
3 0 NOV 2006  PROCESS FOR PREPARING XANTHINE PHOSPHODIESTERASE V INHIBITORS
AND PRECURSORS THEREOF  BACKGROUND OF THE INVENTION CROSS-REFERENCE TO
RELATED PATENT APPLICATION 5 The present application claims priority under
35 USC section 119(e) to United  States Provisional application Serial No.
60/384,478, filed May 31, 2002, which is  incorporated by reference herein
as if fully set forth. 1. Field of the Invention 10 The invention relates to
a process for preparing polycyclic xanthine  phosphodiesterase V ("PDE V")
inhibitors. The invention further relates to  compounds useful for preparing
PDE V inhibitors. 2. Background 15 Processes for preparing PDE V inhibitor
compounds can be found in US  C 6,207,829, US 6,066,735, US 5,955,611, US
5,939,419, US 5,393,755, US  5,409,934, US 5,470,579, US 5,250,534, WO
02/24698, WO 99/24433, WO  93/23401, WO 92/05176, WO 92/05175, EP 740,668
and EP 702,555. One type of PDE V inhibitor compound contains a xanthine
functionality in its structure. 20 Xanthines can be prepared as described by
Peter K. Bridson and Xiaodong Wang in  1-Substituted Xanthines, Synthesis,
855 (July, 1995), which is incorporated herein by  reference in its
entirety. WO 02/24698, which is incorporated herein by reference in  its
entirety, teaches a class of xanthine PDE V inhibitor compounds useful for
the 3 0 NOV 2006  2 treatment of impotence. A general process disclosed
therein for preparing xanthine  PDE V inhibitor compounds having the formula
(I) follows: 



R\ 0 CH2Ph Ri\ 0 CH2R1  Nz N H  0) (v)N  (i1 N N N J  O O Y11 N \RN  H R
(III) (I)  5 (i) reacting a compound having the formula (III) with an alkyl
halide in the  presence of a base (introduction of R" or a protected form of
W); (ii) (a) debenzylating and then (b) alkylating the compound resulting
from  step (i) with an alkyl halide, XCH2R...; (iii) (a) deprotonating and
then (b) halogenating the compound resulting from  10 step (ii); (iv)
reacting the compound resulting from step (iii) with an amine having the
formula RNNH2; and (v) removing a protecting portion of R", if present, on
the compound resulting from step (iv) to form the compound having the
formula (I). ~-1  15 R', R, R1 and R1" correspond to R1, R2, R3 and R4,
respectively, in WO 02/24698, and are defined therein. WO 02/24698 (pages 44
and 68-73) also  teaches a synthesis for the following xanthine compound
(identified therein as  Compound 13 or Compound 114 of Table II):
1-ethyl-3,7-dihydro-8-[(1 R,2R)- (hydroxycyclopentyl)
amino]-3-(2-hydroxyethyl)-7-[(3-bromo-4 20
methoxyphenyl)methyl]-1H-purine-2,6-dione: 3 0 NOV 2006  3 



Br  O / O\  ' XN H  _NOH  O"~'N r"  OH  Compound 13. It would be beneficial
to provide an improved process for preparing polycyclic  C xanthine PDE V
inhibitor compounds. It would further be beneficial if the process 5
provided high yields without the need for chromatographic purification. It
would still  further be beneficial if the process provided compounds of high
thermodynamic  stability. It would be still further beneficial to provide
intermediate compounds that  can be used in the improved process. The
invention seeks to provide these and  other benefits, which will become
apparent as the description progresses. 10 SUMMARY OF THE INVENTION C One
aspect of the invention is a method for preparing a Compound 13,
comprising: (a) reacting glycine ethyl ester or a salt thereof with  R~ CHO
to form R~ NCH2CO2Et  15 wherein Et is CH3CH2-,  (b) reducing NCH2CO2Et
NHCH2002Et  R'-0\1-j/ to form a Compound 1: R' 



1 3 0 NOV 2006  4 (c) reacting cyanamide with an excess of
triethylorthoformate to form a  Compound 2: H  NC-N=C-OEt  2 (d) reacting
the Compound 2 with the Compound 1 to form a Compound 3:  p Ri DOZC~N  i>-H
L  N /  N 5 3  (e) reacting the Compound 3 with a base to form a Compound 4:
Ri xO ~  Eto H2N N  4  (f) reacting the Compound 4 with R2NHCO2R1 in the
presence of a metallic base  to form a Compound Salt 5K: Ri  P O R ~N N  



ON  10 5K wherein M' is a metal ion, (g) optionally, reacting the Compound
Salt 5K with an acid to form a Compound  5: 3 0 NOV 2006  5 RO RZN N P  I .)
O N N  H  5 (h) reacting the Compound Salt 5K or the Compound 5 with BrCH2!_
in the  presence of a phase transfer catalyst to form a Compound 6: RZ.N N
I I>  O~t7 N  L 6  5 wherein L is R3 or a protected form of R3 comprising R3
with a protective substituent  selected from the group consisting of
acetate, propionate, pivaloyl, -OC(O)R5,  -NC(O)R5 and -SC(O)R5 group,
wherein R5 is H or Ci_i2 alkyl; (i) dihalogenating the Compound 6 to form a
Compound 7:  C- Hal  R1 R `N N r"&  



O j i i-Hal  O~N N L-) .  7 10 reacting the Compound 7 with R4NH2, and
adding a base thereto, to form a  Compound 9: 3 0 NOV 2006  6 Hal Rl  R''N I
~ ,, _NH  O~N N R4 9 and (k) (i) when L is R3, the Compound 9 is a Compound
13, and (ii) when L is a protected form of R3, reacting the Compound 9 with
a base to form the Compound 13: Li  Hal R'  O b R2, H  N O1~-N N R4  R3J 



5 13  wherein, R1, R2 and R3 are each independently selected from the group
consisting of:  H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
ally[, -OR5, 10 -C(O)ORS, -C(O)R5, -C(O)N(RS)2, -NHC(O)R5 and -NHC(O)ORS,
wherein each  R5 is independently H or alkyl; provided that R2 and R3 are
not both -H; R' is an alkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl,
aryl or  heteroaryl group; 15 wherein R, R2, R3 and Ware optionally
substituted with one or more  moieties independently selected from the group
consisting of: alkyl, cycloalkyl, 3 0 NOV 2006  7 alkenyl, cycloalkenyl,
alkynyl, aryl, heteroaryl, heterocycloalkyl, halo, thio,  nitro, oximino,
acetate, propionate, pivaloyl, -OC(O)R5, -NC(O)R5 or  -SC(O)R5, -OR 50
-NR50R51, -C(O)OR50, -C(O)R5D, -SOo-2R51 -S02NR50R 51, -NR52S02R50,
=C(R50R51), =NOR50, =NCN, =C(halo)2, =S, =O,  5 -C(0)N(R50R51), -OC(O)R50,
-OC(O)N(R50R51), -N(R52)C(0)(R50),  -N(R52)C(O)OR50 and -N(R52)C(O)N(R50R51)
wherein each R5 is  independently H or alkyl and R50, R51 and R52 are each
independently  selected from the group consisting of: H, alkyl, cycloalkyl,
heterocycloalkyl,  heteroaryl and aryl, and when chemically feasible, R50
and R51 can be joined 10 together to form a carbocyclic or heterocyclic
ring;  Et is CH3CH2-; Hal is a halogen group; and L is a protected form of
R3 comprising R3 with a protective substituent  selected from the group
consisting of acetate, propionate, pivaloyl, -OC(O)R5,  



15 -NC(O)R5 and -SC(O)R5 group, wherein R5 is H or C1.12 alkyl. C A further
understanding of the invention will be had from the following detailed
description of the invention. DETAILED DESCRIPTION  20 Definitions and Usage
of Terms The following definitions and terms are used herein or are
otherwise known to  a skilled artisan. Except where stated otherwise, the
definitions apply throughout the  specification and claims. Chemical names,
common names and chemical structures  may be used interchangeably to
describe the same structure. These definitions 3 0 NOV 2006  8 apply
regardless of whether a term is used by itself or in combination with other
terms, unless otherwise indicated. Hence, the definition of "alkyl" applies
to "alkyl"  as well as the "alkyl" portions of "hydroxyalkyl," "haloalkyl,"
"alkoxy," etc. Unless otherwise known, stated or shown to be to the
contrary, the point of  5 attachment for a multiple term substituent (two or
more terms that are combined to  identify a single moiety) to a subject
structure is through the last named term of the  multiple term substituent.
For example, a cycloalkylalkyl substituent attaches to a  targeted structure
through the latter "alkyl" portion of the substituent (e.g., structure-
alkyl-cycloalkyl). 10 The identity of each variable appearing more than once
in a formula may be  independently selected from the definition for that
variable, unless otherwise  indicated. Unless stated, shown or otherwise
known to be the contrary, all atoms  illustrated in chemical formulas for
covalent compounds possess normal valencies.  15 Thus, hydrogen atoms,
double bonds, triple bonds and ring structures need not be expressly
depicted in a general chemical formula. 



