout this application, "nitrogen" and "sul fur”

i ncl ude any oxidi zed formof nitrogen and sul fur and the quaternized form
of any baspDcowwtorrgen. The term "aryl"” shall be under st @o/useonpaivcd 6- 12
menbered aromatic carbocycle, which can be a single ring or can be nmultiple
rings fused together or linked covalently. The term"aryl" includes, for
exanpl e, phenyl and naphthyl; other terns conprising "aryl"™ wll have the
sane definition for the aryl component, exanples of these nvieties include:
arylal kyl, aryloxy or arylthio. The term"heteroaryl"” refers to a stable
5-8 nenbered (but preferably, 5 or 6 nenbered) nonocyclic or 8-1 1 nenbered
bi cycl i ¢ ar onnlthdahetl gruoeydingl, gaidpedinyl, Epbhyhdngl pieyding. consi st s of carbon

atons and fro . r . . it n.; oxygen and sul fur.

The heteroaryﬁh%?%@%%%géhﬁéﬁgﬁié§ﬁg@8§§93%§&g%gﬁF%®g%ﬁ%Lring which results

in the creation ofTia emablbptiehl”we t'omtenal EX angah dat b sithefventbar yl " i ncl ude
oxazol hi azol yl ,

ool S ek b Shes oRUBE Rty SERbaBE) 20Y ory1
tetrazolyl 5 thésadpimahgthdes myrahetis Whkre thydvelariciitimstqaye dborugiany! , pyrazi nyl,
ndolizinyl . ndoluly heeladolyl . pbenEaturanyl . PRRzSL bl gy | ndazol y1,
means that the aryl radical may or may not be substituted and that the
description includes both substituted aryl radicals and aryl radicals having no
substitution.
10 The term “substituted” means that any one or more hydrogens on an
atom of a group or moiety, whether specifically designated or not, is replaced
with a selection from the indicated group of substituents, provided that the
atom's normal valency is not exceeded and that the substitution results in a
stable compound. If a bond to a substituent is shown to cross the bond
15  connecting two atoms in a ring, then such substituent may be bonded to any
atom on the ring. When a substituent is listed without indicating the atom via
which such substituent is bonded to the rest of the compound, then such
substituent may be bonded via any atom in such substituent. For example,
when the substituent is piperazinyl, piperidinyl, or tetrazolyl, unless specified
20  otherwise, such piperazinyl, piperidinyl, or tetrazolyl group may be bonded to
the rest of the compound of the invention via any atom in such piperazinyl,
piperidinyl, or tetrazolyl group. Generally, when any substituent or group
occurs more than one time in any constituent or compound, its definition on
each occurrence is independent of its definition at every other occurrence.
25  Thus, for example, if a group is shown to be substituted with O to 2 R, then
such group is optionally substituted with up to two R groups and R at each
occurrence is selected independently from the defined list of possible R. Such

combinations of substituents and/or variables, however, are permissible only if

such combinations result in stable compounds.



benzoxazol yl , purinyl, quinolizinyl, quinolinyl, isoquinolinyl,

ci nnol i nyl, pht hal azi nyl, qui nazolinyl, quinoxalinyl, naphthyridinyl,

pt eri di nyWo 20ewtaer2ol yl , acri di nyl, phenazinyl, phenot hi &girmgskooando6s
phenoxazinyl. The ternms "optional™ or "optionally" nean that the
subsequent |y described event or circunmstances nmay or may not occur, and
that the description includes instances where the event or circunstance
occurs and instances in which it does not. For exanple, "optionally
substituted aryl™ means that the aryl radical may or may not be substituted
and that the description includes both substituted aryl radicals and aryl
radi cal s havi ng nolsubrseintintdanoen refites (¢ e nonel ey iferubheg/hthesans t hat any one
or nore hydro . A .Of .. ol et v whet ecifically
desi gnat ed org%%@?gﬁ?ggggéﬁg%ﬁﬂﬂﬁfﬁﬁgﬁgégg@?ﬁ%ﬁ&¥?%%?%ﬁ@ﬁﬁﬁ I cated group of
subst it uent s, pprvois be tighdratieldh eoat dfitient mactiads, andlogercyming nay oexceeded and
that the subsé{tutiop rgﬁults Lq:3 §h§ple cogFoqu.flf bond to a
substituent i SCHHGHHPETENSATOTHE! BERL CATRAE S MM U Ut ons in a ring, then
such subst 5t ueinydiotyenbs, hopdedidire daely, aad amilanpyrit@dibi2ygdiodh@he a substi t uent
is listed without indicating the a@gn1v'a whi ch such substituent is bonded
to the rest of"HHE PESHESARG I REND té‘hscb‘ﬁfﬁ%'thia"t EREOL I THERSYed via any

atomin such spRsdnihieiistableQfitc@XAMsCandWREBe Ediedsdtdsd 4 toaepbe~i s pi per azi nyl ,
pi peridi nyl, g;di%2£$§ggyl, unl ess specified
Methods for making the compounds of the formulas (I) and (X) are
10 described herein. The compounds of the invention may be prepared by the
general methods and examples presented below, and additional methods
known to those of ordinary skill in the art. Optimum reaction conditions and
reaction times may vary depending on the particular reactants used. Unless
otherwise specified, solvents, temperatures, pressures, and other reaction
15  conditions may be readily selected by one of ordinary skill in the art. Specific
procedures are provided in the Examples section. Reaction progress may be
monitored by conventional methods such as TL.C or HPLC. Intermediates and
products may be purified by methods known in the art, including column
chromatography, HPL.C or recrystallization.

20 The preferred methods provide processes of making a

dihydrothieno[3,2-d]pyrimidine diol of formula I, e.g.,:

14

wherein R' and R” are independently selected from H, alkyl, cycloalkyl, aryl,
heteroaryl, heterocycloalkyl, halogen, alkoxy, aryloxy, cycloalkoxy,
25  heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’, haloalkyl, haloalkoxy, -SH,



ot herwi se, such piperazinyl, piperidinyl, or tetrazolyl group nay be bonded
to the rest of the conpound of the invention via any atomin such

pi perazi nyb20/ger27di nyl , or tetrazolyl group. General | PCTRIS0D9QM3NG6S
substituent or group occurs nore than one time in any constituent or
conpound, its definition on each occurrence is independent of its
definition at every other occurrence. Thus, for exanple, if a group is
shown to be substituted with O to 2 R then such group is optionally
substituted with up to two R groups and R at each occurrence is sel ected

i ndependently fromthe defined Iist of possible R Such conbinations of
substituent s andkyls -Seharalkybl-89;Niho vieit-alkyleande PO N@ikpl) e profdrgbly f  such

conbi nati ons t I The b BV ion relates to a
novel strateg%gﬁbrﬁwﬁgag%n’ﬁggégngggagﬁyﬁﬁ%wﬁ%gﬁﬁ?éﬁ%ﬁ’??%yrinidine di ol s,
and sim |l ar pyhemind® mel R, e Hioobkyl. t hat provi des for higher yields, nore

efficient reactio a over com many of the prior art problens
nssoci ated w th o n A GeRb B P g st G O Fenty 3. 2-
f]lpyrimdife dymhslinealids &ifoinhaas Xpy/g.i:m di n-2, 4-di ol s. The strategy provides
an efficient synthetic schene that does not require expensive or
potentially unstable internedi ates, and can be carried out as a "one-pot"
reaction if desirmgd. Mthods for neking the conpounds of the fornulas (1)
and (X) are descrilped hgreiny, The conpounds of the invention may be

AN

repared by the
prep y the l\(

wherein R’ and R* are independently selected from H, alkyl, cycloalkyl, aryl,
10 heteroaryl, heterocycloalkyl, halogen, alkoxy, aryloxy, cycloalkoxy,

heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’, haloalkyl, haloalkoxy, -SH,
S-alkyl, -SO,-alkyl, -SO;NH,, -SO;NH-alkyl, and -SO,N(alkyl),, with the
proviso that R3, R* and R’ cannot all be H; or

R’ and R* are combined with the carbon atoms to which they are

15  attached to form a ring selected from the group consisting of benzene,
pyridine, pyrimidine, pyrazine, cyclohexane, piperidine, piperazine,
morpholine, thiomorpholine, a partially or fully hydrated pyrimidine and
naphthalene, which optionally may be substituted by a residue selected from
among alkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, halogen, alkoxy,

20  aryloxy, cycloalkoxy, heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’,
haloalkyl, haloalkoxy and hydroxy;

K3 s selected from H, alkyl, cycloalkyl, aryl, heteroaryl,
heterocycloalkyl, halogen, alkoxy, aryloxy, cycloalkoxy, heteroaryloxy,
heterocycloalkoxy, -NO,, -NRR’, haloalkyl, haloalkoxy, -SH, -S-alkyl, -SO-

25  alkyl, -SO,NH;, -SO;NH-alkyl, and -SO,N(alkyl),, preferably from H, alkyl,
alkoxy, halogen, haloalkyl, haloalkoxy and -NRR’; and

10



general nethods and exanpl es presented bel ow, and additional nethods known
to those of ordinary skill in the art. Optinmumreaction conditions and
reacti on worme®/mane7vary dependi ng on the particul ar rea®Carus20009¢x068 Unl ess
ot herwi se specified, solvents, tenperatures, pressures, and other reaction
conditions may be readily selected by one of ordinary skill in the art.
Specific procedures are provided in the Exanpl es section. Reaction progress
may be nonitored by conventional nethods such as TLC or HPLC. Internediates
and products may be purified by nethods known in the art, including colum
chromat ography, HPLC or recrystallization. The preferred nethods provide
processes of naki nghacidiRpd RS tatyi cerfofnger@addnllpyeleadddrane Hairelkybf formula |1,
&0 ot ko enel n RE IR A8G,LACREONRI LI SELEGHE e 2l kY]
cycl oal kyl, aryl, eroary efocyc ogen, bxy, aryl oxy,

cycl oal koxy, b@mmundxsrgﬂfmxryu ma}ebmmk@latdrmgywlth&m;d -caiRRed haI oal kyl ,
hal oal koxy,

R AT 2o e e de RSl g P e e O s s B ey

hal oal koxys andf folNmRa IT, wﬁﬂdln\/lﬁeﬂ’éﬂkﬁ Ehcurea @R1), & gield adruraidky| . The pr ef erred

)rze t 2035 :al S0 Blhygrotqnop gr%(—: —(S:asrl%sxy?c acqgléﬁ({;'lgest%f (l)lf_ fo ulafe d'i"l?eecognlpgllmsd of formula

of formula IV is then cyclized to yield a dihydrothieno|3,2-d]pyrimidine diol
of formula I. The cyclization is preferably performed under basic conditions.
The condensation and cyclization reactions may be carried out in separate

10 steps, or may be combined in a “one-pot” procedure. The product, a
compound of formula I, may be further modified by methods known in the art

to produce additional compounds such as dihydrothieno[3,2-d]|pyrimidines.

