; €3e0Z0*6TZ+h 21 May 2002 PROCESSES AND | NTERVEDI ATES USEFUL TO MARE

MNTI FOLATES 5 This invention relates to synthetic organic chemistry.
Specifically, the invention relates to a process for preparing

i nternedi ates useful in the syntheses of valuable antifolatg, s. 10
* Conmpounds known to have antifolate activilty are well recognized "as

chenot herapeutic agents for the treatnent of s cancer. A series of

N- ( 6-am no- (pyrrol o(2,3-d)pyrimdin-3ylacyl)-glutam c acid derivatives of
formula V: 157 R3' RQ 6 Rwi\N~ HN wWNJ ~Y V, 21 May 2002 where Y is
CH=CH, O or & i WP r po Maks ar boxy
protecting gr?&ﬁgrﬁﬁNHW%Eﬁgﬁﬁzg%%%%S I's hy ?ggg’?;""g?“;
carboxy protecting group; R6 is hydrogen or an am no protecting group;

5 This invention relates to synthetic organic chemistry.
Specifically, the invention relates to a process for
preparing intermediates useful in the syntheses of valuable
antifolate compounds.

10
Compounds known to have antifolate activity are well
("} recognized as chemotherapeutic agents for the treatment of
cancer. A series of N-{(6-amino-(pyrrolo(2,3-d)pyrimidin-3-
ylacyl)-glutamic acid derivatives of formula V:
15
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R7 is hydr
‘desi gnat ed
as antifol
4,684, 653
formul a V,
conpounds

oxy or am no; and the configuration about the carbon atom

* is S; and the pharnaceutical salts to thereof were disclosed
ates or internediates to antifolates in U S. Patent No.'s

and 4,882,334. A key step in the synthesis of the of
disclosed in U S. '334 and '653, is the hydrogen%t‘tfio%%?t%b(33

of formula VI: 15 ROR6 ~ HN i R3 ~~Y VI; where Z1 and Z2 are

bot h hydrogen or taken together forma 20 bond; R4 is a carboxy protecting
group or NEEEWEC(O R5' ) CH2CH2ZC(O RS ; R5' is a carboxy protecting group;

and R6' is,an_amno, . pratecti group; 21 May 2002 3 providing the
i soneric myillﬁr?}{g'gﬂgo%po&r#dgqof formula V(a): RBRs, ~i R4, ~N~ 1 HNN
V(a) 5 TherBesyl hiviagog@mowil d¥fo f asuf Budk8) can optionally have its

protecting
formula V.

5

10

15

20

roups renoved to give an isonmeric mxture of the conpounds of
R%. $s hygroxyd 'apFRrhephaprotecting group, or

NHCH” (C (0O)R?)CH2CH,C (O)R3;

RS is hydrogen or a carboxy protecting group:;
r6 is hydrogen or an amino protecting group;

R’ is hydroxy or amino; and the configuration about the
carbon atom designated * is S; and the pharmaéeutical salts
thereof were disclosed as antifolates or intermediates to
antifolates in U.S. Patent No.’s 4,684,653 and 4,882,334.

A key step in the synthesis of the compounds of formula
V, disclosed in U.S. ‘334 and ‘653, is the hydrogenation of
compounds of formula VI:

where 21 and Z2 are both hydrogen or taken together form a
bond; R4’ is a carboxy protecting group or
NHC*H(C(O)R®')CHyCHC(O)RS';

R3' is a carboxy protecting group; and

R®’ is an amino protecting group;



- taught that the individual diastereoners of fornmula V could io be
separ'at ed nechani cally by chromat ography or preferably the individual
di astereoners could be separated by form ng diastereoneric salts with
chiral acids, such as canphorsul fonic acid, followed by selg th%g 2002
- crystallization of one of the diastereomers. 15 U S. '334 an 3 taught

t hat conmpounds of formula VI can be obtained by first coupling a conpound
of formula VII with a conpound of forrmula VI1I: 1 HR3 ,, R6 ~ ~ ~ ~ H X R9
N N NH2GpMéidAnd tHer EsdmesibrRiRt el 0d0 combdltRiIes efsimdlia &/ (a)

pal ladiunm'tri substituted phosphine catalyst of the type described by
Sakanoto in Synthesis, 1983, 312 et, seq. 25 The synthesis outlined above
suffers in many respects. On an indygstrial scale, ;use of a noble netal

catal yst is expensive, |leads to purjfication aghd vironment al issues, and
can be erratic due to varyipg a vougmetal that is in the
correct oxidation state/cofphex X 002 4 for catalysis.
Furthernore, if the preferred3tryst garation procedure taught
above is followed, after isolating a diastereoner by filtration, the
filtrate will contain mxtures of the {mg)diastereoners. 5 This filtrate is
often not anenable to further separation by crystallization, and thus

separ afion efficiency suffers without resorting to an undesired

ﬁ h(rjomat ogramd ﬁe§@p£in@¢| %cﬂm bxﬁagg«zg afgrga&aswa)g Gaﬂ/\/fw&o\ﬁab‘lys hade | s
rogen, n | S I OX.

Bor 00N AR bR L RO Srera R EPeBite an Rt kil B 50
be found ithé heorfipdumds e¢frﬁmrmuha VAn Unfr.ovédéntandy €ré3hefwyrtler art woul d

‘nat rely ﬁf'%t”ﬁ}t% iéiﬁé& Ei E'i:%?ﬁé%ﬁ\et‘%em 0 oS, &f dafgla 15

VI and wou d ncr ease ute yle di ast ereomer of
formull® VIbe rapparated e@e%mhcmhﬁg byt Fhapagtegaamiws a3y Rf-’r%fsql%ﬂh]&atl on.

21 May 2002hd hendi€B@RA] | AVESE £BBomELat e5ulla Bl Rt HioriBind iy

diastereomeric salts with chiral acids, such as

camphorsulfonic acid, followed by selective crystallization
of one of the diastereomers.

15 U.S. ’'334 and ‘653 taught that compounds of formula VI
can be obtained by first coupling a compound of formula VII
with a compound of formula VIII:

20 VII VIII

where X is bromo or iodo; in the presence of a
palladium/trisubstituted phosphine catalyst of the type
described by Sakamoto in Synthesis, 1983,.312 et. seq.

25 The synthesis outlined abbve suffers in many respects.
On an industrial scale, use of a noble metal catalyst is
expensive, leads to purification and environmental issues,
and can be erratic due to varying amounts of the precious
metal that is in the correct oxidation state/complex form



[11: NRIR~-OR~ 3 ONC\ Rhn Y IIIl; where: ;, ~Yis CH=CH O or S, 10 R
i's d-C6 alkyl; RL and R2 are independently Cl1-C6 al kyl or taken together
with the nitrogen to which they are attached forma heterocycle; R~ is

hydr ogen, chloro, or fluoro; 15 R~ is hydroxy, a carboxy pr%heﬁﬂr%?&goup,
or NHC*H(C(O) R5) CH2CH2C(O) RS where the configuration about ttie Carbor atom
designated * is S; and R5 is hydrogen or "a carboxy protecting group; or a
salt or solvate thereof. i . 20 The present invention also relates to a

compound gl of IR PAs1Y: RBuRbharmol O il %H&%rﬁ%%féd% where: R6 is

hydrogen or an am o protecting group; and R~ is OXy Oor am no; or a

salt or servft@kkhisabion sepaxaliopoProcgsiuesy draudiMe ghe@eentsinvention
rel ates t @ IHvRS®SSaf©ér PLeHBA L E gCaMRAEREe rHorfeyr MY afd Mirdti 683, the

filtrate will contain mixtures of the two diastereomers.

5 This filtrate is often not amenable to further separation by
crystallization, and thus separation efficiency suffers
without resorting to an undesired chromatographic
separation. 1In certain cases, e.g., where Y is S, R3 is
hydrogen, R4 is NHC*H(C(O)R®)CH,CH,C(O)R>, and R7 is

10 hydroxy, as much as 80% of the desired isomer (the one with
greater antifolate activity) could be found in the
filtrate/fractions.

An improvement over the prior art would not rely on
precious metal catalysis to produce the compounds of formula

15 VI and would increase the absolute yields of the desired
diastereomer of formula VI from mixtures containing both
diastereomers by crystallization.



i ~RAR-~N~1y H5 IV, which includes reacting a conpound of fornula
tT11(a): TRa @R ~s ONC\ R4 10 Ill(a); where: R4~ is a carboxy protecting
group or NHC*H(C(O R~~) CH2CH2C( O) R5~ where the configuration about the
carbon atom designated * is S; and 15 R5~ is a carboxy protggth%?lgﬂﬁyp:

- Wth 2,4-di am no-6-hydroxypyrimdine in ghe presence of a suitabfe acid and
solvent. Furthernore, the present invention also relates to a 20 process
for preparing a conmpound of forrmula IV, or a salt or solvate thereof, which
i ncl udes reacting a conpound of formula V(b) " OR3 R ~Ra, N~ -y HNH
25 V (b) G 7 l\at.e t g t i gL zi ng
reagent in the %r}%sl\gyn%%ggg gﬁggln?g%%xe%&%&g‘#ﬁteom%gcgﬁ%u% %\gﬁéﬁugéspect
of the présleht invention, there is provided a process for preparing a
conpound of forrmula IV: O5 Rs

NC
5
III1;
where:
) Y is CH=CH, O, or S;
10 R is C1-Cg alkyl;

Rl and R? are independently C31-Cg alkyl or taken

together with the nitrogen to which they are attached form a
heterocycle;

R3 is hydrogen, chloro, or fluoro;
15 R4 is hydroxy, a carboxy protecting group, or
NHC*H (C (O)RO) CH3CH,C (O)R® where the configuration about the
carbon atom designated * is S; and

RS is hydrogen or a carboxy protecting group; or a salt or
solvate thereof.

ros 20 The present invention also relates to a compound of
formula IV:

25
where:

R6 is hydrogen or an amino protecting group; and

R7 is hydroxy or amino; or a salt or solvate thereof.



