3 0 NOV 2006 PROCESS FOR PREPARI NG XANTHI NE PHOSPHODI ESTERASE V | NHI Bl TORS
AND PRECURSORS THEREOF BACKGROUND OF THE | NVENTI ON CROSS- REFERENCE Bm 05
"RELATED PATENT APPLI CATION 5 The present application clains priori té eztﬂ !
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
vas if fully set forth. 1. Field of the Invention 10 The invention relates to
a process for preparing polycyclic xanthine phosphodi esterase V ("PDE V')
inhibitors. The invention further relates to conpounds useful for preparing
PDE V inhibitors. 2. Background 15 Processes for preparing PDE V inhibitor
conpounds can be found in US CRBROCESIFORPREPARING, US 5, 955,611, US
5,939, 419, US 5, 393, 755XANTHINEIPBICSPHOMESTERASEV INHIBITORSS34, WO

02/ 24698, WO 99/ 24433, WO 93/ 28NDIPRECIFRSORS THEMESF 05175, EP 740, 668
and EP 702, 555. One type of PDE V inhibitor conpound contains a xanthine

functionality in its structur ﬁép ' T?ﬁ? ed as descri bed by
Peter K. Bridson and Xiaodonégagﬁ§3inLHT?gzgstl U?ggnagﬁﬁﬁines, Synt hesi s,
855 (July, 1995), which is incorporated herein by reference inits
entirety. WD 02/ 24698, which is incorporated herein by reference in its

entirety, teachesCRO$SREPERENCHITE REDATEDPADENTTARPIICATIGNUsef ul for
the 3 0 NOV 2006 2 treatnent of inpotence. A general process disclosed

E P)er feislﬂI for preRspig@nkappitiaion damS/pricrityhirider 36SouRstsionaMioNg) Ioenited mul a
Ol | OWS:

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
( 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
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5 (i) reacting a conpound having the formula (I11l1) with agoq‘jglv)qlgqﬁ
in the presence of a base (introduction of R" or a protected formo
ii) (a) debenzylating and then (b) al kylating the conmpound resulting
from step (i) with an alkyl halide, XCH2R ..; (iii) (a) deprotonating and
then (b) hal ogenating the conpound resulting from 10 step (ii); (iv)
reacting the conpound resulting fromstep (iii) with an am ne having the
formula RNNH2; and (v) renoving a protecti portion of R', if present, on
the conpound resulting fromstep (iv) to formthe conpound having the
formul a treatment of impatencar, Argengral process dissigaatitheseirfor peparpgaentiine
respectively, in WO 02/ 24698, and are defined therein. WD 02/ 24698 (pages 44
and 68- 7PDENs mhiliivebafpoundstiding thd formule(l follows: ng xant hi ne conpound
(identified therein as Conpound 13 or Conpound 114 of Table I1):
1-ethyl -3, 7- di hy -[(1 R 2R)- (hydroxycycl opentyl) m
ani no]-s-%%-ﬂédrgxg% hyl ) - 7-[ ( 3- br ofo- 4 20 & Q EHzR |
met hoxyp i% /yyl ](91#— purine- 2, 6n)dwne(w)3>0 N@Vﬁ \E;[\l\JB/\I[ /)—N<
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(1) (1)
5 (i) reacting a compound having the formula (lll) with an alkyl halide in the
presence of a base (introduction of R" or a protected form of R"); e
(ii) (a)debenzylating and then (b) alkylating the compound resulting from
step (i) with an alkyl halide, XCH.R";
(iii) (a) deprotonating and then (b) halogenating the compound resulting from
10 step (ii);
(iv) reacting the compound resuiting from step (iii) with an amine having the
formula RVNHy; and
(v) removing a protecting portion of R, if present, on thé compound B
resulting from step (iv) to form the compound having the formula (1). L)
15 R, R", R" and RV correspond to R', R?, R® and R*, 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 ). 1-ethyl-3,7-dihydro-8-[(1R,2R)-
(hydroxycyclopentyl) amino]-3-(2-hydfoxyethyl)-?-[(3-bromo-4-

20 methoxyphenyl)methyl}-1H-purine-2,6-dione:



Br O/ O " XNH _NOH O~ Nr" OH Conpound 13. It would be benefici al
to provide an inproved process for preparing polycyclic C xanthine ?Bﬁd% 6
i nhi bitor conpounds. It would further be beneficial if the process 5 0V 200
provi ded high yields w thout the need for chromatographic purification. It
woul d still further be beneficial if the process provided conpounds of high
thermodynamc stability. It would be still further beneficial to provide

i nt ermedi ate conpounds that can be used in the inproved process. The

i nvention seeks to provide these and other3benefits, which will becone
apparent as the description progresses. 10 SUMVARY OF THE | NVENTI ON C One
aspect of the invention is a nethod for prep&ing a Conpound 13,

conprising: (a) reacting glycine ethyl ester{or a salt thereof with R~ CHO
to form R- NCH2CCREt 15 wherein gt is CH3CHYTONb) reducing NCH2CORE
NHCH2002Et R -0\1-j/ to foiﬂl? nmpound N—K

j\ R OH
07 N~ N D
(i
OH
Compound 13.
It would be beneficial to provide an improved process for preparing polycyclic
( 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

NCH ,CO Bt
Rh—<:j}—cﬂo to form RL_<:3>_I
15

wherein Et is CH3CH2-,

(b) reducing

;m}ﬂjhm NHCH ,C0»Et
R‘—@—/ to form a Compound 1: Rl—©——/

1



1 3 0 NOV 2006 4 (c) reacting cyanam de with an excess of
triethylorthoformate to forma Conpound 2: H NG N=C OEt 2 (d) aﬁswgz 6
t he Conpound 2 with the Conpound 1 to forma Conpound 3: Ri DOZC qq
L N/ Nb53 (e) reacting the Conpound 3 with a base to forma Compound 4:
R xO~ Eto HZN N 4 (f) reacting the Conpound 4 with RZNHCO2R1 in the
presence of a netallic base to forma Conpound Salt 5Kk R P OR ~N N

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:

(e) reacting the Compound 3 with a base to form a Compound 4:

BV

HN
4

(f) reacting the Compound 4 with R2NHCO2R" in the presence of a metallic base

to form a Compound Sait 5K: (1)

10 5K ,

wherein M" is a metal ion,
~ (g) optionally, reacting the Compound Salt 5K with an acid to form a Compound

5.



ON 10 5K wherein M is a netal ion, (g) optionally, reacting the Conpound
Salt 5K with an acid to forma Conpound 5: 3 0 NOV 2006 5 RO RZN Nst Uaﬁ
'ONN H 5 (h) reacting the Conpound Salt 5K or the Conpound 5 with I_g>r 2z
in the presence of a phase transfer catalyst to forma Conpound 6: RZ. N N

| 1> O-t7 N L6 5 whereinlL is R3 or a protected formof R3 conprising R3
Wth a protective substituent selected fromthe group consisting of

acetate, propionate, pivaloyl, -OC(OR5, -NC(OR5 and -SC(O R5 group,
wherein R5 is Hor C _i2 alkyl; (i) dihalogénating the Conpound 6 to form a
Conpound 7: C Hal RIL R NNTr"& :

) r!
0 //©/
A I
0~ NN
H

5

3

(h) reacting the Compound Salt 5K or the Compound 5 with BrCH,L in the

presence of a phase transfer catalyst to form a Compound 6:

Rl
c e
RZ\N N .
|
O%N N>
S

6

H

5 wherein L is R® or a protected form of R® comprising R® with a protective substituent
selected from the group consisting of acetate, propionate, pivaloyl, -OC(O)R?,
-NC(O)R?® and -SC(O)R® group, wherein R’ is H or C1.12 alkyl;

(i) dihalogenating the Compound 6 to form a Compound 7:
( Hal
. .

@)
2

R\ N
| j\ | )—Hal
o2 N~ N

>

7

10 (j) reacting the Compound 7 with R*NH,, and adding a base thereto, to form a

Compound 9:



Oj i i-Hal O-N NL-) . 7 10 reacting the Conpound 7 with RANH2, and

addi ng a base thereto, to forma Conpound 9: 3 0 NOV 2006 6 Hal R QTEB mé
~,, NH ONNRA 9 and (k) (i) when L is R3, theConpouninsaé) YJ
13, and (ii) when L is a protected formof R3, reacting the Conpound 9 with
a base to formthe Conpound 13: Li Hal R Ob R2, H NOI~-NNR4 R3J

6
Hal
RI
o)
2
RN I N>_ H
7N
L)
9 ,and

(k) () whenL isR® the Compound 9 is a Compound 13, and
(i)  when L is a protected form of R®, reacting the Compound 9 with a base

to form the Compound 13: -

wherein,
R, R? and R3 are each independently selected from the group consisting of: L)
H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, allyl, -OR®,
10 - -C(0)OR®, -C(O)R5, -C(O)N(R®),, -NHC(0O)R® and -NHC(O)OR?, wherein each
RS is independently H or alkyl;
provided that R* and R® are not both -H;
R* is an alkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl or
heteroaryl group;
15 wherein R, R?, R? and R* are optionally substituted with one or more

moieties independently selected from the group consisting of: alkyl, cycloalkyl,



5 13 wherein, Rl, R2 and R3 are each independently selected fromthe group

consisting of: H, alkyl, alkenyl, alkynyl, cycloal kyl, aryl, heter @@) 2006
ally[, -OR5, 10 -C(OORS, -C(OR5, -C(ONRS)2, -NHC(O R5 and -NHC(%;i V
wherein each R5 is independently H or alkyl; provided that R2 and R3 are
not both -H R is an alkyl, cycloal kyl, cycloal kenyl, heterocycl oal kyl,

aryl or heteroaryl group; 15 wherein R, R2, R3 and Ware optionally
substituted with one or nore noieties independently selected fromthe group
consisting of: alkyl, cycloalkyl, 3 0 NOVv 2006 7 al kenyl, cycl oal kenyl

al kynyl, aryl, heteroaryl, heterocycloal kyl, halo, thio, nitro, oxim no,

acetate, propi ' L ) 5 80
- NR50R51, -C(O)gCRS ' %‘%’%ﬁﬁ" "’3'%@%‘1 I S02N b%ége{?cg%ﬁ%} bgaR'?CC)J,ﬁ‘ 9]

\-j:(oc(Rg) E? %bﬁg 1@,%; & ﬁh:@dgﬁngﬁ%%%)?%m%?ﬁla@%ﬁ @%@Eﬁﬁ_ ; Xod g):(N(O)Rgg%ﬁl)
i R5. ] ' ) , R51 R52

ndependont |y SRS T BRom N Re R ot DR sty For-SEhoak oy | oyel oal Kyl

het er ocycl oal kyl , ggéé O?f‘rdéL and 5@ryl , %R% when ct&erri cally feasible, R50

and R51 can be-$QpN g R To=CMR )caNBRY c FNEN r=Cihada)o.c53) 50,
ring; Et is CH3CH2-; Hal is a halogen group; and L is a protected form of

Consi oing of B R R S NIRRTy e arou
-N(R**)C(0)OR and -N(R%*?)C(O)N(R*R®"), wherein each R® is
independently H or alkyl and R, R® and R are each independently
selected from the group consisting of: H, alkyl, cycloalkyl, heterocycloalkyl,
heteroaryl and aryl, and when chemically feasible, R*® and R®! can be joined

10 together to form a carbocyclic or heterocyclic ring;
Et is CH3CHx-;
Hal is a halogen group; and
L is a protected form of R? comprising R® with a protective substituent
selected from the group consisting of acetate, propionate, pivaloyl, -OC(O)R®,
15 -NC(O)R® and -SC(O)R?® group, wherein R® 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



15 -NC(O R5 and -SC(O R5 group, wherein R5 is Hor Cl.12 alkyl. C A further
understanding of the invention will be had fromthe follow ng detail gg
description of the invention. DETAI LED DESCRI PTION 20 Definitions a Wa@@
of Terns The following definitions and terns are used herein or are

ot herwi se known to a skilled artisan. Except where stated otherw se, the
definitions apply throughout the specification and clains. Chem cal nanes,
common names and chem cal structures mnay be used interchangeably to

descri be the same structure. These definitigns 3 0 NOV 2006 8 apply

regardl ess of whether a termis used by itself or in conmbination with other

Lo al ky PPN, YIRS T | R EF Tpm K ?edoﬁir‘g?ﬁ%ﬁy“&?%@@‘heﬁ n ﬁ’k'*‘éé eonFE'yi o
cﬁ'mk "ary foth. wiPA oy é’rﬁ«gsee%“pir%a%&ﬁﬁ”em ARTHALOR Bl BBRHS BOA vo or

nore terns that are conbined to identify a single nbiety) to a subject
st ruct ur easi well asdhgfalkyl posonsafrdydrayalky,” Uieloatkyl, T Talkexy, eeie subst i t uent .
For exanple, a cycloal kyl al kyl substituent attaches to a targeted structure

through the | dyhless cthéowise RRGWhOStatdd bhehowh 1 beuethe contrary, $he pointiof-
al kyl - cycl oal kyl). 10 The |dent ity of each variabl e appearing nore than once

f
var - ab e otk Bt 16y 2 AR ERR b REIPE (D of A1 2‘%"‘*9‘%83#%?% eer‘*w*b‘;’“e
coval ent | ewh@&%ﬁ”%rar&fﬁm PRt B hisoH e 18R g sfie

doubl e bonds, triple bonds and ring structures need not be expressly
depi ct ed MH itigl ejienay sibstitieentc diorexamnle,. 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
ilustrated in chemical formulas for covalent compounds possess normal valencies.