SCHEME 1
R1
) Acid
R 0 . HzN\”/NHz o
A
S O
CO,R*
Il "
—_—

The condensation reaction of the compounds of formulas II and III
takes place in the presence of an acid catalyst, for example, acetic acid,
15  trifluoroacetic acid, perchloric acid, toluene sulfonic acid, hydrobromic acid,

hydrochloric acid, sulfuric acid, or nitric acid. In a preferred embodiment, the



wherein R3 and R4 are independently selected fromH, alkyl, cycloalkyl,
aryl, heteroaryl, heterocycloal kyl, hal ogen, al koxy, aryl oxy, cycl oal koxy,
het er oar yWoxyg/haet2er ocycl oal koxy, -NO2, -NRR , hal oal kyCT/usadoomioexy, - SH,
- S-alkyl, -SO2-al kyl, -SO2NH2, -SO2NH al kyl, and -SO2N(al kyl )2, with the
proviso that R3, R4 and R5 cannot all be H, or R3 and R4 are conbined with
the carbon atons to which they are attached to forma ring selected from
the group consisting of benzene, pyridine, pyrimdine, pyrazine,

cycl ohexane, piperidine, piperazine, norpholine, thionorpholine, a
partially or fully hydrated pyrimdi ne and napht hal ene, which optionally
may be substia@déﬁﬂbﬂnahbésWd@eAsekemﬂedmﬁmUﬁpéﬁnﬂghamkymtm@yﬁloalkyI,

Pt er oar vt oxy - T BBEanEE B8R e Aot R opa VR, CYF 0% and
hydr oxy; R5 sefcgotagdie flfredrerthaad)leth,e peyatedaldoyidlic satvght, Ti&treercuam yl,

Ty oa e RS e B AP L EPT0 p
al kyl', - SOBNHze sowl\ﬂﬂdeguﬁ&uy ed\fres &@Mdaiflowl t)) 24 hpuref@alpmidd, om H, al kyl,
alkoxy, hal ogen, haloalk%/é hal oal koxy a andwherein R and R are

each | ndepend@’ﬁ"fqr g ghoatt-8dows ol Hloéerpréfel‘&’ly abﬂ%“‘i f P’U@’Pl"ta?( 28%Y™h Scheme 1, an
enbodi ment  of ThhRaRIASERbe Y/ AtdbRs pressure, or at reduced or elevated

pressures.
The above-described reaction yields a 3-ureido-dihydrothiophene-2-

10 carboxylic acid alkyl ester of formula IV, which may be isolated at this time or
may be left in the reaction vessel for a “one-pot” procedure. Isolation may be
advantageous when removal of impurities is desired before the cyclization
process, but is not required.

Whether isolated or not, the compound of formula IV is cyclized,

15  preferably in the presence of a base, in a suitable solvent such as water or an
alcohol, for example, methanol, ethanol, isopropanol, n-propanol, butanol, etc.
Non-limiting examples of suitable inorganic bases include metal hydrides
(e.g., NaH), metal hydroxides (e.g., NaOH, KOH), metal alkoxides (e.g.,
MeONa, t-BuOK and Na-tert-amylate), metal carbonates (e.g., Na;COs,

20 K,COs;, CsyCOs3), and metal phosphates (e.g., KsPO,). In a preferred
embodiment, the base is MeONa, and the solvent is methanol. In another
preferred embodiment, the base is NaOH and the solvent is water. The
reaction may be carried out at temperatures between 0 °C and the reflux
temperature of the solvent, and generally requires a period of 0.5 to 24 hours

25  for completion, preferably about 0.5 to 5 hours, and more preferably about
1-3 hours, and even more preferably about 1-2 hours. The reaction may be run
at ambient pressure. The above-described reaction yields the
dihydrothieno[3,2-d]pyrimidine diol of formula L.

The above-described reaction scheme (Scheme 1) is advantageous over

30  known methods of synthesizing the dihydrothieno|3,2-d]pyrimidine diols of

12



conpounds of formula | nmay be prepared starting with an acid-catal yzed
condensati on between a 3-keto-di hydrot hi ophene-2-carboxylic acid al kyl
ester of wornwaoi2r, wherein Ra is al kyl, and urea (|1 PCTIUS2600043068

3- ur ei dodi hydr ot hi ophene- 2-carboxylic acid al kyl ester of formula IV. The
compound of formula IVis then cyclized to yield a

di hydrot hieno[ 3, 2-rf]pyrim dine diol of formula | . The cyclization is
preferably performed under basic conditions. The condensation and
cyclization reactions may be carried out in separate steps, or may be
conbined in a "one-pot" procedure. The product, a conpound of fornula I,
may be furt heformpWilfingleht Bys mreldn onbdlike ovre ¢thicitiieardmpore oospﬁfﬁ@mic@ addi ti onal
conmpounds suc q[ i 1 1V The
condensati on P%%@ g{oltr%xgér% hmél?%o I%Eﬁ) E] lLeD dff%%e%ual%&ab %f t akes pl ace
in the presenceuad ranass suzth(aas aﬂhyBsto;hlcﬁlmea Igodmbpdrmde aﬁmtpresemcl d,
trifluoroacetic ac e loric acid | fonjc acid, hydrobromc
aci d, hydr ochPorfe a]ggfa\g) s § PR GAAng ¥ pieh af)srocﬁp(ﬁr“fltgldéece 9% a preferred

embodi nent 5 t bdawitdolidarifg h[yﬂ\rrnﬁdstthl oaaivek, t%@r@éﬂ@hﬁhss@ﬁovlﬁext ure of
al cohol s may be useg as a.s or nol , ethanol,
sopr opanol . USROS I B - EE A B DE G ONETKAREI | <. he
preferred al cagldser SloMENE TV &hesoli@ atdrinodatd By edan&akiabigidy, @ichat
tenperatures between 0 QC and the refl ux, tenperature of

permits its isolation and long-term storage if desired.

The dihydrothiophene carboxylic acid alkyl ester of formula II may be
10 prepared by methods known in the art. For example, a thiol of formula V and
an ester of formula VI may be reacted to form a thioether carboxylic acid alkyl
ester of formula VII, which can then be cyclized to form the dihydrothiophene

carboxylic acid alkyl ester of formula II. A non-limiting exemplary procedure

1s shown in Scheme 2.

15
SCHEME 2
1
0 R Piperidine
a” 2 (0.02 equiv.)
R \H/\SH + R\)\[(O\Ra »
@] 88%
y 0 (88%)
VI
R! R’
CO,R* TiOPNCl, 5
2 a — g R O
R CO,R —
S S
VI [ COZR
20 As illustrated in Scheme 3, another embodiment of the present

invention relates to compounds of formula X that may be prepared starting

13



the solvent, and generally requires a period of 0.5 to 24 hours for

conpl etion, preferably about 2-6 hours, and nore preferably about 4-6 or
about 3-5wbaoegi40iBhe reacti on may be run at anbi ent pre®PSUAES200904368 r educed
or elevated pressures. The above-described reaction yields a

3- ur ei do- di hydr ot hi ophene-2- carboxylic acid alkyl ester of formula IV,
which may be isolated at this tinme or may be left in the reaction vessel

for a "one-pot" procedure. Isolation my be advantageous when renoval of
inmpurities is desired before the cyclization process, but is not required.
Whet her isolated or not, the conpound of forrmula IV is cyclized, preferably
in the presen@@h@ﬁa@dhagbﬂﬂhwnéﬁmukm@bW@@@@tmmmmn@uﬁhnaﬁaW@Her or an

al cohol , for I h r nol , butanol,
etc. Non-limiti %gﬂelgésgl? 58@191 %au(lﬁpaﬁr}gékfl %8?%@%@§%Eaggglallgc?8§e met al

hydri des (e. gecompdafl pf fvehalh [Xydheaxiydkgd(eyiglda ddaPbhindk@rmuieeX.al al koxi des

ook coscoaihe SRR MOk Rl Rafler oTRE BgBho AR S L0 9 . T2
p

enbodi ment 5 t bendomagor sdMpEMatioramattivhemsoby/@niedi oot imatanokteps, o anot her
preferred enbodi the base is the solvent is ter. The

., Na an
reaction may B@yBgFW?QH“HBF 8?3F3nﬁgg%kﬁ¥ © BEARHCPRIE ST t he refl ux

formula X, may be further modified by methods known in the art to produce

additional pyrimidine diol compounds.

SCHEME 3
R5
Acid
R o) HZN\H/NHZ .
+
JAN
4 a O
R CO,R
VI 11
H.N
5 2
R 0
R NH
4 a
R CO,R
10 IX X

The condensation reaction of the compounds of formulas VIII and III
takes place in the presence of an acid catalyst, for example, acetic acid,
trifluoroacetic acid, perchloric acid, toluene sulfonic acid, hydrobromic acid,
hydrochloric acid, sulfuric acid, or nitric acid. In a preferred embodiment, the

15  acidis a hydrochloric acid. An alcohol or mixture of alcohols may be used as
a solvent, for example, methanol, ethanol, isopropanol, n-propanol, butanol,

etc., may be used. Methanol is the preferred alcoholic solvent. The reaction

14



tenperature of the solvent, and generally requires a period of 0.5 to 24
hours for conpletion, preferably about 0.5 to 5 hours, and nore preferably
about 1-3wbaoegi4oend even nore preferably about 1-2 houP€T/USh@90¢3m6s i on may
be run at anbient pressure. The above-described reaction yields the

di hydrothieno[3,2- f]pyrimdine diol of formula | . The above-descri bed
reacti on schenme (Schene 1) is advantageous over known net hods of
synt hesi zi ng the di hydrothieno[3,2-rf]pyrimdine diols offornula I, in that

it is higher yielding, nore efficient, and nore cost-effective because it
uses urea, which is inexpensive and freely avail able, instead of costlier
reactants suchm@besaﬁ&hmthQmpMEMﬁﬁaahydr@b@@mhﬂemfmhﬁmnmemembfprocess al so

avoi ds the unpgl e t ench. associ ated w ase of .et hanet hi ol

e ng known ECASHY: csrBouknea S prahD b AZaEE FRETnBuThnar ner
advantage in phﬁﬁdﬂﬁsmﬁtmbabd@zﬁﬂhﬁﬁﬁ@%ﬁnmghﬁﬂa¢26Gﬁﬂbawysh@nﬁCld al kyl
ester of for alV.is a solid internedi ate of enhanced %%ablllty whi ch
permits its i<ofHATHR "HECIMIhY AR RESF S 4 fededior ggvar

di hydr ot hi gphgnesuear boxylic acid al kyl ester of fornula Il nay be prepared
by nethods known in the art. For exanple, a thiol of fornula V and an ester
of formula VI nay B abeucqeserited reastion weldhy 6@@9?@9(1 elioBeRy XV Heh d al kyl

ester of formyaap¥lsbiacdtiai @i tﬁ@éwortn@@rbeb&t aied ﬂez&féntvessa%m e
di hydr ot hi ophene carboxylic acid alkyl ester of fornula Il. A non-limting
exenpl ary pr ofeld prasedure. Isolation may be advantageous when removal of impurities is

desired before the cyclization process, but is not required.

10 Whether isolated or not, the compound of formula IX is cyclized,
preferably in the presence of a base, in a suitable solvent such as water or an
alcohol, for example, methanol, ethanol, isopropanol, n-propanol, butanol, etc.
Non-limiting examples of suitable inorganic bases include metal hydrides
(e.g., NaH), metal hydroxides (e.g., NaOH, KOH), metal alkoxides (e.g.,

15 MeONa, t-BuOK and Na-tert-amylate), metal carbonates (e.g., Na,COs3,
K»CO3, CsxC0O3), and metal phosphates (e.g., KsPOy). In a preferred
embodiment, the base is MeONa, and the solvent is methanol. In another
preferred embodiment, the base is NaOH and the solvent is water. The
reaction may be carried out at temperatures between 0 °C and the reflux

20  temperature of the solvent, and generally requires a period of 0.5 to 24 hours
for completion, preferably about 0.5 to 5 hours, and more preferably about
1-3 hours, and even more preferably about 1-2 hours. The reaction may be run
at ambient pressure. The above-described reaction yields a substituted
pyrimidine-2,4-diol of formula X.

25 The pyrimidine diols of the above-identified embodiments can be used
as intermediates to synthesize pharmaceuticals such as PDE4 inhibitors, by
methods known in the art.