Double bonds, where appropriate, may be represented by the presence of
parentheses around an atom in a chemical formula. For example, a carbonyl
functionality, -CO-, may also be represented in a chemical formula by -C(O)-
or 20 -C(=0)-. Similarly, a double bond between a sulfur atom and an oxygen
atom may  be represented in a chemical formula by -SO-, S(O)- or -S(=0)-.
One skilled in the  art will be able to determine the presence or absence of
double (and triple bonds) in  a covalently-bonded molecule. For instance, it
is readily recognized that a carboxyl  functionality may be represented by
-COOH, -C(O)OH, -C(=O)OH or -CO2H. 30NOV2006  9 The term "substituted," as
used herein, means the replacement of one or  more atoms or radicals,
usually hydrogen atoms, in a given structure with an atom or  radical
selected from a specified group. In the situations where more than one atom
or radical may be replaced with a substituent selected from the same
specified 5 group, the substituents may be, unless otherwise specified,
either the same or  different at every position. Radicals of specified
groups, such as alkyl, cycloalkyl,  heterocycloalkyl, aryl and heteroaryl
groups, independently of or together with one  another, may be substituents
on any of the specified groups, unless otherwise  indicated. 10 The term
"optionally substituted" means, alternatively, not substituted or
substituted with the specified groups, radicals or moieties. It should be
noted that  any atom with unsatisfied valences in the text, schemes,
examples and tables herein  is assumed to have the hydrogen atom(s) to
satisfy the valences. The term "chemically-feasible" is usually applied to a
ring structure present in  15 a compound and means that the ring structure
(e.g., the 4- to 7-membered ring, C optionally substituted by. . .) would be
expected to be stable by a skilled artisan.  The term "heteroatom," as used
herein, means a nitrogen, sulfur or oxygen  



atom. Multiple heteroatoms in the same group may be the same or different.
As used herein, the term "alkyl" means an aliphatic hydrocarbon group that
20 can be straight or branched and comprises 1 to about 24 carbon atoms in
the chain.  Preferred alkyl groups comprise 1 to about 15 carbon atoms in
the chain. More  preferred alkyl groups comprise I to about 6 carbon atoms
in the chain. "Branched"  means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are  attached to a linear alkyl chain. The alkyl
can be substituted by one or more 3 0 NOV 2006  10 substituents
independently selected from the group consisting of halo, aryl,  cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -
N(alkyl)2 (which alkyls can be the same or different), carboxy and
-C(O)O-alkyl.  Non-limiting examples of suitable alkyl groups include
methyl, ethyl, n-propyl, 5 isopropyl, n-butyl, t-butyl, n-pentyl, heptyl,
nonyl, decyl, fluoromethyl, trifluoromethyl  and cyclopropylmethyl.
"Alkenyl" means an aliphatic hydrocarbon group (straight or branched carbon
( i  chain) comprising one or more double bonds in the chain and which can
be conjugated or unconjugated. Useful alkenyl groups can comprise 2 to about
15  10 carbon atoms in the chain, preferably 2 to about 12 carbon atoms in
the chain, and  more preferably 2 to about 6 carbon atoms in the chain. The
alkenyl group can be  substituted by one or more substituents independently
selected from the group  consisting of halo, alkyl, aryl, cycloalkyl, cyano
and alkoxy. Non-limiting examples of  suitable alkenyl groups include
ethenyl, propenyl, n-butenyl, 3-methylbut-enyl and n- 15 pentenyl. Where an
alkyl or alkenyl chain joins two other variables and is therefore  bivalent,
the terms alkylene and alkenylene, respectively, are used. 



"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously
described. Useful alkoxy groups can comprise 1 to about 12 carbon atoms, 20
preferably 1 to about 6 carbon atoms. Non-limiting examples of suitable
alkoxy  groups include methoxy, ethoxy and isopropoxy. The alkyl group of
the alkoxy is  linked to an adjacent moiety through the ether oxygen. The
term "cycloalkyl" as used herein, means an unsubstituted or substituted,
saturated, stable, non-aromatic, chemically-feasible carbocyclic ring having
3 0 NOV 2006  11 preferably from three to fifteen carbon atoms, more
preferably, from three to eight  carbon atoms. The cycloalkyl carbon ring
radical is saturated and may be fused, for  example, benzofused, with one to
two cycloalkyl, aromatic, heterocyclic or  heteroaromatic rings. The
cycloalkyl may be attached at any endocyclic carbon 5 atom that results in a
stable structure. Preferred carbocyclic rings have from five to  six
carbons. Examples of cycloalkyl radicals include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, or the like. C The term "hydrocarbon,"
as used herein, means a compound, radical or chain  consisting of only
carbon and hydrogen atoms, including aliphatic, aromatic, normal,  10
saturated and unsaturated hydrocarbons. The term "alkenyl," as used herein,
means an unsubstituted or substituted,  unsaturated, straight or branched,
hydrocarbon chain having at least one double  bond present and, preferably,
from two to fifteen carbon atoms, more preferably,  from two to twelve
carbon atoms. 15 The term "cycloalkenyl," as used herein, means an
unsubstituted or  substituted, unsaturated carbocyclic ring having at least
one double bond present  and, preferably, from three to fifteen carbon
atoms, more preferably, from five to  eight carbon atoms. A cycloalkenyl
goup is an unsaturated carbocyclic group.  



Examples of cycloalkenyl groups include cyclopentenyl and cyclohexenyl. 20
"Alkynyl" means an aliphatic hydrocarbon group comprising at least one
carbon-carbon triple bond and which may be straight or branched and
comprising  about 2 to about 15 carbon atoms in the chain. Preferred alkynyl
groups have about  2 to about 10 carbon atoms in the chain; and more
preferably about 2 to about 6  carbon atoms in the chain. Branched means
that one or more lower alkyl groups .... .......... 3 0 NOV 2006  12 such as
methyl, ethyl or propyl, are attached to a linear alkynyl chain.
Non-limiting  examples of suitable alkynyl groups include ethynyl, propynyl,
2-butynyl,  3-methylbutynyl, n-pentynyl, and decynyl. The alkynyl group may
be substituted by  one or more substituents which may be the same or
different, each substituent being 5 independently selected from the group
consisting of alkyl, aryl and cycloalkyl.  The term "aryl," as used herein,
means a substituted or unsubstituted,  aromatic, mono- or bicyclic,
chemically-feasible carbocyclic ring system having from  one to two aromatic
rings. The aryl moiety will generally have from 6 to 14 carbon  atoms with
all available substitutable carbon atoms of the aryl moiety being intended
10 as possible points of attachment. Representative examples include phenyl,
tolyl,  xylyl, cumenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl, or
the like. If desired,  the carbocyclic moiety can be substituted with from
one to five, preferably, one to  three, moieties, such as mono- through
pentahalo, alkyl, trifluoromethyl, phenyl,  hydroxy, alkoxy, phenoxy, amino,
monoalkylamino, dialkylamino, or the like. 15 "Heteroaryl" means a
monocyclic or multicyclic aromatic ring system of about  5 to about 14 ring
atoms, preferably about 5 to about 10 ring atoms, in which one or  more of
the atoms in the ring system is/are atoms other than carbon, for example
nitrogen, oxygen or sulfur. Mono- and polycyclic (e.g., bicyclic) heteroaryl
groups  



can be unsubstituted or substituted with a plurality of substituents,
preferably, one to 20 five substituents, more preferably, one, two or three
substituents (e.g., mono- through pentahalo, alkyl, trifluoromethyl, phenyl,
hydroxy, alkoxy, phenoxy, amino,  monoalkylamino, dialkylamino, or the
like). Typically, a heteroaryl group represents  a chemically-feasible
cyclic group of five or six atoms, or a chemically-feasible  bicyclic group
of nine or ten atoms, at least one of which is carbon, and having at 3 0 NOV
2006  13 least one oxygen, sulfur or nitrogen atom interrupting a
carbocyclic ring having a  sufficient number of pi (n) electrons to provide
aromatic character. Representative  heteroaryl (heteroaromatic) groups are
pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl,  furanyl, benzofuranyl,
thienyl, benzothienyl, thiazolyl, thiadiazolyl, imidazolyl, 5 pyrazolyl,
triazolyl, isothiazolyl, benzothiazolyl, benzoxazolyl, oxazolyl, pyrrolyl,
isoxazolyl, 1,3,5-triazinyl and indolyl groups. The term "heterocycloalkyl,"
as used herein, means an unsubstituted or  substituted, saturated,
chemically-feasible cyclic ring system having from three to  fifteen
members, preferably, from three to eight members, and comprising carbon  10
atoms and at least one heteroatom as part of the ring. The term
"heterocyclic ring" or "heterocycle," as used herein, means an
unsubstituted or substituted, saturated, unsaturated or aromatic,
chemically-feasible  ring, comprised of carbon atoms and one or more
heteroatoms in the ring.  Heterocyclic rings may be monocyclic or
polycyclic. Monocyclic rings preferably 15 contain from three to eight atoms
in the ring structure, more preferably, five to seven  C atoms. Polycyclic
ring systems consisting of two rings preferably contain from six to  sixteen
atoms, most preferably, ten to twelve atoms. Polycyclic ring systems
consisting of three rings contain preferably from thirteen to seventeen
atoms, more  preferably, fourteen or fifteen atoms. Each heterocyclic ring
has at least one 