R~ ~ ~~"Ra ~Y where: Yis CH=CH, O or S; V% 10 R3 is hydrogen, chloro, or
fluoro; RO is hydroxy, a carboxy protecting group, or NHC:H (C (O R5)
CHzCH2C (O R5 where the configuration about the carbon aton1designated *
is S and R5 is hydrogen or a carboxy protecting group; 15 ng s h%/(%,‘pgen
or an amino protecting group; and R7 is Rgydroxy or am no; orf"a s%

sol vate thereof; conprising: a) reacting a conpound of fornmula Ill(a): 1Rz
20 CzZR ~ R, NC \ ~ ~R9 ~Y where: I11(a); Ris Cl1-C6 alkyl; 25 Rl and Rz are
inderJendeRt Llyf Cﬁo@@oﬁlekyl e tpakeentogaiait o hrébetaist tegen grocddsh t?;y
are attac orm a_heteroc R4'_i protecting group or NHC'H
(C( 0) RSP ) PEEPBLZEY (q?ﬁbq%¥d§Mﬁ§eﬁﬁﬁﬂﬁi%fivéuration about the carbon
atom designated * is S%and 30 R5' is a carboxy protecting group; wth

2, 4- di am no- 6- hydroxypyri mdine in the presence of, a suitable acid and
solvent 7a 21 May 2002 b) optio an am no protecting
group at R6; and c) optionally r pfotecting groups at
R4~. According to yet anothgs as t 1nvention, 5 there is

provi ded a process for prepari mula lV: 73 ORI ~ RO
RR\ YHNN

S Iv;

10 ITI(a);
where:

R4’ is a carboxy protecting group or
NHC*H(C(O)R®')CHyCH,C (O)R®’ where the configuration about
the carbon atom designated * is S; and

15 RO’ is a carboxy protecting group;

with 2,4-diamino-6-hydroxypyrimidine in the presence of a
suitable acid and solvent.
Furthermore, the present invention also relates to a
20 process for preparing a compound of formula IV, or a salt or
solvate thereof, which includes reacting a compound of
formula V(b):

25



10 where: IV, Yis CH=CH O or S R3 is hydrogen, chloro, or fluoro; RO is
hydroxy, a carboxy protecting group, or NHC'H (C (O RS) CHZCH-C(O R5
where the configuration about the carbon 15 atom designated * is S; and RS

is hydrogen or a carboxy protecting group; R6 is hydrogen or _an am nho
protecting group; and R is hydroxy ~r amno; or a salt or s&iv’é‘l"é %q?@reof;
20 conprising: a) reacting a conpound of fonmula V(b): R83 R6 ~~ ~ Ra \N\ ~.

_ ~YHNZ25 HV (b) where: R9" is a carboxy protecting group or NHCH (C (O
R5~ ) CHZGhECGa(B21RSor motva: Rirere®fa eadrhoxy pxatecindgreigamp; ier thesalt
or solvate thereof; with an._qgxidizing reagent in the presence of a suitable
sol vent; aRtfsenfs °fr3 afgﬁzsﬁiv jonal ly renoving any carboxy
protecting groupscatdily andiaaotldr Respewitt bft hhe ppovdan tihabntiom6 tilkere
hydrogen in the c% ound of 5 for rrul%%(.b t hen t he o%pgr)und of vaqr mul a
V(b) nust b2 BiPVAERE AdUTIGBT S8F 1P nEoGRERATY e GBRERIT or nul ae
of the Hpresent docunent, the gener chem calgier have their usual

meani ngs. For 10 exanple, the te efs to methyl, ethyl,
propyl, isopropyl, cycloprop t-butyl, and cycl obutyl.
The term"d -C6 al kyl" encoinp r d-C4 alkyl in addition
to aliphatje, straight, brancted, Nr clic, nonoval ent noieties having
five or siX I5 ‘carbon atoms and includes, but is not Iimted to, pentyl,
cycl opentyl, hexyls @iFCHohexyd) 2- met hyF[HéntyI, and the like. The term

"Cl- | koxy" gef.er a - gl kyl,. ghoup.attached through an oxygen
atom The terméhéL?oﬁy%?ofehndl icggp !r)éf(%arrs '([?% Shl oro, brono, or 20 iodo.
R! is hydroxy, a carboxy protecting group, or

NHC*H (C (0) R®) CH,CH,C (O)R® where the configuration about the carbon
atom designated * is S8; and
R5 is hydrogen or a carboxy protecting group;
15 R6 is hydrogen or an amino protecting group:; and
R7 is hydroxy or amino; or
a salt or solvate thereof; comprising:

a) reacting a compound of formula III(a):

1.2
20
where: JII(a);
R is C;-C¢ alkyl:;
25 R! and R? are independently C;-C¢ alkyl or taken together
with the nitrogen to which they are attached form a heterocycle;
RY is a carboxy protecting group or
NHC*H (C(0)R®' ) CH,CH,C(0)R®>" where the configuration about the
carbon atom designated * is S; and
30 R® is a carboxy protecting group:

with 2,4-diamino-6-hydroxypyrimidine in the presence of a

suitable acid and solvent;



The term heterocycle" refers to a 5 or 5 nenbered saturated, partially
unsaturated, or aromatic heterocyclic ring which contains a nitrogen atom
and may optionally contain an additional heteroatomselected fromN, S, or
O 25 The term ~~carboxy protecting group" refers to a substéﬁu nt fgoia
carbonyl that is conmonly enployed to bl'dtk or protect the c&rboxy
functionality while reactions are carried out on other functional groups on
t he conpound. This substituent, when taken with the carbonyl to which it 30
is attached, may)f opmiamaEst einstalding CinCamahkybrosedisirid ufsthpClatCR%I kyl ,
C2- C6 alkenxl, substituted C2-C6 al kenyl, benzyl, substituted benzyl,
benzhydryl? Qubsti t ut ed benzhydryl, trityl, substituted trityl, and
trialkylsilyl estesptifmléyacémspeg esyofatadyopyopectiest igngugs oatp R*S. not
35 critical so Long asfhe deri vatized capboxy group Ls.sLapl ¢ 19,ihs,
condi tions of suBsequeﬁ% Feacti ons) and “€Bn“be°Feroved &t “t he appropri‘at e
poi nt Vi t hobérei 5 uptawvigietthe prateddyfR002raparingder cofipdined nof efadmeilahen
R4 containfva carboxy protecting graowp, the protegfing group is preferably
Cl-C4 al koxy  or benzyl oxy. The nost jpreferredgRrotfecti ng groups are

nmet hoxy, ethoxy, and benzyl oxy. 1 group "renovabl e by
catal ytic hydrogenation" incik@des zyl protecting groups.
O her exanpl es of these groups cpi/bed i YW Geene, "Protective
Goups in Organic Synthesis," John W I¥y and Sons, New York, N.Y., (2nd
ed., 1991) . .dhereafter referred to as Ggene) chapter 10 5 . The term
"C2-C6 al kenyl"™ refers to a nono-unsaturated, nonoval ent, hydrocarbon

moi ety cont ai ni Kgi$ r&inCH.t 8, 602 di’bon at oms whi ch nmay be in a branched or
strai ght chain gonfd guration. cHisrberde igexenplified by noieties such as,
15 but not limted to, ethylenyl, propylenyl, allyl, butylenyl, and

pentyl enyl . TheRter ig "sHEIEPXU ed 3C1- COTRPKY| " RERFSCEdBSt i t FBHPC2- CF

al kenyl " rgfiefy {0 A rElcHRHA MY R® afib 62188 abkeylraa1ieupapesPeetd V&l dhon
substituted from1 to 3 tinmes 20 independently wth a hal o, phenyl,

tri (CrTa aFRyidesiopptedr” dsFhsePfut ed phenyl sul fonyl group. _ The terns
"substituted beazyls' hydsedst idrubedabenghydoybctimndirosgbstituted trityl”
refers to a bengzyl, Benzq¥q%%l, and trit%I roup, respec%ively,
substituted frof 25 DYEBEOEST iHedhi AREMRRIS FFglﬁﬁtquEPni?? , Cl-C4 al koxy,
Cl-C6 al kyl, orra ikydryexytlorCamahkyldr gr eapt dhesavattbsthérdans wll only
occur in a sterically feasible manner such that the noiety is chemcally
stable. The term"trialkylsilyl"™ refers to a nonovalent silyl 30 group
subst izt edogptisieg :i ndependently with a Cl-Cg al kyl group. The term

"substituted phenyl sul.f.onylL" S en | fonyl group where the
TSR phkG bg RSy
3
R

phenyl noiety isS para Su kyl, nitro, or a halo

group.
= 1
6 R
N
N
N Y
25 H
H
V(b)
where:
R* is a carboxy protecting group or
NHCH (C (O) R®") CH,CH,C (O)R*'; and
30 R® is a carboxy protecting group; or a salt or solvate

thereof;

with an oxidizing reagent in the presence of a suitable solvent;

and



21 May 2002 9 The term "am no protecting group” as used in the

specification refers to a substituent of the am no group commonly enpl oyed

to block or protect the amno functionality while reacting other functional

groups on the 5 conmpound. The am no protecting group, when t Wi t he

nitrogen to which it is attached, can fgﬁ)ma cyclic imde, eﬁ(% 2082

pht hal i m do and tetrachl orophthali m do; a carbamate, e.g.) nethyl, ethyl,

and 9-fluoroenyl nethyl carbamate; or an amde, e.g., N-fornyl and

N-acetyl ani de. Pheogxaehlggnuenseinnhspesiresxpf paotew ipgogeotbngayrBlip

enpl oyed is not critical so long as the derivatized amno group is stable

to the corfii4/i%nabfRsubsequent reactions) on other positions t f of the

i nternedi ate nol ecul e and can be selectively renoved at the appropriate

poi nt w thout disruptin maj ndeg  of l.ecu i L y

ot her ami &Y of Bt PAGY F%u%{@% tnn ené?alhﬁij(}ar%sﬁgo l%ot’étgetl %ghgg%%sg?

renovalsl e fyrmaiad vi“(y)dratnysl shei cempotrimbsef t hanmueae Va(fbl)dmluabl be, aar @cid

preferred. TJ‘I.LJCS, g eferred am no protecting groups is

2, 2-di net h‘i‘ﬁ ox8pP {) Furt her exanpl es of groups and nethods referred 20

to by the @Wre descri bed in G eene at chapter 7. The term

"phar maceut i cal aH,l n% %aLI Or%&l%%e%éwqﬁ\r# %segrﬁg st% eq.ltts hﬂ{ ar ed
St en

by reaction of e co resent T on W a m nera
or gani ¢ acgelneéag chﬁyldﬂédhlt@rrim me@medrﬁ dsupddregagdings .or §prs

tol ue[}f‘%su;%ggfnﬁlém theOk et iv r-@amaqklgase AeFerh £t SAUELHD L PA@RST UM

l'ithi nmagnesi um hydr oxi carbonate, or bicarbonate). Such salts
are known psopyxild addpu:opylanetylyas@r@dndnk,l cm-lsaiyls, fdrutiylr t rte1butyl

exenplificatjo sa E%eﬁn a ALy » and
ankhouse,gég %Y%&o?hgﬁPha#n% Cl . ,”%é&QGl!%q #on@er mqegs/ vate

repr esent slantadgfegate -Chata ld&yipriirs esiddne aor trmraal:mﬂmd £estofaighgnl ut e,
such as a formula _Ill or |V .conpound, with one or re nol ecul es of

sol vent. 3Branghedy %ycé'@ézlc' VahentT e ke RS %wam d1V8 WSt efer s
to anyl5ol gepbonoatBinst ahd dhclaldeant Hut nNey tndto :thmcmigmmg ;faem;u on t hat

sufficientl ol ubi ze reactants {0 f or n which to
ef f ect theC%SiPPSB‘:VEeLac?’BQ?{% TS erhf% slw fja etqlayg%paendtrylif ot o an acid

whose Ka idikew effbegherm ¢fhedly wikadesi mafewndid on Gy 1w wlleilgeddumant |y
effecting The term "oxidizing reagent” refers to a

agg ugdg hed reactions.
reagent whds&2$08xi SR 5ot SRYEE™ i35 gh enough to effect the desired
reacti on withoutThsi geirfi ¢datlof efrf ¢dtalngleghyrafeissitredhleast,i diromcGuianabl e

oxi danies IF ghyde metals such as nickel, , , palladium platinum and the
li ke; nmetal's on solid sup orts such as pal |l adi um or_pl atinumon carbon, and
the |ike; netal ThS &6FP & e hBE] 119 2 rarRfarfe femhRes8de, or

coppor (11 )sa@ai:ated a@érbamqwlum&@ﬂa 0016l et S ich Haterocyclic
2, 3-dichloro-5, 6:d ;y no-1,.4- enzo ui none
6}

t et rachl or % Tg4w51éﬁ GROKEHES & 16y aﬁ?qe)n o d“t%EIWe optionally

contain an additional heterocatom selected from N, S, or O.
25 The term “carboxy protecting group' refers to a
substituent of a carbonyl that is commonly employed to block
or protect the carboxy functionality while reactions are
carried out on other functional groups on the compound.
This substituent, when taken with the carbonyl to which it
30 is attached, may form an ester, e.g., C1-Cg alkyl,
substituted C3-Cg alkyl, C3-Cg alkenyl, substituted C3-Cg
alkenyl, benzyl, substituted benzyl, benzhydryl, substituted
benzhydryl, trityl, substituted trityl, and trialkylsilyl
ester. The exact species of carboxy protecting group is not
35 critical so long as the derivatized carboxy group is stable
to the conditions of subsequent reaction(s) and can be
removed at the appropriate point without disrupting the