In one embodiment of the invention, a process for preparing a
compound of formula I:

30
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is shown in Schene 2. SCHEME 2 As illustrated in Schene 3, another
enbodi nent of the present invention relates to conpounds of formula X that
may be prwpared4st2arti ngwith an aci d- cat al yzed condensaPCorush@vwei®ns a
compound of formula VIII, wherein Ra is alkyl, and urea (I11), to yield a
conpound of forrmula I X The conpound of fornmula I X is then cyclized to
yield a conmpound of fornula X. The cyclization is preferably perforned
under basic conditions. The condensation and cyclization reactions my be
carried out in separate steps, or nay be conbined in a "one-pot" procedure.
The product, a conpound of fornula X, may be further nodified by nethods
known in the art t®&'produce additional pyrimdine diol conpounds. SCHEME 3
VII1 1 X X The condgnsat ipn rq@@tion of the compounds of fornulas VIII and
Bﬁé?eh

1l takes place i of an acid catalyst, for exanple, acetic
acid, trifluord ticlacid] perchloric acid, toluene sulfonic acid,

hydr obrom ¢ aci d, Hric acid, sulfuric acid, or nitric acid. In a
preferred enbodi nent, the acid is a hydrocQIoric acid. An al cohol or

m xture of al cohols nmay ¢ used as

comprises:
(a) reacting a starting compound of the formula II

R1

5 CO,R?

IT

10 with urea, in the presence of acid, to yield an intermediate of the formula [V

HoN
R \\(7 \Y%
NH
R |
S CO,R?
15
; and
(b) cyclizing the intermediate of the formula IV with a base, to yield the
final product of the formula I,
20 wherein R' and R? are independently selected from H, alkyl,

cycloalkyl, aryl, heteroaryl, heterocycloalkyl, halogen, alkoxy, aryloxy,
cycloalkoxy, heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’, haloalkyl,

16



a solvent, for exanple, nethanol, ethanol, isopropanol, n-propanol,
butanol, etc., may be used. Methanol is the preferred al coholic solvent.
The reactwonneyi4be7carri ed out at tenperatures between @COTSacd/osdves r ef | ux
tenperature of the solvent, and generally requires a period of 0.5 to 24
hours for conpletion, preferably about 2-6 hours, and nore preferably about
4-6 or about 3-5 hours. The reaction may be run at anbi ent pressure, or at
reduced or el evated pressures. The above-described reaction yields a
conpound of forrmula I X, which may be isolated at this tine or may be |eft
in the reaction vessel for a "onepot" procedure. Isolation may be

advant ageous WHerkexeniVhES-alkyl dduralkyileSOiNHde¥)-NeHalkgf oxde t he cycli zation
process, but is.é I@(I(?:fk fequired. \Wether isolated or not, the conmpound of
fornula I X is”cyc |2’32d, preferably in the presence of a base, in a suitable
sol vent such as wawkdreioR ad Rilacodaclh indépendendig sgitaecd fioed Blamalkyl; @hdanol ,

i sopropanol, n-propanal , .butanol.,. etc. Non-limtin | es o% sui tabl e
i norgani ¢ bases in %588 Kret %ﬁ?ecﬁeﬁdcf‘%“ag‘g g(()eu.pgc.o,nmf\tlg]ﬁ)o? Fﬁé’?@&%%‘?’ xi des (e.qg.,
NaCH, KOH)5 neiiddrylal koxi des (e.g., MeONa, t-BuOK and Na-tert-amnyl ate),
metal carbonates (ge.g., Nacf(:CEO chg%l S2CB), and netal phosphates
(e 0. . k3P0 1 v s Res PR TR s st SEE ges P Hand ¢ he
sol vent is medhamol, aryl, RGOt Hgdze PrRIAKYE harAROL] ARNINRRN@hbR@EERT S NaOH and
the solvent is water. The
and R’ are each independently selected from H or alkyl.
In yet another preferred embodiment, the compound of formula I is
10 6,7-dihydro-thieno[3,2-d]pyrimidine-2,4-diol,6-methyl-6,7-dihydro-
thieno[3,2-d]pyrimidine-2,4-diol,6-ethyl-6,7-dihydro-thieno| 3,2-d]pyrimidine-
2,4-diol, 6-phenyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2,4-diol, 6,6-
dimethyl-6,7-dihydro-thieno[3,2-d]|pyrimidine-2,4-diol, or 7-methyl-6,7-
dihydro-thieno[3,2-d]pyrimidine-2,4-diol.
15 In another embodiment of the invention, a process for preparing a

compound of formula X:

comprises:

20 (a) reacting a starting compound of the formula VIII
5

R

w

O

4 CO.R?

R
2 VIII

with urea, in the presence of acid, to yield an intermediate of the formula IX

17



reaction may be carried out at tenperatures between 0 OC and the refl ux
tenperature of the solvent, and generally requires a period of 0.5 to 24
hours forwoaenplwbizon, preferably about 0.5 to 5 hours, aoa/usesoe/opsves er abl y
about 1-3 hours, and even nore preferably about 1-2 hours. The reaction may
be run at anbi ent pressure. The above-described reaction yields a
substituted pyrimdine-2,4-diol of formula X. The pyrimdine diols of the
above-identified enbodi nents can be used as internedi ates to synthesize
pharmaceuti cal s such as PDE4 inhibitors, by nethods known in the art. In
one enbodi nent of the invention, a process for preparing a conpound of
formula |I :conpnses: (a) r ting a starting conpound of the formula Il |
with urea, in the preseqﬁe o] E}d, to yield an internediate of the formula
IV ; and (b) cyclizing tjhe internmediate of the fornula IV with a base, to
yield the final praguct tRgy formula |, wherein Rl and R2 are

i ndependently sel ecte m H, al kyl, cycl oal kyl, aryl, heteroaryl,

het er ocycl oal kyl, hal o al koxy, aryl oxy,

R’ CO,R®

IX; and
(b) cyclizing the intermediate of the formula IX with a base, to yield the
final product of the formula X,
wherein R’ and R* are independently selected from H, alkyl,

5 cycloalkyl, aryl, heteroaryl, heterocycloalkyl, halogen, alkoxy, aryloxy,
cycloalkoxy, heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’, haloalkyl,
haloalkoxy, -SH-, -S-alkyl, -SO,-alkyl, -SO,NH,, -SO,NH-alkyl, and -
SO;N(alkyl),, with the proviso that R? and R* cannot both be H; or

R’ and R* are combined with the carbon atoms to which they are
10  attached to form a ring selected from the group consisting of benzene,
pyridine, pyrimidine, pyrazine, cyclohexane, piperidine, piperazine,
morpholine, thiomorpholine, a partially or fully hydrated pyrimidine and
naphthalene, which optionally may be substituted by a residue selected from
among alkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, halogen, alkoxy,
15  aryloxy, cycloalkoxy, heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’,
haloalkyl, haloalkoxy and hydroxy;
wherein R’ is selected from H, alkyl, cycloalkyl, aryl, heteroaryl,
heterocycloalkyl, halogen, alkoxy, aryloxy, cycloalkoxy, heteroaryloxy,
heterocycloalkoxy, -NO,, -NRR’, haloalkyl, haloalkoxy, -SH, -S-alkyl, -SO-
20 alkyl, -SO,NH,, -SO,NH-alkyl, and -SO,N(alkyl),;
wherein R and R’ are each independently selected from H or alkyl; and
wherein R" is selected from the group consisting of H, halogen, alkyl

and aryl.

18



cycl oal koxy, heteroaryl oxy, heterocycloal koxy, -NO2, -NRR ,

hal oal kyl , hal oal koxy, -SH, -S-alkyl, -SQ2-alkyl, -SO2NH2, -SO2NH al kyl, and
- SO2N( alwol2p®@/14042¢rein R and R are each i ndependent | yPseluseaood43osom H or
al kyl; and wherein Ra is selected fromthe group consisting of H hal ogen,
al kyl, and aryl. In a preferred enbodinent, Rl and R2 are independently
selected fromH, alkyl, aryl, alkoxy, hal ogen, hal oal kyl, hal oal koxy and
-NRR , wherein R and R are each independently selected fromH or alkyl. In
yet another preferred enbodi nent, the conpound of formula | is

6, 7-di hydro-thieno[ 3, 2-rf] pyri m di ne-2, 4-di ol , 6- net hyl - 6, 7-di hydr ot hi eno[

3, 2-rf] pyri m di ne-®Baprefeméd @ntexdhydnt, shercodiphymly @ -forimuvgn® i3, 2-r f ] pyri m di ne-
2,4-diol, 6-p - B0, 7 G -thj enp[ 3, 2-rf] pyri m di ne-2,4-diol, 6,6-

di met hyl - 6, 7-2&%‘%?%‘@[-2 1ﬁ%%’ﬁ‘§%2ﬂr§%§ri fni di ne-2, 4-diol, or 7-methyl-6,7-

di hydr o-t hi eno[ 3, 2PrefE}qbiyr, RirindhegboRe duttinal prodesseaisahhiy] efdsedifrent of t he

enti on . BRSSP sl SRR SO Pl RS comrisee ()
of acid, t® yield aadiiicdiadly medicat mapbe delvetetl Gromdcatid 2(d))riftipedacaticng t he
I nter medi at e ggid}p@r%hfo%‘é g}:{ld?iofué(nevgu}fgni(af agceil,ig/’clro%rcz)n}{(i: S(!ig, hgzgr%chloric

acid, sulfuric acid and nitric acid. Preferably, the acid is hydrochloric acid.

The base may be selected from the group consisting of metal hydride bases,

metal hydroxide bases, metal carbonates, metal alkoxide bases, and metal

10 phosphate bases. Preferably, the base is MeONa or NaOH.

Preferably, in the above outlined processes, the intermediate of the
formula I'V or formula IX is isolated before cyclizing it in step (b). The
isolated intermediate of the formula I'V or formula IX is purified by a method
known in the art, including column chromatography, HPL.C or

15  recrystallization. Alternatively, the intermediate of the formula IV or formula
IX is not isolated before cyclizing it in step b).

In another embodiment, the solvent of the step (a) in the above-
outlined processes is an alcohol or a mixture of alcohols. The alcohol or
mixture of alcohols may be methanol, ethanol, isopropanol, n-propanol,

20  butanol or mixtures thereof. In yet another embodiment, the reaction outlined
in step (a) of the above processes is carried out at a temperature between 0°C
and reflux temperature of the solvent, and between 0.5 hour and 24 hours for
its completion.