20 heteroatom. Unless otherwise stated, the heteroatoms may each be
independently  selected from the group consisting of nitrogen, sulfur and
oxygen atoms. The term "carbocyclic ring" or "carbocycle," as used herein,
means an  unsubstituted or substituted, saturated, unsaturated or aromatic
(e.g., aryl),  chemically-feasible hydrocarbon ring, unless otherwise
specifically identified. 30NOV2006  14 Carbocycles may be monocyclic or
polycyclic. Monocyclic rings, preferably, contain  from three to eight
atoms, more preferably, five to seven atoms. Polycyclic rings  having two
rings, preferably, contain from six to sixteen atoms, more preferably, ten
to twelve atoms, and those having three rings, preferably, contain from
thirteen to 5 seventeen atoms, more preferably, fourteen or fifteen atoms.
The term "hydroxyalkyl," as used herein, means a substituted hydrocarbon
chain preferably an alkyl group, having at least one hydroxy substituent
(-alkyl-OH).  Additional substituents to the alkyl group may also be
present. Representative  hydroxyalkyl groups include hydroxymethyl,
hydroxyethyl and hydroxypropyl groups. 10 The terms "Hal," "halo," "halogen"
and "halide," as used herein, mean a  chloro, bromo, fluoro or iodo atom
radical. Chlorides, bromides and fluorides are  preferred halides. The term
"thio," as used herein, means an organic acid radical in which  divalent
sulfur has replaced some or all of the oxygen atoms of the carboxyl group.
15 Examples include -R53C(O)SH, -R53C(S)OH and -R53C(S)SH, wherein R53 is a
hydrocarbon radical. The term "nitro," as used herein, means the -N(O)2
radical.  The term "allyl," as used herein, means the -C3H5 radical. The
term "phase transfer catalyst," as used herein, means a material that 20
catalyzes a reaction between a moiety that is soluble in a first phase,
e.g., an alcohol  



phase, and another moiety that is soluble in a second phase, e.g., an
aqueous  phase. The following abbreviations are used in this application:
EtOH is ethanol; Me  is methyl; Et is ethyl; Bu is butyl; n-Bu is
normal-butyl, t-Bu is tent-butyl, OAc is 3 0 NOV 2006  15 acetate; KOt-Bu is
potassium tert-butoxide; NBS is N-bromo succinimide; NMP is 1-
methyl-2-pyrrolidinone; DMA is N,N-dimethylacetamide; n- Bu4NBr is
tetrabutylammonium bromide; n-Bu4NOH is tetrabutylammonium hydroxide, n-
Bu4NH2SO4 is tetrabutylammonium hydrogen sulfate, and equiv. is equivalents.
5 In certain of the chemical structures depicted herein, certain compounds
are  racemic, i.e., a mixture of dextro- and levorotatory optically active
isomers in equal  amounts, the resulting mixture having no rotary power. C
General Synthesis 10 One aspect of the invention comprises a general
synthesis of xanthines based  on a one-pot, five-step sequence from
cyanamide and N-aryl glycine ester.  Compound I can be prepared from glycine
ethyl ester or a salt thereof (e.g.,  hydrochloric or sulfuric acid salt)
and an aromatic aldehyde. As shown in Scheme I below, Compound I is prepared
from glycine ethyl ester hydrochloride and an 15 aromatic aldehyde. Compound
2 is prepared by reacting cyanamide with an excess  C of
triethylorthoformate. Compound 3 is prepared by reacting Compound 2 with
Compound 1. Compound 3 is converted into Compound 4 by reacting it with a
base  (e.g., potassium tert-butoxide). Compound 4 is reacted with a
N-R2-substituted  carbamate (e.g., urethane) in the presence of a base to
obtain Compound Salt 5K. 20 Based on the N-R2-substituent of the carbamate
used, a desired N-1-R2-substituted  xanthine Compound Salt 5K is obtained.
Compound Salt 5K is then N-3-L- 



substituted with an L-halide using a phase transfer catalyst to provide a
tri- substituted (R', R2 and L) xanthine Compound 6. Alternatively, Compound
Salt 5K can be neutralized to Compound 5, which can then be selectively
N-L-substituted to 3 0 NOV 2006 - 16 provide Compound 6. A selective
dihalogenation of Compound 6 leads to a dihalo  Compound 7, which is then
coupled with an R4-substituted amine, followed by an  addition of a base
(e.g., sodium bicarbonate), to provide a tetrasubstituted (R1, R2,  R3 and
R4) xanthine Compound 13 when L is the same as R3. If L is a protected 5
form of R3, intermediate Compound 9 is deprotected with a base (e.g.,
tetrabutylammonium hydroxide) to provide the tetra substituted (R1, R2, R3
and R4)  xanthine Compound 13. Scheme I depicts this process: 3 0 NOV 2006
17 Scheme I: General Synthesis of Xanthines NHCH2CO2Et  Rl CHO + H2NCH2CO2Et
R HC 1 pR1  H2N -N + CH(OEt)3 [Nc_N=c_oa 1 E~z~>"""H base  H N  2 rim 3 Rl I
/ R1  R O  pO N R2NHCO2R1 R2\ O acid RAN N  



i) base JN > O~N I N H2 N O - N H  4 tv~ 5  5K L or Ecc~ l 4r JL Hal  C Rl
Rl  O /I O R2 N / d~alogenation R R4NH2 8  ~N N CY 1 N Hal base  LJ g 7 Hal
Hal  R1 R1  O ~I O ~I R 1 NN H optional base R k N H  O, N Ra rN N`Ra  LI) 9
R3 I 13 3 0 NOV 2006  18 wherein,  R1, R2 and R3 are each independently
selected from the group consisting of.,  H, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, allyl, -OR5, 5 -C(O)ORS, -C(O)R5, -C(O)N(R5)2,
-NHC(O)R5 and -NHC(O)OR5, wherein each  R5 is independently H or alkyl; 



provided that R2 and R3 are not both -H; R4 is an alkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, aryl or  heteroaryl group; 10 wherein R1,
R2, R3 and R4 are optionally substituted with moieties  independently
selected from the group consisting of., alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, halo, thio,
nitro,  oximino, acetate, propionate, pivaloyl, -OC(O)R5, -NC(O)R5 or
-SC(0)R5, -OR5D, -NR50R51 -C(O)OR50, -C(O)R50, -SOo-2R5D, 15 -S02NR50R5',
-NR52SO2R50, =C(R50R51), =NOR50, =NCN, =C(halo)2, =S, =0,  -C(O)N(R50R51),
-OC(O)R5D, -OC(O)N(R50R51), -N(R52)C(0)(R50)  -N(R52)C(O)OR5 and
-N(R52)C(O)N(R50R51), wherein each R5 is  independently H or alkyl and R50,
R51 and R52 are each independently  selected from the group consisting of:
H, alkyl, cycloalkyl, heterocycloalkyl,  20 heteroaryl and aryl; Hal is a
halogen group; L is R3 or a protected form of R3 comprising R3 with a
protective substituent  selected from the group consisting of acetate,
propionate, pivaloyl, -OC(O)R5,  -NC(0)R5 and -SC(O)R5 group, wherein R5 is
H or alkyl; and ....... .. ...... .  3 0 NOV 2006  19 M+ is a metal ion.
While some compounds are shown in Scheme I as non-isolated  intermediates,
it is understood that they can be isolated using routine chemistry
techniques. 5 Preferred embodiments of the invention utilize compounds with
the following  R', R2, R3 and R4 radicals: 