The term "t hernodynam ¢ base" refers to a base which 20 provides a
reversi bl e deprotonation of an acidic substrate or is a proton trap for
t hose protons that nay be produced as byproducts of a given reaction, and
I's reactive enough to effect the desired reaction w thout siquicfgg%y

, 25

effecting any undesired reactions. Exanpges of thernndynani@
I ncl ude, but are not |imted to, acetates, acetate dehydrates,
bi carbonat es, Cl-C4 al koxi des, and hydroxides (e. g., lithium

potassium agel Al 8. -aget ghe dehudiate) gaLbonat & M catbonatg,
or yg ge), tri % - aI@@I a

al kxoxi de, FoxI m nes, or aronaifilc

b¥a¥s

car bonat es,
sodi um or
-4

nirtrogen 30

cont ai ni ngphietecbinel exoup., §he protersiodamr i ids meyefeyabhests -The
conmpounds of, fornula, |11 be epared fromco unds_of formula | and |
PP et 1R BERY o5 RERey To% h e fiReF e Pra b ST B eoe frhes Whasbs
OCS02Me, OS8Rephebhbxy., &thRkyhMagnd0d2nayl0892- p-A ctamyky apdofecRingR2, R3,
R4, R4, ak LN h oz 30
NC Lg = ~%99‘YRIC ?eﬂé",%@bl B?| EP%?X)t% ﬁ?%ﬁ&%ﬁ%?ﬁ %gf%%i%? bt 58 ~on NC
T~ ~~ ~f¥ampleiObepApduRESLEFtLBATArQUPS .naP e dRisame bee onp otihes eof
formul a |156b588! ¥pd @esevsBeRISH iMwa BWeledd & lMateivd dPsupsesance of

a thernodyanam ¢ base e conpounds. of fornul a |

to.formt np I (
and converPE$RNLG| Y¥RENLS 185" oPe PoWadeYn3RE SRNS e MNEYW StPBRd

a)

.. A preferred
Rohveni ent

base is trizhdyean ne99ad)si npkecaduevarefertiedase antGeosmolnghapt &er mul a
I, reLﬁ§iv to the conpound of forrmula Il, is preferably enployed but
slight™"excesses on the order of 0.01 to 0.1 equivalents are tolerable. The
reacti on may beThe term “Cp-Cg alkenyl” refers to a mono-unsaturated,

monovalent, hydrocarbon moiety containing from 2 to 6 carbon

atoms which may be in a branched or straight chain

configuration. The term is exemplified by moieties such as,
15 but not limited to, ethylenyl, propylenyl, allyl, butylenyl,

and pentylenyl.

The terms “substituted C1-Cg alkyl” and “substituted

Cy-Cg alkenyl” refer to a C1-Cg alkyl and Cy-Cg alkenyl

group respectively substituted from 1 to 3 times

20 independently with a halo, phenyl, tri(C;-C4 alkyl)silyl, or

a substituted phenylsulfonyl group.
The terms *“substituted benzyl”, “substituted

benzhydryl”, and “substituted trityl” refers to a benzyl,
benzhydryl, and trityl group, respectively, substituted from
25 1 to 5 times independently with a nitro, C;-C4 alkoxy, C3-Cg

alkyl, or a hydroxy(Ci-Cg alkyl) group. These substitutions

will only occur in a sterically feasible manner such that

the moiety is chemically stable.

The term “trialkylsilyl” refers to a monovalent silyl
30 group substituted 3 times independently with a C1-Cg alkyl

group.

The term “substituted phenylsulfonyl” refers to a
phenylsulfonyl group where the phenyl moiety is para
substituted with a C1-Cg alkyl, nitro, or a halo group.



20 perforned between -780C and anbient tenperature but is preferably
performed between -250C and -200C. The reaction is typically conplete in
from30 mnutes to 18 hours but when perforned at the preferred
tenperature, it is conplete in from1l1l to 3 hours. A preferreqahallglgoin

. conpounds of 25 fornmula | is chloride. Ryis preferably Cl

especially nmethyl or ethyl. RL and R2 arée preferably Cl1-C4 aIkyI but it is
especially preferred when both are either nethyl or ethyl. It is preferred

that R~ is a caphROK¥rm 13m2ﬁo“§¥o%%@%1 qﬁj%%ﬁﬁ%}ggoype&hfﬁethﬁat

protecting group.is CI-C4 al oxg especi al I’y meth ox or ethoxy, or one
capabl e of SBeFh§iFaRBPBATBYCESL PyP|§UFFGr t@ﬁg@mlﬁﬁngypH?y (as in

chege_ 3 b@bl}?mlbnl heapyboet tbi bl&@%cbfrl fpa:':]dwbt Rﬁé ammefergblly hydrolgen
an i's prefer ough .the resultin ound o rmul a
(2 ey ERBGEPPEITEY RS L e, SeREERRG GEF (it (ShaHPS: AocE BEne.
for the pucpmpseandf cmhduamung plnete\mrmlg qrages svinén Scdnleenswith 8het he
car boxy pr r apl t g he
enct] onyRbFERlRE L8 RRESR S8 Xs' Shbathdd %Wfﬂg SreEs0ibigky
conpounds efgferphtaaﬂnméép ppdt hetmeedl oprapdeyda } ml@@rame@arhaméh@we - %

iSbglcﬁ\év nﬁ’“% % R@\B’&Ngyp&%llmanﬁgﬁ f@@or%ene@.%t\ﬁ @a%a:ﬂ&ﬁé?egraQHVe

Rs a. HzN-amidé. r.g.N Nyfpgpvl mpnd N-acetyRamide ~ YThe ?éa%ttﬁﬁilkéﬁerl c
m Xt urg Ofaﬁd4sgéame9006 Bmdﬁ@XtSE&SEIeEEtdh@e ok Zerfh B €@pys i Abdi n- 6- one

CormoandpbSEEEAT1sb01880%sd EAD BRI L) sl TBY BeaBdefoto @
oy the condition of subsequent reaction(s) on other positions
© of the intermediate molecule and can be selectively removed
at the appropriate point without disrupting the remainder of
15 the molecule including any other amino protecting group(s).
In general, amino protecting groups removable by acid
hydrolysis, i.e., those that are acid labile, are preferred.
Thus, a preferred amino protecting groups is 2,2-dimethyl-1-
oxopropyl. Further examples of groups and methods referred
20 to by the above terms are described in Greene at chapter 7.
The term "pharmaceutical salt" and “salt” as used
herein, refers to salts prepared by reaction of the
compounds of the present invention with a mineral or organic
acid (e.g., hydrochloric, hydrobromic, hydroiodic, or p-

R 25 toluenesulfonic acid) or an inorganic base (e.g., sodium,
potassium, lithium, and magnesium hydroxide, carbonate, or
bicarbonate). Such salts are known as acid addition and
base addition salts. For further exemplification of these
salts, see, e.g., Berge, S.M, Bighley, L.D., and Monkhouse,

30 D.C., J. Pharm. Sci., 66, 1, 1977.

The term “solvate* represents an aggregate that
comprises one or more molecules of a solute, such as a
formula III or IV compound, with one or more molecules of
solvent.

35



21 May 2002 13 formula Il11(a), dissolved or suspended in a suitable
solvent, in the presence of a suitable acid, to provide the conpounds of
formula I'V(a). A convenenient and preferred solvent is an approxinmately 1:1
(v:v) mxture of s acetonitrile and water. The ratio of ace%gg%%ri#&b%()
water is not critical but it is preferrgdgythat the ratiois

formng a solution when the reactants are all initially conbined. A
convenient and preferred acid is acetic acid. The acid is typically

~enpl oyed F&%ggﬁggio excess. For exanple, about 2 to about 4 equivalents,
relative fo ound of foggula IIQ%EL i s, gener al , W~ engloyed whil e
3 equival ents Mt al Fyihabier sodV rﬁﬁﬁf’g?s dt° eﬁ%’(v%ﬁ’%ﬁ? Lof OF

2, 4- di am Rg-GuRedrox ypyIvents nelﬁ&wkow ured Etingtﬁﬂg) #dwceoonovhdt of
formula I1] . i.S 15 frlt#cal about .1 to out\§%6§U|val nts are

pref erredSY L EES At REEBNR L 12f t 2184 ™ about
lto aboum:i_’th]lreq\zhmMsefrﬁettpthbed@re‘ﬁ]e:aaaamamn may be perforned at

t t ) | t f th
enperatures T £ 5 erg%?fegb& TREL Urr%ﬂ‘he rg:‘?i "G |40 & SPRELE id 1ﬁ €

m xture but is y per ornre at t ux tenperature of
m xture. Hd¢t h;erdnme td hef feact the m&ys:.tx&l& reamtilksh tval tdbowt 48 hours

d di t. h t t

per for mod G TR % ¢ LhEerap, 8%t PRl re e Yy of cal Iy
substantial |y cvepltegemi 'hozab@umaé realMtS' rléﬁegfsprtm & abeygelt oahasgyl )
especial | v, a8 Ho@(f)ﬁ]gﬂé%afllgnﬁlaﬁ %rn%u%heftecf aé?ilﬁ’ecq% fﬁl %&’lr It is

especially preferre oth are €ither t hyl I's_preferably
hydr ogen. rﬁ@@tlaaremwm'éug;gnlﬁ@cagt&wef%rﬁe@&%%tarmmm@ealﬁaéboxy
prOtePt:P&éﬁ%ﬁ?bﬂﬁ“ﬂfsﬁffﬁbﬁé BkQHQ%k@ﬂngIﬂ§§:?é@hi@-éﬂcﬁ|£9xﬂlgﬁéfpt C o
especi a XYy _or_ethpx or capabl e o ng renoyve catal ytic
hydrogenaﬁ%ﬁiﬂéiﬁ%Tn%% et X@) ?ﬁegéﬁngégﬁﬁ t%iﬁﬁ%ﬂzf?k?&hﬁg € s an
am no gr osmaipyashegil Epdiwd cbroml&henmnmuru&hdnfcanmltahé\l(ﬁ])easmetan 21
2 tayght Jjn.t reyi PO e Iy U, Patent No.
4, 8829g34cb rl ei%s %?% e%%le‘gg?hxf&&&& %\%3&% ec%gl&%im s of formula
IV wher e mnmmﬂ%w@amec@nﬁgbgmmwnﬁem RRES cOUPB LRSS of