15 Thus, hydrogen atoms, double bonds, triple bonds and ring structures need not be

expressly d»epicted in a general chemical formula. L’)
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. Forinstance, it is readily recognized that a carboxyl

functionality may be represented by -COOH, -C(O)OH, -C(=O)OH or -CO;H.



Doubl e bonds, where appropriate, may be represented by the presence of
parent heses around an atomin a chem cal fornula. For exanple, a car ?(Brw(v 06
functionality, -CO, nmay also be represented in a chem cal formnmula by - Cg)ﬂ
or 20 -C(=0)-. Simlarly, a double bond between a sul fur atom and an oxygen
atommay be represented in a chenical fornmula by -SO, S(O- or -S(=0)-.
One skilled inthe art will be able to determ ne the presence or absence of
double (and triple bonds) in a coval ently-bonded nol ecul e. For instance, it
is readily recognized that a carboxyl functionality may be represented by
-COOH, -C(0O OH, -C(:%p-l or, -COPH. 30NOQV2006 9 The term "substituted," as
used herein, nedistarpt substititedead used hisseins maansdhgairapgcemeani of eaeLr

usual Iy hydrogen atons, in a given structure with an atomor radical
sel ect ed e atogseei fadichlgrusyally hydrdgensatooss, iim agivére stuctbire withzan etoen ar om
or radical may be replaced with a substituent selected fromthe sane

speci f i ed radigalostlecteiefrombs spécified gromy Ipethesituation® Wheravtrisre IRES iohieeftom
either the sanme or different at every position. Radicals of specified

groups, - Siehedeaibylne YRR fith o o ERIARLEIRILK Hom HelarfBdobEfEO="Y

groups, independen or together wth one anot her, e substituents

on any .of the ecifi roups,, unl ess otherw se indicate 10 The term
oot 1 oftal OR8¢ shbsBfveMRIRY be, Uik FhoBiige Sheetieh e inesame or
substituted with the specified groups, radicals or noieties. It should be
not ed t hadiffesgit akeyervinasitions fRadicalsphspesiticdomHPs Havchesg alkyk gyalealkyl,
exanpl es and tables herein 1is assuned to have the hydrogen aton(s) to

sati sfy t heteratyoicalkyl, Bnd aner meteodaryi gralipy; ihndepehderitly of ardogether ayithl oeel to a
ri ng structure present in 15 a conpound and nmeans that the ring structure

(e.yg., th@néthér?még'&é’@@bﬁﬂuéht@%n Quyomh@r@éc_irﬁh bk UgesYbtherwige woul d be

expected to be stable by a skilled artisan. e term"heteroatom" as used
her ei n, MeaRs 184 ni trogen, sul fur or oxygen

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,

Q, 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 alky!l groups comprise 1 to about 15 carbon atoms in the chain. More
preferred alkyl groups comprise 1 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



atom Miltiple heteroatons in the sane group nay be the sane or different.
As used herein, the term"alkyl" nmeans an ali phatic hydrocarbon groupﬁbmmh

20 can be straight or branched and conprises 1 to about 24 carbon ato | 2006 -
the chain. Preferred al kyl groups conprise 1 to about 15 carbon atons in
the chain. More preferred al kyl groups conprise | to about 6 carbon atons
in the chain. "Branched”" neans that one or nore |ower al kyl groups such as
met hyl, ethyl or propyl, are attached to a |inear al kyl chain. The alkyl
can be substituted by one or nore 3 0 NOV 3006 10 substituents

I ndependently selected fromthe group consisting of halo, aryl, cycloalkyl,

, h d ' ] - I oz I kyl), -
Syane. | Mt Reperei Sbictod Tofitne QBPI ek YRIG a9l
ety stk s nyeBh S AR kg e e RS 5. 1

nonyl, decyl, fl uoronet hlél , trifluoronethyl and cycl oprwl net hyl .
" Al kenyl "N (which alsyistgap bg theosampen cﬁﬁefept)( saraoxyendorCHPXAdled. car bon

( i chain) conprising one or nore double bonds in the chain and which can

be conj ughdmiimiting examplesadfesiiitablebikyl giokipsyhclgde npsthylaetindmpeprepyl?2 t o about
15 10 carbon atons in the chain, preferably 2 to about 12 carbon atons in

the chai Wso%ﬁxl,ﬁ%lﬁyf?&-ﬁ 13RIpe I%@e@?ﬁ%bn?l,@i@&?@'ﬂuaﬁd?ﬁétﬂyﬂ thiflGoreonwdtRyl The

al kenyl group tan be” 'substitut e or “nore” substituents I ndependently
andal koBN RV RV AT e or * sui tabl o al kenyl groups faclude
o s 2 el BB oA SOk oS o RER R T
the terns al kyl ene and al kenyl ene, respectively, are used. (_j
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 al.koxy. Non-limiting examples of
suitable alkenyl groups include ethenyl, propenyl, n-butenyl, 3-methylbut-enyl and n-
15 pentenyl. B
Where an alkyl or alkenyl chain joins two other variables and is therefore L"\,
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



"Al koxy" means an al kyl-O group in which the alkyl group is as previously
descri bed. Useful al koxy groups can conprise 1 to about 12 carbon aggﬁ@UV%&ﬁ
preferably 1 to about 6 carbon atons. Non-limting exanples of suit

al koxy groups include nethoxy, ethoxy and isopropoxy. The al kyl group of
the alkoxy is I|inked to an adjacent noiety through the ether oxygen. The
term "cycloal kyl" as used herein, nmeans an unsubstituted or substituted,
saturated, stable, non-aromatic, chemcally-feasible carbocyclic ring having
3 0 NOV 2006 11 preferably fromthree to filfit een carbon atons, nore
preferably, fromthree to eight carbon atons. The cycl oal kyl carbon ring

radi cal i prefirabigifesmanfegRyfiterf srben didms, MRETréfer SN ZROMSBEse W dighbne to
two cycloal kyl, aromatic, heterocyclic or heteroaromatic rings. The

anlo st iy aord, TRl ol B ka PG adicSE R B o be FREd Yor 1 @
b . EX I f | oal kvl dicals includ | |, .cycl ob I,
Cycl opent AAMKIE: R eyl hah iy e syclRivliafeRatorReERRIER dr ocal bon,

as used herein, means a conpound, radical or chain consisting of only
car bon andetgi@asyeatiarings; Tihectyrnalkyl anay haatached atanyendesyalia carbep
saturated and unsaturated hydrocarbons. The term "al kenyl ," as used herein,
means &n atomithat tesuétd ina Habletsttudterd, Preferaéd catietychi¢ ringg have froan five ked,
hydr ocar bon chain having at | east one double bond present and, preferably,

from two ts EArbbRSN ES@ITRSIBS ¥ @)Bloalkyl AdKAE Hc ¢ cleai‘b?yi,"knglchbuW' ve

carbon.atons. 15 The term "cycloal kényl ," as used here ans an

bst i : _ b i : havi |
one. doubl S BRREM -SRI SR BT ES Thr ce o fiTteen carbon
atmgg, more preferably, fromfive to ai ght, carbon atons. A c chgaa}I keny|

i s an unsdt@rienady h(YfQF i 8SHISE

consisting of only carbon and hydrogen atoms, including aliphatic, aromatic, normal,

I51ere|n, means a compound, fa or chain

gou

10 saturated and unsaturated hydrocarbons.

The term "alkenyl,” as used herein, means an unsubstituted or substituted,
unsatur_ated, 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

C' 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



Exanpl es of cycl oal kenyl groups include cycl opentenyl and cycl ohexenyl. 20
"Al kynyl " nmeans an aliphatic hydrocarbon group conprising at |east one
carbon-carbon triple bond and which nay be straight or branched and 3§ NOV 2006
conprising about 2 to about 15 carbon atonms in the chain. Preferred al kynyl
groups have about 2 to about 10 carbon atons in the chain; and nore
preferably about 2 to about 6 carbon atons in the chain. Branched neans
that one or nore lower alkyl groups .... .......... 3 0 NOV 2006 12 such as
met hyl , ethyl or propyl, are attached to a1l'near al kynyl chai n.
Non-limting exanples of suitable al kynyl &;oups I ncl ude et hynyl, propynyl,
2-butynyl, 3-nethylbutynyl, n-pentynyl, and decynyl. The al kynyl group may
be subst i $4fheds met%ﬂn@thyﬂ Oﬁﬁf%DYJylﬁf?tqféf@ﬁgs‘O\ﬂw'i'Wfr?A'WﬂYé chap. s&%@-lﬁmtmg

different, each substituent being 5 i ndependently selected fromthe group

consi st i ngxarplaklofisuitable alkynyl gyolpsincidde effiyeylt propyrsd,\2-butyayl,used her ei n,
nmeans a substituted or unsubstituted, aromatic, nono- or bicyclic,

cheni cal | 3—1ﬁe@tﬂ?lbmﬁ1yﬁq{-9_@ﬁm&/i,(‘anﬂi dubypYR E/‘Eﬁ% r@g(gﬂhgggrgdugpaym dubstipftedrymat i c

rings. The aryl noiéty will generally carbon atonms With

10 a5 posaropLohs st eiRens GAicANaP Yl o erhy By Ao B oERH OBIRCHEDERE,

10 as possSible porn

tolyl,_. xylyl unenyl., napht hyl, tetrahydronapht . _I.ndanyl ., indenyl, or
the || Re ThibbaadentbRelecd romihe grsin SoRAsE BEAYL sl SstealRd Th £ - om
one to five, preferably, one to three, noieties, such as nono- through
pent ahal o, al k¥he term farnyb asruseg iherginemgans ansubsiitytedonwunspbsptuéedxy, ani no,
nonoal kyl am no, dial kylam no, or the like. 15 "Heteroaryl" neans a

monocycl i aroatativy oy dribdcydlioyetiemicallpfeasiblecrarbbcydiicuing systemdizndiig frébmi i ng
atons, preferably about 5 to about 10 ring atons, in which one or nore of |

S oo A RROE TR FbtFull g aREn e 1 R o
grouPs  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



can be unsubstituted or substituted with a plurality of substituents,
preferably, one to 20 five substituents, nore preferably, one, two or_ three
substituents (e.g., nono- through pentahal o, alkyl, trifluoronethyl,3dhﬁ%@iwﬁ
hydr oxy, al koxy, phenoxy, am no, nonoal kyl am no, di al kyl am no, or the

like). Typically, a heteroaryl group represents a chem cally-feasible
cyclic group of five or six atoms, or a chem cally-feasible bicyclic group
of nine or ten atons, at |east one of which is carbon, and having at 3 0 NOV
2006 13 | east one oxygen, sulfur or nitroggm atominterrupting a
carbocyclic ring having a sufficient nunber of pi (n) electrons to provide

aromatic c r r ' s are
pyri di nyl II&%%??% glx?@%p %@ﬁg?ﬁhﬁ&%;%ﬁggﬁé@%ﬁﬁé%ﬁ@é%ﬁ%'rr]@éfl'garrv % ,

t hi enyl, bengzothienyl, thiazqlyl, thiadiazolyl, inmdazolyl, razol yl ,

1T asol yi - SHEent BIRbpr of el Gletenr (B Pron s RN Bl o RePTSS ey |

I soxazolyl, 1,3,5-triazinyl and indolyl groups. The term "heterocycloal kyl ,"
as used heheteroanykéhetermaromstibsgroups ede eyridinyh pyrimidiag, pyeazimyl; pyridazinyl,
chem cally-feasible cyclic ring systemhaving fromthree to fifteen

nmenbers, pruedN abénzoflFmy, thice§l, bengoiényrehieosyl, thitis2diy! inidagolypr bon 10
atons and at l'east one heteroatomas part of the ring. The term

"het er ogycl,i NG " (=g d '

unsubsty RSN &2, RENTR2SE benzofifedthl befBleRoNTaRE AR, pyrroly,

chemi cal | y-f easi bl i.ng,. conprised of carbon atons and one or nore
heteroatoH§°¥%qlﬁe$ﬁ'éﬁngj‘9@ta&%@§e&' €"4YR¥ys may be monocyclic or

pol ycyclic. Mnaocyclic rings preferably 15 contain fromthree to eight atons
in the ring strlketems "hetewoyelopitvhbpy used\herein, sweans arcuasuhiitutediojcycl i c
ring systens consisting of two rings preferably contain fromsix to sixteen

at orrs, nossubstitifted adatyrated nchemicatty-feasibleroyclierihy system having feorattheres to
consisting of three rings contain preferably fromthirteen to seventeen

at ons, l”g;ﬂsﬂteeg;@éﬁib%%ypreféiﬁb%%npfhréé té eRjht MERBerd M BhSHSHSY ebiton’ | N9
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.