R1 is preferably alkyl, aryl, heteroaryl, -OR5, -C(O)OR5, -C(O)R5 or C
-C(O)N(R5)2, wherein R5 is H or alkyl. Each R1 group is optionally
substituted as  defined above. More preferably, R1 is -OR5, wherein R5 is H
or alkyl. Even more  10 preferably, R1 is alkoxy, such as methoxy. R2 is
preferably C1.12 alkyl, Cab cycloalkyl, aryl or heteroaryl. Each R2 group is
optionally substituted as defined above. More preferably, R2 is C1-6 alkyl,
optionally  substituted as defined above. Even more preferably, R2 is ethyl.
R3 is preferably Cl-12 alkyl, C3.8 cycloalkyl, aryl, heteroaryl, allyl,
-NHC(O)R5 or  15 -NHC(O)OR5, wherein R5 is H or C1.12 alkyl. Each R3 group
is optionally substituted  C as defined above. More preferably, R3 is C1.5
alkyl, optionally substituted with one of the groups defined above. Even
more preferably, R3 is C1-6 alkyl, substituted with  -OR50, wherein R50 is
H, such as hydroxymethyl. R4 is preferably CI-12 alkyl, C3-8 cycloalkyl,
C5-8 cycloalkenyl, heterocycloalkyl,  20 aryl or heteroaryl. Each R4 group
is optionally substituted as defined above. More  preferably, R4 is C3.8
cycloalkyl, optionally substituted as defined above. Even more  preferably,
R4 is C7 cycloalkyl, substituted with -OR50, wherein R5D is defined as
above. For example, R4 can be 2-hydroxy cyclopentyl. 30NOV2006  20 In some
embodiments of the invention, L is the same as R3. In other  embodiments of
the invention, Lisa protected form of R3, in which case the  protective
substituent on R3 is preferably an acetate, propionate, pivaloyl, -OC(O)R5,
-NC(O)R5 or -SC(O)R5 group, wherein R5 is H or Ci_12 alkyl. 5 Hal is
preferably chlorine, bromine and fluorine. More preferably, Hal is  chlorine
or bromine. Even more preferably, Hal is bromine. M' is, preferably, an
alkali metal or alkaline earth metal ion. More preferably, M' is a potassium
or sodium ion. L/  



Compound 1 can be prepared by reacting about equimolar amounts of p 10
anisaldehyde and glycine ethyl ester hydrochloride (or its free form) in the
presence  of a base (e.g., potassium carbonate, sodium carbonate, sodium
bicarbonate,  potassium butoxide, or the like) and in an alcoholic solvent
(e.g., ethanol,  isopropanol, or the like). Preferably, up to about 2 moles
(e.g., about 1.3 - 1.5  moles) of glycine ethyl ester hydrochloride and up
to about 2 moles (e.g., about 1 15 mole) of inorganic salt can each be used
per mole of p-anisaldehyde. The reaction  proceeds through an intermediate
imine (not shown), which is reduced with a U  reducing agent (e.g., NaBH4,
catalytic hydrogenation, H2/Pd/C, or the like), preferably, a borohydride
reducing agent. The reaction can be run at room  temperature. Preferably,
the reaction is run at about 20-45C, more preferably, 20 about 30-40C. At
the end of the reaction, Compound 1 is isolated in a solution form  in an
organic solvent (e.g., toluene), and used as such for the next step.
Compound 2 is N-cyanomethanimidic acid ethyl ester, and is prepared by
reacting cyanamide with an excess of triethylorthoformate. Preferably, from
about  1.2 to about 1.5 moles of triethylorthoformate (e.g., 1.33 moles) are
reacted with 3 0 NOV 2006  21 about 1 mole of cyanamide. Preferably, the
reaction mixture is gradually heated up  to about 85-95 C for about 2 hours.
Compound 2 is not isolated, and is used in-situ  for the next step. The
structure of Compound 3 is novel. An equimolar reaction mixture of  5
Compound 2 (obtained in-situ above) is added to a solution of Compound I in
an  anhydrous, ethereal organic solvent (e.g., tetrahydrofuran ('THF"),
diethyl ether,  monoethyl ether, monoglyme, diglyme, ethylene glycol, or the
like), and heated to  about 65-70 C for about 1 hour. About 1.1 to about 1.3
moles (e.g., 1.2 moles) of  Compound 2 is used per mole of Compound 1. At
the end of the reaction, the 



10 product is not isolated, and is used in-situ for the next step. The
structure of Compound 4 is novel. Compound 4 is prepared by reacting
Compound 3 (obtained in-situ above) with a base (e.g., potassium
tent-butoxide,  potassium pentoxide, potassium tert-amylate, sodium
ethoxide, sodium tert-butoxide,  or the like) in an alcoholic solvent (e.g.,
anhydrous EtOH). A catalytic amount of 15 base is preferably used,
generally, about 5-20 mol% per mol of Compound 3 in the  alcoholic solvent.
More preferably, about 15 mol% of base is used. Preferably, the  reaction
mixture is heated to about 75-85 C for about 1 hour. At the end of reaction,
the product is not isolated, and is used in-situ for the next step. The
structure of Compound Salt 5K is novel. Compound 4 can be converted  20 to
Compound Salt 5K by reacting it in-situ with from about 1 to about 3 moles
(e.g.,  1.5 moles) of a N-R2-substituted carbamate, R2NHCO2R' (e.g., the
urethane  EtNHC02Et), and from about 1 to about 3 moles (e.g., 2.1 moles) of
a base (e.g.,  potassium tent-butoxide, potassium pentoxide, potassium
tert-amylate, sodium  ethoxide, sodium tert-butoxide, or the like), in an
ethereal organic solvent (e.g., THF, 3 0 NOV 2006  22 diethyl ether,
monoethyl ether, monoglyme, diglyme, ethylene glycol, or the like) or a
sulfolane, at 80-130 C (preferably 115-125 C), wherein R' and R2 are each
independently defined as above. The base provides a metal ion (M+) to
Compound  Salt 5K. Potassium tent-butoxide provides a potassium ion (K),
while sodium tert 5 butoxide provides a sodium ion (Na) to Compound Salt 5K.
The inventive  methodology provides an efficient synthesis for directly
converting (in one step)  Compound 4 to Compound Salt 5K in solution without
the use of any toxic chemicals  or harsh thermal conditions. The potassium
Compound Salt 5K is isolated by filtration, but not dried. 10 Compound Salt
5K is selectively N-3 alkylated in-situ to Compound 6 with BrCH2-L  



(e.g., 2-bromoethyl acetate in an anhydrous, organic solvent (e.g., THF,
methyl tert- butyl ether, or the like) in the presence of a phase transfer
catalyst (e.g.,  tetrabutylammonium bromide, tetrabutylammonium hydrogen
sulfate, or the like),  wherein L is defined as above. The reaction takes
place rapidly (e.g., about 1 hour 15 at about 65-70 C), and no base is
required. This is in contrast to known N-alkylation  reactions, many of
which use dimethylfomiamide ("DMF") and potassium carbonate  or an organic
base (e.g., triethylamine, diisopropylethylamine, etc.) to achieve the N-
alkylation, and which generally take from several hours to days to complete.
Alternatively, the potassium Compound Salt 5K can be neutralized with an  20
acid (e.g., aqueous acetic acid, dilute hydrochloric acid, dilute sulfuric
acid, or the  like) to provide Compound 5. Under this alternative process,
Compound 5 can be  selectively N-3 alkylated by treatment with an inorganic
base (e.g., potassium  carbonate, sodium carbonate, sodium bicarbonate,
potassium butoxide, or the like)  in a polar solvent (e.g., acetonitrile and
its higher homologs, DMF, N,N 3 0 NOV 2006  23 dimethylacetamide ("DMA"),
1-methyl-2-pyrrolidinone ("NMP"), or the like) in the  presence of a phase
transfer catalyst (e.g., tetrabutylammonium bromide,  tetrabutylammonium
hydrogen sulfate, or the like) and an alkylating agent (e.g.,  BrCH2-L,
where L is defined as above) to provide Compound 6. 5 The structure of
Compound 6 is novel. The conversion from Compound 1 to  Compound 6 is a
5-step process that can be carried out in one pot or container. The  overall
yield for Compound 6 is generally about 45-55%. The structure of Compound 7
is novel. Compound 6 is regioselectively  dihalogenated (e.g., dibrominated
or dichlorinated) to Compound 7 under mild  10 conditions with about 2-3
moles (preferably, about 2.7 - 2.8 moles) of a dihalogenating agent (e.g., a
dibrominating agent, such as N-bromo succinimide  