fornul a 52'%u@léﬁiéfﬁwwt6L8182866e10Q4%%ﬂ¥ fﬁaﬂ%'ﬁbﬂﬁfﬂﬁﬁéi'on 8 bel ow.
Furthermore, it |s neces;a?én at .an amn prot tlngxﬁgo%ge freferably one

r enovabl e Y&F TRGTH RFIF b ZQAPANGRTe hE Yot hy
oxopropyl be prsenienh %hembaghahhe sy gfe;ﬁaréae:dcammemmiachbefore

i . h i S
B hofth R dEoProF b Bl B8RSR M T B S PR ERES 1 g
groups remavad @& progde tragy Eemethbse pirotmnspdded afayw opeluprddgcedie
overal | pracess YR8 s & giden reatddicy did idated i€ &ﬁé@&?fko

protecting group is left intact when proceeding to the reaction_of Sche

3. Aniso %Ctrn%@?%r@e%?r-r%@nﬁﬁaﬁ&é% WiEHANt SHE L gl pr %Eﬁ?%‘ﬂ“ﬁgome

conpounds iy fuaides bréd(bpassibhkyst Exabligs T aifedndBhoimibepes&S, R4,

R6-) B Aealad ® B3 9SEL"89: 2918094

to, acetates, acetate
dihydrates, carbonates, bicarbonates, C1-Cp alkoxides, and

hydroxides (e.g., lithium, sodium, or potassium acetate,
acetate dihydrate, carbonate, bicarbonate, Cq-C4 alkxoxide,

or hydroxide), tri(Cq-C4 alkyl)amines, or aromatic nitrogen

30 containing heterocycles (e.g., imidazole and pyridine).

Svnthesis
The compounds of formula III may be prepared from
compounds of formula I and II as illustrated in Scheme 1

35 below where Lg is chloro, bromo, iodo, OSOsMe, OSOz-phenyl,



15 21 May 2002 Schene 3 7 3 RR6 \N~ ~~WH\ N ~Y __ IV (b)
Hydrogenation R~ R6 ~ N..,., RBNa N Ra HV (b) (R 1.1 Mxture V (b)
(S) 5 Compounds of formula IV(b), prepared as described in Schenmes 1 and 2,
may be hydrogenated substantially as described in U S. Pate%@ ug.'f 02
4,684, 6S3 and 4,882,334, the teachings offijeach are hereby i orp&ra&ed by
reference. For facilitation of cross reference, the conpounds of formula 1lo
IV(b) in the present invention correspond to the conmpounds of fornmula I

in US. '6%§.QQQF%Q§4§9ﬁpgﬂpﬂsaﬁé Ror gl agll RB Ur8, R3E34. ahq ivs aeefsy red
that the am no priotecting group at R6~ is not renoved as taught in G eene
but |eft i dedftimadhexbaromti nuing to the separation procedures 15 discussed
in Schenes 4 and 5 below. If the process of Schene 3 is perfornmed with the
conpounds of formula IV(b) with the preferred group at R4, i.e., a carboxy
protecting group, and that carboxy pr8cBe®Mend group is renovabl e by

catal ytgc hydrogenation, 2o then that protecting group will be renoved by

t he hydrogenati on conditionslof the reaction of Schenme 3. That renoval,
form ng the conmpgyrgls of f a_y(b) where R4 is hydrox¥ﬂf§acilitates t he
instal lation of {he R4 gr d 16 21 May 2088.Rr | v 5

NCT S o N
Lg Y R

R NC 4

Optional O,R 3.0
, o
Deprotection N
NC 4

IIT
10
Compounds of formula I, may be added to compounds of

formula II dissolved or suspended in a suitable solvent, in
the presence of a thermodyanamic base, to form the compounds
of formula III(a). A preferred and convenient solvent is

15 dichloromethane. A preferred and convenient base is
triethylamine. A single equivalent of base and compound of
formula I, relative to the compound of formula II, is
preferably employed but slight excesses on the order of 0.01
to 0.1 equivalents are tolerable. The reaction may be

20 performed between -78°C and ambient temperature but is

preferably performed between -25°C and -20°cC. The reaction

is typically complete in from 30 minutes to 18 hours but

when performed at the preferred temberature, it is complete

in from 1 to 3 hours. A preferred halide in compounds of
25 formula I is chloride. R is preferably C;-Cys alkyl,

especially methyl or ethyl. Rl and RZ are preferably C1-Cy
alkyl but it is especially preferred when both are either

methyl or ethyl. It is preferred that R4’ is a carboxy



in the antifolate final products, i.e., the chiral glutam c acid, discussed
bel ow. Conpounds of fornula v which possess antifolate activity are those
where R4 is NHC*H(C(O) R5) CH2ZCH2C(O) R5) 5 and R6 is hydrogen (hereafter
referred to as "final products”), and thus, those conpoundszirﬁagrfqi?red.
Al t hough the glutamate side chain can beignstalled at any pdin n e
overall process of this invention, when the processes of Schenes 1, 2, 3
are perforned in sequence, with 1o the preferred groups noted above,. a
preffered progdatinstatdug vhepet ehat epreseduengsgabuer igecherdy ng t he
hydr ogenati gn described jn Scheme 3. This Is acconplished ' - by coupling a

conpound oRlFKEPRU £LPEH1AL) MRERSWACT seHYeF¥xy Ol PReaCERARIE G ot ect ed
gl utam ¢ agjed rideriamdvee W dacd het f or npdtodBNEE HOR( OERE~), CHRGRAHRS~, in
t he manner generally described in PCT application WO 86/05181, utilizjng
convent i ondl@scdidehaner (R quesThEPUFPHTE nEhpepePaeiBaf@siorhe

t echni giles jighgredee i Ay drbgdn tAed car boxyr 8¢ 84ALI YT ottghnf @vmgfion of a

m xed anhydri egg&ia0| %Sﬁghlorlﬂe, t r eat ment mn%h

di cycl ohexyl car BodibHgR, TRIMLEIRY pRPRPERE 0P b phBEHBA Gt $IIHG) M her

i nstructi ohawve dgarercdrbethqisotodct Didgn ggotihi serovdd@ dsndaugke, is J.
Bodanszky, rinclpl ept 1 de Sy I ng. Ed. . Spri,nger-\Verl ag,
Berlin, Heic’l(\fdeqeorger’g, %9@% ﬁ{uﬁg%ééejf%fr%%&%@&é%ﬁg Eﬂ% 8V8F §%i)it %rsolc(?és %hain

i s present cdn@atientes He RS .grihescd oy i probhect sndeishpraferebiot Lefdr boxy
prot ecting ; rg§R§, . : LB: Y, 1 NGt cesses of
Scheme%b4 521(5 ) K’lrgergi%rcougses%nrgé g"f])&c(l %?%%f?géégqeﬂ a(lgﬁi %ghtg ?)n%S?Eerres 4 and
5 bel ow rel ate E@MRRAMGS o i TrmiRe? el ¥ HRaBPpreFePreadsEBer compoungs R4
are presenbForose SUbE) thieniise aievaDipFregessedlfasttheehr aeeSedenf .
Schenme 4 and 5 to be operable. O_the fin ? product cogpounds of fornula V,
t he conpourd$ediow ot Ry( Q%(R)P,\zslﬁﬁm B 40‘%\7’,E arB°prBf er ped Juerss aso
enhanced apidffigledf amaid vity relative to the conpounds of 17 21 May 2002
formula V(c)(S). These individual diagtereoneric final products, prepared

as dest?i bed above or in the previous? ?ﬂ%o?porated by reference U.S.

Patent No.'s 4,684,653 and 4, 882,334, nmay be separated as taught in those
patents, 5 i.e., by chronatography or preferaply recrystallization. For
exanpl e, an appropri at el el ected chi ®Rmay be enployed to forma

m xture of diastereonerj; ble to legtive
recrystallization of on dilast er'eg i n Scheqﬁ 4 bel ow
where R3, R5~, R6, RAgNa . 'r*'18 Schene 4 21 My
2002 R~ R N-~/ R3 HH1\N * N ~~ ~ ~NHCH ( Q02R5 <¥) ( CHz ) ZQO2R5 , H R~
Vic) (R R~ N III(a)

Iv

20 A tautomeric mixture of 2,4-diamino-6-hydroxypyrimidine
or 2,4-diaminopyrimidin-é6é-one (hereafter referred to as 2,4-
diamino-6-hydroxypyrimidine) may be added to a compound of



N\ ~REHN-~",~N~~~NHCH ( COZRS ~ ) ( CH2 ) 2002R5 , H V(c) (S) 1:1
‘M xture of Diastereoners 1. Chiral Acid (CA-H 2. Recrystallization 3.
Filtration CA+ V(d) (R + FILTRATE ( CO2R5 ~ ) ( CHZ ) 20C02 RS 5 In order
to carry out the separation of Schenme 4, it is necessary tha& ﬁ§ |£b02
conpounds of formula V(c) is hydrogen. h@ t he process of Sciene %

performed with the preferred group at R6, i.e., a protecting group
renovabl e by acid hydrolysis such as 2, 2-di metyl -1-oxopropyl, then that 1o
protecti ngrgrmupawiit (bg, raegexeldvey bhesadgehided thrah@marwme gci d and a
Separate step to renpove not he_nece : oun

formul a V(TP-VFRTe BB Fgeh95F888ﬁed8? Bt sﬁéiggigr At a\}:eo {%cbvel ‘?etpl?ﬁ ed in
a separ at ecemppubés oo £ ﬁonmaédlmg(am t ha ceswbubnamq@wanﬁxprﬁférred19 21
May 2002 he e h QUi T his extra step
I's why a0|%gfg%nFel%n$%o£%E}? Ee?grgugs(grg preéefe rred he first step in
Schene 54 @cehenaumleo@n@fwatgm ralfhg zetdot ofaagieronid wifl & drp oAy of

formula V(gg 1? §581»¥€£'ch su§p§9d§9 bPe2etvbhiabha S eheeilat il addi tion
perfornms two tfunctions, the chiral _acid reppoves_the am no protectin group

at R6 and 4@#%@bb¢d?%sf%F@bﬂ€rPcsﬁépalﬁﬁdwpﬁﬁntgﬁlFeéFQQﬂ§ﬁuﬂﬁﬁ)
fornula V(ihitVHely YebsbOnefH, a Qbﬁfrehﬁ.@dﬁ.oaﬁddpﬁ:@rfefﬂileﬁﬁ R IRDSEs | s

1S h If d. f d d
(1R - () ASBERG et fon ERS AT als, EVBi PRl LYoPTBABYEES hadBovar o ¢ he
proteamingegceﬂ@ anfof cexampbe, oabbbe 8akb aboatl dwecmlicelants ef er abl y

cthanol . 15bege e o8l tnkocbApBRa bberseRaial kan @r ey Yldigaly on o

Step 2 is per eco oun
Sui tabl e s@mbwedm;lﬁgiﬂtﬁgmx@&eetan@re syparadilyn prefregmad, SME t hen