In another embodiment, the solvent of the step (b) in the above-

25  outlined processes is water, an alcohol or a mixture of alcohols. The alcohol
or mixture of alcohols may be methanol, ethanol, isopropanol, n-propanol,
butanol or mixtures thereof. In yet another embodiment, the cyclization
reaction outlined in step (b) of the above processes is carried out at a
temperature between 0°C and reflux temperature of the solvent, and between

30 0.5 hour and 24 hours for completion.
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final product of the formula X, wherein R3 and R4 are independently
selected fromH, alkyl, cycloal kyl, aryl, heteroaryl, heterocycloal kyl,

hal ogen, wbkooyisoaryl oxy, cycl oal koxy, heteroaryl oxy, heCerusegoloazb&oxy,
-N2, -NRR, hal oal kyl, hal oal koxy, -SH, -S-alkyl, -SO2-alkyl, -SO2NH2,

- S2NH- al kyl, and - SO2N(al kyl)2, with the proviso that R3 and R4 cannot
both be H or R3 and R4 are conbined with the carbon atons to which they
are attached to forma ring selected fromthe group consisting of benzene,
pyridi ne, pyrimdine, pyrazine, cyclohexane, piperidine, piperazine,

nor phol i ne, thionorpholine, a partially or fully hydrated pyrimdi ne and
napht hal ene, WKAMPIdEt i onal |y may be substituted by a residue selected from
anong al kyl, cycloal kyl, aryl, hetgspahyl,; heterocycloal kyl, hal ogen,

al koxy, aryl oxy, cycl oal koxy, heteroaryloxy, heterocycloal koxy, -NC2,
-NRR , hal oal kyl , Gahpaink ok ywremnd chyidn oy chardedriebd n IRk dqgeipped eghed from H,

al kyl, cycl oal kyl ryl, teroaryl, heterocygl oal kyl . hal ggen, al koxy,
ryloxy. cyer b Mrapd bR g B SOV o a3 iy M nare

hal oal kyl , 5 hahna &axeyhpourdH]a)-aftd @dnkpolund HE@equal) ksgt Scheb@2NHZone: SO2NH- al kyl ,
and -SCQN(aIk¥kﬁ2' wherein R and R are each independent]y selected fromH

or al kyl; and (0.2 equiv) was charged at 20-25 °C and the mixture was stirred at reflux
for 4 hours. NaOMe (1.2 equiv., 25% solution in MeOH) was charged at 0 ° C
and the above mixture was stirred at reflux for 1.5 hours and then cooled to 0
°C. Conc. HCI was added dropwise until the pH of the solution was 2-3, the
10 mixture was stirred for 5-10 min and the resulting solid was collected by
filtration. The cake was washed thoroughly with water, air-dried for 2-3 hours

(suction) and then dried further in a vacuum oven at 50 °C for 12-16 hours to

afford compound Ia in 80-85% yield from compound Ila.

SCHEME 4
O
H>N NH, HCI
+ \Wr/ .
MeOH, reflux
S CO,Me © "
lla
}bN\\T¢O
NH MeONa

MeOH
(80-85%)

cD/‘ :
Y

15
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wherein Ra is selected fromthe group consisting of H halogen, alkyl and
aryl.In a preferred enbodi nent, the conpound of fornmula X is

9H i ndenoy,2bevditprzri m di ne- 2, 4-diol. Preferably, Ra in rhe/tshave4iwes | i ned
processes is an al kyl selected fromnethyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl or tert-butyl. Additionally, the acid may be
selected fromacetic acid, trifluoroacetic acid, perchloric acid, toluene
sul fonic acid, hydrobrom c acid, hydrochloric acid, sulfuric acid and
nitric acid. Preferably, the acid is hydrochloric acid. The base may be
selected fromthe group consisting of netal hydride bases, netal hydroxide
bases, netal carbonates, netal al KOxAMELBEAses, and netal phosphate bases.
Preferably, the,based s, odidd the above outlined
processes, th la I X is isolated
before cycli zi ng i€ompouat &p ((rkx); 2 eqdine.) wWaotlatgd intnh eeseldiqaippedofitt he formul a

IV or formula | X i urified by a t hod kno in.the art  including colum
chronatograph§§u¢$i¥£%eapg e?E%@Pﬂ??ﬁFP%ﬂ&mﬂ$@@W%g?T9% 4O (0l nt er medi at e
of the forsul aniVg of cohgiothd Ba)laXd campraid 11501 ajued (efSolienecyjclCogd.ng it in step
b). In another enbodi nent, the solvent of the,stepﬁ%g}gin t he aboveoutlined

processes is afldl-eeby v6p chargrddt g¥eo of aad be puxEres "l HHIPT or

4-6 hours. The reaction mixture was cooled to 0 °C and the resulting solid was

collected by filtration. The cake was washed with water (twice with 1 mL/g of
compound Ila) to afford compound [Va as a white solid in 95% yield.

10

CO,Me

S (IVa)

95% yield, "H NMR (500 Mz, (CD3),S0) & 3.10 (dd, 2 H, J = 8.5, 8.5 Hz),
3.50(dd, 2 H, J =8.5, 8.5 Hz), 3.73 (s, 3 H), 6.50-7.20 (bs, 2 H), 9.47 (s, 1 H);

15 PCNMR (125 MHz, (CD3),S0) & 28.7, 37.8, 52.4, 100.0, 151.6, 154.7, 165.7;
LCMS (ED for C7H11N203S, (M+H)+ caled. 203.0, measd. 203.0.

6.7-Dihvydro-thieno[ 3,2-d]pyrimidine-2.4-diol

Compound [Va was added to a solution of water (3 mI/mL of
20  compound [Va) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was
collected by filtration. The cake was washed thoroughly with water twice (0.5
25  ml/g of compound [Va), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Ia as a

white solid in 95 % yield from compound IVa.
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m xture of al cohols may be nethanol, ethanol, isopropanol, n-propanol,
butanol or m xtures thereof. In yet another enbodi nent, the reaction

out | i ned wo 2849%13012a) of the above processes is carried ®QT/tsRo0/os3®aper at ur e
bet ween 00C and reflux tenperature of the solvent, and between 0.5 hour and
24 hours for its conmpletion. In another enbodi nent, the solvent of the step
(b) in the aboveoutlined processes is water, an al cohol or a m xture of

al cohol s. The al cohol or m xture of alcohols nmay be nethanol, ethanol,

i sopropanol, n-propanol, butanol or mxtures thereof. In yet another

enbodi nent, the cyclization reaction outlined in step (b) of the above
processes is c '@Q]/@Ut at a tenperature between 00C and refl ux
tenperature of\t e | vent, and between 0.5 hour and 24 hours for

conpl eti on. EXAMPL q\gXAI\/PLE 1 Conmpound |11 (urea; 2 equiv.) was charged
into a flask equi pped vvi(lt#E a stirrer, N2 line and thernocoupl e thernoneter
fol |l owed by nethanol (3 /g of conmpound Ha) and conpound Ha ( 1 equivV)
(see Schene 4). Cone. HO (0.2 equiv) was charged at 20-25 0C and the

m xture was stisred. a I for 0 1.2 [ 25% sol uti on
in MeOH) was E:)%(%rybee% %tl\h\g{{ (@bal\r/{gz’t@e])g)é%%ﬁae&m?x U% (i-:{ ’ %és?%g? iS\rﬁng’d at reflux
for 1.5 hour s3ahddd, RéhJeods.ed Ho), 01.14 (s, 1 H), 11.38 (s, 1 H); °C NMR (125

5 MHz, (CD3),S0) 6 29.3, 35.4, 108.5, 150.5, 152.4, 160.4; LCMS (EI) for
CsH7N,O,S, (M+H)+ caled. 171.0, measd. 171.0.

SCHEME 5
@)
+ \”/ .
MeOH, reflux
7 Nco,Me ° (50-95%)
lla
HoN \(O
NaOH
NH -
H,0 (90-
| 95%)
S CO,Me
IVa la
10
EXAMPLE 3

5-Methyl-3-ureido-4,5-dihydro-thiophene-2-carboxvlic acid methyl ester

Compound III (urea; 2 equiv.) was charged into a vessel equipped with
15 a stirrer, N line and thermocouple thermometer followed by methanol (1.5 to
2.0 mL/g of compound IIb) and compound IIb (1 equiv) (see Scheme 6).

Conc. HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at
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0C. Cone. HO was added dropwi se until the pH of the solution was 2-3, the
m xture was stirred for 5-10 mn and the resulting solid was col |l ected by
filtrati onNo 200pe14c2ke wWas washed t horoughly with water, acrAseéed43oes 2- 3
hours (suction) and then dried further in a vacuum oven at 50 OC for 12-16
hours to afford conpound la in 80-85%yield from conpound Ha. SCHEME 4
NaEXAMPLE 2 3- Urei do- 4, 5-di hvdr o-t hi ophene- 2-carboxylic acid nethyl ester
Compound 111 (urea; 2 equiv.) was charged into a vessel equipped with a
stirrer, N2 line and thernocouple thernoneter followed by nethanol (1.5 to
2 m./g of conpound Ha) and conpound Ha ( 1 equiv) (see Schene 5). Cone. HC
(0.2 equiv) \Amilumﬁ(arﬁlg@hblm Bo-rosteCnade tasconleditaPECond theed at refl ux for
4-6 hours. I sulting solid
was col | ect ed {lﬁﬁ ? %dth(raa %Q‘Séﬁe‘éﬂeﬁg‘{)’?zt aglg\%a?gev\%g égv%lai% Pl %a{e twice with 1
m./ g of corrpo(twmbehla)h It wl&fdt ooidp@mdpiby wohffowhcamspoandutt & aS)dhledo]ud‘l 95% yi el d.
95% vyi el d, 1H %g} 1%0 MHz, (CD3)2SO d 3.10 (dd, 2 H, = 8.5, 8.5 Hz), 3.50
(dd, 2 H, = 875" Hz) | 373(s 3 H, 6.50-7.20 (bs, 2 H, 9.47 (s, 1
H); 13C NWR (125 MHz4 )2SO) d 28.7, 37.8, 52.4, 100.0, 151.6, 154.7,
165.7; LCVMB (EI) folNG/HLIN2GBS, (M+H)+ cal cd. 203.0, neasd. 203.0.

Me CO_Me

5 S 277 avb)

93% yield, "H NMR (400 MHz, (CD3),S0) 8 1.32 (d, 3 H, J = 6.5 Hz), 3.24
(dd, 1 H,J = 6.5, 18.0 Hz), 3.55-3.73 (m, 2 H), 3.72 (s, 3 H), 6.40-7.30 (bs, 1
M), 9.35-9.65 (bs, 1 H); °C NMR (100 MHz, (CD5),S0) § 22.8, 40.1, 45.6,

10 52.3,99.5,150.0, 154.7, 165.8; LCMS (EI) for CgHi3N>03S, (M+H)+ caled.
217.1, measd. 217.6.

6-Methyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2.4-diol

Compound IVb was added to a solution of water (3 mL./mL of
15  compound IVb) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was
collected by filtration. The cake was washed thoroughly with water twice (0.5
20 ml/g of compound IVb), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Ib as a

white solid in 90 % yield from compound I'Vb.
N \\rOH
Z2N

25 90% yield, 'H NMR (400 MHz, (CD3),S0) § 1.39 (d, 3 H, J = 6.5 Hz), 2.75
(dd,1H,/=6.5,17.0Hz),3.26 (dd, 1 H, J = 8.5, 17.0 Hz), 3.96 (dddd, 1 H, J
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6, 7- D hydro-thienor3, 2-tfl pyri m di ne-2, 4-di ol
(3 mL/ L of conpound IVa) and NaOH at anbi ent

sol uti on of water

Compound | Va was added to a

t enper at Wwe.2ohgoebove m xture was stirred at 85 OC for PCTAISh@9/03306%\f t er

cooling to O OC, cone.
unti |

HCl (approximately 1.1 equiv.) was added slowy
the pH of the solution was 0-1. The m xture was cooled to 0 0C

stirred for 5-10 mn and the resulting solid was collected by filtration.
The cake was washed thoroughly with water twice (0.5 nL/g of conpound | Va),
air-dried for 2-3 hours (suction) and then dried further in a vacuum oven

at 50 OC for 12-16 hours to afford co

2 H,
(s,

Na EXAMPLE 3 5- Met hyl
nmet hyl ester Conpound |1
equi pped with a stirrer,
met hanol (1.5 to

Me O
+
S

CO.R*

2

(urea; 2
N2 |line an

b

Vb

H,N

npound la as a white solid in 95 %
yi el d from corpound, b¥al DBy il b 1.2HNVRIY, BOGONRAD (§sCDB) 2