20 heteroatom Unless otherw se stated, the heteroatons may each be

I ndependently selected fromthe group consisting of nitrogen, sulfur &'
oxygen atons. The term "carbocyclic ring" or "carbocycle," as used hér@ﬁ ,2005
means an unsubstituted or substituted, saturated, unsaturated or aromatic
(e.g., aryl), chemcally-feasible hydrocarbon ring, unless otherw se
specifically identified. 30NOV2006 14 Carbocycles may be nonocyclic or

pol ycyclic. Mnocyclic rings, preferably, contain fromthree to eight

atoms, nore preferably, five to seven atons4 Polycyclic rings having two
rings, preferably, contain fromsix to sixteen atons, nore preferably, ten

to twel ve S i i:ng , '
thi rteen CarRaalsanl R POHBL IS, & AR MRS oR BBH R RBLa s
The term "hydroxyal kyl ," as used herein, neans a substitut hydr ocar bon
chain preﬁ@%‘a‘bF %eéhmorawnere REgferRPhativedaseVERAta S fxﬁy@@ﬁgmn@&em
(-alkyl-OHf). Additional substituents to the alkyl group may al so be
present . Raying $watringsy preferablyoontainl framn spto siktelendsomsd morerpreterably, ten
hydroxyet hyl and hydroxypropyl groups. 10 The terms "Hal," "halo," "hal ogen”
and " hal | getwelwSatbrRsl 41 Bioze errq threé MingsOprafériBly, cohtein froph thiftden ab om

a

radi cal. Chlorides, bromdes and fluorides are preferred halides. The term

(thi 0.5 aselkifdedSidhg, mbRe BrerBfanly, 3Bl SR of fite@flafdths! N whi ch  di val ent
sul fur "has replaced sonme or all of''the oxygen atons of the carboxyl group.
15 Ex I [ -R53C( 0O SH,, ,- R53 OH.and - R53 H in R53 i
ydlr ocar bon 1 aGNE LA™ TRUTDRIRIY 3 Used BeTaiiaterns & Suosibed FUADCAbR 2 ©

radical. The term"allyl." as used herein, nmeans the -C3H5 radical. The
t er m " phaghain paeferahly @t alkylaroup Jkaving @t irastone hyskipy substteentdalky@H)0
catal yzes a reaction between a noiety that is soluble in a first phase,
e.g., an Additibnél 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 iod6 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 -R®C(O)SH, -R**C(S)OH and -R*C(S)SH, wherein R* is a

O

hydrocarbon radical.

The term "nitro,” as used herein, means the -N(O), radical.

The term "allyl,” as used herein, means the -C3H; 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, -Bu is tert-butyl, OAc is



phase, and another nmoiety that is soluble in a second phase, e.g., an
aqueous phase. The follow ng abbreviations are used in this appli Cat?}[?ﬂ[:]V 2006
EtOH is ethanol; Me is nmethyl; Et is ethyl; Bu is butyl; n-Bu is

normal -butyl, t-Bu is tent-butyl, OAc is 3 0 NOV 2006 15 acetate; KOQ--Bu is
potassiumtert-butoxide; NBS is N-brono succinimde; NW is 1-

met hyl - 2-pyrrolidinone; DVA is N Ndinethylacetam de; n- BudNBr is

t et rabut yl ammoni um brom de; n-Bu4NOH i s tetf but yl ammoni um hydr oxi de, n-
Bu4NH2SO4 i s tetrabutyl anmoni um hydrogen suffate, and equiv. is equivalents.
51n certain ?f_ th? chem cal structures, depicted herein, certain cor};p_ounds
are raceffgtate; KOI-By is; potassiumy tegicutpyides NS isrsemacsycapmides NMPast-ve

i somers in equal amounts, the resulting m xture having no rotary power. C
Gener al Syathgs2-pynrolidinenes PtA iV, Vidimethydanetamide) mp BudiBrds gener al

synt hesi s of xanthines based on a one-pot, five-step sequence from

cyanam detegirgbulylamihogiung bremieiet acBu,NOHS tettabutplamrhénipng hgdrestide, @ gl yci ne
ethyl ester or a salt thereof (e.g., hydrochloric or sulfuric acid salt)

and an ar e | %@% |, JalhStePr epar ed
from gl yc?@tﬁ?ﬁqﬁg@%@?@ﬁﬁﬁ@ﬁ Qg a H:Sr'ihffgegr}'\gr% [ gpigltag@ﬁ)ﬂlééﬁst‘:orrpound
2 is ppepared reacti cyanam de with an excess .C of , .

Cr1 ot hi or t not BY AERaN SlEGRTIGA Sriigs MeTeiod Peselt; fertelb pommringsaren
Conmpound 1. Conpound 3 is converted into Conpound 4 by reacting it with a
base (e.tRCENYbL k& s BURPEWieafslaxdne- aa. levrpiaiontoptically rasive depraptsningqual

N- R2-substituted carbamate (e.g., urethane) in the presence of a base to
obt ai n Coamounts, $ia¢ resSudting tniBase dhaving e rdtaRPpowéist i t uent of the carbamate
useg; a desired N 1-R2-substituted xanthine Conpound Salt 5K is obtained.
Compound Salt 5K is then N 3-L-

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 1 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 |
below, Compound 1 is prepared from glycine ethyl ester hydrochloride and an

15 aromatic aidehyde. 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-RZsubstituted
carbamate (e.g., urethane) in the presence of a base to obtain Cohpound Salt 5K.

20 Based on the N-R%substituent of the carbamate used, a desired N-1-R%-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', R? and L) xanthine Compound 6. Alternatively, Compound Salt 5K

can be neutralized to Compound 5, which can then be selectively N-L-substituted to



substituted with an L-halide using a phase transfer catalyst to provide a
tri- substituted (R, R2 and L) xanthine Conpound 6. Alternatively, Cg) Wﬁhfi .
Salt 5K can be neutralized to Conpound 5, which can then be sel ective w
N-L-substituted to 3 0 NOV 2006 - 16 provide Conpound 6. A selective -

di hal ogenati on of Conmpound 6 leads to a dihalo Conpound 7, which is then
coupled with an R4-substituted am ne, followed by an addition of a base
(e.g., sodium bicarbonate), to provide a tetrasubstituted (Rl, R2, R3 and
R4) xant hi ne Conpound 13 when L is the san®®as R3. If L is a protected 5
formof R3, internediate Conpound 9 is deprotected with a base (e.

t et r abut plr@\r‘;derﬁmmphym 6xiAleplective dihalagenationtaftCempabindiét leadd t¢ R1q ihap, R3
and R4) xant hi ne Conmpound 13. Scheme | depicts this process: 3 0 NOV 2006

17 Sc hewedm%mvam%m%hﬁén ToapleXPiith anaR’- Mkt A EImIng, féﬂd@feﬂ b?laﬁH2002Et
R HC 1 pR1 2N N+CH(CEt3[ N=c_oa 1 E~z~>"""H base H N rim3 R |

IRl R QudRiBn b DECERRY., %%\iu.ﬂ’n%‘?&éi‘bgﬁ%e'\' to provide a tetrasubstituted (R1 R?,

R® and R*) xanthine Compound 13 when L is the same as R%. If L is a protected
5 form of R®, intermediate Compound 9 is deprotected with a base (e.g.,
tetrabutylammonium hydroxide) to provide the tetrasubstituted (R', R?, R® and R*)

xanthine Compound 13. Scheme | depicts this process:



i) base JIN> O-NI NH2 NO- NH 4 tv~-5 5KL or Ecc~1| 4r JL Hal CR
R O/I OR2 N/ d~alogenation R RANH2 8 ~N N CY 1 N Hal base LJRnglvlagh
Hal RILRL O~ O~ R1 NNHoptional base Rk NH O NRarNN 1) @
R3 1 13 3 0 NOv 2006 18 wherein, Rl, R2 and R3 are each independently
selected fromthe group consisting of., H, alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, heteroaryl, allyl, -OR5, 5 -C(OORS, -C(OR5, -C(ON(R5) 2,
-NHC(O R5 and -NHC(O) OR5, wherein each R5 is independently H or alkyl;

17

Scheme I: General Synthesis of Xanthines
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provided that R2 and R3 are not both -H, R4 is an al kyl, cycl oal kyl,

cycl oal kenyl, heterocycl oal kyl, aryl or heteroaryl group; 10 wherein R1,
R2, R3 and R4 are optionally substituted with noieties independentl y30 NOV 2006
selected fromthe group consisting of., alkyl, cycloal kyl, alkenyl,
cycl oal kenyl , al kynyl, aryl, heteroaryl, heterocycloal kyl, halo, thio,
nitro, oximno, acetate, propionate, pivaloyl, -OC(OR5, -NC(OR5 or
-SC(0) R5, -OR5D, -NR50R51 -C(O) OR50, -C(O R50, -SCo-2R5D, 15 - SO02NR50R5',

- NR52SO2R50, =C(R50R51), =NOR50, =NCN, =C(8 lo)2, =S, =0, -C(O N(R50R51),
-OC(O R5D, -0OC(O) N(R50R51), -N(R52)C(0)(R5 ? -N(R52)C(O ORS5 and

-N(R52) C(O) N(R50R51), wherein each R5 is independently H or al kyl and R50,
R51 and R52 are each independently selected fromthe group consisting of:
H, al kyl whsreirsal kyl , heterocycl oal kyl, 20 heteroaryl and aryl; Hal is a
hal ogen group; L is R3 or a protected formof R3 conprising R3 with a

protective sulRtiR%um R aet eathdndependently sefsoted fom tHd goup’ carmsitinigeof:
propi onate, pivaloyl, -OC(OR5, -NC(O)R5 and -SC(O R5 group, wherein R5 is

i or alkyl s and ali; alkenyk, alloynyl, cygloafiof), A6 né88andSailgh, Jor® retal 1 on.