‘al’l owi ng tﬁﬁﬁ_@éf‘%?”e?@l@@@éntg efdgutalafn@ﬁbpst };a Hasintiet ne
i soner. 20The %?Yortan arameters in a c |raIF Eso ut.i on neral and
o

when speci $TR ?dr5§%? 1¥%g§ ERetBEnHOWRAYNE © FI¥1 t%ﬁa%ﬂﬁvent
systems steritbt®] lowtl alboner at voeaBoatelr eduiohilent ssyustee referradkt ur es

of a lowerpgl cololmREET SEEPLY-8ENENSLNc 2R UBEGE 1708 L¥d o Lhydle! tol

25
about 1 to about 1.1 equivalents most preferred. The

reaction may be performed at temperatures ranging from room
temperature to the reflux temperature of the mixture but is
20 preferably performed at the reflux temperature of the
mixture. Furthermore, the reaction may take from 12 to
about 48 hours depending on the temperature of the reaction.
When the reaction is performed at the reflux temperature of
the mixture, it is typically substantially complete in about
' 25 18 hours. R is preferably C1-C4 alkyl, especially methyl or

ethyl. Rl and R? are preferably C1-C4 alkyl but it is
especially preferred when both are either methyl or ethyl.
R3 is preferably hydrogen. As stated previously, it is

preferred that R4’ is a carboxy protecting group where that
30 protecting group is a C1-C4 alkoxy group, especially methoxy
or ethoxy, or one capable of being removed by catalytic

hydrogenation (as in Scheme 3).

The compounds of formula IV where R’ is an amino group
may be prepared from the compounds of formula IV(a) as



wat er by vol une can be fromabout 0.33 to about 3 to 1, buta 1:1 mxture is
preferred. The ratio of solvent to sol uteshould be about 10 to about 20 to
1 but the preferred ratiois about 15 to 1. The rate of stirring
duringcrystallization can have a narked effect on the resolutioniﬁﬁé IS
preferred that ohce the salts are fornedigand di ssol vedby hedti H@Yi he
crystallization solvent, that the sanplesare not stirred while cooling.
Tenperature nmay al so have ani npact on resol ution. Continued cooling bel ow
anbi ent t enpeagiitir £n celte | peeedseastlye irewavesyatoéd popduefelrencat U.Isa35expense
of separation efficienc is preferred to all ow he cry%?allization to

.
occur at aPreeerMeurd %%?w%éﬁ Bysutt 1 prefayredobhaboR afd dwsamt h
anbi ent tenpera#iléecé QHﬁdgzg)f e lrcn})sfv Ried érgd-'%-_ﬁl Bn0LH8G L0 avoid
e glutana ue by

hydrol ysis of the es s ont € resi e aqueous aci dic
condi t i onspodtedieing regsonnt Ngy, be pureparedicirem couboundsepst £orgula

pref er gpl yxﬁr@i %@%a&@n@npﬂnbr@en%oww@sa%@éﬁgﬁarS?fsi g?é?blfa%‘i!&ﬂ go the

excess of the acid 1s preferably added after so Si's he am no

prot ecti ngeeMip i BuEHhPrBEeES. TRE £iS NeRSSSHOHUERYC I ANSBRARE 4 wil |

cont aihn a %@otﬁ@dﬁi&?}@ %)fodbaspeécf@&ﬁ}mf@ Sa'ﬁe_lt &é\:/ﬁ%\gabgyl By Veeid TEi s m >O<|t ure

i s enhanc th the diast erepner rmul a .i.e , . the ac

addi tion ?yc%\{‘%fy%%)as( Sk é?ﬁ?f“e~%t b(ﬁq'(ﬂ’f"'t TrYst a%f%i@.lm?ﬁm‘léﬁﬁanceq

m xture i SoRohrHSHpl by FrEsanteato R@Urh%_rhastenﬁﬁ@téﬁﬂnéy%&?ﬁﬁt gkl i zati on.
eretofore

Thus, a 15 large majori of the desired isqnmer. was )
unr echler a?ﬁ%t‘g‘%a??ﬁtlh%égﬁ?ygfaFF@?&ﬁgoﬁo SdHe iy SrpaeRaAL 1RRelESRE 1 DRAL.
R6, R~, anih Yscti€mas3 ?@?lmd alqoreovidﬂﬁu};st]rtaltcﬁsgmn@héﬁco:}npuaﬁdwbhod of
preparing n LV, whi.c acgilit .further separation
P PRl & SoETReHE Fy PR R uhiv ey S dLtBdnt 358 BOES B L BReBEPR ! 6
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Maj or Component from i _ . ]
15 the carboxy protecting group 1is left intact when proceeding

to the reaction of Scheme 3.
An isomeric mixture of compounds of formula V(b) may be
prepared from compounds of formula IV(b) as illustrated in

Scheme 3 below where R3, R4, R®’, R7, and Y are as defined
20 above.



Rs ( COZR5 , ) ( CH2 ) 2C02R5 , 1V(C) Hydrogenationi , R 6 Rwt / R3
NN NHCH ( CO2R5 , ) ( CH2 ) 2C2R5 , Y V(e) (RR RS\ ~ H~~ Rs N."~ N'
NHCH ( CO2R5 , ) ( CH2 ) 2COZR5 , HY V(e) (S) 1:1 Mxture 22 21 May
2002 If the process of Schene 5 is, to be performed using Hhﬁ gogg&pts of
the filtrate from Scheme 4 as a source af starting naterlals il

preferred that the free base s conpounds of formula V(c) are flrst
extracted fromthat m xture. This is easily acconplished by diluting the

m xture with a water inm scible orgaSchesel 3ent and treating the m xture
with a weak base dissolved in water such as a solution of sodium

bi carbonate in water. D chloronethane 1lo and aqueous sodi um bi carbonate are
preferred reagents for this purposer’For exanple, treatnent of the filtrate
wi t h di chl oronet hane (about 0.33 ni/g flltrgge) d about 2 ; equivalents
of 1M aqueous sodlun1b|car3$nate at room tenperature
will afford two clear, rea The organi c phase is
separated and preferably drle&gmn v¥ng agent or agents before
proceedi ng. Sequential washes with brine and 1M aqueous sodi um bi carbonate
is a preferred drying procedure. Once tFé(lktraction procedure is
performed, ~an am no 20 protecting group st be reinstalled at R6 or that
am no group nust be protonated before peyfQrAgi ocess illustrated in
Scheme 5. Reprotection is preferred and @yg%ggg%gﬁppﬁghed as taught in

G eene cited above or as discussed in Pr&paration 9 below. It is preferred

that the . , 25 amno Rﬁotectlng group be renovabl e by acid hydrol ysis,
& } N_<\ }}.uuﬂl
V{(b) (R) 1:1 Mixture V(b) (S)
5 Compounds of formula IV(b), prepared as described in

Schemes 1 and 2, may be hydrogenated substantially as
described in U.S. Patent No.’s 4,684,653 and 4,882,334, the
teachings of each are hereby incorporated by reference. For
facilitation of cross reference, the compounds of formula

10 IV(b) in the present invention correspond to the compounds
of formula III in U.S. ‘653 and the compounds of formula II
in U.S. ’334. It is preferred that the amino protecting

group at R®’ is not removed as taught in Greene but left
intact when continuing to the separation procedures
15 discussed in Schemes 4 and 5 below.

If the process of Scheme 3 is performed with the
compounds of formula IV(b) with the preferred group at R4,
l.e., a carboxy protecting group, and that carboxy
protecting group is removable by catalytic hydrogenation,

20 then that protecting group will be removed by the
hydrogenation conditions of the reaction of Scheme 3. That
removal, forming the compounds of formula V(b) where R4 is

hydroxy, facilitates the installation of the R4 group found



e.g., a 2,2-dinethyl-1-oxopropyl protecting group. The resulting conpounds

of fornmula V(e) are then separated as follows. Single diastereoners or

m xtures of any ratio of 30 compounds of fornula V(e) may be di ssol ved or

suspended in a suitable solvent and an oxi di zi ng reagent adc% nﬁg é&yi de
ra

t he conpounds of fornmula IV(b). Choice oigsolvent, reaction ures,
and times will depend generally on the oxidizing reagent enployed. 3s DDQ
is a preferred oxidizing agent. \Wen DDQ or chloroanil is enployed as the

oxi di zi ng agerhe hytidodeltensfingll plyd2002, 23.suchthe pértraie,glheemes;

t ol uene, and the ohol s such as net hanol, ethanol,
|sopropanoFl ahddtlﬁéﬁlsse(awe %vﬁ] ori nated hydrocarbons such as chI oroform

di chl or onet hane Coapdurids qukefOJamelQ;u\i’t\&lbi@h phbsessaad 1% odydeocar bons,
under ?LL%‘E‘@%Q{F—?&S@%&%&? SRFEE L prer Bl o IR BinsRasRar D U o).
general {5 ABE RecaSshvstoglh "@iebed BbETRAUMISarko B hilnadl i on i s
typically alrbdwe@st”d pla@@eédlusﬁt. ttehm &wmubésmem pCededr200C for from
about 30 nkwg \%gotﬁ%%l&%mg 5515@%1‘1@9&%% be 95%%3&315\% ar&erf med at

terrperatures C to 800C. Even nore pre erred is
reaction |§°|é@|tf aPmEBen SVREST L RIOFRS B0RE, tlahanb§t’eﬁltépélr'ré@qns t\men t he

reaction i §ra%fs%l§e@fatscwr§§mperat Uy ea ¥ &1 pét 0By AR AUERSUleR ck  haHIthThe
anount of o |d| zing re gent wll vary O&i end| ng Oﬂ?%l CthXI dan oS enpl oyed
but witf g& &BFF& FERGe SO VY FRC¥S i §aPEREESESIabdlE $%qui val ent s
relative tmpsluaddnmhlen@lam‘taﬁr(atrmlzees[(@)e Meaf OBY peréopimiped thebout 1. 1to
about 3. CHyRbEaEs.a0h BRAAl LY 0ommne 81 o AhigTis GheRmbaddpout