1:H§35 5132%@9%@%4&5%%&%%%& zg %9 goggg@’o % 366%50 5, 1521411 >

160. 4; LCVS ( ECMS @) fG6EMNRCRSS, (MMﬂHdalc@alm nikZdd. 085.hreasd.
- 3-ureido-4,5- dlhydro t hi ophene- 2-car boxylic acid

gﬁ#t gnas charged into a vesse
erno

80 d 3.1 1 (dd,
171.0. SCHEME 5

couple t hernoneter foll owed by

Acid
_—

A

2 \n/NHZ

O

N OH
o

Me
s ~AN

OH

10

15

EXAMPLE 4

5-Ethyl-3-ureido-4,5-dihydro-thiophene-2-carboxvlic acid methyl ester

Compound III (urea; 2 equiv.) was charged into a vessel equipped with
a stirrer, N line and thermocouple thermometer followed by methanol (1.5 to
2 ml./g of compound Ilc) and compound Ilc (1 equiv) (see Scheme 7). Conc.
HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at reflux for
4-6 hours. The reaction mixture was cooled to 0 °C and the resulting solid was
collected by filtration. The cake was washed with water (twice with 1 mL/g of

compound Ilc) to afford compound [Vc as a white solid in 93% yield.
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2.0 nmL/g of conpound lib) and conpound lib ( 1 equiv) (see Schene 6). Cone.
HCO (0.2 equiv) was charged at 20-25 0OC and the m xture stirred atrefl ux
for 4-6 MwWOrewy/he7reacti on m xture was cooled to 0 OC aau/ush@9nemes t i ng
solid was collected by filtration. The cake was washed with water (tw ce
with 1 nm/g of conpound lib) to afford conpound IVb as a white solid in 93%
yield. 93%yield, 1H NWR (400 MHz, (CD3)2SO d 1.32 (d, 3 H = 6.5 Hz),
3.24 (dd, 1 H = 6.5 18.0 Hz), 3.55-3.73 (m 2 H), 3.72 (s, 3 H,
6.40-7.30 (bs, 1 H, 9.35-9.65 (bs, 1 H); 13C NMR (100 Mz, (CD3)2SO d
22.8, 40.1, 45.6, 52.3, 99.5, 150.0, 154.7, 165.8; LCMs (El) for
C8H13N2GBS, (MtH) + aal@d 217.1, neasd. 217. 6.

6- Met hyl - 6, 7- di hvdr _{<h| enor 3, 2-tf | pyri m di ne-2, 4-di ol Compound | Vb was
added to a sol utjoR of \Wat er (3 nL/nL of corrpound | Vb) and NaOH at anbi ent
tenperature. ERE NGB0 Mexture was stirred at 85 OC for 1.5 hours. After
cooling to 0 OC, cone. HC \(Cépprom mately 1.1 equiv.) was added slowy
until the pH of the solution was 0-1. The m xture was cooled to 0 0C,
stirred for 5-10 m n,and the resulting solid was collected b%/ filtration.

The cake was Wa&HEd:t HOPWRGHIOMElEtGDRa@LO 005 (el tlo/ 5 i1y bP>conpound 1 V),
air-dried for 134 h?Hﬁ%z(SS(H@tl'}@']r) @@d1§(|5‘ﬁ9) grs!%?dildﬁ“lrf{hﬁi 6006, vacuum oven
at 50 0OC for hours to af r‘g)oun as a
5 85 85Hz) 3.61 (dd, 1 H, J 85 18 Hz), 372(3 3 H), 6.83 (bs, 2 H),
9.44 (s, 1 H); *C NMR (100 MHz, (CD5),S0) & 12.8, 29.7, 43.5, 47.3, 52.3,
99.3, 150.3, 154.7, 165.7; LCMS (EI) for CgH;5N,05S, (M+H)+ calcd. 231.1,

measd. 231.1.

10 6-Ethyl-6,7-dihydro-thieno|[3,2-d]pyrimidine-2,4-diol

Compound IVc was added to a solution of water (3 mI/ml. of
compound I'Vc) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The

15  mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was
collected by filtration. The cake was washed thoroughly with water twice (0.5
ml./g of compound [Vc), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Ic as a
white solid in 74% yield from compound IVc.

20

N\\rOH
A\
OH (o)

74% yield, "H NMR (500 Mz, (CD3),S0) & 0.95 (t, 3 H, J = 7.3 Hz), 1.60-
1.80 (m,2 H), 2.81 (dd, 1 H,J =7.0,17.3 Hz), 3.24 (dd, 1 H, J = 8.5, 17.3
25 Hz),3.61(dddd, 1H,J=17.0,7.0,8.5,8.5Hz), 11.10 (s, 1 H), 11.31 (s, 1 H);
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white solid in 90 %yield from conpound |Vb. 90%vyield, 1H NVR (400 MHz,
(CD3)2SO d 1.39 (d, 3 H =6.5Hz), 2.75 (dd, I U J = 6.5, 17.0 Hz), 3.26
(dd, I UWwO0 260914612717. 0 Hz), 3.96 (dddd, 1 H, = 6.5, 6.5PCH/US20008436817) ,
11.00-11.20 (bs, I H), 11.20-11.40 (bs, 1 H); 113/ CNMR (100 MHz, (CD3)2SO
d 23.0, 42.0, 43.0, 108.0, 149.0, 152.4, 160.4; LCMVs5 (EI') for C7THON2Q2S,
(M+tH) + cal cd. 185.0, neasd. 185.1. SCHEME 6 No |Vb |Ib EXAVPLE 4

5- Et hyl - 3- ur ei do- 4, 5-di hvdr o-t hi ophene- 2- carboxylic acid nmethyl ester
Compound 111 (urea; 2 equiv.) was charged into a vessel equipped with a
stirrer, N2 I|ne and thernocoupl e thernoneter followed by nethanol ( 1.5 to
2 nm/g of conpEUNMRI (il @) Makac (b O di2-BIc29(8, 5}0éq4_ﬂ KI0(2ed98chen®e 7). Cone.

HC (0.2 equi 5 n L, rred at refl ux
for 4-6 hour SY%%ﬁhggﬁlggoﬁﬁﬁ%ﬁggé \(I\Dg-sﬁig-o% Fggn? 61 35@ };1%2# the resulting
solid was collected by filtration. The cake was washed with water (tw ce
with 1 m/g of conpound lie) to af f8eHEMEPound | Vc as a white solid in 93%
yield. 93%vyield, 1H NWVR (500 MHz, (CD3)2SO d 0.93 (t, 3 H = 7.3 Hz),
1.52- 1.74 (m 2H) 328(dd Il U J = 6.5, 18.0 Hz) 353(dddd I U J =

6.0, 6.0, 8.5 61 (dd, | H 8.1y, 18. 0 Fof, 3. ﬁ? 3. 72 3 H,
0

llc 1l

Et
Et4<\/|[ s >AN
S

EXAMPLE 5

5-Phenyl-3-ureido-4,5-dihydro-thiophene-2-carboxvlic acid methyl ester

Compound III (urea; 2 equiv.) was charged into a vessel equipped with
a stirrer, N line and thermocouple thermometer followed by methanol (1.5 to
10 2 ml./g of compound IId) and compound IId (1 equiv) (see Scheme 8). Conc.
HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at reflux for
4-6 hours. The reaction mixture was cooled to 0 °C and the resulting solid was
collected by filtration. The cake was washed with water (twice with 1 mL/g of
compound IId) to afford compound IVd as a white solid in 97% yield.
15
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9.44 (s, 1 H); 13C NWR (100 MHz, (CD3)2SO d 12.8, 29.7, 43.5, 47.3, 52.3,
99.3, 150.3, 154.7, 165.7; LCM5 (ElI) for COHL5N2G3S, (M+H)+ cal cd. 231.1,
measd. 23WO0200%HEL2MY] - 6, 7- di hydr o-t hi enor 3, 2- 1l pyri m di meTajS4e0dioadosConmpound
| Vc was added to a solution of water (3 nmi/nL of conpound |IVc) and NaCH at
anbi ent tenperature. The above m xture was stirred at 85 0OC for 1.5 hours.
After cooling to 0 OC, cone. HO (approximately 1.1 equiv.) was added
slowy until the pH of the solution was 0-1. The m xture was cooled to O
OC, stirred for 5-10 min and the resulting solid was coll ected by
filtration. The cake was washed thoroughly with water twice (0.5 nL/g of
conpound 1Vc), air-dried for 2-3 hours (suction) and then dried further in

whi t
Sl T Fach kBN G 1OH RSB S0 R SR G148, (Coey 250
d 0.95 (t, 3 Bl74 %, 31B, }mcdd;LlHOJ ZB(BQSQMZ)ZLS%{)(ddZHBl]:éﬂﬂ 80H4), J = 7.0,

8’5, 6.5 oy ot by T s T s S Y 5 g S R oMb - (o) 2505

12.8, 29.85 4@]93)284136]4,5 11@5?1 52.41994 2,27 B5R28R, 11498,.132.8L. VS, (&.), f or
CBHIIN2Q2S,  ( I}/Igg_g El_mi(s:sa}rllgcfi éigr}a?sgdu]é’to (r)r\‘?e%saq%'; L&R/PS (:]EI) f%rCE'BEMENZOgC,

(M+H)+ calcd. 279.1, measd. 279.1.

6-Phenyl-6.7-dihydro-thieno[3,2-d]pyrimidine-2.4-diol

10 Compound IVd was added to a solution of water (3 mL./mL of
compound IVd) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was

15  collected by filtration. The cake was washed thoroughly with water twice (0.5
ml./g of compound IVd), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Id as a

white solid in 89% yield from compound IVd.
N \\rOH

~N

20 OH (19

89% yield, "H NMR (500 MHz, (CD3),S0) 3.29 (dd, 1 H, J = 8.5, 17.5 Hz),
3.51(dd, 1H,J=28.5,17.5Hz),5.17(dd, 1 H, J = 8.5, 8.5 Hz), 7.30-7.50 (m,
51), 11.20 (s, 1 H), 11.42 (s, 1 H); >C NMR (125 MHz, (CD5),S0) § 42.7,

25 49.6,107.8, 128.0, 128.7, 129.6, 142.0, 148.5, 152.3, 160.1 (missing 2 signals
due to overlap); LCMS (EI) for C;,H;1N2O,S, (M+H)+ caled. 247.1, measd.
247.1.
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| Vc I ¢ EXAMPLE 5 5- Phenyl - 3- ur ei do- 4, 5-di hvdr o-t hi ophene- 2- car boxylic acid
nmet hyl ester Conpound |1l (urea; 2 equiv.) was charged into a vessel

equi pped wot2bhosar4st27rrer, N2 |ine and thernocoupl e ther mpegtuseoobolioesved by
met hanol (1.5 to 2 nL/g of conpound Hd) and conpound Hd ( 1 equiv) (see
Schenme 8). Cone. HO (0.2 equiv) was charged at 20-25 0C and the m xture
stirred at reflux for 4-6 hours. The reaction m xture was cooled to 0 OC
and the resulting solid was collected by filtration. The cake was washed
with water (twice with 1 nL/g of conpound Hd) to afford conmpound IVd as a
white solid in 97%yvyield. 97% yield, 1H NWR (500 MHz, (CD3)2SO d 3.70 (dd,
| HJ =8.0, 18.0 Hz), 3.74 (s, 3 HSCHEME§ dd, | HJ = 8.0, 18.0 Hz), 4.87
(dd, I HJ =8.0, 8.0 Hz), 6.60-7.20 (bs, 2 H, 7.25-7.50 (m 5 H, 9.51
(s, 1 H; 13C NR , (CDs)2SO) d 45.1, 48.1, 52.4, 9d94 127. 8,
128.3, 129.5, 14 154.7, 165.4 (m|\$5| ng”_Q Si gnaﬁ due to
overlap); LCMS ( TSN OBSS, (+M+H)+ cafcd. °279 T, eastt 279. 1.