. ; a ) 3 :
Whi | e sone corrpounﬂ’s are”sho non-1'sol i 'nt er medi at es,

technifiues. -5 OISR et EHRom RN Rk HRACRIR e VR DOET Bibeingech «
the Tollowing Rﬂs’incliqezben%Ben?lr)}dH '3?-' arll?y?;i cals:
provided that R? and R® are not both -H;
R* is an alkyl, cycloalkyi, cycloalkenyl, heterocycloalkyl, aryl or L
heteroaryl group;

10 wherein R, R?, R® and R* 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)R®, -NC(O)R® or
-SC(O)R®, -OR™, -NR*’R*!, -C(0)OR®, -C(0)R™, -S0,.2R*,

15 -SO,NR¥R®, -NR*2S0,R*, =C(R**R®"), =NOR®’, =NCN, =C(halo),, =S, =0,
-C(O)N(R®R®"), -OC(0)R™, -OC(ON(R®R®"), -N(R%3)C(O)(R™), Q
N(R%)C(0)OR® and -N(R*?)C(O)N(R®R%"), wherein each R® is
independently H or alkyl and R%, R®! and R® are each independently
selected from the group consisting of: H, alkyl, cycloalkyl, héterocycloalkyl,

20 heteroaryl and aryl;

Hal is a halogen group;
L is R® or a protected form of R® comprising R® with a protective substituent

selected from the group consisting of acetate, propionate, pivaloyl, -OC(O)R®,

-NC(0)R® and -SC(O)R® group, wherein R® is H or alkyl; and



Rl is preferably alkyl, aryl, heteroaryl, -OR5, -C(OOR5, -C(OR5 or C
-C(ONR5)2, wherein R5 is Hor alkyl. Each RL group is optionally
substituted as defined above. Mre preferably, Rl is -OR5, wherein RN 2086
or alkyl. Even nore_ 10 preferably, Rl is al koxy, such as nethoxy. R2 is
preferably Cl.12 al kyl, Cab cycloal kyl, aryl or heteroaryl. Each R2 group is
optionally substituted as defined above. Mre preferably, R2 is Cl-6 al kyl,
optionally substituted as defined above. Even nore preferably, R2 is ethyl.
R3 is preferably C-12 alkyl, C3.8 cyclooal k§9, aryl, heteroaryl, allyl,
-NHC(OQ R5 or 15 -NHC(O) OR5, wherein R5 is Hor Cl. 12 al kyl . Each R3 group
Is optionally sMb!ﬁamEteUlorC as defined above. More preferably, R3 is Cl.5
al kyl, optionally substituted with one of the groups defined above. Even

more pref er abl Mhl%%sbﬁqe% E@hhﬁéarégﬁ&hhwts%ﬁemetlhas n@ﬁ»‘i@@lavéaerel n R50 is
H, such as hydroxynet hyl. Is preferably C-12 al kyl, C3-8 cycl oal kyl,

s opt} ondfey nediete i BufkTSARA et ek Sl b sPlet O SRRy e B misthed 57

cycl oal kyl , Iﬁt ionally substituted as defined above Even nore prefer abI Y,
R4 is C7 dSEMUEYES/| , substituted with - ORS0, wherein R5D is defined as
above. For exanple, R4 can be 2-hydroxy cyclopentyl. 30NOvV2006 20 In sone

enbodi fent s of Rraterred/embogiments of thedveniionadilizs compasrndswithe theoiilewings of
the invention, Lisa protected formof R3, in which case the protective

subst i tuerRﬂpﬁ, R3ahd Y efdicalsl y an acetate, propionate, pivaloyl, -OC(O R5,
-NC(O R5 or -SC(OR5 group, wherein RS is Hor G_12 alkyl. 5 Hal is

f bl hl gg1 ) bl I hl ori
preferably chl ggijg eei%r% ik ngfyilié@éﬂog%rmqne@r(?}@[qa d(roe) ori S chlorine

or om ne. Even eraply erably, an

al kq' ék)qﬁ\l(ﬁ% HHP&intRE shHm?ta?kyl E%chwrgeroaf)eg% ?‘8h¥ﬂy Mibdtftufaqhg assi um

or sodi um

defined above. More preferably, R' is -OR®, wherein R® is H or alkyl. Even more
10 preferably, R'is alkoxy, such as methoxy.

R?is preferably C.12 alkyl, Casg cycloalkyl, aryl or heteroaryl. Each R?group is
optionally substituted as defined above. More preferably, R? is C1.5 alkyl, optionally
substituted as defined above. Even more preferably, R? is ethyl.

Riis preferably C1.12 alkyl, Ca.s cycloalkyl, aryl, heteroaryl, allyl, -NHC(O)R® or

15 -NHC(O)OR?®, wherein R® is H or Cy.12 alkyl. Each R® group is optionally substituted
(, as defined above. More preferably, R3is Ci6 alkyl, optionally substituted with one of
the groups defined above. Even more preferably, R® is Cy.s alkyl, substituted with
~OR%, wherein R%® is H, such as hydroxymethyl.

R*is preferably C4.12 alkyl, Css cycloalkyl, Csg cycloalkenyl, heterocycloalkyl,

20 aryl or heteroaryl. Each R* group is optionally substituted as defined above. More
preferably, R*is Ca. cycloalkyl, optionally substituted as defined above. Even more
preferably, R* is C47 cycloalkyl, substituted with -OR, wherein R* is defined as

above. For example, R* can be 2-hydroxy cyclopentyl.



Compound 1 can be prepared by reacting about equinolar amounts of p 10

ani sal dehyde and gl yci ne ethyl ester hydrochloride (or its free forg% I N Eﬂﬁ
presence of a base (e.g., potassium carbonate, sodium carbonate, s D y&Y

bi carbonate, potassium butoxide, or the like) and in an al coholic sol vent
(e.g., ethanol, isopropanol, or the like). Preferably, up to about 2 nvoles
(e.g., about 1.3 - 1.5 noles) of glycine ethyl ester hydrochloride and up
to about 2 noles (e.g., about 1 15 nole) of inorganic salt can each be used
per nol e of p-ani sal dehyde. The reaction Bpoceeds t hrough an internediate
I mne (not shown), which is reduced with a U reducing agent (e.g., NaBH4,
catal yti c hydrlngamaeiesnbodigends of ther invertion, kels, thersaies abIR?, la dibeohydr i de
reduci ng agent. The reaction can be run at room tenperature. Preferably,

the reactémBodinénts ofthaiientidh; B9 a pitettdd BireT GfIRY, in HWhighedse 8 40C. At
the end of the reaction, Conmpound 1 i's isolated in a solution form in an

organic ( . I ), E,e;ﬁ st 5
Conpound olllés\diﬁﬂ\lkecsglg%g% g#ﬁ?ﬁ e?i %r%g%ag e é?e%is%rebrr{)&grqgﬂf’é pré}qargg(g?ﬁ'
reacting isde wi .t B excess of .triethyl ort hof ormate. Preferably, from
about 1.'%Y(?@E)&ﬁt'gf(g))ﬁnlg&“%f‘mﬁrﬁ& hyf%'gtq{cébﬁrﬁ{'fﬂ' (e.g., 1.33 npies) are
reacted with 3 0 NOV 2006 21 about 1 nole of cyanam de. Preferably, the
reacti®n m xt ural isprefesabby chjoring thramine and flubgoe. ddoreprefarablyabtaliis 2 hours.
Conpound 2 is not isolated, and is used in-situ for the next step. The

st ruct ur echibrif@opbtording. | Bverowrdre phefeeably Niebiis broadhé.on m xture of 5
Conmpound 2 (obtained in-situ above) is added to a solution of Conpound | in

an a”hydrOUS’MeH]?ré\%ra?fygﬁ iékaiﬂln\éﬁdﬁor%ma@ige et Rl UMste (préfdrably,
nono et gl I

di et hyl et her, et hy er, nonoglyne, diglynme, ethylene glycol, oOr the

li ke), ar'gf%e%bggarﬁtﬁ?%@?&gégdi%g}% C for about 1 hour. About 1.1 to about

noles (e und 2 i s used per nole of Conpound 1. At

the end of the_reaction, th
Compound 1 can %e prepared by reacting about equimolar amounts of p-

10 anisaldehyde and glycine ethyl ester hydrochioride (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 k/‘)
reducing agent (e.g., NaBH,, 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 20-45°C, more preferably,

20 about 30-40°C. 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



10 product is not isolated, and is used in-situ for the next step. The
structure of Conpound 4 is novel. Conpound 4 is prepared by reacting
Compound 3 (obtained in-situ above) with a base (e.g., potassium 50 NOV 2006
t ent - but oxi de, potassi um pent oxi de, potassiumtert-anylate, sodium

et hoxi de, sodiumtert-butoxide, or the like) in an alcoholic solvent (e.g.,
anhydrous EtOH). A catalytic anount of 15 base is preferably used,
general ly, about 5-20 nol % per nol of Compound 3 in the alcoholic solvent.
More preferably, about 15 nol % of base is u?c,?d. Preferably, the reaction

m xture is heated to about 75-85 C for about'l hour. At the end of reaction,
the product is not isolated,, and.is used in-situ for the next step. The

st ruct ur e aoUEdpelael @anamide; Srgtrrably. hansacHan Mixtens grasialy egted Pt o
Compound Salt 5K by reacting it in-situ with fromabout 1 to about 3 noles
(e.g., 1.t6 aoué8H-3T °G foF aleushibboutsut @ompaubd 26t ayot RaNRIEA? Bhd (i uged in-bitu
uret hane EtNHCO2Et), and fromabout 1 to about 3 noles (e.g., 2.1 noles) of
a base (e.fgrthe MOita%SH.uM tent - but oxi de, potassi um pentoxide, potassium
tert-anyl ate, sodium’ ethoxide, sodiumtert-butoxide, or the like), in an

ronact nyl et ner Nomiga e ChrpeHie 3 & ol AR Guntade Rl ke or

sul fol ane, at 80-130 C (prefergbly 115-125 C), wherein R_and R2 are each

i ndepertieft@yPARAG 2 dabiaifed dveii sheveise \ipdeg0lytiag 4 Carepoynd:) in an
Conpound Salt 5K. Potassiumtent-butoxide provides a potassiumion (K),

whi | e sodiamhydeous, Bthereak organic selveet(esg.s tedrahnydrafaram@)THFS),GliethylettieBal t 5K
The inventive nethodol ogy provides an efficient synthesis for directly

convcert i ngn&ﬁdetﬁweetﬁégnhonggm @Gblﬂmbpeﬁ@@@@?c@?b? tHike), 8R4 Hehfe tof t hout
S or a

the{use of any toxic chem ca _ rsh thermal conditions. The potassium
Camoune, BBl 857G ) @ Doth A6Gl £ Bl deldile 40 LB S
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
Compodnd 3 (obtained in-situ above) with a base (e.g., potassium tert-butoxide,
potassiﬁm pentoxide, potassium tert-amylate, sodium ethoxide, sodium tert-butoxide,
or the Iflie) in an alcoholic solvent (e.g., anhydrous EtOH). A catalytic amount of
15 Dbase is preferably used, generally, about 5-20 mol% per mol of Compound 3 in the
alcoholic solvent. More preferably, about 15 moi% 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-R?-substituted carbamate, RENHCO,R' (e.g., the urethane
EtNHCO,Et), and from about 1 to about 3 moles (e.g., 2.1 moles) of a base (e.g.,
potassium fert-butoxide, potassium pentoxide, potassium tert-amylate, sodium

ethoxide, sodium terf-butoxide, or the like), in an ethereal organic solvent (e.g., THF,



(e.g., 2-bronoethyl 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., tetrabutylammoni um bronide, tetrabutyl ammoni um hydédgey 2006
sulfate, or the like), wherein L is defined as above. The reaction takes

pl ace rapidly (e.g., about 1 hour 15 at about 65-70 C), and no base is
required. This is in contrast to known N-al kyl ati on reactions, many of

whi ch use di nmet hyl fom am de ("DVF") and potassi um carbonate or an organic
base (e.g., triethylam ne, diisopropylethyban ne, etc.) to achieve the N

al kyl ati on, and which general I y take from several hours to days to conplete.

Al ter nat 'drsﬂhgr efhe®, REhBRHyY Bgtyﬁééltﬂggnﬁ?rétﬁﬁeﬁé Wyl !tfﬁﬂe‘ﬂkb?'??@l. 20

acid (e. queou's acetl aC|d oric aC| te sulfuric

Compound %J'?figaﬁebé?%gef%@E@rereier%%%ﬁﬁ|2§t S e B R P o

base (e.g., potassium carbonate, sodium carbonate, sodium b| car bonat e,
pot assi urindependendly definddeas akwe Thedoarselmov@es\aemneta(leo@(M HeeConipaunde and
its higher honologs, DMF, N,N 3 0 NOV 2006 23 dinethyl acetam de ("DVA"),

1- net hyl -Salp§Kr @otdsgmnetdﬁ-bbﬁx)de provides 4 pls@assiumtidve (KD esdesediimderghase
t ransf er catal yst (e.g., tetrabutyl ammoni um brom de, tet rabutyl anmoni um

hydr o t B CH2- L,
wher e !c)i;(?é r%ﬂggg %ré/derﬁjﬁ*?roﬁ r ovﬁ?at@oﬂr%h %%\98@ 1]< he st r uct ure of
Corrpound 6 S ve conv rs n f nmpeun |
5 step prmeﬁ@éo Qe provHascart i Syniass BREmSaty Sohderting orhe $89)° over a |
yield for Conpound 6 is gener aI I about 45- 55% The structure of Conpound 7
i s novel .Caprpendd to CampeyndalesiKin spution; withaydheves of @ny. toxrgrqdne@m:abt ed
or dichlorinated) to Conpound 7 under mld 10 conditions with about 2-3 b
mol es ( praefharsivthermelmonditions: 2. 8 nol es) of a di hal ogenating agent (e.g., "a
di brom nating agent, such as N-brono succini m de
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 BrCH,-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 dimethylformamide ("DMF") and potassium carbonate L
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-