2.2 equiva |Ie lequrval ent s 1'S nbSt
car boxy anﬂyoboansuﬁngpbomtpdimcg r@mpsonmmrmowdvcob)f QhﬁhﬂeaR"lV(ll%) ar e

preferably S t (SIS | nst . a_preferred cqurse of
et on 1s’ PUAreugc Bine Somponily g qernird Fhefificoplil geritatitieons
50: 50djeist e heO Feiink 16 mwté‘rﬂfc W@Urm ofi, € 00HPE, Vig) the Ma#eE30~to
performthe chiral acid se aration taugh% in Schene 4. The hydrogenation may

be per f or ne@nEyadilys fesicxs U R mrprl toapbandWer 864PmBA /1 V(b) in a
sui t abl esol¥eNtizing thavRmSHa domadysh©isnat keAnsahaky $br Esm%s' ng
the m xture to, gn %t r;‘%spher f h dr en. A3500£ ni ent ang Eref &E’&

sol vent i sPER&dLAe S xt q‘b?st%’??: Haﬁr BEGEEYACARE &fh A
conveni ent camtboxy? gridayp Mbuigﬁh pfcm‘mtrmh hyfir agmaaedoanhgtiazliiet ors awid
pal | adium rhan. S . Iat e i ght
to comb)gun gl% ?% tm%lt\%%bﬁ?é mtﬁ dl%géf%éﬁgﬁggggatdng%ﬁ to abé‘l% 0%
Pr ef er abl ydlph@nwéﬁ@éqrwhmm 20Fox of srehent insFuatiRnabout 25%

bei ng pre:‘,ﬁéh%(i*al' fndlthoddéPicral # i 184 ¢ 4l aﬁlaéeabadansatenv%plg;ere of
hydr ogen ere the pressure of hydrogen is equal to or greater than that of

anbi ent pr 8odanszkx.t Ybi.cArineiles ehnbeptider Simsbest sanBPEnEdto about .
100 psi of shydreeenydiiisg, prﬁ‘éﬂiﬁd HEid1Ber gl MREBACT €101 18y gragenhgf ween

40 psi and abouf 60 psi Wi'th 50 psi nost preferred. The reaction nay be
perf or ped &hatefrper &tlumt@sna’cmgsmiﬁ f clomimnbs epresenabentl thetr ehieuRS.

temper at Ut guplnEhaoiid Ui et Y 4o ol iRYEraTBBen! BeBRREER] dckdgly on

tenperaturé is_ab wth reaction typica tanti a
conpl et e | HYC¥®S /t Ifd -4 I‘fdmcsﬁ aFHes, Wheni ReGferBingofPeuRdeCEs Ssy

V(e) is for e i u [ abl
separation gggg% scg‘s?e Séhgierre éo%’ébﬁﬁ'hggécégpgc&g%g % gtPé‘Sé‘é’lged as
many ti nes t&s Sclenesadt |atnd)rferbwi®helseilmterderths ﬁa%um:z.ent wieyieclthheof t he
di astereoner _af for 2,44 D am no-6-h oxy rimdine,
pr ot ec%gd Bfﬁggrﬁr@da%’@f\ég’f@‘ié{@sf Amka ?ﬁﬁ@?ﬁ‘&?ﬁsél?é C%‘eﬁ?C(O)R& and

substituents are not required for the processes of Scheme 4

and 5 to be operable.

0f the final product compounds of formula V, the
compounds of formula V(c) (R), shown below, are preferred due
35 to enhanced antifolate activity relative to the compounds of



25 conpounds of forrmula | and Il are known in the art, and, to the extent
‘'not comercially available are readily synthesized by standard procedures
commonly enployed in the art. For exanple, see Preparations 1 - 6 bel ow.
The optimal time for performng the reactions of 30 Schenes ? ﬁp

. determ ned by nonitoring the progress off7t he reaction by conven? ona
chromat ogr aphi ¢ techni ques. Choice of solvent is generally not critical so
| ong as the solvent enployed is inert to the ongoing reaction arid

suf fi ci entformdaibr{d¢zes) t heTheaet anls v duaflf @hosztermdjnwmsﬁ ﬁ/rirtdni n whi ch
to effect the desired r $ﬁéa ﬁgless othe mnse i_ndic

reactions pcfé’sdd‘lr d BieTR §C§68§d2 Ve Srrefle"r %/ pc%%‘ﬁltﬁ"fse under
an inert atmuesgdreraed ly efefeeelnceeUt Sat m;elmetr @&lai.s snidt, redferh 53Thend
fol | owi ng Jr r | ONs, e r ativ ly not

i nt ended ﬁg % 5?9%% %?ﬁ?%%éeﬁ g|nven 5na?n2§y%\mggg%ﬁ¥§1erns and
abbr evbat |Jon$s~ ,ushad ¢h1rcrrr@t¢91§mhy e;zanpaésrn&ly trmrwsﬁ@rlriauzamn ngs

unl ess ot e FObr e |, , "d.
O e @Qrwmé@a;ﬁmm dgr@ﬁ &lpp SX8E se@ectelx gr;)maq "alcl%gi néar%fuq H R
refers to%@f&d &R o aof%wﬁﬁ Q&Pﬁ&ﬁr@? i SIS Rt

m |1 gr amantérasiles e!ﬂ:m’ﬂébe@txméSremrj/htb.ﬂ.tl.&rzatlibhabfoI’onm)ldarastt)erébr@ﬁr

pressure |iquid chronatography, mel ti ng_point, elegental, ysi field
ge tnoﬁg{ 'P

desor pti oSradsl ute@teFet R ySCRERA £ cBBLaY WheResR s i fhr ed
spect RescaPareants ePivé®nabaetear magnetic resonance spectroscopy
respectively. In addition, the absorption maxinma |isted for the IR spectra
are only those of interest and not all of the maxi ma observed. 20
(Preparation 1 5-(3-[1, 3-Di oxol an-2-yl ] propyl)-2-Thi ophene Carboxylic Acid
To a solution of 64.8 g (640 mol, 83.9 nL) of 25 diisopropyl am ne in 400
nmL of tetrahydrofuran which had been cooled to -15C was added 400 nlL (640
mol ) of 1.6M nbutyllithiumin hexane dropwi se over 25 m nutes, naintaining
the reaction tenperature below -5C. After a 15 mnute stir tine, a solution
of 5-nethyl -2-thi ophenecarboxylic acid 30 (41.4 g, 291 mmol) in 150 nL of

t et rahydr of uran was added dropw se over 30 m nutes, once again keeping the
tenperature bel ow -5C. The resultant dark green dianion solution was
stirred at -15C to -10C for 90 mnutes. To this solution was added

2- (2-bronoet hyl )-1, 3-di oxol ane (57.9 g, 320 mmol ) 35 dropw se over 15

m nutes and the magenta-col ored m xture was stirred for 3 hours at -10C to
-5C. HPLC anal ysis (305 21 May 2002 , 26 acetonitrile/ 70~ 1~ aqueous
acetic acid solution, 2 nb/mn, 30 cm C 18 colum, ~,= 280 nn at this tine
showed 9. 0~ 5net hyl - 2-t hi ophenecarboxylic acid and 88.5 title conmpound. The
reacti on was quenched with 600 nL of water and acidified s to pH 3 with 6N
aqueous hydrochloric acid. The yellow m xture was extracted three tines
with 500 mL of tbutylmethyl ether and the conbi ned organic extracts were
dried over magnesiumsulfate, filtered. and concentrated. The crude product
Wals triturated with 300 niL of hept ane and



to the solid was

filtered, washed w th heptane,

and pulled dry on the

filter to provide 58.21 g (82.5 0 of the title conmpound whi ch cont ai ned

| ess than 3~ starting naterial
2.91 (t,
= 3.7 Hz,
-5-(3-[1, 3-Di oxol an-2-yl ] propyl ) - 2- Thi ophene 20 Carboxylate To a
2-yl ] propyl)-2thi ophene carboxylic acid
in 300 nL of dinetsghéfeman de was added potassi um
359
17 hours and then

(m 4H),
6.84 15 (d, J
Met hyl
sol ution of
(58.0 g, 239 mo
carbonate (41.4
mml ). The slurr

5-(3-

by 1H NMVR.

2H), 3.92 (m 4H),
7.72 (d, J §g3.7 Hz,

J =7.4 Hz,

1H),

4.90 (t,
1H). Prepara# i

[ 1, 3-di oxol an-
1)
g, 299 25 mmol) followed by nethyl iodide (51.0 g,
y was stirred at anbient tenperature for

poured into 600
with 500 nL of t
with water, driegd
rotory evaporati
of sufficient p
1541, 1463, 129%
J =7.4 Hz, 2H)

(t, J = 4.3 Hz,

1H) . 27 21 Mg
Car boxyl ate 5 M
car boxyl ate (10.
acid were disso
yel | ow sol ution
allowed to coo

for 15 m nutes,

t - butyl met hyl et h

T Of— Water. _The Tesulti Ng SUSPEnsi on was extract
-butyInethyBether and the conbi ned extracts were

er gnesiumsul fate, filtered, and concen
on t _azf 2
rity or

. 84 g§§94 80 of the title conpound
j | R (CHC13,

, 1101

, 3 .81 35 (5,

ﬁ%ﬁ? e
2H)

Hz | 7 .58 (d J=2B

d twice
hvashed
rated by
whi ch was
cm) 3021, 1707,
2.84 (t,

'H NVR (300 MHz, crnns) 8 1.81
2 1H),

4. 84

.7 Hz,

ly 2002 Prei.ratlon SVWnWWRLS (Butan 4- al ) - 2- Thi ophene

\ iC acrd/mater
was heat ed NA-/a 60 baxhchecorhoucs, ) Jiw, 5

lo to 25C ahd poure to 120 nL of mater After
this m xture was ext kA e(%twrce with 125 nlL of
er. The conbi ned organlc extracts were washed tw

wat er and tw ce
dri ed over magne

WTh satu ﬁéa eous dr U brcarbonate SolutTon,
si um 15 si &a épig)

of concentrated hydroc1|oric
and the re:ultant
| htion was
Ftirring\

e with

t hen

Sritrated to 8.24 g

(99.50 of the title conpound which mas of, ehﬁtaalantdpucmpﬁyfor use in

Preparation 4. 1

2H). 2.87 (t, J
(d, J = 4.0 Hz,
Met hyl - 5- (4- Di et
Met hyl - 5- (butan

cooled to OC -
mol ) over 5 nln

carbonate were added in oRE

for one hour and
diluted with 50
well with excess

Preparation 5. 1H NVR (300 IHz, 01 (t, 35J =7.1 Hz, 6H)
(q, J =7.4 Hz, 2H), 2.68 (m 2F§, J=7.1 Hz, 4H), 3.89 (s, 3H)
4.12 (m 1H), 5.84

5 In order to carry out the separation of Scheme 4, it is

H NMR (300 MHz, CDCL,) |b.2Retrisradilizazish (t, J = 7.4 Hz,
= 7.5 Hz, 2H), 3.84 (s,]33HFil6réd®icsh, J = 3.7 Hz, 1H), 7.61
1H), 9.75 (s, 20 1H) Pret~aration 4
hyl anmi nobut - &’enyl ) - 2- Thi ophene Car boxyl ate
4-al) - 2- t hene carboxylate (16.7 g, 25 78.6 mmol) was
W ths and treated with diethylamne (11.5 g, 157
sH; sflremoved and 27.5 g of potassium

then al | oned¥To cool ko 25C sﬂﬁéﬁgéggsbﬁﬁg

mL of dichl oromethane af¥d filtered through Hyflo,
di chl or onet hane.

at 60C
ture was
rinsing
Thenfgd)trate was concentrated to 19.6 g
(93.4 0 of the title conpound which was of sufficient purity for use in .
2.28

necessary that R® in compounds of formula V(c) is hydrogen.