("NBS"), dibromo-1,3-dimethyl hydantoin or N-bromo acetamide). The use of a
strong acid (e.g., triflic or sulfuric acid) as a catalyst in an amount of
about 1-10  mol%, preferably, about 3 mol%, allows the reaction to proceed
at room 15 temperature. Alternatively, tetrabutylammonium hydrogensulfate
can be used as the  C catalyst, but it would require an application of heat
(e.g., about 80 C) to drive the  reaction to completion. It is preferred
that the reaction is run in a dry polar solvent,  such as acetonitrile, DMF,
NMP, DMA, or a mixture thereof. Under these conditions,  the amounts of
mono- and tri-bromo side products are minimized. 20 Compound 7 is coupled
with Compound 8 (an R4NH2 amine) to form  Compound 13 via Compound 9, a
novel intermediate. Typical coupling reaction  conditions for this step
generally require the use of a polar, aprotic solvent (e.g.,  NMP, DMA, or
the like), an inorganic base (e.g., potassium carbonate, sodium  carbonate,
sodium bicarbonate, or the like), and an excess of Compound 8, 3 0 NOV 2006
24 preferably, up to about 3 moles of Compound 8 per mole of Compound 7. A
preferred mild, inorganic base is sodium bicarbonate. The application of
heat will  drive the reaction to completion faster. For example, at about
130-140 C, the  reaction time can be shortened in half, from about 24 hours
to about 12 hours. 5 L is R3 or a protected form of R3 (Le., where a moiety
is attached to R3 for  protecting it from reacting with other ingredients).
When L is the same as R3,  Compound 9 is the same as Compound 13, so the
addition of an inorganic base to  the intermediate Compound 9 (step (k) (ii)
of the summary of the invention) is not  necessary. On the other hand, when
L is a protected form of R3, deprotection can 10 be accomplished in the same
pot, without isolating Compound 9, by using a catalytic  amount of an
inorganic base (e.g., potassium carbonate, tetrabutylammonium  hydroxide, or
the like). Protected forms of R3 include R3 moieties substituted with  



protective groups such as acetate, propionate, pivaloyl, -OC(O)R5, -NC(O)R5
or  -SC(O)R5 groups, wherein R5 is H or Cl-12 alkyl. When the protecting
substituent is 15 an acetate group, deprotection is preferably carried out
with tetrabutylammonium  hydroxide because it results in a faster and
cleaner reaction, and product isolation is  facile. In another embodiment of
the invention, a pivaloyl protecting group can be  used in place of the
acetate protecting group, and the application of similar  chemistry will
lead from Compound 5K (or Compound 5) to Compound 13. The 20 deprotection
and work-up conditions are adjusted so as to minimize formation of  isomeric
impurities. For instance, care should be taken to monitor the basicity of
the  reaction during deprotection because when the deprotection steps are
carried out  under very strong basic conditions, diastereomers may form. 3 0
NOV 2006  25 Specific Synthesis The general synthesis of Scheme I can be
applied to prepare specific  xanthines. For example, if R1 is -OCH3, R2 is
-CH2CH3, L is -CH2CO2CH3, R3 is  5 -CH2OH, and R4 is ,,ox then the product
obtained from Scheme I  (Compound 13) can be called
1-ethyl-3,7-dihydro-8-[(1 R,2R)- (hydroxycyclopentyl)a mino]-3-(2-hyd
roxyethyl)-7-[(3-bromo-4- methoxyphenyl)methyl]-1H-purine-2,6-dione
(Compound 13A), a PDE V inhibitor 10 useful for the treatment of erectile
dysfunction. An illustration of this synthesis is  shown in the following
Scheme II, which allows for an efficient, commercial scale  preparation of
Compound 13A, without the need for chromatographic purification of
intermediates: C 



3 0 NOV 2006  26 Scheme II: Synthesis of Specific Xanthine Compound 13A
NHCH,CO,Et  Me0 F\ CHO + H2NCH2C02Et K2CO3, EtOH Me0 / \ HCI NaBH4, H2O IA
-oMe  \I H N=N+ 85-95 C 1A Et02C-, KOt-Bu 2 CH(OEt)3 NC-N=C-OEt / H p  H N
0.15 equiv 2 N~ 3A  OMe OMe i  0 \ I 0  O - IN  /ANN CH3COpH(glacial~rN 11 i
0 N  Et( N> Diglyme, KOt-Bu (2.0 equiv2 ,C N N N  H2N N EtNHC02Et O O O H l'
' SA  4A 4` SAK 1g0  4 ~l 



OR  f5oA C,01  ry- /oAc  e M Br Jf Br  OMe NH2_HC1 }  0 0 &OMe ,OH  8A  /-N
N NBS (2.7 equiv), McCN N  ON N 3mo1%H2SO4 N~ Br  > O N NaECO3, DMA  H 6A J
7A OAc OAc  Br Br  r&oMe  xO #ome 0 \  fN 5 mol% n-Bu4NOH '~-N O-N N ,.OH
ON N ,,OH MeOH OAc OH  9A 13A 3 0 NOV 2006  



27 The experimental conditions disclosed herein are preferred conditions,
and  one of ordinary skill in the art can modify them as necessary to
achieve the same  products. 5 Examples  Compound IA:
glycine-N-f(4-methoxyphenyl)methyll ethyl ester To a mixture of glycine
ethyl ester hydrochloride (about 1.4 equiv) and  potassium carbonate (about
1.0 equiv) was added anhydrous ethanol. The mixture  was stirred at about
40-45 C for about 3 hours. Then, p-anisaldehyde (about 1.0 10 equiv.) was
added; and the reaction mixture was stirred for a minimum of about 3  hours
to provide an imine (not shown). Upon reaction completion (about <5.0 % p-
anisaldehyde remaining by GC analysis), the reaction mixture was cooled to
about 0- 10 C. Then, an aqueous solution of sodium borohydride (about 0.50
equiv) was  added to the reaction mixture at a temperature of between about
0 C and about 20 15 C, and stirred for about 1 hour to provide Compound 1A.
Upon completion of the  reduction reaction, the reaction mixture was
quenched with the slow addition of an  aqueous solution of aqueous glacial
acetic acid. After quenching, the reaction  mixture was warmed to room
temperature and filtered to remove solids. The filtrate  was then
concentrated under vacuum, followed by the addition of toluene and water 20
to facilitate layer separation. Aqueous potassium carbonate solution was
added to  adjust the pH of the mixture to about 8-9. The organic layer was
separated and the  aqueous layer was extracted with toluene. The combined
toluene extracts were  concentrated to provide the product in about a 80-85%
yield (based on GC and  HPLC in solution assay). 3 O NOV 2006  28 1H NMR 400
MHz (CDCI3): 3 7.23 (d, J = 8.5 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H),  



4.17 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.73 (s, 2H), 3.38 (s, 2H), 1.88 (s,
br, 1 H), 1.26  (t, J = 7.1 Hz, 3H); 13C NMR 100 MHz (CDCI3): 6 172.8,
159.2, 132.0, 129.9, 114.2,  61.1, 55.6, 53.1, 50.4, 14.6. 5 Compound 2:
N-cyanomethanimidic acid ethyl ester To cyanamide (about 1.2 mole) was added
triethylorthoformate (about 1.33 L/%  mole), and the reaction mixture was
heated to about 85-95 C for approximately 2 hours to form Compound 2.
Estimated in-solution yield was about 95-100%. The  10 product was
optionally purified by vacuum distillation. 'H NMR 400 MHz (CDCI3): 3 8.38
(s, 1 H), 4.28 (t, J = 6.7 Hz, 2H), 1.29 (t, J =  6.8 Hz, 3H); 13C NMR 100
MHz (CDCI3): S 171.5, 113.4, 65.5, 13.1. Compound 3A: cis- and trans-glycine
N4(cyanoimino)methyi1-N-f(4- 15 methoxvphenyl)methyll ethyl ester A solution
of Compound 1A (about 1.0 mole) in toluene was concentrated ( )  under
vacuum to distill off toluene. Anhydrous tetrahydrofuran (" THE") was added
to the concentrate, then Compound 2 (about 1.2 moles, obtained above) was
added to  20 that, and the solution was heated at reflux for about 1 hour.
At this stage, the  formation of Compound 3A was complete. Estimated
in-solution yield was about  95% (about 2:1 mixture of cis and trans
isomers). 3 0 NOV 2006  29 Compound 4A: 1 H-imidazole-5-carboxylic acid,
4-amino-1-f(4- methoxvphenvl)methyll ethyl ester Compound 3A (obtained
above) was concentrated by distilling off THF. Then,  5 anhydrous ethanol
was added to afford a reaction mixture solution. Separately,  potassium
t-butoxide (about 0.15 mole) was dissolved in anhydrous ethanol to afford  