("NBS"), dibrono-1, 3-di nethyl hydantoin or N-brono acetam de). The use of a

strong acid (e.g., triflic or sulfuric acid) as a catalyst in an a &\ggﬂ%
about 1-10 nol% preferably, about 3 nol % allows the reaction to%%

at room 15 tenperature. Alternatively, tetrabutylammoni um hydrogensul fate
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 conpletion. It is preferred
that the reaction is run in a dry polar solvent, such as acetonitrile, DV,
NVP, DMA, or a mxture thereof. Under theseZ%onditions, t he amounts of
nono- and tri-bronmo side products are mnimZed. 20 Conpound 7 is coupled

wi t h Conpoynd an, RANH2, am ne), to r Coyppound ,, " und a
novel i gpeﬁ%%ﬁ&'%&?tawyﬁﬁaﬁ W&)Sﬁﬂ -mﬂﬁﬁ%BYﬁfBﬁE"e%%& m’lﬁng O%I?@ﬁlﬁé}smz?%p
generally require the use of a polar, aprotic solvent (e.g., Nw, DVA or
the |ike), PEasena@ phamhasedsanster gatalysh{eags itelialulyleonmoaiurs bapmide. car bonat e,
sodi um bi carbonate, or the like), and an excess of Conpound 8, 3 0 NOV 2006

24 pr ef er atgtrabutytarnmartiomt hyRirogére sultdteContheuliice) @ndean atkytatiog agentdessd, 7. A
preferred mld, inorganic base is sodium bi carbonate. The application of

heat wi || BATiHXE, Wherd E3s Hefiled asEaveFtd ?w@éc@mp&m&xaml e, at about
or

130-140 C, the reaction tine can be s ened in half, from about 24 hours

o aboug 12 hougse sBubtrd o el 8368, THIUSydFichifom CHifbR T3St ¥

is attaChed to rr)rotec romre i Ng Wi ngredi ents) .
Wien L is fhe sane as , .. Compound, 9. is the sanp as, Conpound 13, so t
ndait i on” oPOTRONRANA oSier Precsssthat ¢ bF cadien euthHpEnAdt & attelerk) e )
of the summary of the invention) is not necessary. On the other hand, when
Lis a pr om\@raléwekbhh%mmpndgjsaeé@ﬂ'alb'rﬁm4_665%%-accorrpl i shed in the sane
pot{ w thout isolating Conpound 9, by using a catalytic anount of an

i norgani c base The structne af Somparaid D iwhevell @ompodiyd srisvegioselebvblpxi de, or

the like). Protected forms of R3 include R3 noieties substituted with
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 R*NH2 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,



protective groups such as acetate, propionate, pivaloyl, -OC(OR5, -NC(O R5
or -SC(OR5 groups, wherein R5 is Hor d-12 alkyl. Wen the protgfﬁﬁﬁgzgﬁ
substituent is 15 an acetate group, deprotection is preferably carrie uq

wi th tetrabutyl ammoni um hydroxi de because it results in a faster and

cl eaner reaction, and product isolation is facile. In another enbodi nent of
the invention, a pivaloyl protecting group can be wused in place of the
acetate protecting group, and the application of simlar chemstry wll

| ead from Conpound 5K (or Conmpound 5) to Campound 13. The 20 deprotection
and work-up conditions are adjusted so as to mnimze formation of -isoneric
I mpuritie ' ' sipci ty of
the react] o o B el e P s ar e
carried out . under,yery Stro basi c,.condi tions, diastereoners form 3 0
"o 2006 Piaeliffi i dhdicirBeed Badim i eBAte, IS sppieaiar a Featafice
applied to prepare specific xanthines. For exanple, if RL is -OCH3, R2 is

- CH2CH3,  drive theorgmotipoHe, carsplption fastex-pice!, exarapks at sboubi3@14R Chdher oduct
obtained from Scheme I (Conpound 13) can be called

1- et hyl - 3rgadliohtithe c@nlHel sidbridtied inltyalf, ars uobaP24 hvuyatoabedt- 2 hautsyd
roxyet hyl)-7-[(3-brono-4- nethoxyphenyl)nethyl]-1H purine-2, 6-di one
(Conpognd 13A) seful for the.treat ctile

.aBDE V_inhibitor 1 t B
(ot Bt on- k1§ FES:3 BISBHEGHOMm AL REGenaede amoity s affathela B Fotu ng
Scheme |1, which allows for an efficient, conmercial scale preparation of
Conpound BRBAecting it &om rerctingawith ethesringiegients hphihenduis thessame asdt
i nternmedi ates: C
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 R?, 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 R® include R®moieties substituted with

protective groups such as acetate, propionate, pivaloyl, -OC(O)R®, -NC(O)R® or

-SC(O)R® groups, wherein R® is H or Cy.42 alkyl. When the protecting substituent is

15 an acetate group, deprotection is preferably carried out with tetrabutylammonium b)
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 26 Schene I1: Synthesis of Specific Xanthi ne Conpound 13A
NHCH, CO, Et MeO F\ CHO + H2NCH2CO2Et K2COB, EtOH MeO / \ HCl NaBH4,_ H20 I A
<oMe \| H N=N+ 85-95 C 1A Et02C-, KOt-Bu 2 CH(CEt)3 NC-N=C- Ot / H P NOKi2§06
0.15 equiv 2 N~ 3A OM O i O\ 1 O O- IN /ANN CH3COpH(gl aci al ~rN 11 i
ON Et( N> Diglyme, KOt-Bu (2.0 equiv2 ,C N NN H2N N Et NHOO2Et OO O H |
' SA 4A 4 SAK 1g0 4 -~

25

Specific Synthesis

The general synthesis of Scheme | can be applied to prepare specific
xanthines. For example, if R is -OCH3, R? is -CH,CHj, L is -CH,CO,CHs, R® is

5 .CH,OH, and R*is

b_‘\m
( | , then the product obtained from Scheme |
(Compound 13) can be called 1-ethyl-3,7-dihydro-8-[(1R,2R)-
(hydroxycyclopentyl)aminoj-3-(2-hydroxyethyl)-7-[(3-bromo-4-
methoxyphenyl)methyi}-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 I, which allows for an efficient, commercial scale

preparéﬁon of Compound 13A, without the need for chromatographic purification of

intermediates:
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N NBS (2.7 equiv),
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Scheme |l: Synthesis of Specific Xanthine Compound 13A

McO—Q—CHO + H,NCH,CO,Et
HCI

K,CO,, EtOH

NHCH,CO,Et
McO@—/

NaBH,, H,0
1A
;._ OMe
. 05 © Etozch _

H,N—=N + CH(OBt); — 222 C | NC—N=C—OEt 1A ) KOr-Bu
H /N 0.15 equiv

2 Z
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OMe
(0] (©/

OMe |
O (©/

0] (C

Pt N CH;COH (glacial):\N/“jIN>
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o) o)
- N 5mol% n-BugNOH 7 N~ Yy
j\ D= mol% n-BuyNOH % e
o NN C.‘\\OH MeOH o (1'\1 N C‘\\\OH
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27 The experinmental conditions disclosed herein are preferred conditions,
and one of ordinary skill in the art can nodify them as necessary to

achi eve the sane products. 5 Exanples Conpound IA: 2.0 NOV 2006
gl yci ne- N-f (4- nmet hoxyphenyl )nmethyl| ethyl ester To a m xture of glycine

et hyl ester hydrochloride (about 1.4 equiv) and potassium carbonate (about
1.0 equiv) was added anhydrous ethanol. The mi xture was stirred at about
40-45 C for about 3 hours. Then, p-anisal dehyde (about 1.0 10 equiv.) was
added; and the reaction mxture was stirred gor a mninum of about 3 hours
to provide an imne (not shown). Upon react? n conpl etion (about <5.0 % p-
ani sal dehyde renmai ni ng by GC anal ysis), the reaction m xture was cooled to
about 0- 10 C. Then, an aqueous sol ution of sodi um borohydri de (about 0.50
equiv) was added to the reaction m xture at a tenperature of between about
0 C and about 2DhaBxperimesta tcondiionsdiscibsad hereivare prefprredicoaditionpoamd 1A.
Upon conpl etion of the reduction reaction, the reaction m xture was
quenched vridiof relirfdrg \wkilddithe @it @dn AidbdifgaHERUSs AELEIPY tACIFBUS s sameaci al
acetic acid. After quenching, the reaction mxture was warnmed to room
tenperatu&e Gefiltered to renove solids. The filtrate was then
concentrate8 unger vacuum followed by the addition of tol uene and water 20
to facilitate | ayer separation. Aqueo ot assi um car bonat e sol uti on was
added t adj ust the pH of the nixturgéﬁgﬂggﬁut 8-9. The organic |ayer was
separated and the aqueous | a er was extracted wi th toluene. The conbi ned

t ol uene eXe@m AAs alyaine-Nit(A-nethoxypheaylimethvlethylester in about a 80-85%
yield (based on. GC and HPLC in solution assay). 3 O NOV 2006 28 1H NWR 400
MHz (( CDCl 3): 3 Tob adnifkture ofglyine Ehyl 2eher Hyddachloride (sbddit 3 .4equi)Hand

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 O-
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).



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 NWVR 100 Mz (CDCI 3): 6 173'3\1 2006
159.2, 132.0, 129.9, 114.2, 61.1, 55.6, 53.1, 50.4, 14.6. 5 Corrporq Oﬂ:

N- cyanonet hani m dic acid ethyl ester To cyanam de (about 1.2 nole) was added
triethylorthoformate (about 1.33 L/% nole), and the reaction m xture was
heated to about 85-95 C for approximately 2 hours to form Conpound 2.
Estimated in-solution yield was about 95-100% The 10 product was
optionally purified by vacuum distillation28 H NVR 400 MHz (CDClI 3): 3 8.38
(s, 1 H, 4.28 (t, J =6.7 Hz, 2H), 1.29 (t, J = 6.8 Hz, 3H); 13C- NWR 100
MHz (CDCl 3): él—llmMFBAOﬂ)JMHé,(CﬂSJI.‘-I@); 817323 (d CH bz, 2M), 6185 (daid= Br5aHg; gHY.ci ne
N4(cyanoi m no) met hyi 1-N-f (4- 15 met hoxvphenyl ) nethyl |l ethyl ester A solution

vacuom ¢ i &t P61 BHERTD Gl 8 B APLSAPRF AR 1088 Laebry *00ST 280
added t o (o3t 7HaHE: ab Lo 100 HedSERuel A 720, oo TP 3288 1 Thidher

At this stage,"the formation of Conpound 3A was conplete. Estinated

i n-sol ut i6dn1,y56%6053ds 58phut4.6.95% (about 2:1 nixture of cis and trans
isoners). 3 0 NOV 2006 29 Conpound 4A: 1 Him dazol e-5-carboxylic acid,
4-am mp- 1-f (4- net hoxvphenvl ) nethyl | ethyl ester Compound 3A (obtained
above) was concentrated by distilling off THF. Then, 5 anhydrous et hanol

was adde%&tgg@f!,f'gbdDg_%:rﬁ@é% fﬂ@nmw'ggrdjéag%‘?hﬂ.tés?& Separately, potassium
t - but oxi X hydr ous et hanol to afford

To cyanamide (about 1.2 mole) was added triethylorthoformate (about 1.33

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 85-100%. The
10 product was optionally purified by vacuum distillation.
"H NMR 400 MHz (CDCly): 6 8.38 (s, 1H), 4.28 (t, J = 6.7 Hz, 2H), 1.29 (t, J =

6.8 Hz, 3H); 3C NMR 100 MHz (CDCls): & 171.5, 113.4, 65.5, 13.1.

Compound 3A: cis- and trans-glycine N-[(cyanoimino)methyil-N-[(4-
15 methoxyphenyl)methyl] ethyl ester

A solution of Compound 1A (about 1.0 mole) in toluene was concentrated &/}
under vacuum to distill off toluene. Anhydrous tetrahydrofuran ("THF") 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).



a solution. The potassiumt-butoxide solution was added to the reaction

m xture solution and heated to about 75-85 C for about 1 hour. The overall
in-solution yield of Conpound 4A was about 85-90% 10 'H NMR 400 M;;zg NOV 2006
(cbCl3): 8 7.16 (s, 1 H, 7.08 (d, J = 8.6 Hz, 2H), 6.82 (d, J

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 NWR 400 MHz (CDCl 3):

6160. 9, 159. 2,139. 0, 128. 6, 128. 5, 114.0, 101.8, 59.5, 55.2, 50.1, 14.4. 15
Conpound 5AK: 1-ethyl -3, 7-di hvdro-7-f(4- rretgé)xvphenvl ynmethyl | -1

H Purine-2.6- dione potassiumsalt The react?on m xture contai ni ng Conpound
4A i n et hanol (ob al ned above) vas added to di gI yrre and distilled under
vacuum t o GURBAENG I8 Yhig acig 4campined1 ¢

N- et hyl ur GpS130XYERE SNl ¢
heated to about 110- 120 C A sol ution of potassiumt-butoxide (2.2 equiv.)
in diglyme was Goidpound 3iih@bitzihed clbovepwas toacenirateddy diskilingefivaldr. cidened
to roomtenperature. THE was added to precipitate additional product, which
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yield. 25 The wet cake can be used as such for conversion to Conpound

NI\/R ( DVBO: 6

25, 6 e, %%ss@%%éxqawag%ed anﬂipelvv@%éi 1% %ﬁvf@%%éﬁapoﬁo s
(t J=6. 8Hz 06 30 3 VR (DVBO-d5, 10 ). 8 161.1,
159. 0, 158. splutm 'ﬁhe P@iaaﬁlurméjblﬁ‘)x'dﬁ?9'@'0711\'1&3 @ddQ@@ §13 EE?@JO“Z[B'XQJFGM 4,
14. 3. Optional Neutralization of Conpound Salt 5AK to Conpound 5A: 5
Conpound 3SalutibnetndyheBed-tdiavodt 6585 (@ foreabiont ighmmy [ Thesovariall -id-solutioniyield 2, 6-
di oee The wet cake filtered solid of Conpound Salt 5AK (obtained above) was

H

of Compound 4A was about 85-90%.