If the process of Scheme 4 is performed with the preferred

group

hydrolysis such as 2,2-dimetyl-l-oxopropyl,

10

necessary.

at RS, i.e.,

then that

hydrogen do not necessarily have to be prepared in a

a protecting group removable by acid

protecting group will be removed by the addition of the
chiral acid and a separate step to remove it will not be

Thus, compounds of formula V(c) where R6 is

separate step before proceeding to the resolution process of

L
/



28 21 May 2002 (d, J = 13.9 Hz, 1H), 7.23 (d, J = 8.1 Hz, 2H), 7.94 (d, J =
8.1 Hz, 2H) . 5i0 15 20 25 30 35 Preparation 5

Met hyl - Hydr oxymet hyl ene- Cyanoacet at e Sodi um Salt Sodi um netal (11.8 g,
0.511 nol) was dissolved in 450 nL of methanol and to this wargsgépi on

. was added a solution of ethyl formate (434 g, 1.41 nol) and nethyl
cyanoacetate (43.8 g, 0.440 nol) over two mnutes. A small anmount of
precipitate formed during the addition. The reaction m xture was heated to

reflux andgppbmkaigned m@eé@ﬂn@hatﬁmh@ﬂ Thel el dmarti t o8 USHESSERBrYas
|tate was filtered, washed with

|1 dt | t
gi e?mjl et gﬁgggaﬁﬁ H%Veacllﬁ Sagﬁlg ata%ﬁ%[?etp °§.9\Fetl£t9 PP Fof the title

conpound wbirebewaedof sufficient purity for use in Preparation G Pre

ration 6 Met hyI I QL QIEt §¥e ngn%%%ceet at, es }81%1 as&aslg%_r}ﬁ,& ocp? of &ﬂgﬁggdl um

salt of nethyl hy oxyrret h e-cyanoacet a
di chl oroorreafadeteas mﬁurph@%ﬁ@ﬂmqﬁﬁn%tﬂm@@ (26 )5 fblsaQJFVﬁﬁDP)f in

one porti OEusEQﬁdéeaﬁh' ansixhbie W3 ndtonwedH i QlNeIdA tfeF 861HY two
tenperature and then nmaintained_at reflux with stirring for 4 hours. The

resul ting ﬂlﬁﬁ't:l?ﬁﬁl owtgﬁsﬁéh§Péna\ﬁ&§ HMES tté’%@d?lrtcb BERL e R ¥en
poured intg %?xgdf & 3 Hiad rE:é&te‘é'ir%rsitd & ffdq dﬁélé%”é{%%éﬂﬁﬁd

t he phases g separ aqueous ayer was extracte

di chl or orret:hanéomﬁéupﬁeOéoﬁﬁmeléaoﬁfdﬁ‘h c gy & et CHeEhe P thFetevred

wat er, ri selevsbrrreaa%sbu&bégbf ake,(1gnd (Q-erfi;%!ﬁﬁlrﬁh%ixltﬁbdﬁz G@i@f the
title conpound whi,ch sufficient purity for us)e _(r}ExarrpIel "H NWR

(300 Mz, Epep-X 8530891”(% agpggferyegg acdid §.s354dR £ (s, 0.65H). 21

m@w 2002 28aﬁphpasaufanlz acid. A preferred solvent for the removal
NT[S-[2-[{6R -

(2,3-d)- Pyé?m): é?°@%f%%‘ﬁ9| Fgnghlaggiijl carb %01;5)/ eg%aanlltc Ci l?)w {hyl

Ester (1R a(lcgohgz@ garmfle@ﬂb&yf efhenadi.d Salt (R R— L) A mixture of

N-[[5-12-[2- [ (20808l rehgm %o&b%ad) B sebfhat ot Sk hexahydr o-4- oxopy

rido-(2,3-d)-pyrimdin-6-y thlerllaélrgcarbon%}} Iutg

aci d, lodi eFﬁ?Fyégﬁéllléz@‘fyGoT Qf tYEPS ormed suspending the

aghyfjr ous( &Emp(auhdwo(famlirgmaul fvcua)cflaf:lai s(u}ih.&%.}:ﬁeg ,sdlwEhtplHeanidg 4thef

absol ute etha S te r r eaciion was

found to b%”’xg ngt E&Latﬁlg ?3 %ﬂﬁqt umndaft%fgh%@d;%é et

acetonitri selbuﬁbar tpSfClogw aat @rgle(r rtLd mnecigdttadte dhetdemsiredn i sonesy

=1: 0. 3:féLOOTHlea‘iianr%%%tt' Sa%ﬁ&n@t r'setﬁ\"aarEHiE:‘:-aVIatﬁéolumf‘dﬂ Xit:&”é‘ez\i‘@ﬁali' | oved

to cool to 68C an . i umacetate, 3.4 ter

activated 88F bUH%FP&Gd&&“’?‘HX rﬁe)ﬁq}r"ém%éé"fee&"t@ ﬁtﬁo%‘d}?l ons

V\B.iSZOf'BJ | oweddy o atrer ther sl?.‘:dem siyieren,i |dtaired-dtw ougia I-tl;érhp)er'réledresul 'Ejl ng

sol ution t wed to

Stand af aRBEERFrEIpEINITE. PP CERs, A RS o bl T FlefRel

cryst al f or prefemrablye etihagiod!, s ansty aved@nt .ectBe byatm tqfateuilﬁmblz%@lrl ed. The

filtrage waacgst WA e TRnINe QNS 1d1gafdid '303“8&0 %[B/&I@'i 'tzéltionbﬁﬁ’

occur. The crystals fromthefiltrate were coll ected onbi ned wit

first precPpiltdt BAREUHS d6, Prefeady 29he rRigo e sekvant 49 esolute
conmpound. . Eh@urla][ Wealdiouruniof ited ahit VIS deear }kﬁl@dh%q%ﬁﬂ@rtét?fggégié ]gm 15
tinmes its nass,of .e wa e wasont al nhe g 0

t heory) of F’h@blouttl é‘%ag:rﬁ)&m errg)sea ﬁ?otrﬁ)fﬂ/‘{irsatt g by HPLC anal ysi s.
mp 207C - 2t8@sthB(RRation 505 (eve d ajdged ﬁﬁgct{ a86she 268sJlution.

30 It is preferred that once the salts are formed and dissolved

by heating in the crystallization solvent, that the samples
are not stirred while cooling. Temperature may also have an
impact on resolution. Continued cooling below ambient
temperature can increase the recovery of product but at the
35 expense of separation efficiency. It is preferred to allow
the crystallization to occur at a temperature between about



(c 1.0, DVMSO . EA calculated for C33H47N5010S2~H20 35 (755.90): C, 52.44;

H, 6.53 N) 19.26 Found: C, 52.31; H 6.35; N, 19.20. 30 21 May 2002

Preparation 8 Recovery of a 2:3 Mxture of R L and S-L Di astereoners of

N[[5-[2-[2-Amino-1,4,5,6, 7, 8- Hexahydro- 4- Oxopyrido[2,3 5 2 0

d] pyri mi di n-6-yl ) et hyl ] - 2- Thi enyl ] car boryd ] - L- G ut ani ¢ Aci d,>1DMB¥h§9%%st er

Fromthe Filtrate of Preparation 7 A solution of 1M aqueous sodi um

bi carbonate was added to a stirred m xture of the filtrate from Preparation

7 10 (100 t 21083 I u n | 9k BpEt 333
The pE)F wasaglg?u%%eg V?lc:)frqn tgggag%r #)ﬁly[r%l% eﬁé g’aﬂbgﬁ dilﬁﬁl 23%2;?19(

aqueous sowrsn prefesrdnat e f50 0 g. The resultlng m xture was stirred

for 1 hour. Themhe:?e@rweaea%wﬁgzeéotlgvsgﬂsveo@%@ 8s0érd &n ghear. yellow
organi ¢ phase. The sol ufi.on was washed wi th 0.5M aqueous sodi um bi carbonat e

(50 g) f org Bet amaLe ckes FAEe phYsERe BN eOMSa AR il ¢ (CoRIEt 3ans30f shea

slightlsy- ct@sslyut yeh! ow pugaarcsibhsas éo‘z‘a:guﬁ %@éﬁ‘@iesﬁngEe\ﬁ@&abﬁﬁmved
and the remi |n$ soI tion vvagheg wi tth a sol t| on of %E 8us 20 od| um
hh f a8

choride (1YY nfREHe F8Plé““13ﬁ atp%a%%p’é%’éb?‘ 4 g of
t he slightty- th@ueb;ceyel bbwtbheganid pbapeefEradlsiyh cddded Aabtgrr et ai ner

I b
Sanpl € Wasy ﬁﬁi‘;ﬁglén ft@ﬁes%gngg %g‘f‘:‘i’h%epjcu{]cf&og?onet Sm pagLly rotary

evaporatlon ue was re i ndi , ,C 25 (100 g)
and concent r at €Bhe of 1t BakeagrPAuUCTEc dOMSEhaERR) 4 orill 1@%’@@1@ at 4505

Torr  afof Orxﬁﬁ@téze%fgdpaseeafebineﬁaogaueaoo& A AREYa OF (@) 36 8n63. 2 mxture
of the titlge conpounds, ctivel 4 recover b%ge 2 gotency assay

es
of origi ndM¥FP¥eate, e%aﬁcgéc'&'%hy¥9§s # product in
aqueous ar(®y ganj cil ayershe Abi4 a&tietuaah \mmaﬁl'\edi) s p, tbhatecycl e .

d ficat 2002
B oee © SlaP B8y 1000 hARULoUIS, RO O wBalSY
N-[[5-[ 2- [2p¢rakl © bet ﬁyrthe&egpepgt)iem bmmmtamﬂz&m:mymhusz; &

O<OpY1d0- {2 G hia FYEL B b - Er¥| b RYblr 25THANNId S A bRgwd b2 Gl utam © Aci d
y unrecoverable by further crystallization. Scheme 5 below,

where R3, R4’, R6, R7, and Y are as defined above,

illustrates another novel method of preparing compounds of

formula IV which facilitates the further separation of this
20 mixture by crystallization.