6- Phenyl - 6, 7- di hydr o-t hkengr 3, 2-t/ | pyri m di ne-@&, 4- di ol Con@ound | Vd was
added to a solution of wate anmL/ mL of corrpound I vd) and NaOH at anbi ent
tenperature. The above m xture was stirred at 85 0C for 1.5 hours. After
cooling to 0 OC, cone. H® (approximtely 1]

NH _—

S™ “co,R®

2 OH
Ivd Id

HZNYO
N OH
Y

5 EXAMPLE 6
5.,5-Dimethyl-3-ureido-4,5-dihydro-thiophene-2-carboxylic acid methyl ester

Compound III (urea; 2 equiv.) was charged into a vessel equipped with

a stirrer, N line and thermocouple thermometer followed by methanol (1.5 to

2 ml./g of compound Ile) and compound Ile (1 equiv) (see Scheme 9). Conc.

10 HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at reflux for
4-6 hours. The reaction mixture was cooled to 0 °C and the resulting solid was
collected by filtration. The cake was washed with water (twice with 1 mL/g of

compound Ile) to afford compound [Ve as a white solid in 83% yield.

15 Me (IVe)
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1.1 equiv.) was added slowy until the pH of the solution was 0-1. The

m xture was cooled to O OC, stirred for 5-10 min and the resulting solid
was col | ewoedodmporf2rl t rati on. The cake was washed t hor oughiryusasooio43mes er
twice (0.5 nL/g of conpound IVvd), air-dried for 2-3 hours (suction) and
then dried further in a vacuum oven at 50 OC for 12-16 hours to afford
conpound Id as a white solid in 89%vyield fromconpound IVd. OH (1d) 89%
yield, 1H NWR (500 MHz, (CD3)2SO) 3.29 (dd, I HJ = 8.5, 17.5 Hz), 3.51
(dd, 1 H J =8.5, 17.5 Hz), 5.17 (dd, 1 H J =8.5, 8.5 Hz), 7.30-7.50 (m
5H, 11.20 (s, 1 H), 11.42 (s, 1 H); 13C NWR (125 MHz, (CD3)2SO d 42.7,
49.6, 107.8, 338B.y®ld IHAMR (AWMEz, (CHR),90) I 186 &, 6 IBB.3R (s 180D.13.{Ini ssi ng 2

oL gnels e 1 QYETAP) LR B L OB LM a6 o0 247 1

5, 5- Di et hyl - 30.4rdi662.0, B-HiloQ2rido Shl gpheé6e 2k Ganbmisying duaei d nmet hyl ester

Conmpound 111 (urea; Y r i nt ssel ipped with a

stirrer, N2 n‘heéﬁ@h&%%\ﬁsgﬁ)of%ﬁ%@gﬁggr%ﬂ@# §?8?'§3¥§v@8&%§gﬁ€t hanol (1.5 to

2 mL/ g of sonpound He) and conpound He ( 1 equiv) (see Schenme 9). Cone.
6.6-Dimethyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2.4-diol

Compound Ve was added to a solution of water (3 mI/mL of
compound ['Ve) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately

10 1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was
collected by filtration. The cake was washed thoroughly with water twice (0.5
ml./g of compound [Ve), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Ie as a

15  white solid in 90 % yield from compound [Ve.

N. _OH
Me | \\(
Me S ~ N
OH (Ie)

90% yield, "H NMR (400 MHz, (CD3),S0) & 1.53 (s, 6 H), 2.95 (s, 2 H),
11.10 (s, 1 H), 11.32 (s, 1 H); >C NMR (100 Mz, (CD;),S0) & 30.7, 49.2,

20 54.7,108.4, 148.2,152.3, 160.5 (1 signal missing due to overlap); LCMS (EI)
for CsH11N>O,S, (M+H)+ caled. 199.1, measd. 199.1.
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HCl (0.2 equiv) was charged at 20-25 0C and the m xture stirred at refl ux
for 4-6 hours. The reaction m xture was cooled to 0 OC and the resulting
solid waswoabtwisbed by filtration. The cake was washed WCThiSa@we13068 W ce
with 1 nm/g of conpound He) to afford conpound |IVe as a white solid in 83%
yield.83%yvyield, 1H NVR (400 MHz, (CD3)2SO d 1.46 (s, 6 H, 3.38 (s, 2
H, 3.71 (s, 3 H, 6.60-7.20 (bs, 2 H, 9.45 (s, 1 H; 13C NWR (100 Mz,
(CD3)2SO d 30.4, 51.6, 52.0, 52.3, 100.2, 149.5, 154.8, 165.8 ( 1 signal
m ssing due to overlap); LCMS (EI) for CO9HI5N2Q3S, (M+H)+ cal cd. 231.1,
measd. 231.6. 6, 6-Dinethyl-6,7-di hydro-thienor3,2-tf]|pyrimdine-2,4-di ol
Conmpound | Ve was added to a sol uti 8gHHMEAt er (3 nl/nL of conpound |Ve) and
NaOH at anbi ent tenperature. The above m xture was stirred at 85 0C for 1.5
hours. After cooling to 0 OC, cone. HC (approxi nat%%d 1.1 equiv.) was
added slowy untN (lg of the sol uyipn wRE 0-1. m xture was cool ed
to 0 OC, stirre mn and the 7e3ylti Ag sortdwas™col | ected by
filtration. The c s washed thoroughl} with wateftwice (0.5 nm/g of
conmpound 1 Ve), air-drlcgg) or 2-3 hours (suction) and then dried further in
a vacuum oven at 50 O er 12-16 hours to afford conpound Ie as a white
solid in 90 %yieldleromconpound |Ve. 90%lield, 1H NVR (400 MHz,
(CD3)2SO) d 1.53 (s, 6 H, 2.95 (s, 2 H, 11.10 (s, 1 H, 11.32 (s, 1 H);
13C NWVR (100 MHz, §_|CD3)2%O) d 30.7, 49.2,

ZNY Ne-OH
NH — = | \(
;(I S N
S CozRa OH
Ve le
EXAMPLE 7

4-Methyl-3-ureido-4,5-dihydro-thiophene-2-carboxvlic acid methyl ester

5 Compound III (urea; 2 equiv.) was charged into a vessel equipped

with a stirrer, N, line and thermocouple thermometer followed by methanol
(1.5 to 2 ml/g of compound IIf) and compound IIf (1 equiv) (see Scheme 10).
Conc. HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at
reflux for 4-6 hours. The reaction mixture was cooled to 0 °C and the

10 resulting solid was collected by filtration. The cake was washed with water
(twice with 1 ml/g of compound IIf) to afford compound IVT as a white solid
in 48% yield.

15
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54.7, 108.4, 148.2, 152.3, 160.5 ( 1 signal m ssing due to overlap); LCMVS
(ElI') for CBHLIN2O2S, (MtH)+ calcd. 199.1, neasd. 199.1. SCHEME 9 Ne IVq Iq
EXAMPLE WO-2M®( 139127 3- ur ei do- 4, 5- di hvdr o- t hi ophene- 2- car ipoxusSc@9meiods net hyl
ester Conpound |1l (urea; 2 equiv.) was charged into a vessel equipped with
a stirrer, N2 line and thernocouple thernonmeter followed by nethanol (1.5
to 2 nm./g of conmpound Hf) and conpound ILf ( 1 equiv) (see Schene 10).
Cone. HC (0.2 equiv) was charged at 20-25 0OC and the m xture stirred at
reflux for 4-6 hours. The reaction m xture was cooled to O OC and the
resulting solid was collected by filtration. The cake was washed wi th water
(twice with 148fle fyipldf H AOR 60OMHE.) (CDe): 30 bt.d6 6bAPbURT.0 ), 2a§5a white sol id

o) 2 75 (a (GRS G gAY 75%75(1‘?%559% R 575 (3 s

H, 4.35-4.43(4m HjL6H))7Zﬁ)(BO-2'H)29)4(M$11H) cNmmaz(sMHzl(elps)sz@ NVR (125

2 (PN i 1 e T o0 O Lo

( f
7- Met hyl -657- (Mhblm@iddhﬂgnnm&as?h pfl.pyri m di ne- 2, 4-di ol

7-Methyl-6.7-dihydro-thieno[3.2-d|pyrimidine-2,4-diol

Compound IVf was added to a solution of water (3 mL/mL. of

compound IVf) and NaOH at ambient temperature. The above mixture was

10 stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was
collected by filtration. The cake was washed thoroughly with water twice (0.5
ml/g of compound IVT), air-dried for 2-3 hours (suction) and then dried

15  further in a vacuum oven at 50 °C for 12-16 hours to afford compound If as a

white solid in 89% yield from compound I'VT.

Me

N\\rOH
~N

OH (1)

20  89% yield, '"H NMR (500 MHz, (CD3),SO) 8 1.26 (d, 3 H, J = 7.0 Hz), 2.92
(dd, 1 H,J =5.0,11.0 Hz), 3.34-3.42 (m, 1 H), 3.52 (dd, 1 H, J = 8.5, 11.0
Hz), 11.17 (s , 1 H), 11.34 (s, 1 H); °C NMR (125 MHz, (CD5),S0) § 17.2,
36.9,42.3, 107.5, 152.7, 153.7, 160.6; LCMS (EID) for C;HoN>O,S, (M+H)+
calcd. 185.0, measd. 185.2.

25

31



Conpound |I'Vf was added to a solution of water (3 nL/nmL of conpound |Vf) and
NaCH at anbi ent tenperature. The above m xture was stirred at 85 0OC for 1.5
hours. Afwero@oabizng to 0 0C, cone. HO (approxinmately PCT/USQeow43068vas
added slowy until the pH of the solution was 0-1. The m xture was cool ed
to 0 OC, stirred for 5-10 mn and the resulting solid was coll ected by
filtration. The cake was washed thoroughly with water twce (0.5 nL/g of
conmpound 1Vf), air-dried for 2-3 hours (suction) and then dried further in
a vacuum oven at 50 OC for 12-16 hours to afford conpound If as a white
solid in 89%yield fromconpound IVf. 89%yield, 1H NWR (500 MHz, (CD3)2SO
d 1.26 (d, 3 H =7.0 H), 2.92 (dd, 1 H =5.0, 11.0 Hz), 3.34-3.42 (m 1
H, 3.52 (dd, I HJ =8.5, 11.0 Hz), 11.17 (s, 1 H, 11.34 (s, 1 H); 13C
NVR (125 MHz, (CD3)2SO d 17.2, 36.9, 42.3, 107.5, 152.7, 153.7, 160.6;
LCVB (EI) for C7THON2Q2S, (M+H)+ cal cd. 185.0, neasd. 185.2. SCHEME 10 Nf |11
| Vf  EXAMPLE 8 2- Urei do-cycl opeiptip\ieqaecar boxylic acid nethyl ester Conpound
1l (urea; 2 equiv.) was charged Into a vessel equipped with

Me
Acid
o . HZN\H/NHZ .
A
S O
CO,R’
[f 1l
H,N._O Me
Me Y N\ OH
NH —_— | Y
| s~AN
S CozRa OH
IVf If
5
EXAMPLE 8

2-Ureido-cyclopent-1-enecarboxylic acid methyl ester

Compound III (urea; 2 equiv.) was charged into a vessel equipped with
a stirrer, N line and thermocouple thermometer followed by methanol (1.5 to
10 2 ml./g of compound VIIIa) and compound VIIIa (1 equiv) (see Scheme 11).
Conc. HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at
reflux for 4-6 hours. The reaction mixture was cooled to 0 °C and the
resulting solid was collected by filtration. The cake was washed with water
(twice with 1 ml./g of compound VIIIa) to afford compound IXa as a white

15  solid in 100% yield.
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a stirrer, N2 line and thernocouple thernonmeter followed by nethanol (1.5
to 2 n./g of conmpound Villa) and conpound Villa ( 1 equiv) (see Schene 11).
Cone. HCWOQo®/wo27v) was charged at 20-25 0C and the mpxTorseomsoizosed at
reflux for 4-6 hours. The reaction mxture was cooled to O OC and the
resulting solid was collected by filtration. The cake was washed with water
(twice with 1 nm./g of conmpound Villa) to afford conpound |IXa as a white
solid in 100%yield. 100% yield, 1H NWVR (400 MHz, (CD3)2SO d 1.79 (dt, 2 H,
=7.6, 7.6 Hz), 2.43 (t, 2 H =7.6 H), 3.06 (t, 2 H =7.6 Hz), 3.68 (s,
3 H, 6.5-7.0 (bs, 2 H, 9.44 (s, 1 H; 13C NWR (100 MHz, (CD3)2SO d 21.6,
29.0, 34.9, 51.4,41¢2.3, 155.1, 157.9, 167.8; LCMS (EI) for CBHL3N2CS,
(MrH) + cal cd. 184NT\ nmeasd. 185.0.