a solution. The potassium t-butoxide solution was added to the reaction
mixture  solution and heated to about 75-85 C for about 1 hour. The overall
in-solution yield  of Compound 4A was about 85-90%. 10 'H NMR 400 MHz
(CDCI3): 8 7.16 (s, 1 H), 7.08 (d, J = 8.6 Hz, 2H), 6.82 (d, J  =8.7 Hz,
2H), 5.23 (s, 2H), 4.93 (s, br, 2H), 4.23 (q, J = 7.1, 2H), 3.76 (s, 3H),
1.26 (t,  J = 7.1 Hz, 3H); 13C NMR 400 MHz (CDCI3):
6160.9,159.2,139.0,128.6,128.5,  114.0, 101.8, 59.5, 55.2, 50.1, 14.4. 15
Compound 5AK: 1-ethyl-3,7-dihvdro-7-f(4-methoxvphenvl)methyll-1
H-Purine-2.6- dione potassium salt The reaction mixture containing Compound
4A in ethanol (obtained above)  was added to diglyme and distilled under
vacuum to remove the ethanol. After being  20 cooled to room temperature,
N-ethylurethane (about 1.2 equiv.) was added and the reaction mixture was
heated to about 110-120 C. A solution of potassium t-butoxide  (2.2 equiv.)
in diglyme was added to the hot solution. The reaction mixture was  cooled
to room temperature. THE was added to precipitate additional product, which
was filtered and washed to provide Compound Salt 5AK in 55-65% overall
yield. 25 The wet cake can be used as such for conversion to Compound 6A. 'H
NMR (DMSO-d6, 400 MHz): 8 7.73 (s, 1H) 7.31 (d, J = 8.6 Hz, 2H) 6.86 (d,  J
= 8.6 Hz, 2H) 5.24 (s, 1H) 3.88 (q, J = 6.8 Hz,2H)3.71 (s, 3H) 1.07
(t,J=6.8Hz, 3 0 NOV 2006  30 3H); 13 C NMR (DMSO-d5, 100 MHz): 8 161.1,
159.0, 158.4, 157.2, 141.4, 131.0,  129.5, 114.1, 105.6, 55.4, 48.2, 34.4,
14.3. Optional Neutralization of Compound Salt 5AK to Compound 5A: 5
Compound 5A: 1-ethyl-3,7-dihvdro-7-f(4-methoxvphenvl)methyll-1 H-Purine-2,6-
dione The wet cake filtered solid of Compound Salt 5AK (obtained above) was



suspended in water and then acidified to a pH of about 5 using glacial
acetic acid.  The resulting slurry was filtered to obtain the neutralized
product, which was then 10 washed with water and dried. The overall isolated
yield of neutralized Compound 5A  from Compound 1A was about 45-55%.
Spectroscopic data for neutralized  Compound 5A was identical to that of
Compound Salt 5AK. Compound 6A:
3-f2-(acetyloxy)ethyl]-1-ethyl-3,7-dihvdro-7-f(4- 15
methoxyphenvl)methyll-1H-purine-2,6-dione To the wet cake filtered solid of
Compound Salt 5AK (obtained above) were ~.i  added tetrabutylammonium
bromide (about 0.05 mole) and 2-bromoethyl acetate (about 1.2 moles) in THE
After being heated to reflux for about 2 hours, part of the  20 THE was
distilled off, and isopropyl alcohol was added to the reaction mixture. The
reaction mixture was then concentrated under reduced pressure and cooled to
around room temperature. Water was added to precipitate the product. After
being  cooled to about 0-5 C for about a few hours, the product was isolated
by filtration.  The wet cake was washed with aqueous isopropyl alcohol
(about 30% in water), and 25 dried under vacuum to afford Compound 6A as a
pale yellow solid in about a 45 3 0 NOV 2006  31 55% overall yield (based on
Compound IA). The crude product may be purified  further by decolorizing
with Darco in methanol, followed by filtration and  concentration to afford
crystalline Compound 6A. 'H NMR (CDCI3, 400 MHz): 8 7.54 (s, 1H) 7.32 (d, J
= 8.6 Hz, 2H) 6.90 (d, J =  5 8.6 Hz, 2H) 5.43 (s, 2H) 4.41 (m, 2H) 4.38 (m,
2H) 4.10 (q, J = 7.2 Hz, 2H) 3.79 (s,  3H) 1.96 (s, 3H) 1.25 (t, J = 7.2 Hz,
3H); 13C NMR (CDCI3 , 100 MHz): 8 171.1,  160.2, 155.3, 151.4, 148.9, 140.9,
130.1, 127.7, 114.8, 107.5, 61.7, 55.6, 50.2, 42.4,  36.9, 21.2, 13.6. 



10 After Optional Neutralization of Compound Salt 5AK to Compound 5A:
Compound 6A: 3-f2-(acetyloxy)ethyll-1-ethyl-3,7-dihydro-7-((4-
methoxyphenyl)methyll-1 H-purine-2,6-dione Acetonitrile was added to a
mixture of Compound 5A (about 1.0 mole),  15 anhydrous potassium carbonate
(about 1.5 moles) and tetrabutylammonium  hydrogen sulfate (about 0.05
mole). 2-bromoethyl acetate (about 1.5 moles) was C added in three separate
portions (0.72 mole in the beginning, another 0.45 mole  after about 2 hours
of reaction, and then the remaining 0.33 mole after about another  1 hour of
reaction) during the course of the reaction at about 80-85 C. The total 20
reaction time was about 7 hours. The reaction mixture was cooled to about
room  temperature and filtered. The filtrate was concentrated. Aqueous
isopropanol was  added to crystallize the product. The product was filtered,
washed with aqueous  isopropanol, and dried to provide Compound 6A in about
a 75-80% yield. 3 0 NOV 2006  32 Compound 7A:
8-bromo-l-ethyl-3-f2-(acetyloxy)ethyll-3,7-dihvdro-7-f(3-bromo-4-
methoxyphenyl)methyll-1 H-Purine-2,6-dione Compound 6A (about 1 mole) and
NBS (about 2.8 moles) were dissolved in 5 dry acetonitrile and agitated at
about 15-20 C. To this reaction mixture, a solution of  sulfuric acid (about
0.03 mol) in acetonitrile was added, while maintaining the  reaction
temperature below about 25 C. The reaction mixture was agitated at about
20-25 C for about 12-15 hours until complete consumption of the starting
material  was indicated. The reaction mixture was cooled to about 0-5 C and
a cold (about 5 10 10 C) aqueous solution of sodium sulfite was added,
keeping the temperature below  about 10 C. The reaction was agitated for
about 2 hours at about 0-10 C, and then  filtered. The isolated cake was
washed with water, followed by methanol, then dried  under a vacuum to
obtain Compound 7A in about an 85% yield. 



1H NMR (CDCI3, 400 MHz): ^ 7.60 (d, J=2.0 Hz, 1H), 7.35 (dd, J=8.4 Hz, 2.0
15 Hz, 1 H), 6.83 (d, J=8.4 Hz, 1 H), 5.43 (s, 2H), 4.35 (m, 4H), 4.05 (q,
J=7.0 Hz, 2H),  3.85 (s, 3H), 1.96 (s, 3H), 1.23 (t, J=7.0 Hz, 3H); 13C NMR
(CDCI3, 100 MHz): ^ L  171.0, 156.2, 154.2, 150.8, 148.2, 138.3, 128.9,
128.7, 127.5, 112.1, 112.0, 109.1, 61.5, 56.5, 49.3, 42.5, 37.0, 21.0, 13.3.
MS (ES) m/e 545.2 (M+H)+. 20 Compound 13A: 1-ethyl-3,7-dihvdro-8-f(1
R,2R)-(hydroxycyclopentyl)aminol-3-(2-
hydroxyethyl)-7-r(3-bromo-4-methoxyphenyl)methyll-1 H-purine-2,6-dione
Compound 7A (about I mole) was combined with (R,R)-2-amino-1 cyclopentanol
hydrochloride (Compound 8A, about 1.2 moles) and sodium  25 bicarbonate
(about 3 moles). To this reaction mixture was added N,N- dimethylacetamide
("DMA"), and the reaction mixture was agitated at about 135-140 3 0 NOV 2006
33 C for about 15-17 hours until complete consumption of the starting
material was  indicated. Compound 9A is an intermediate that is formed, but
not isolated, from the  reaction mixture. The reaction mixture was then
cooled to about 45-50 C, and  tetrabutylammonium hydroxide (about 0.05 moles
of about a 40% solution in water) 5 was charged therein, followed by
methanol. The reaction mixture was refluxed at  about 80-85 C for about 8-9
hours until complete deprotection of the acetate group  was indicated. The
reaction mixture was cooled to about 40-45 C and concentrated  under vacuum.
The pH of the reaction mixture was adjusted to about 5-6 with dilute  acetic
acid, and the reaction mixture was heated to about 55-65 C, and seeded with
10 a small amount of Compound 13A. The reaction mixture was then cooled to
about  30-35 C over a period of about 2 hours, and water was added over a
period of  about 1 hour. The reaction mixture was further cooled to about
0-5 C over a period  of about 1 hour, and agitated at that temperature for
about 4 hours. The Compound  