10 'H NMR 400 MHz (CDCl3): & 7.16 (s, 1H), 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 (1,
J = 7.1 Hz, 3H); *C NMR 400 MHz (CDCl5): & 160.9, 159.2, 139.0, 128.6, 128.5,

114.0, 101.8, 59.5, 55.2, 50.1, 14.4.

15 Compound 5AK: 1-ethyil-3,7-dihydro-7-[(4-methoxyphenyl)methyil-1H-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. THF 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-ds, 400 MHz): 5 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 = 6.8 Hz,



suspended in water and then acidified to a pH of about 5 using gl aci al
acetic acid. The resulting slurry was filtered to obtain the neutralized
whi ch was then 10 washed with water and dried. The overal3( N8pI6 ed
yield of neutralized Conmpound 5A from Conpound 1A was about 45-55%
Spectroscopi c data for neutralized Conpound 5A was identical to that of
Compound Salt 5AK. Conpound 6A:

3-f2-(acetyl oxy)ethyl]-1-ethyl-3,7-di hvdro-7-f(4- 15

product,

met hoxyphenvl ) net hyl | - 1H puri ne- 2, 6- di one 38

Compound Sal t 5AK (obtai ned above) were ~.i added tetrabutyl anmoni um

brom de @GplicC

After being heated to reflux for about 2 hours, part of the 20 THE was

distill edlzgfg 1p41qi 1@9@933@] 4@@@1@1 yms added to the reaction mxture.

reacti on m xt'ure was thén concentrated under
around roomtenperature. Water was added to precipitate the product. After
cool ed to about 0-5 C for about a few hours,

bei ng

by filtration. The wet cake was washed with a ueous |so&ropyl al cohol

(about 3@9ptianajdNasitializatien of Cemnpayngndalt SAKcto

pale yellow solid in about a 45 3 0 NOV 2006 31 55% overall yield (based
Conpound Caéinpolingd SALtietmyl ] dihydng-7BE4 aneihoxepherdylméthyllolH-derimes? 6zi ng
with Darco in nethanol, followed by filtration and concentration to afford
crystal |l igigngonpound 6A. "H NVR (CDCI 3, 400 MHz): 8 7.54 (s, 1H) 7.32 (d,
= 8.6 Hz, ZH) 6.90 (d, J = 5 8.6 Hz, 2H) 5.43 (s, 2H 4.41 (m 2H) 4.38 (m

a1 “13¢ ik (KBt oska ey vold 4{%%%%&‘%? Sgofaiied oS, "io's

130. 1, 127.7, &14 8, 107
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d in' water and then acndl? ed ?é ap %f aggut4 5 us?ng glacnajf acétlc acnd

suspénde
The resulting slurry was filtered to obtain the neutrahzed product, which was then
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-[2-(acetyloxy)ethyll-1-ethyl-3.7-dihydro-7-[(4-
methoxyphenyl)methyl]l-1H-purine-2,6-dione

To the wet cake filtered solid of Compound Salt 5AK (obtained above) were
added tetrabutylammonium bromide (about 0.05 mole) and 2-bromoethyl acetate
(about 1.2 moles) in THF. After being heated to reflux for about 2 hours, part of the
THF 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

dried under vacuum to afford Compound 6A as a pale yellow solid in about a 45-

the wet cake filtered solid of
BIMR (DM SD-dwnd 02-\iHr)jréet 61, $5810at 58(dadFt 2,114 4p1&KD, in THE

The
reduced pressure and cooled to

t he product was isol ated

Compound 6A as a

on
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l
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10 After Optional Neutralization of Conmpound Salt 5AK to Conpound 5A:
Compound 6A: 3-f2-(acetyloxy)ethyll-1-ethyl-3,7-di hydro-7-((4-

nmet hoxyphenyl )nmethyl | -1 H purine-2, 6-di one Acetonitrile was added t &0 A0V 2006
m xture of Conpound 5A (about 1.0 nole), 15 anhydrous potassium carbonate
(about 1.5 noles) and tetrabutyl anmmoni um hydrogen sul fate (about 0.05

Aol e). 2-bronpet hyl acetate (about 1.5 nples) was C added in three separate
portions (0.72 nole in the beginning, another 0.45 nole after about 2 hours
of reaction, and then the remaining 0.33 noRg after about another 1 hour of
reaction) during the course of the reaction at about 80-85 C. The total 20

E0L1 O (S BFIPHRM (tRchaF ORI RPTAL Tk Bt g seplinabou
S0P 0P oy BEESRe LR b TS alb B s DR e, | Lone

a 75-80%yield. 3.0 NOvV_2006 32 Conpound 7A:

8- br ono- | -G8ngpntration1q gifetd srysialline(ompPund Ay dr o- 7- f ( 3- br ono- 4-

met hoxyphenyl )nmet hyl | -1 H Purine- 2, 6-di one Conpound 6A (about 1 nole) and
NBS (about 2.8 'hoNRH} (GDGi; MG MHE 51754 (s]riH)at.82¢d) J ~ 8.6 HnRHis.0atdd) at
about 15-20 C. To this reaction mxture, a solution of sulfuric acid (about

0.03 M) d.6 1A OLHH.AS (& Dips. AR BHIMIBBRHIBIHLYDi(BA) L2 HESH 20 (s

tenperature ow’about 25 C." The reaction m xt'ure s agitaté

20-25 C fqr ,,apbut - rs_upgil conple n {i foth rting
mat eri al %kié)spgﬁé%ﬁfliié%efFiété%nglﬁgxtém%a@ﬂ@ébgﬁowHég&f-}ﬁjS C and
a cold (about 5 10 10 C) aqueous solution of sodiumsulfite was added,
keepi-ng t HEOL2MSEAt 16B4bd48R, 14044113001, 27Thel 148c10h0, 64T, 591G, £02 4204,
abom 2 hours at about 0-10 C, and then filtered. The isol ated cake was
washed w t36.9v€2,13.6l | oned by net hanol, then dried under a vacuumto

obt ai n Conmpound 7A in about an 85%yi el d.

10 After Optional Neutralization of Compound Salt 5AK to Compound 5A:

Compound 6A: 3-[2-(acetyloxy)ethyl]-1-ethyl-3,7-dihydro-7-[(4-
methoxyphenyl)methyl}-1H-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.



H NV\R (CDCI 3, 400 MHz): ~ 7.60 (d, J=2.0 Hz, 1H), 7.35 (dd, J=8.4 Hz, 2.
5Hz, 1 H, 6.83 (d, J=8.4 Hz, 1 H), 5.43 (s, 2H), 4.35 (m 4H), 4.0 @f&ﬂﬁa
=7.0 Hz, 2H), 3.85 (s, 3H), 1.96 (s, 3H), 1.23 (t, J=7.0 Hz, 3H) 304N
(cba 3, 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.
M5 (ES) me 545.2 (M+H) +. 20 Conpound 13A: 1-ethyl-3,7-di hvdro-8-f(1

R, 2R) - (hydr oxycycl opent yl ) am nol - 3- ( 2-

hydr oxyet hyl ) - 7- r ( 3- br onp- 4- net hoxyphenyl ) & hyl | - 1 H puri ne- 2, 6-di one
Conpound 7A (about | nole) was conmbined with (R R)-2-am no-1 cycl opent anol
hydr ochl o€odpoGarihAaudtroho-hethw-3t22(avetydsiy)etiyl]shdidinydrds/ fidebropum4dt e
(about 3 m)l es) To his reaction mxture was added N, N- di net hyl acet ani de
("DMVA") , Phepy Tl KeRuiingodb-dianeat ed at about 135-140 3 0 NOV 2006
33 C for about 15-17 hours unt|I corrpl ete consunption of the starting

mat eri al was ndi c t.er d,. but
not i sol ated, pmﬂqq{@dBAggg&utg‘ﬂ "?ﬂ%é} %%é]gat}ogg?tdé ﬁ@ﬁ#i\?ﬁt‘* aﬁé@"’fgﬁ

cooled to about 45-50 C, and tetrabutyl ammoni um hydroxi de (about 0.05 nol es
of aboBt @ymsmtenitiieiasd agitaied at )abguwséwﬁ& gba thisgeaction mixtupseiselytion of
nmet hanol. The reaction m xture was refluxed at about 80-85 C for about 8-9

hour s unt silfurierandie (@bolt0.08 endl) imacétohiitieasas atidedrwhile maistainiog tled ed. The
reaction m xture was cool ed to about 40-45 C and concentrated wunder vacuum

The pH of ;, t tic
aci d, andr I&go'ﬁzgﬁ)lbgén}urn% Q%rlt}&gagv@? w out H'&)gt’i_’]gg\n)gs %’}?Et gégggagft h
10 a smal | _anmount of Conmpound 13A. The reactlon m xture was then cooled to
about  302825CG{sabeubd 2 by herrsawdil copplelerconsymption: @ithestadingdpaterial o
period of about 1 hour. The reaction m xture was further cool ed to about

0-5 C ovewagintitated. THe rletibn Inikture wadeosled takabdubd-3 t@tandeapsldaaboat 5or
about 4 hours. The Conpound

10 10 °C) aqueous solution of sodium sulfite was added, keeping the temperature below

e

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.
'H NMR (CDCls, 400 MHz): D 7.60 (d, J=2.0 Hz, 1H), 7.35 (dd, J=8.4 Hz, 2.0
15 Hz, 1H), 6.83 (d, J=8.4 Hz, 1H), 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); "*C NMR (CDCls, 100 MHz): O -
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-dihydro-8-[(1R.2R)-(hydroxycyclopentyl)amino]-3-(2-
hydroxyethyl}-7-[(3-bromo-4-methoxyphenyl)methyl}-1H-purine-2,6-dione

Compound 7A (about 1 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



13A product was isolated by filtration, washed with water and dried to

provi de about C 15 an 85-90%yield. 1H NMR (CDClI 3, 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 HzZ;UNUV-I)ZO[]B
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, 1.60-2.80 (m 4H), 1.35 (m 1 H, 1.23 (t, J=7.0 Hz, 3H); 20
13C NWMR (CDCI 3, 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, 61.33356.7, 46.5, 45.9, 36.8, 32.9,
31.5, 21.4, 13.8. M5 (ES) W 523.4 (M+H)+. 30NOV2006 34 M croni zation

Mat eri al s °prfepabedt b§-t/hboadsavdi dempleteadnsunptioaes the stavting matetiekwas

pr ocessi ng can exhibit particle sizes that are greater than optimal for

pur poses Ghictiel2 150BlokAR.0 R R Rit8rmEiaRY sk Abiohinb; bl:fnGiisRmld, i ed e

enbodlnents of the 5 I'nvention, conpounds | osé erein are Ject

to a mcronization . process to .qgenerate particle si ns

f avor abl e TEBFUGH] B%Q fﬁﬁﬁea?—t iXtidie ﬁﬂ?ﬂhﬁ"q’gd?‘aag’ gég%& Jrﬁ*t

co- pendi ng patent application "Xanthine Phosphodi esterase V |nhibitor

Pol ynor phdgtrabutylamyoeniusa hydraxidetahaus 0.0 solendf abeuta 40¥nsolutionin water)i d
energy mll (Jet Pulverizer Mcron Master, nodel 10 08-620). A feeder