6, 7- Di hvdro-5 cl dBént apyri ni di ne- 2, 4-di ol Conmpound | Xa was added to a
sol ution of wa C®.Me_/ @f conpound | Xa) and NaOH at anbi ent
tenperature. The above mxture was stirred at 85 0C for 1.5 hours. After

cooling to O @@% RRE’y N@;R(@@mgw(@ )grsL ) st Fo RHYITY - )= %%@gﬂfd | Owly

until the p eso ution was e mxture was coole
stirred for 523}6 (o ML, éﬁd%ﬁ@),r&éﬁﬂ t2|H1,g’ S O6iIH) S (601 He 61560 thy, 7 i I trat| on.
The cake S ‘mtglt? i 0 g conpound | Xa),
air-dried orw@%&ﬂ%uﬁgf suc@‘{o(\r?’?6 g/InF(ija{(ﬁﬂ g’r)%%(]‘]QS 2950 o 510£

102.3, 155.1, 1579 167.8; LCMS (ED for CgH3N,Os3, (M+H)+ caled. 184.1,

measd. 185.0.

6.,7-Dihydro-5SH-cyclopentapyrimidine-2.4-diol

10 Compound [Xa was added to a solution of water (3 mI/ml. of
compound [Xa) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was

15  collected by filtration. The cake was washed thoroughly with water twice (0.5
ml./g of compound [Xa), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Xa as a

white solid in 99% yield from compound [Xa.

NYOH
=N

20 OH (Xa)
99% yield, "H NMR (500 MHz, (CD3),S0) 8 1.99 (dt, 2 H, J = 7.5, 7.5 Hz),
248 (t,2H,J = 7.5 Hz),2.67 (t, 2H, J = 7.5 Hz), 10.70 (bs, 1 H), 11.05 (bs,
1 H); *C NMR (100 MHz, (CD5),S0) & 21.9, 27.3, 31.9, 110.5, 153.2, 157.0,
162.9; LCMS (EI) for C;HyN,O,, (M+H)+ calcd. 153.1, measd. 153.3.

25
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further in a vacuumoven at 50 OC for 12-16 hours to afford conpound Xa as
a white solid in 99%yield fromconpound | Xa. 99% vyield, 1H NVMR (500 MHz,
(CD3) 2SOwO 20098Q012dt, 2 H, = 7.5, 7.5 Hz), 2.48 (t, 2 HPCEUR2®91623068 2. 67
(t, 2 H =7.5 Hz), 10.70 (bs, 1 H, 11.05 (bs, 1 H); 13C NWR (100 Mz,
(CD3)2SO d 21.9, 27.3, 31.9, 110.5, 153.2, 157.0, 162.9; LCVs (ElI) for
C7THON2O2, (MtH) + cal cd. 153.1, nmeasd. 153.3. SCHEME 11Villa | Xa Xa EXAVPLE
9 2-Ureido-3Hindene-|-carboxylic acid nmethyl ester Conpound |1l (urea; 2
equiv.) was charged into a vessel equipped with a stirrer, N2 [ine and

t her nocoupl e thernoneter followed by nethanol (1.5 to 2 nL/g of conpound
VI1Ib) and conpound l1b.( 1 equiv) (see Schene Acld. Cone. HO (0.2 equiv)
was charged at 20- 3 cr)ud th mi Rt g‘ﬁzrred_a,t_r_ef_hux for 4-6 hours.
The reaction m xtur s cooled to O O and the regulting solid was
collected by filtratio TH@ cake was @ashed with water (twice with 1 ni/g
of conpound VIIIb) to aPp@rd conpound I Xb as a white solid in 72%vyiel d. 72%
yield, 1H NWR (500 MHz, (CD3)2SO) d 3.91 (s, 3 H, 4.21 (s, 2 H, 6.8 7.4
(bs, 2 H, 7.09 (ddd, Mli#d, J = 1.5, 7.5l17.5 Hz), 7.25 (ddd, 1 H, J = 1.5,
7.5,

HZN\fO Ny_ _OH

NH —_— | Y
q =N

CO,R* OH

[Xa Xa

EXAMPLE 9

2-Ureido-3H-indene-1-carboxvlic acid methyl ester

5 Compound III (urea; 2 equiv.) was charged into a vessel equipped with

a stirrer, N line and thermocouple thermometer followed by methanol (1.5 to
2 ml./g of compound VIIIb) and compound VIIIb (1 equiv) (see Scheme 11).
Conc. HCI (0.2 equiv) was charged at 20-25 °C and the mixture stirred at
reflux for 4-6 hours. The reaction mixture was cooled to 0 °C and the

10 resulting solid was collected by filtration. The cake was washed with water
(twice with 1 ml./g of compound VIIIb) to afford compound IXb as a white
solid in 72% yield.

O
N4

NH,

‘ CO,Me
O 2

(IXb)
15
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7.5 Hz), 7.40 (d, 1 H J =7.5Hz), 7.71 (d, | HJ = 7.5 Hz), 10.00 (bs, 1
H)y; 13C NWR (100 MHz, (CD3)2SO d 40.5, 51.9, 105.4, 120.9, 123.8, 124.1,
127. 3, 13W02009140126, 154.8, 161.5, 167.0; LCVS (ElI) for PCraiz@saeass ( MtH) +
cal cd. 233.1, nmeasd. 233.2. 9H-Indenor2,|-tfl pyrimdi ne-2,4-di ol Conpound

| Xb was added to a solution of water (3 ni/nL of conpound | Xb) and NaCH at
anbi ent tenperature. The above m xture was stirred at 85 0OC for 1.5 hours.
After cooling to 0 0C, cone. HCO (approximately 1.1 equiv.) was added
slowy until the pH of the solution was 0-1. The m xture was cooled to O
OC, stirred for 5-10 min and the resulting solid was coll ected by
filtration. TA¥eoakd HAMRAFINSIHEHEDoUSBI §3.41 tsh3 Watde] Gsvid dB 6(80. 5 nl/ g of
conpound | Xb) | I »dpi 2-3; hour s ( i n dei further in
a vacuum oven%?!)%aqg(fﬁbo{d%’zl-qgﬁg'lél‘zst%yg‘ﬂ’gg @Sldrrbrégﬁa %7252 a white
solid in 93% yiséla), T4 tHmpeuntdHE)Xb71 aB3%H;Ved d5 HEH IBNOR(Es500);MHz, ( CD3) 2S0O)

6,584 (= 3 Bl ol 0rs S o F o B4 L 1Y e 1S

11. 79 (bs, 51 H127.1,3G7 NMRO(6L 094 §VHB1.5( 6D3) 2EDYS @N)I6r 6,,HLNIOG(MARG: 3, 125.0,
125.1, 127.8, é%{.2%1139. ,23% 2.4, 160.0, 161.3; LCMS (El) for On HON2QR,
(MtH) + cal cd. “281 17 "BRSYU - 2601. 1. SCHEME 12

9H-Indeno[2.1-d]pyrimidine-2.,4-diol

Compound IXb was added to a solution of water (3 ml./mL of
10 compound IXb) and NaOH at ambient temperature. The above mixture was
stirred at 85 °C for 1.5 hours. After cooling to 0 °C, conc. HCI (approximately
1.1 equiv.) was added slowly until the pH of the solution was 0-1. The
mixture was cooled to 0 °C, stirred for 5-10 min and the resulting solid was
collected by filtration. The cake was washed thoroughly with water twice (0.5
15  ml/g of compound IXb), air-dried for 2-3 hours (suction) and then dried
further in a vacuum oven at 50 °C for 12-16 hours to afford compound Xb as a

white solid in 93% yield from compound IXb.

N OH
Y

~N

OH (Xb)
20
93% yield, "H NMR (500 MHz, (CD3),S0) § 3.84 (s, 3 H), 7.18 (dd, 1 H, J =

7.5,7.5Hz),7.31(dd, 1 H,J =7.5,7.5 Hz), 7.47 (d, 1 H, J = 7.5 Hz), 7.73 (d,
1 H,J=7.5Hz), 11.13 (bs, 1 H), 11.79 (bs, 1H); °C NMR (100 MHz,
(CD3),80) § 36.6, 111.6, 120.3, 125.0, 125.1, 127.8, 137.6, 139.6, 152.4,

25 160.0, 161.3; LCMS (EI) for C11HgN,O,, (M+H)+ calcd. 201.1, measd. 201.1.
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VIIIb I Xb Xbo The above description, drawi ngs and exanples are only
illustrative of preferred enbodi nents which achi eve the objects, features
and advanweage®/w@bi2rhe present invention. It is not i ntemrdedstévandiohe
present invention be limted to the illustrative enbodi nents. Any

nodi fication of the present invention which comes within the spirit and
scope of the follow ng clains should be considered part of the present

i nvention. CLAIMS W claim Claim1l: A process for preparing a conpound of
formula | : conprising: (a) reacting a starting conpound of the fornmula I
Il with urea, in the presence of acid, to yield an internedi ate of the
formula IV ; and(b) cyclizing the SGteMied ate of the fornula IV with a
base, to yield the final product of the formula I, wherein RL and R2 are

i ndependently sel ected frqQm H al kyl , ?'gﬁll oal kyl , aryRgidhet eroaryl,
het er ocycl oal kyl , hal~8g¢ al oxy, aryl oal-koxy,—haeteroaryl oxy,
het er ocycl oal koxy, RR' , hal oal kyl , A
CO,R’
Villb [
H,N o

NH & —
v "

CO,R OH
IXb Xb
5 The above description, drawings and examples are only illustrative of

preferred embodiments which achieve the objects, features and advantages of
the present invention. Itis not intended that the present invention be limited to
the illustrative embodiments. Any modification of the present invention
which comes within the spirit and scope of the following claims should be

10 considered part of the present invention.
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hal oal koxy, -SH, -S-al kyl, -SO2-alkyl, -SO2NH2, -SO2NH al kyl, and

-S2N(al kyl')2; wherein R and R are each independently selected fromH or
al kyl ; amdowbh@r@drz7Ra i s sel ected fromthe group consi sPCmgisedools3ohgl ogen,
al kyl, and aryl. daim2 : A process for preparing a conpound of forrmula X
conprising: (a) reacting a starting conpound of the fornmula VIIl with urea,
in the presence of acid, to yield an internediate of the formula | X(c)
cyclizing the internediate of the formula I X with a base, to yield the
final product of the formula X, wherein R3 and R4 are independently
selected fromH, alkyl, cycloal kyl, aryl, heteroaryl, heterocycl oal kyl,

hal ogen, al koxy aryl oxy, cycl oal ko&{:AIM8t er oar yl oxy, heterocycl oal koxy,
-N2, -NRR, 3 al kyl, hal oal koxy, -SH, -S-alkyl, -SQ2-alkyl, -SO2NHZ,