13A product was isolated by filtration, washed with water and dried to
provide about  C 15 an 85-90% yield. 1H NMR (CDCI3, 400 MHz): ^ 7.47 (d,
J=2.1 Hz, 1H), 7.18 (dd, J=8.4 Hz, 2.0  Hz, 1 H), 6.87 (d, J=8.4 Hz, 1 H),
5.23 (s, 2H), 5.01 (s, 1 H), 4.22 (m, 2H), 4.15 (m,  1H), 4.05 (q, J=7.0 Hz,
2H), 3.93 (m, 3H), 3.88 (s, 3H), 3.77 (m, 1H), 2.95 (m, 1H),  2.15 (m, 1 H),
2.05 (m, 1 H), 1.60-1.80 (m, 4H), 1.35 (m, 1 H), 1.23 (t, J=7.0 Hz, 3H); 20
13C NMR (CDCI3, 100 MHz): ^ 156.2, 154.0, 153.5, 151.8, 148.3, 132.6, 129.1,
127.9, 112.5, 103.2, 79.5, 77.8, 63.2, 61.3, 56.7, 46.5, 45.9, 36.8, 32.9,
31.5, 21.4,  13.8. MS (ES) We 523.4 (M+H)+. 30NOV2006  34 Micronization
Materials prepared by the above-described processes without further
processing can exhibit particle sizes that are greater than optimal for
purposes of  bioabsorption, and thus, bioavailability. In certain preferred
embodiments of the 5 invention, the compounds disclosed herein are subject
to a micronization process to  generate particle size distributions more
favorable for bioabsorption. Form 2 of Compound 13 (disclosed in the
co-pending patent application  "Xanthine Phosphodiesterase V Inhibitor
Polymorphs," incorporated by reference  thereto) was micronized on a fluid
energy mill (Jet Pulverizer Micron Master, model 10 08-620). A feeder
(K-Tron Twin Screw Feeder) was used to feed material to the mill  at a rate
of about 80 grams/min. A mill jet pressure of 110 psig was used. The
resulting material was then heated to convert amorphous material generated
during  micronization to crystalline material. The setpoint on the dryer
(Stokes Tray Dryer,  model 438H) was set to 95 C. The batch was heated at a
temperature between 90 15 and 100 C for 8 hours. Differential Scanning
Calorimetry ("DSC") analysis  indicated no amorphous material was present.
The particle size distribution of the  



resulting material was characterized, using a Sympatec particle size
analyzer, as  having a volume mean diameter of 8.51 pm and a median particle
diameter of 5.92  pm. Cryogenic micronization processes may result in even
more favorable particle  20 size distributions. The above description is not
intended to detail all modifications and variations  of the invention. It
will be appreciated by those skilled in the art that changes can be  made to
the embodiments described above without departing from the inventive
concept. It is understood, therefore, that the invention is not limited to
the particular 3 0 NOV 2006  35 embodiments described above, but is intended
to cover modifications that are within  the spirit and scope of the
invention, as defined by the language of the following  claims. C  C 3 0 NOV
2006  36 CLAIMS  A method for producing a Compound 13 having the following
formula:  Hal I  / R1  O R,hIN H . N  O 1N N R4  



R3/ 13  wherein, 5 R', R2 and R3 are each independently selected from the
group  consisting of. H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl; ally!, -OR5,  C(O)OR5, -C(O)R5, -C(O)N(R5)2, -NHC(O)R5 and
-NHC(O)OR5, wherein  each R5 is independently H or alkyl; provided that R2
and R3 are not both -H; 10 R4 is an alkyl, cycloalkyl, cycloalkenyl,
heterocycloalkyl, aryl or  heteroaryl group; wherein R', R2, R3 and R4 are
optionally substituted with one or more  moieties independently selected
from the group consisting of. alkyl, cycloalkyl,  alkenyl, cycloalkenyl,
alkynyl, aryl, heteroaryl, heterocycloalkyl, halo, thio, 15 nitro, oximino,
acetate, propionate, pivaloyl, -OC(O)R5, -NC(O)R5 or  -SC(O)R5, -OR50 -NR
50R5' -C(O)OR50, -C(O)R50, -S00-2R5 -SO2NR50R51, NR52S02R5O, =C(R5DR51),
=NOR50, =NCN, =C(halo)2, =S, =0,  -C(O)N(R50R51), -OC(O)R50,
-OC(O)N(R50R57), -N(R52)C(O)(R50),  -N(R52)C(O)0R5D and
-N(R52)C(0)N(R50R51), wherein each R5 is 20 independently H or alkyl and
R'D, R51 and R52 are each independently 3 0 Nov 2006  37 selected from the
group consisting of H, alkyl, cycloalkyl, heterocycloalkyl,  heteroaryl and
aryl; Hal is a halogen group;  the method comprising: 5 (a) reacting glycine
ethyl ester or a salt thereof with  co NCH2CO2Et  



R' \ Hto form wherein Et is CH3CH2-,  (b) reducing  NCHZCOZEtNHCH2O02Et to
forma Compound 1: 1  10 (c) reacting cyanamide with an excess of
triethylorthoformate to form a  Compound 2: H  NC-N=C--OEt  2 (d) reacting
the Compound 2 with the Compound 1 to form a Compound 3:  R'  i EtO2C,,N
/>-H  N  .3 15 (e) reacting the Compound 3 with a base to form a Compound 4:
3 0 NOV 2006  38 R'  O Et0 N  i i>  H2N N 4  



(f) reacting the Compound 4 with R2NHCO2R1 in the presence of a metallic
base to form a Compound Salt 5K: Rl  O ~ R'', N  />  N 5K  5 wherein M' is a
metal ion, (g) optionally, reacting the Compound Salt 5K with an acid to
form a  Compound 5: 1+~ ~  R\JN O )  oN N H  5  (h) reacting the Compound
Salt 5K or the Compound 5 with BrCH2L in the 10 presence of a phase transfer
catalyst to form a Compound 6:  pR'  0 RZ`N N  N  L 6 3 0 NOV 2006  39
wherein L is R3 or a protected form of R3 comprising R3 with a protective
substituent  



selected from the group consisting of acetate, propionate, pivaloyl,
-OC(O)R5,  -NC(O)R5 and -SC(O)R5 group, wherein R5 is H or C,_12 alkyl; (i)
dihalogenating the Compound 6 to form a Compound 7:  Hal O~N O R1  R? N (
,}Ha]  N 5 L 7 (j) reacting the Compound 7 with R4NH2, and adding a base
thereto, to form a  Compound 9: Hal R1  O R:N N _H  o~ N N R4 9 and (k) (i)
when L is R3, the Compound 9 is the Compound 13, and 10 (ii) when L is a
protected form of R3, reacting the Compound 9 with a base  to form the
Compound 13: Hal R1  0 R:N N H  O~NI R4  R3 / 13 