(K-Tr o5 Twyas Shearged Eleawi,)fome@bgdnemaheﬁﬂh@t@dt@ln rhixtirieenas réfluxeld & rate
of about 80 grams/min. AmIll jet pressure of 110 psig was used. The

esul U110 SBBEEY A 40t A Iea HBird AnflANG b S BIAURTIRE Rk AE BFOA o

during mcronization to crystal |ne mat er point on t
(St okes Tray Dryer, nodel 438H) was set to 95 C. The batch was heat ed at a
t enper at uM@SU@@*W@é@d obhe seagtiprmixtare was gopledrte. abhgut #8r&n € andenieentigted

Calgrinmetry ("DSC') analysis indicated no anorphous material was present.
The parti ahdesvaeuuhsfiheopitiofthefeddtion 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
15 an 85-90% vyield.
'H NMR (CDCl3, 400 MHz): O 7.47 (d, J=2.1 Hz, 1H), 7.18 (dd, J=8.4 Hz, 2.0
Hz, 1H), 6.87 (d, J=8.4 Hz, 1H), 5.23 (s, 2H), 5.01 (s, 1H), 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, 1H), 2.05 (m, 1H), 1.60-1.80 (m, 4H), 1.35 (m, 1H), 1.23 (t, J=7.0 Hz, 3H),
20 C NMR (CDCls, 100 MHz): O 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, 214,

13.8. MS (ES) m/e 523.4 (M+H)".



resulting material was characterized, using a Synpatec particle size

anal yzer, as having a volune nean dianeter of 8.51 pmand a nedian particle
dianeter of 5.92 pm Cryogenic mcronization processes nay resul tWﬁUVa\?/[@&
nore favorable particle 20 size distributions. The above description is not
intended to detail all nodifications and variations of the invention. It

w Il be appreciated by those skilled in the art that changes can be nade to
t he enmbodi nents descri bed above w thout departing fromthe inventive
concept. It is understood, therefore, that3ghe inventionis not limted to
the particular 3 0 NOV 2006 35 enbodi nents descri bed above, but is intended
to cover I\WEFBFTI% @ﬁﬁ ons that are within the spirit and scope of the

i nventi o, ed by the | anguage of the following clains. C C 3 0 NOV
2006 36 CLAI

formul a: Hal atqﬁﬁﬁp%dq%ﬁ[wqhgqa%vg%%@ n&%#ggeslseéshﬁim&ﬂ fmﬁe; ol I ow ng
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 je_t 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 (V’)
resulting material was characterized, using a Sympatec particle size analyzer, as
having a volume mean diameter of 8.51um and a median particle diameter of 5.92
um. 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



R3/ 13 wherein, 5 R, R2 and R3 are each independently selected fromthe
group consisting of. H, alkyl, alkenyl, al kynyl, cycloal kyl, aryl
heteroaryl: allyl, -ORS, C(OOR5, -C(O)R5, -C(ON(R5)2, -NHC(O) RS GNEY 2006
-NHC( O OR5, wherein each R5 is independently H or alkyl; provided that R2
and R3 are not both -H 10 R4 is an al kyl, cycloal kyl, cycl oal kenyl,

‘het erocycl oal kyl, aryl or heteroaryl group; wherein R, R2, R3 and R4 are
optionally substituted with one or nore ngkfties i ndependently sel ected
fromthe group consisting of. alkyl, cycloalkyl, alkenyl, cycloal kenyl,

tero it r.o I, no,

al kynyl, aryl, .heteroaryl, h | oa] kyl ,. .hal o, thi ni 0X
2cetate. SrbinenE dictier b obEnatentintop raernodtisatBpRahi it
50R5' -C(OQ) OR50, -C(O R50, -S00-2R5 -SO2NR50R51, NR52S02R50, =C( R5DR51),
=NOR50, =tespidicandsegpe ofthe inyentiomay mt"mshe lapguagesy the following

-OC(O N(R50R57), -N(R52)C(O (R50), -N(R52)C(O OR5D and

- N(R52) C(€lpo&50R51) , wherein each R5 is 20 independently H or al kyl and

R D, R51 and R52 are each independently 3 0 Nov 2006 37 selected fromthe
group consisting of H alkyl, cycloal kyl, heterocycl oal kyl, heteroaryl and
aryl; Hal is a halogen group; the nethod conprising: 5 (a) reacting glycine
ethyl ester or a salt thereof wth co NCH2CO2Et



R \ Ho formwherein Et is CH3CH2-, (b) reducing NCHZCOZEt NHCH2Q02Et to

forma Conpound 1: 1 10 (c) reacting cyanam de with an excess of
2 (d)EPGI‘QthPUrﬁg

triethylorthoformate to forma Conpound 2: H NG N=C-- CEt
R i EE®C ,N

t he Conpound 2 with the Conpound 1 to forma Conpound 3:
[>-H N .3 15 (e) reacting the Conmpound 3 with a base to forma Conpound 4: -

3 0 NOv 2006 38 R OEON i i> HZNNA4
36

CLAIMS

1. A method for producing a Compound 13 having the following formula:

wherein,
R', R? and R® are each independently selected from the group

consisting of: H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryi, allyl, -OR?,
-C(O)OR?, -C(O)R?, -C(OIN(R?)z, -NHC(O)R® and —-NHC(O)OR®, wherein
each R® is independently H or alkyl;

provided that R? and R® are not both —H;

10 R* is an alkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl or

heteroaryl group;
wherein R?, R?, R® and R* are optionally substituted with one or more

moieties indgpendenﬂy selected from the group consisting of: alkyl, cycloalkyi,
alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyi, halo, thio,
15 nitro, oximino, acetate, propionate, pivaloyl, -OC(O)R?, -NC(O)R® or
-SC(O)R®, -OR%®, -NR*R®, -C(0)OR®, -C(O)R™, -800.zR%,
-SO.NR¥R®', NR®30,R™, =C(R*R®"), =NOR®, =NCN, =C(halo),, =S, =0,
-C(O)N(R?°R%Y), -OC(O)R®, -OC(OIN(RPR®), -N(R%HC(O)(R),
N(R%)C(O)OR™ and —N(R®**)C(OIN(R*R®"), wherein each R® is

20 independently H or alkyl and R*, R®! and R* are each independently



(f) reacting the Compound 4 with RZNHCO2R1 in the presence of a netallic
base to forma Conpound Salt 5K R O~ R', N /> N5K 5 wherpjnoMilis a
metal ion, (g) optionally, reacting the Conpound Salt 5K with an acid to
forma Conpound 5: 1+~ ~ RN O) oONNH 5 (h) reacting the Conpound
Salt 5K or the Conmpound 5 with BrCH2L in the 10 presence of a phase transfer
catalyst to forma Conpound 6: pR O RZNN N L 6 3 0 NOV 2006 39
wherein L is R3 or a protected formof R3 conprising R3 with a protective
substi t uent 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
‘ - NCH,C0,BEt
R’——@—-Cﬁo to form R’—-@———l/
( i wherein Et is CH3CHy-,
(b) reducing
NCHCOB . NHCH ;00 ;Bt
R'—-@——/ tofoorma Compound1: R “@“/
1 2
10 (c) reacting cyanamide with an excess of triethylorthoformate to foorm a
Compound 2:
NC—N=C—OEt
2

>

(d) reacting the Compound 2 with the Compound 1 to form a Compound 3:

15 (e) reacting the Compound 3 with a base fo form a Compound 4.



sel ected fromthe group consisting of acetate, propionate, pivaloyl,
-OC(OR5, -NC(OR5 and -SC(O R5 group, wherein R5 is Hor C 12135[5% él)
—~di hal ogenating the Conpound 6 to forma Conpound 7: O-N O R K0
,JHa] N5 L 7 (j) reacting the Conmpound 7 with R4NH2, and addi ng a base
thereto, to forma Conpound 9: Hal RL ORNN _H o~ NNR4 9 and (k) (i)
when L is R3, the Conmpound 9 is the Conpound 13, and 10 (ii) when L is a
protected formof R3, reacting the Conmpound 9 with a base to formthe
Compound 13: Hal R1 O RNNH O-N R4 R3/ 13

38
R
O
Eto)lIE/)

H,N
4

(f) reacting the Compound 4 with R2NHCO2R in the presence of a metallic

base to form a Compound Salt 5K:

Rl
0] ‘/@
R\ ’

l/>
M@é”

5 wherein M* is a metal ion,

(g) optionally, reacting the Compound Salt 5K with an acid to form a

Rl
20’)@(
R\N
PN,
0~ N~ N
H

5

Compound 5:

b4

(h) reacting the Compound Salt 5K or the Compound § with BrCH,L in the

10 presence of a phase transfer catalyst to form a Compound 6:



3 0 NOv 2006 40 2. A nethod for producing a Conpound 13 havi ng the
followng formula: tit Rt 0 R A nJ-NNR wherein, R, R2 are
each i ndependently selected fromthe group consisting of: H, C 1@ M]IVI@WB
C2-1s al kenyl, C2-15 al kynyl, C3.15 cycl oal kyl, aryl, heteroaryl, allyl,
-ORS, -C(OOCRS, -C(OR5, -C(ON(R5)2, -NHC(O R5 and -NHC(O ORs, wherein R5
is Hor C1.15 alkyl; provided that R2 and R3 are not both -H R4 is Cl.12
al kyl, C3.15 cycl oal kyl, C3-15 cycl oal kenyl, heterocycl oal kyl, aryl or

het eroaryl; wherein Rl, R2, R3 and R4 are optionally substituted with one or
nore " noi eties independently selected fromthe group consisting of. Cl.15
al kyl, C3.15 cycloal kyl, C2.15 al kenyl, 38. 15 cydoal kenyl, C2.1s aikyrryl,
aryl, heteroaryl, heteroydoal kyl, halo, thin, nitro, obm no, acetate,

pr opi onaphergin yad RY lor a—@@(@t&ﬁform bmadj?ﬁpﬂémg SG(V@H% protetihh sub¥RhidRal
CC(O ORS0, -C(O) R50', SOO 2R5 SO2NRSCRSI |, NR2802R9D =C( R50R51), =NORS50,

=NCN, = 3
N( R52) C(qo%]@aa%?ﬁg'ze %%”)p &Ogé%%%(%%%e %) (RSOR Y MR ORY - |

arCl_12 %&?L}Rag dm@%r(ép]ﬁs@%%pm&égq?ﬂ'ﬂ’a{”ec c% ,ndependently sel ected

fromthe p consr st cI oal kyl ,
3. S er 00y ) e A 5 i BAC 6 okl o 0081 atom
Hal
Rl
, 9
RA N
AT p—na
o )N N
5 . 7 H

(i) reacting the Compound 7 with R*NH,, and adding a base thereto, to form a

Compound 9:

9 ,and
(k) (i) when L is R®, the Compound 9 is the Compound 13, and
10 (i) when L is a protected form of R®, reacting the Compound 9 with a base

to form the Compound 13:

Hal
R]
0
Rz\
)\ | /)—N
o0~ N



3 0 Nov 2006 41 the nethod conprising a) D hal ogenating a Conpound 6 to

formthe Conpound 7 al R R~ \ | \ | dihalogenation x. NN of 0. N L/ 6

J 7L

Compound 9: Hal
reacting a Conpound 9 with a base to formthe Conpound 13: Hal Hal

RZ 1 ZH base It2. NH 4 N9 13 40

\

2.