- SO2NH- al kyl , SozN(aI kyl)2, with the proviso that R3, R4 and R5 cannot
all be H or R3 and R4 are conbined with the car bon atoms to which they are
attached to forma%f é ect efd fromthe g?nm |ng of benzene,
pyridine, pyrimdi am gy EE AR OEVS?%Wé?ﬁﬂ “ﬁ{arﬁ) g pi per azi ne,

nor phol i ne5 thionorpholine, a partially or fuIIy hydrated pyri m di ne and

comprising:
(a) reacting a starting compound of the formula II

R‘I

10 CO,R®

IT

15  with urea, in the presence of acid, to yield an intermediate of the formula [V

H,N
R! \( vV
NH
R |
S CO,R?
20
; and
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napht hal ene, which optionally may be substituted by a residue selected from
anong al kyl, cycloal kyl, aryl, heteroaryl, heterocycl oal kyl, hal ogen,

al koxy, awgl200i402ycl oal koxy, heteroaryl oxy, heterocycl @arkiszg09/043462,

-NRR , hal oal kyl, hal oal koxy and hydroxy; wherein R5 is selected fromH,

al kyl, cycl oal kyl, aryl, heteroaryl, heterocycloal kyl, hal ogen, al koxy,

aryl oxy, cycl oal koxy, heteroaryl oxy, heterocycl oal koxy, -NO2, -NRR,

hal oal kyl , hal oal koxy, -SH, -S-alkyl, -SO2- alkyl, -S®2NH2, -SO2NH al kyl
and - SO2N(al kyl)2; wherein R and R are each independently selected fromH
or alkyl; and wherein Ra is selected fromthe group consisting of H,

hal ogen, al kylb)andcyahzihg Gleantrd:diateThlethp fgowssNovitk [adiam, 19 yiskkethei n R1 and R2
are i ndepende sel.e H, al kyl, aryl, al koxy, hal ogen, hal oal kyl,
hal oal koxy anﬁgéléﬁgg%toﬁ%ggﬁqu’and R are each independently selected from
H or al kyl. O ai m whereifh®' qnd &% essndipeleailnselecer fdm Mhdkyéi n Ra i s an al kyl

sel ected from t@%/hn t.hyl ropyl , jsopr I aﬁt | . isobutyl, sec-butyl
or tert-butyl Ydarm® ?’:he)lleﬁ%a”ﬁrlbeg%gdsw%?&@l’ gélﬂﬁgef ]LFJOX%: al?/'\];%%ei nthe acid is
sel ect ed f§oncateikoky detctharilotyf, hetoogtatkogy,aNod, -NB®” dalaatkyt aci d, tol uene
sul fonic acid, hydrobrom ci%%qh dro BI iC Fg ul furic acid and
nitric acid. 5‘18%/1 8 ':S??hé'a]%?’lo' 52{18’11 g éﬁlﬁ 18(22?\]| ?lkﬁh%qﬂei nthe acid is
hydrochl ori ¢ -SO,N(alkyl);

wherein R and R’ are each independently selected from H or alkyl; and

wherein R is selected from the group consisting of H, halogen, alkyl,

10 and aryl.

Claim 2: A process for preparing a compound of formula X:

15  comprising:
(a) reacting a starting compound of the formula VIII

R

5

w

O

4

CO.R?

R
2 VIII

with urea, in the presence of acid, to yield an intermediate of the formula IX

38



acid. daim7 : The process of one of clainms 1 or 2, wherein the base is
sel ected fromthe group consisting of netal hydride bases, netal hydroxide
bases, naewalzowarbrnat es, netal al koxi de bases, and net alPCphussphat®ebases.
Claim8: The process of claim7, wherein the base is MeONa. Caim9 : The
process of claim 7, wherein the base is NaOH C aim 10: The process of
claim1, wherein the conpound of fornmula | is

6, 7- di hydro-thi eno[ 3, 2-rf] pyri m di ne-2, 4-di ol ;

6- met hyl - 6, 7- di hydro-t hi eno[ 3, 2-rf] pyri m di ne- 2, 4-di ol ;

6- et hyl - 6, 7-di hydr o-t hi eno[ 3, 2-d] pyri m di ne- 2, 4-di ol ;

6- phenyl - 6, 7- di hydr o-t hi enogl$, 2- T] pyri m di ne- 2, 4-di ol ;

6, 6- di net hyl - 6, 7- di hydr &3’ hi egep3, 2-d] pyri mi di ne- 2, 4-di ol ; or

7-met hyl - 6, 7-di hydr g-thijeno[ 3, 2-d] pyri m di ne-2, 4-di ol .G aim11l: The process
Bnd of fornmula X is

9H- i ndeno[ 2, | -d] pyri mgi ng-2,4-diol. Claim12: The process of claim1 or 2,
wherein the intermedi gte of the formula IV or fornula I X is isolated before
cyclizing it in stepR(b). Q&AM 13: The process of claim 12, wherein the

i solated internediate of the formula IV of f%%nula IXis also purified by a
met hod known (d) t hgchrihg el intefmelidhite dih@e PoratesSEX afth al akdnid Sielarther ei n t he

net hod known in th
f?nal product of the formula X,

wherein R’ and R* are independently selected from H, alkyl,

5 cycloalkyl, aryl, heteroaryl, heterocycloalkyl, halogen, alkoxy, aryloxy,
cycloalkoxy, heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’, haloalkyl,
haloalkoxy, -SH, -S-alkyl, -SO;-alkyl, -SO;NH,, -SO,NH-alkyl, and
-SO,N(alkyl),, with the proviso that R3, R* and R’ cannot all be H; or

R’ and R* are combined with the carbon atoms to which they are
10  attached to form a ring selected from the group consisting of benzene,
pyridine, pyrimidine, pyrazine, cyclohexane, piperidine, piperazine,
morpholine, thiomorpholine, a partially or fully hydrated pyrimidine and
naphthalene, which optionally may be substituted by a residue selected from
among alkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, halogen, alkoxy,
15  aryloxy, cycloalkoxy, heteroaryloxy, heterocycloalkoxy, -NO,, -NRR’,
haloalkyl, haloalkoxy and hydroxy;
wherein R is selected from H, alkyl, cycloalkyl, aryl, heteroaryl,
heterocycloalkyl, halogen, alkoxy, aryloxy, cycloalkoxy, heteroaryloxy,
heterocycloalkoxy, -NO,, -NRR’, haloalkyl, haloalkoxy, -SH, -S-alkyl, -SO-
20 alkyl, -SO,NH,, -SO,NH-alkyl, and -SO,N(alkyl),;
wherein R and R’ are each independently selected from H or alkyl; and
wherein R" is selected from the group consisting of H, halogen, alkyl

and aryl.

39



art is colum chromat ography, HPLC or recrystallization. C aim15: The
process of claim1 or 2, wherein the internmediate of the formula IV or
formul a IWoi2zsomiad12i7sol at ed before cyclizing it in step BYT/USR@9MI68 The
process of claim1 or 2, wherein the solvent of the step (a) is an al cohol
or a mxture of alcohols. Claim17: The process of claim 16, wherein the

al cohol or m xture of alcohols is nethanol, ethanol, isopropanol,

n- propanol , butanol or mxtures thereof. C aim 18: The process of claim 16,
wherein the reaction is carried out at a tenperature between 00C and refl ux
tenperature of the solvent. Claim19: The process of claim 16, wherein step
(a) requires betwe@hind35 Thoprocend ddinhburlsrdioR' aun]aet indepen@ingdy m 20: The

process of claimc ?r{)mzHa}M(;kg/%g%rgl_, Eﬁrﬂg)lx Oﬁlsg'éinh%faloﬁﬂ 1 Sﬁa?o‘?ip&g% and VAter, an

al cohol or a m xture of € procéss o arm 20, wherein
t he al cohol ofNRRXtvherindf aml R'ohotshislepatitralycklected ramdl or adllgdpr opanol

n- propanol, butanol or m xtures thereof. Caim22: The process of claim 20,
wherein the cyclization reaction (b) is carried out at a tenperature

bet ween 00€ and r eflalix 41 dihp@raatisrod chaim tlhe 2s@hsteintR® is an alkyl selected

from methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl or tert-butyl.

Claim 5: The process of claim 1 or 2, wherein the acid is selected from
acetic acid, trifluoroacetic acid, perchloric acid, toluene sulfonic acid,

10 hydrobromic acid, hydrochloric acid, sulfuric acid and nitric acid.

Claim 6: The process of claim 1 or 2, wherein the acid is hydrochloric

acid.

15 Claim 7: The process of one of claims 1 or 2, wherein the base is
selected from the group consisting of metal hydride bases, metal hydroxide

bases, metal carbonates, metal alkoxide bases, and metal phosphate bases.

Claim 8: The process of claim 7, wherein the base is MeONa.
20

Claim 9: The process of claim 7, wherein the base is NaOH.

Claim 10: The process of claim 1, wherein the compound of formula I
is 6,7-dihydro-thieno|3,2-d]pyrimidine-2,4-diol;

25 6-methyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2,4-diol;
6-ethyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2,4-diol;
6-phenyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2,4-diol;
6,6-dimethyl-6,7-dihydro-thieno[3,2-d]pyrimidine-2,4-diol; or
7-methyl-6,7-dihydro-thieno|3,2-d]pyrimidine-2,4-diol.

30

40



Claim 23: The process of claim20, wherein the cyclization reaction (b)
requi res between 0.5 hour and 24 hours for conpletion.
WO 2009/140127 PCT/US2009/043068

Claim 11: The process of claim 2, wherein the compound of formula

X is 9H-indeno[2,1-d]pyrimidine-2,4-diol.

Claim 12: The process of claim 1 or 2, wherein the intermediate of the

5  formula IV or formula IX is isolated before cyclizing it in step (b).

Claim 13: The process of claim 12, wherein the isolated intermediate

of the formula IV or formula IX is also purified by a method known in the art.

10 Claim 14: The process of claim 13, wherein the method known in the

art is column chromatography, HPL.C or recrystallization.

Claim 15: The process of claim 1 or 2, wherein the intermediate of the
formula IV or formula IX is not isolated before cyclizing it in step b).
15
Claim 16: The process of claim 1 or 2, wherein the solvent of the step

(a) is an alcohol or a mixture of alcohols.

Claim 17: The process of claim 16, wherein the alcohol or mixture of
20  alcohols is methanol, ethanol, isopropanol, n-propanol, butanol or mixtures

thereof.

Claim 18:; The process of claim 16, wherein the reaction is carried out
at a temperature between 0°C and reflux temperature of the solvent.
25
Claim 19: The process of claim 16, wherein step (a) requires between

0.5 hour and 24 hours for completion.

Claim 20: The process of claim 1 or 2, wherein the solvent of the step

30  (b)is water, an alcohol or a mixture of alcohols.
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Claim 21: The process of claim 20, wherein the alcohol or mixture of

alcohols is methanol, ethanol, isopropanol, n-propanol, butanol or mixtures

thereof.
5
Claim 22: The process of claim 20, wherein the cyclization reaction
(b) is carried out at a temperature between 0°C and reflux temperature of the
solvent.
10 Claim 23: The process of claim 20, wherein the cyclization reaction

(b) requires between 0.5 hour and 24 hours for completion.
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