3 0 NOV 2006  40 2. A method for producing a Compound 13 having the
following formula:  tit Rt  0 R= A  nJ-N N R,  wherein, R1, R2 and R3 are
each independently selected from the group consisting  of: H, C,_15 alkyl,
C2-1s alkenyl, C2-15 alkynyl, C3.15 cycloalkyl, aryl, heteroaryl,  allyl,
-ORS, -C(O)ORS, -C(O)R5, -C(O)N(R5)2, -NHC(O)R5 and -NHC(O)ORs,  wherein R5
is H or C1.15 alkyl; provided that R2 and R3 are not both -H; R4 is C1.12
alkyl, C3.15 cycloalkyl, C3-15 cycloalkenyl, heterocycloalkyl,  aryl or
heteroaryl; wherein R1, R2, R3 and R4 are optionally substituted with one or
more  moieties independently selected from the group consisting of. C1.15
alkyl, C3.15  cycloalkyl, C2.15 alkenyl, C3.15 cydoalkenyl, C2.Is aikyrryl,
aryl, heteroaryl,  heteroydoalkyl, halo, thin, nitro, obmino, acetate,
propionate, pivaloyl, -OC(O)R5, - NC(O)R5 or -SC(O)R5, -OR50, -NR50Rs1
-C(O)OR50, -C(O)R50', SOO-2R5  S02NRsORSi, NR2SO2R9D, =C(R50R51), =NOR50,
=NCN, =C(halo)2, =S, =0, - C(O)N(RSRS'), -OC(O)RSO, -OC(C)N(RR51).
N(R52)C(OXR5), -(R52)C(O)OR5  and -(R52)C(O)N(R50R51) wherein R5 is H
arC1_12 alkyl and wherein R50 R51  and 12 are each independently selected
from the group consisting of: H, C1-6  alkyl, C3.6cycloalkyl,
C4.6heterocycloalkyl,heteroaryl and aryl; Hal is a  halogen atom; 



3 0 Nov 2006  41 the method comprising a) Dihalogenating a Compound 6 to
form the Compound 7 a1  Rl R~  \ I \ I dihalogenation x.N N  o f 0. N  L/ 6
J 7 L J  b) Reaching a Compound 7 with RQNH2, and a base, to form the
Compound 9:  Hal Rs  R' O  R2 AN N RM 8 N O) N N Hal base N '  T L 9 ((c)
reacting a Compound 9 with a base to form the Compound 13: Hal Hal  R' R1 O
\I  RZ IZH base It2.N H  4 N 9 13  



wherein, L is a protected form of R3 comprising R' with a protective
substituent 20  selected from the group consisting of acetate, propionate,
pivaloyl, -0C(0)R5,  -NC(0)R5 5 and -SC(O)R5 group, wherein R55 is H or
C,_12 alky. 3 0 NOV 2006  42 3. The method according to daim 2, further
comprising reacting a Compound Salt 5K or a Compound 5 with BrCH2L in the
presence of a phase transfer catalyst  to form the Compound 6. ~10  GL JL "~
L-~8r M+O~ N Pbya traaif reaplY+r R~  SK ar o~~,  sa L` H .  1.1 1,161 Rr`N
Hr~/  S' N N  S  4. The method according to daim 3; firther comprising
reading the Compound Salt 5K with an add to form the Compound 5: i R RI  o z
0 R ~N N R` I i acid N N  



O (+~ O~N N  H 5K 5  5. The method according to daim 3, further comprising
reading a Compound 4 with  R2NHC02R1 in the presence of a metallic base to
form the Compound Salt  5K. 3 0 NOV 2006  43 Rt  Rt \I o ~I  N R2NgHMIRr R
-Iq ~~ metallic base 112N N P N  4 5K  6. The method according to daim; 5
further comprising reacting comprising reacting a compound 3with a base to
form the Compound 4: RI RI  i  ESC-"N ~ base EtO' ~N H2N N  N~ 3 4  7. The
method according to claim 6, further comprising reacting a Compound 2  with
a Compound Ito form the Compound 3: Rt  NC-WC-0 + Ri ~ ~ , 



N  2 1 N 3 3 0 NOV 2006  44 8. The method according to claim 7, further
comprising reacting cyanamide  with an excess of triethylorthoformate to
form the Compound 2. 9. The method according to claim 8, further comprising
reducing  to form Compound 1 10. The method according to anyone of the
claims 2 to 9 is alkoxy 11. The method according to anyone of the claims 2
to 10, wherein R2 is C1.15  alkyl, optionally substituted as provided in
claim 2. 12. The method according to anyone of the claims 2 to 11, wherein
R2 is C1_15  alkyl, optionally substituted as provided in claim 2. 13. The
method according to anyone of the claims 2 to 12, wherein R4 is C3_8
cycloalkyl, optionally substituted as provided in claim 2 14. The method
according to anyone of the claims 2 to 13, wherein R2 is  ethyl, R3 is
hydroxymethyl, and R4 is 2-hydroxycyclopentyl. 15. The method according to
anyone of the claims 2 to 14, wherein the  protective substituent on R3 is
an acetate, propionate, pivaloyl, -OC(O)R5,  -NC(O) R5 group, wherein R5 is
H or C1.12 alkyl. 16. The method according to claim 1, wherein step (a) is
carried out in the 3 0 NOV 2006  45 presence of a base and in an alcoholic
solvent. 17. The method according to anyone of the claim, wherein the
reduction of  is carried out with a borohydride reducing agent. 18. The
method according to anyone of the claims 2 to 14, wherein the base  



utilized to react with the Compound 3 is potassium tert-butoxide,  potassium
pentoxide, potassium tert- amylate, sodium ethoxide or  sodium tert-butoxide
19. The method according to anyone of the claims 3 to 15, 17 or 18, wherein
the phrase transfer catalyst is tetrabutylammonium bromide or
tetrabutylammonium hydrogen sulphate. 20. The method according to anyone of
the claims 2 to 15 or 17 to 19,  wherein the dihalogenation is dibromination
or dichlorination. 21. A compound selected from the group of compounds
consisting of: OMe yOMe oMe Me ~~~ ~~NNJ ~11 N A MN O O! 3 N  N~ R~ H  3A
4A SAK 5A  Me We  O /'`N OO R '~N" XN a08  ookmo O01-N N and  OAc 6A 7A At
9A  OAc 3 0 NOV 2006  46 Me is a methyl group 



Et is an ethyl group; and  OAc is an acetate group 22. A method for
producing Compound 5AK without separation or purification  of intermediate
products, said method comprising: (a) reacting Compound 2 within Compound 1A
to form Compound 3A:  ~OMe  NHCHZC(Vt EP2C\~N McO ~Y~ NC-N--C-OEt-+ + i}~^A
H ~IJ  IA 2 3A (b) reacting Compound 3A with a base in an alcoholic solvent
to form  Compound 4A OMe OMe O  base EtO2C~N EtO  HEN  H alcoholic solvent N
N 3A 4A , and  (c) reacting Compound 4A with a N-ethyl urethane and a
potassium alkoxide in  an ethereal solvent to form Compound SAK: 3 0 NOV
2006  47 OMe OM  \ I O E10 ethereal solvent K alkoxide 



-6  H2N EtNHCO2RS O NN N  4A SAK  wherein, Et is CH3CHZ-;  Me is CHa; and
Rsa Is H or C,-12 alkyl. 23. The method of claim 22 wherein, the base is
5-20 mol% NaOEt or KOtBu, and  the alcoholic solvent is ethanol. 24. The
method of claim 12 or 23 wherein,  the N-ethylurethane is EtNCOZEt; the
potassium alkoxide is KOtBur; and  the ethereal solvent is diglyme. 25. The
method of claim 2 wherein Compound 6 is Compound 6A and  Compound 7 is
Compound 7A, said method comprising dibriminating 3 0 NOV 2006  48 Compound
6A using N-bromosuccinimide in acetonitrile as a solvent and  sulfuric acid
as a catalyst: OMe OMe  NBS, McCN N Of~ i}-Br  N N H1S04 N  OAc 6A QAc 7A
wherein, McGN is acetonitrile;  



e  NBS is N-bnnosuccinimide,  Me Is CHr, and OAc Is acetate. 26. The method
of claim 2 wherein Compound 7 is Compound 7A and  Compound 8 is Compound 8A,
Compound 9 is Compound 9A and the  base is sodium bicarbonate, wherein
reaction (b) is carried out in the  presence of N,N-dimethyl acetamide as a
solvent. Br  OMe NH2.HC) Br ?yOMc  a0H o 0 N  8A N NH  J li Z} Br 0%'N N aOH
O N NaHCO3, DMA OAc  OAc 7A 9A 3 0 NOV 2006  49 wherein,  DMA is
N,N-d9methyl acetamide  Me is CH3_; and OAc is acetate 27. The method of
claim 2 wherein Compound 9 is Compound 9A and  Compound 13 is Compound 13A,
and in reaction (c) the base is  tetrabutylammoniumhydroxide, the oxidation
of which is followed by the  



addition of methanol: Br Br- OMe . OMe  ~~7q N n-BitgNOH /~N 2+i i}-NH i~NH
O~N N ,,OH McOH O~N N ,,OH  9A 13A  Wherein, n-Bu4NOH is tetrabutylammonium
hydroxide  Me is CH3_; and OAc is acetate 