R R O R ANNRM8 NO NN Hal base N' T L

A method for producing a Compound 13 having the following formula:

Hal
Rl
e
RY N H
N
RTe
o N"N R

wherein,

b) Reaching a Conpound 7 with RQNH2, and a base, to form thenNpy 200
9 ((c)

R R1L O

R!, R? and R? are each independently selected from the group consisting

of: H, Cy-15 alkyl, Cz-45 alkenyl, C;.45 alkynyl, Cs.45 cycloalkyl, aryl, heteroaryl,
allyl, -OR®, -C(O)ORS, -C(O)R’, -C(O)N(R5),, -NHC(O)R’ and -NHC(O)OR?,
wherein R® is H or Cy.s5 alkyl;

provided that R? and R® are not both -H;

R*is G.s; alkyl, Css cycloalkyl, Cs.is cycloalkenyl, heterocycloalkyl,
aryl or heteroaryl;

wherein R, R, R® and R* are optionally substituted with one or more
moieties independently selected from the group consisting of: C,. s alkyl, Cs.ss
cycloalkyl, C,.;s alkenyl, Cs.;s cydoalkenyl, C2.1s aikyny, aryl, heteroaryl,
heterocydoalkyl, halo, thin, nitro, oximino, acetate, propionate, pivaloyl, -OC(O)R®, -
NC(O)R® or -SC(O)R, -OR®®, -NR*°R®!, -C(O)OR®’, -C(O)R%®, SO,.,R*®
S0zNR*°R>, NRZSOR®, =C(R*°R®'Y =NOR®®, =NCN, =C(halo), =S, =0, -
C(O)N(R°R®), -OC(O)R®®, -OC(O)N(R°°R®*),-N(R*}YC(OXR™), {R*)C(O)OR®®
and -(R®2)C(O)N(R*R5?), wherein R’ is H or C,.;; alkyl and wherein R%, R®!
and 2 are each independently selected from the group consisting of: H, Cy.¢
alkyl, Gy cycloalkyl, C4.¢ heterocycloalkyl.heteroaryl and aryl; Hal is a
halogen atom;



wherein, L is a protected formof R3 conprising R with a protective
substituent 20 selected fromthe group consisting of acetate, propionate,

pival oyl, -0C(0)R5, -NC(O)R5 5 and -SC(O R5 group, wherein R55 is HONDV 2006
3 0 NOvV 2006 42 3. The nmethod according to daim2, further

conprising reacting a Conpound Salt 5K or a Conpound 5 with BrCH2L in the

presence of a phase transfer catalyst 440 formthe Conpound 6. ~10 G. JL "~

C,_12 al ky.

readi ng the Conpoun

0O R~-NNR

R R

o

V4

L-~8r M+tO- N Pbya traaif reapl Y+r R~ SKar o~~, sa L H. 1.1 1,161 RN
H~ S NN S .4 gn@ccording to daim3; firther conprising
e ragtgg??&éﬁﬁqulh an add to formthe Conpound 5:
| i acid NN
a) Dihalogenating a Compound 6 to form the Compound 7
al
o "
Rz‘N N dihalogenation -RA N- .
o“ NN : A PN
J “J
r~ 6 | l_/' 7

Hal Hal |
R! R
0
R2\N N R‘NH; 8 L RZ\NJEIN»_NIH
. A ] Nz>—-Hal base o%N N r*
/ o

7 | 9 ‘

((c) reacting a Compound 9 with a base to form the Compound 13:

. Hal
R Rr!

o S <]
Ny BS- AH base RA N H
N /
5 A AN | | %&N‘)_N‘R‘
RV'

13

wherein,

L is a protected form of R® comprising R® with a protective substituent 20

selected from the group consisting of acetate, propionate, pivaloyl, ~OC(O)R®,

-NC(0)R® ® and -SC(O)R® group, wherein R*® is H or C;.,, alky.



O(+~ OONN H5K 5 5. The nethod according to daim 3, further conprising
reading a Conpound 4 with R2NHCO2R1 in the presence of a netallic base to
formthe Conpound Salt 5K 3 0 NOV 2006 43 R R \lI o ~I N RZNgB®INBY 2R6
-lg ~~ metallic base 112N NP N 4 5K 6. The nethod according to daim 5
further conprising reacting conprising reacting a conpound 3with a base to
formthe Compound 4: RI Rl i ESGC"N ~4base EtO ~N HZN N N~ 3 4 7. The
nmet hod according to claim®6, further conprising reacting a Conpound 2 with
a Compound Ito formthe Conmpound 3: Rt NCGW-0 + R ~ ~
3. The method acoording to daim 2, further comprising reacting a Compound

Salt 5K or a Compound 5 with BrCH,L in the presence of a phase transfer catalyst

to form the Compound 6.

N
or >
oz:jl N
-]
&
1yt
R? e cransiel et
= Br‘/"
) LN jI
N

4, The method according to daim 3; further comprising reacting the Compound
Salt 5K with an add to form the Compound 5:

,/@Rl Ar®
0O
Rz\N N -2 0 K@
ég 'N/> acid . % [ )
O

N
WO “ u

5K 5

5. The method acoording to daim 3, further comprising reacting a Compound 4 with
RZNHCO,R! in the presence of a metallic base to form the Compound Salt
5K.



N 21 N33O0 NOV 2006 44 8. The nethod according to claim?7, further
conprising reacting cyanamde wth an excess of triethylorthoformate to
formthe Conpound 2. 9. The nethod according to claim8, further cofPmN0yilblh
reducing to form Conpound 1 10. The nethod according to anyone of the
clainms 2 to 9 is al koxy 11. The nethod according to anyone of the clains 2
to 10, wherein R2 is ClL.15 alkyl, optidhally substituted as provided in
claim2. 12. The nmethod according to anyone of the clains 2 to 11, wherein
R2 is C1_15 alkyl, optionally substituted as provided in claim2. 13. The
met hod according to anyone of the clains 2 to 12, wherein R4 is g@_B
cycl oal kyl, optionally substituged s provided in claim2 1 met hod
according to anyone of the cla 2 to 13, wherein R2 is e R3 is
hydr oxynet hyl , and R4 isn2-hyd ycycl opentyl . 15. TheQ netfio according to

anyone of the clains 2 t0 141 wher eigﬁmgpr ot ecR|2~v batituent on R3 is
an acetate, propiona pt yl, = =NC(O 5 opp, wherein RS is
e @%g

0

H or Cl.12 alkyl. 167 Th %od acapétsllibast 0 cl ai ein step (a) is
carried out in the 3 0 N)06 45 presence of a and in an al coholic
solvent. 17. The nethod according to anyone of the alm wherein the
reduction of is carried gut with a borohydride reduci§i agent. 18. The
met hod according to anyone of the clains 2 to 14, wherein the base

6. The method according to daim; 5 further comprising reacting comprising reacting
a compound 3with a base to form the Compound 4:

E0.CN base  EtO
N H,N” N
2
N///
3 4
7. The method according to claim 6, further comprising reacting a Compound 2

with a Compound I to form the Compound 3:



utilized to react with the Conpound 3 is potassiumtert-butoxide, potassium
pent oxi de, potassiumtert- anylate, sodium ethoxide or sodiumtert-hutoxide
19. The method according to anyone of the clains 3 to 15, 17 or 189 09 2806
the phrase transfer catalyst is tetrabutylanmoni um brom de or

t et rabut yl ammoni um hydr ogen sul phate. 20. The nethod according to anyone of
the clains 2 to 15 or 17 to 19, wherei4d the di hal ogenation is dibrom nation
or dichlorination. 21. A conpound selected fromthe group of conpounds
consisting of: Ove yOwe oM Mg ~~~ ~~ NN ~11 NAMNOO 3N N R-H 3A
4A SAK 5A Me W O /' "N OO R '~N'" XN a08 ooknp O01-N N and QAc 6A 7A At
9A QAc 3 0 NOV 06 7hke method agcardingyo clgimor;further comprising reacting cyanamide

with an excess of triethylorthoformate to form the Compound 2.

9. The method according to claim 8, further comprising reducing

. : NCB,CO.E
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 R? is Cy.;5

alkyl, optionally substituted as provided in claim 2.

12, The method according to anyone of the claims 2 to 11, wherein R? is Cy.;5

alkyl, optionally substituted as provided in claim 2.

13. The method according to anyone of the claims 2 to 12, wherein R* is C34

cycloalkyl, optionally substituted as provided in claim 2

14, The method according to anyone of the claims 2 to 13, wherein R? is

ethyl, R? is hydroxymethyl, and R* is 2-hydroxycyclopentyl.

15. The method according to anyone of the claims 2 to 14, wherein the
protective substituent on R? is an acetate, propionate, pivaloyl, -OC(O)R®,

-NC(0) R® group, wherein R® is H or C,.,, alkyl.

16. The method according to claim 1, wherein step (a) is carried out in the



Et is an ethyl group; and QAc is an acetate group 22. A nethod for
produci ng Conpound 5AK wi t hout separation or purification of internediate
products, said nmethod conprising: (a) reacting Compound 2 within C3fplnk061A
to form Conpound 3A: ~Ove NHCHZC(Vt EP2C\~N McO ~Y~ NG-N--C-CEt-+ + i}~"A
H~IJ 1A 2 3A (b) reacting Conpound 3A with a base in an al coholic sol vent
to form Conpound 4A OV OWe O base EH4O2C~-N EtO HEN H al coholic solvent N
N 3A 4A , and (c) reacting Conmpound 4A with a N-ethyl urethane and a
pot assi um al koxide in an ethereal solvent to form Conpound SAK: 3 0 NOV
2006 47 Ov OM \ | O E10 ethereal solvent K al koxi de

presence of a base and in an alcoholic solvent.

17. The method according to anyone of the claim, wherein the reduction of
/NCHz(I);Et
R < > /

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 ftert- 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 OMe OMe Me
,/O [o) '/0 [o] ’(U o
E10,C. Bo” YN /\N)EE
v)i H . N) )B N/) P )Y
% o N
N& K H ,
3A A 5AK ’ 5A



-6 H2N Et NHCO2RS O NN N 4A SAK wherein, Et is CH3CHzZ-; M is CHa; and
Rsa Is Hor C -12 alkyl. 23. The nethod of claim 22 wherein, the base is
5-20 mol % NaOEt or KO Bu, and the alcoholic solvent is ethanol. 240 NiNg006
met hod of claim 12 or 23 wherein, the N-ethylurethane is Et NCOZEt; the

pot assi um al koxide is K& Bur; and the ethereal solvent is diglynme. 25. The
nmet hod of claim 2 wherein Conpound 6 i t6Conpound 6A and Conpound 7 is
Compound 7A, said nethod conprising dibrimnating 3 0 NOV 2006 48 Conpound
6A using N-bronosuccinimde in acetonitrile as a solvent and sulfuric acid
as a catal yst: ONtte BemetiBSyrodkCN N OF~ i }-Br N N H1S04 N OAc 6A QAc 7A
wherein, McGN is acetonitrile;

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:

p,OMe
: NHCH,CO,Et EtdzC\,N
Meo—-@-—/ .\ 4 NCmN=C—0B— . T jwH

. ‘N

H
_ N7
1 o2 : A

(b) reacting Compound 3A with a base in an alcoholic solvent to form

Compound 4A
OMe | OMe
‘ b (o) ‘
ase
Et0,C._N ~ EOT Y "}
]\?M H alcoholic solvent " HoN” N
2
N//

(c) reacting Compound 4A with a N-ethyl urethane and a potassium alkoxide in

an ethereal solvent to form Compound 5AK:



e NBS is N-bnnosuccinimde, M Is CH, and OAc |s acetate. 26. The nethod
of claim2 wherein Conpound 7 is Conpound 7A and Conpound 8 is Conpound 8A,
Conpound 9 is Conpound 9A and the base is sodium bicarbonate, whef&iNGV 2006
reaction (b) is carried out in the presence of N N-dinethyl acetam de as a
solvent. Br Owe NH2.HC) Br ?yOM aOHo O N 8ANNH JIli Z} Br 0% N N aCH
O N NaHCC3, DVA OAc OAc 7A 9A 3 0 NOV4006 49 wherein, DMA is

N, N-d9nmet hyl acetamde M is CH3 ; and OAc is acetate 27. The nethod of
claim 2 wherein Conpound 9 is Conpound 9A and Conpound 13 is Conpound 13A,

and in reaction (c) the base is tetrabutyl amoni umhydroxi de, the i ion
of which is followed by the OMe
o
N,

/\N
cthereal solvent, K alkoxide - )\ [ N/)
EXNHCO;Rs, o N
HzN K@ ®
4A 5AK
wherein,

Et is CH3CHz-;
Me is CH3-; and

Rsa IsHor C1-12 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 EtNCO,Et;
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



addition of nethanol: Br Br- OV . OV ~~7q N n-BitgNOH /~N 2+i i}-NH i ~NH
O-NN,,OH MOH O-N N,,OH 9A 13A Werein, n-Bu4NOH is tetrabutyl amoni um
hydroxide Me is CH3_; and OAc is acetate . 30 NOV 2006

48

Compound 6A using N-bromosuccinimide in acetonitrile as a solvent and

sulfuric acid as a catalyst:

Br
OMG oMe
0 ' o]
/\NJE[N NBS, MeCN ~ N
)\ [ 2 " N | )—Br
oZ N N HSOy NN
OAc 6A OAc 7A ',
wherein,
MeCN is acetonitrile;
0
NBS is N-brngmosuccinimide,
Meis CH;-; 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.

NH, HCI'
‘\\OH 0

3A AN

OAc 9 A



30 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:

Ac . OH

Wherein,
n-Bu4NOH is tetrabutylammonium hydroxide
Me is CHs.; and

OAc is acetate