Anhydrous pyridine (50.9 g, 642.9 mmol) was added to the 2:3 m xture of RL
‘and S-L diastereoners of~N-[[5-[2-[2 toO

am no- 3, 4,5, 6, 7, 8- hexahydr o- 4- oxopyri do- (2, 3-d) - pyrinidin 6y|)ethy|] 2-thie
nyl }carbonyl]-L-glutam c acid diethyl ester (24.7 g, 49.0 nqa]k

. Preparation 8 and 4di net hyl am nopyridiney{1.49 g, 12.2 mol F?er eatlng
to 100Cwith stirring, a yellow solution persisted. Pivalic 15 anhydride
(19.0 g, 102.8 mmol ) was added over 4 minutes; with each drop a white solid
formed then dispersed. At 4.5 hours téehema@csi on was cooled to 50C

(caut| on: solidifies at lowsr tenperature) transferred to a separatory
funnel and di chljor omet hane (§00 nL) then 1N aqueous hydrochlorlc Po acid

(660 nL) were added.  The gani c Iayer was separated and extractefd with 1IN
aqueous hydrochlorﬂt : |sus @i chl oromet hane (100 nL){to
prevent cloudingd. \1§

lfhyer mas washed with a bfine (200

(d9%°M 1ck g6 g ehent

vent s ally

nm.) again requirlng addi tTon
cl oudi ng, then dried over nagne3|un1 s .
renoved at 26.5|i va [ a nearly ceased.
To the remaining gg%ﬁ?ﬁ?ﬁ aﬁﬁy fﬁggmélet yl gfﬁ%r??%ggb%%) was aplded over
35 mnutes to gijve a mhlte mrkture. After 15 minutes stirring, 3o]the solid
was col |l ected by vacuum fiLi{rati on, washing twice with diethyl ether (100
m.). Note: the f||t$d¥ﬁ ired -3Q3ninutes and were stirregd after
each addition off diethyl Ve u riyi ng, at 40C/5 Torr for 2} hours
afforded 27.88 d crude produ Thi MR d @ffp&g@ 1320l B ‘el hyl
acetate (700 nL) untiI alight yello | uti on was’ obtain & The kontents
(vre allowed to ate. 1o roagmtenperature Wt rring over 1 hour.
#ﬁe white nlxtur eﬁf%hhy 5%@5“7Qg%mﬂg§ %ﬁa Eamm% gﬁra € bath anr stirred
1.5 hours. The product was | i ; three
times with cold ethyl acetate (50 m.) 3ﬂ%h%g£§. with diethyl ether (100
m.). Vacuum drying at 40C/ 5 Torr aff e .40 5 g (68~) of the title
conmpound as a white solid. 27169C 170C. [a]20D -0.2 (c 1.01, MeOH). EA

cal cul ated for C28H3gN507S , 57.03; H, 6.67; N, 11.88; O 18.99; S, S. 44.
Found: C, 57.05; Hg 11.66; O, 19,16; S, 5.66. to Exanple 1

Met hyl - 5- ( 3-[ 2- Cyano 2N bofft oxy etRi nyy] - 4

Di et hyl am nobut - 3- enyl ) - 22 I & of

nmet hyl - 5- (4- dlethylanlnobut-ﬁrgnyl) hi H@§§$8é$ b?gﬁ :¥¥§g4 g, 72.4
nmmol) and triethylanine (7.3 g, 72.4 nﬁ%l) in 160 mL of dichl oronet hane
cooled to 25C was added a sol ution of rgethyl - chl or onet hyl ene 20
cyanoacetate (10.5 g, 72.4 mmol) in 40 nL of dichl oronmethane dropw se over
25 m nutes, naintaining the pot tenpe e bel ow, - 20C. The cl oudy orange
solution was stirred at 25C to -20C f éﬁ9$ﬁﬁﬁ §180d then allowed to warm
to 20C. The react| nd the

t wo layers were g | owed to stg’r together for a few mnutes and separate.
The organic | ayer wasg, dri magnesi um sul fate, filtered, and

i triturated with diethyl et her

causing the desirged pradu Z§. The resulting solid s 30
filtered, washed W th ether [ p QMKgﬁC%pRB 135 _&d%&°) |[of the
title compound whj ch was of sufficien rity for dse gn Bxanple 2. M5 iz
377 (M+H). EA calpulated for C19Ft4 R.C 60 . 62 ; H 6 . 43|; N, 7 .
44 . Found : C, 6fL. ;H685N 3"35
B 55_)
N
WNHCH(COR ) (CH,) ,CO,R”’
V(e) (S)

1:1 Mixture



33 21 May 2002 Exanple 2 2- Am no-1, 4- D hydr o- 4- Oxopyri do-6-(2-[2

Car bofret hoxyt hi ophen-5-yl]Jethyl)(2,3-d]pyrimdine 5 To a sol ution of

met hyl - 5- (3-[ 2- cyano- 2car boet hyoxyet henyl ] - 4- di et hyl am nobut - 3-enyl )-2-thi o
phene carboxylate (10.0 g, 26.56 mmol) in 50 nL of acetonitrjle maé &gded
2, 4- di ami no- 6- hydr oxypyri m di ne (3.35 g2226.56 mol ), 45 i 23t ¥%t29°¢ and 5 -
m. of acetic acid. The ~. o0 resulting suspension was heated to reflux for 18
hours and then allowed to cool to 25C. The reaction m xture was ~' t
neutralized to pH 6.7 with 2N aqueous sodi um hydroxi de causi ng the

ipitate t icken._ Th | id filt , hed with 1:1 .
etoni tr1 el o ne BEArTeR PR shBRmeLs T8 Socts Karirred gl 1p 9.6 oss)
of the titoatemfpowd. tixafiplerate from Scheme 4 as a source of
2- Ami no- 1,_4-Di iy i dor 65 ((2- ' -
yl] ot R§| ) Fi‘*%"%’%ﬁ?ﬁ%@% gFA#nB%?%%%%%%@% ‘?rr‘?%o]?%sie( 2- [2
car bonet heeyEs et sEqauba hyK§) [ are- Lrpyr iextdant €5 4rom WeB5 mol )

was di ssoped ure 54 T’ﬂ—ié)fiQ“ééﬁﬂ.@guﬁcégﬁ'rpqmshed‘ Qi da- 3yl heated to 40C
with stirring. HPLC agnal ysis 25,

0~ acetonitrile/70~ of a 1~ aqueous

acetic acPd*I3uR ivoED 2 W3 heh, + 1§§1§ﬁﬁc8F€ﬁH}91SP%X&?Fnﬁn%rékﬁﬁFlng
corrp:c etehlny;dT m{iygjxﬁ:en(‘jwimdarrabéak baberﬁiihel&@wtﬂmmamd fﬁdcﬂi@lswhéh Sﬁ
nL of ethan an ciadified to.pH 3 w 6N aqueoqus Jdrachlori.,c acid. The
Tsul 11 ng SpAsetath 5% Sadsih| SiPRESoHRt Bh RAaLS | BIGEdCER ¢  1]
dri edid n eadu@qtedtC sediumn\bieatbofage( 87e) pafeficherad trMeagempoufl as a
i ght yel | N 3 9 PN 2H) ,
3.15 (i, Ef?‘gs;géhgfzo%m %#8%&?%@&3'%%9%,11%1 £ %sofl%dﬁr%t% ‘?.F%th, ,
1H), 8.05dd¢ghlyremethage (alpou Q53dmLjg=filgratel, angyabout 34 21 May ¢
2002 ~Xa”@bﬁi$é¥4n&éléﬁliﬁﬁ% éoﬁsC§BEEQQYBh%@fEanate for about 30
-1, 4- Di hydr,o- 40xop r|d0-6-é2- 2-Carboxxi |o%?en-5- I th I)[2,3-gﬂ 5
oyt i B RS R OF T, DS A RE 4L AL OGSk S AR 1Y
2- carimxy skipaptedil-c-phidsed hyl Tha, Srdanpyr phingiend s( Gepdrgptedd ¥hdmol ) in 20
m. of p'VBQé%é?QB&U'&%&&@%NfQHeQ common drying agent or agents before

proceeding. Sequential washes with brine and 1M agueous

sodium bicarbonate is a preferred drying procedure.

Once the extraction procedure is performed, “an amino

20 protecting group must be reinstalled at R® or that amino
group must be protonated before performing the process
illustrated in Scheme 5. Reprotection is preferred and may
be accomplished as taught in Greene cited above or as
discussed in Preparation 9 below. It is preferred that the

25 amino protecting group be removable by acid hydrolysis,
e.g., a 2,2-dimethyl-l-oxopropyl protecting group. The
resulting compounds of formula V(e) are then separated as
follows.

Single diastereomers or mixtures of any ratio of

30 compounds of formula V(e) may be dissolved or suspended in a
suitable solvent and an oxidizing reagent added to provide
the compounds of formula IV(b). Choice of solvent, reaction
temperatures, and times will depend generally on the
oxidizing reagent employed.

35 DDQ is a preferred oxidizing agent. When DDQ or
chloroanil is employed as the oxidizing agent, hydrocarbons



1o di net hyl am nopyridine (0.036 g, 0.294 mmol) and the m xture was heat ed
to 150C for 18 hours, during which time the reaction nixture thinned

consi derably. The reaction was al lowed to cool to 25C and the product was
precipitated by the addition of 100 nL of diethyl ether. The r}géi ?i B%;e 15
-was filtered with suction and washed wi t t her. Theresulti%ﬁ | 8
suspended in 10 nL of water and treated wth 1N aqueous sodi um hydroxi de
solution until a solution formed. The solution was acidified to pH 4 with

6N aqueous hyel %@'Qézh@aﬁé' dheldakng tUl%d@fé)dtecﬁa UWhT Bk} L BbRer ThE 20
solid was fi]tered,” washed with water fol owed by net hanol and dried in

vacuo at SOahCQIEPJa?rf%‘I“EJhOa%J“@U(‘??Q ot 'tllé%?&m}?ﬂiasa t%tlﬁesol i d.
1H NIVR (3001 Mk&; @/Eﬂaw:}maﬁeaswaro&u)rbohslﬂsddn dH)chBoOfdem, J = 3.6

e ) ARty c‘%‘agc}ﬁﬂor ~cRafe! %&Ué&}e 23S 1H)e§%l8t’$bq[é[5 a@br%%ag%d(by .
(2, 2- Di met Mdmmmylemnm&lly dmcmmrzetmalw,rlaioe B2 Bexited.
-Pyrimdin V%#] £l hg,L%d%gT&?ep% %e?@%%ﬂ{é@lhndereéﬁ ?é&lllded Di et hyl

Ester 5 To a ure oxopr opyl Y'am no

1, 4-di hydrocaln@ktbmn$d@36t1(l? Preféamdxmmmé% %Om‘-ﬁlﬂ Y e B3~ d]

pyri m dine & oﬁﬂa@@ ﬁa&@ W@'ﬁuﬁﬂﬂy’\'ﬁﬁbhﬂe@%rmﬂ?lg Reordbutldd o - A9 MP4) 10
5 nmL of lo d| t h) ormamtj was added 2-chloraq 6- di met hoxy-1, 3, 5tri azi ne
(0.31 g, 1.7% 5 A r’F?Bnne?ﬁéngé’ultlsr?f'sfs'p%ﬂ&%g“)%%e Kirred at
anbi entiot erppeY@yure for 16 hours. At this time, L-glutamc aci d di et hyl

ester (0.36 g, ]Th 3111%;)&‘213@3 gdg)zg ?gdll tall'or&%d”"{s g}o&f d at anbi ent

15 t enperature fore our's ron‘m xture was d bet ween 30
) of net hylemserddwrésieodtidedd 0LCOANGAREDORAFD fﬁdnwcaﬂcmf@rﬁo weirtutes

stirred together an l.l owed to.,separ The organi ¢ l.ayer

concentrat € agb%%‘d%%l?o%ﬁ whi 2f ?cgf‘lotnurlﬁt @gf%etnr?hglt%h Wafo%uéﬁgi?b a
solid 20 presigdtaierdd betweedhesool vd waed i | i moras gk tdtde gt hanol
and dried in vacuo at 50 Cto give 0,59 g (75~) of the title conpound. np

72C-76@5 1HIIR (1300 enet i oSG depriormed betmeesHR200C tAQ%, Gd, 2 .

04 (m 2H) moé-’t é?‘réferr]ecf is ?’wl'ign @H)e r%al‘:%lﬂa'ﬁ] fy")perdfcﬁffnédnat‘“ibooxﬁl 34 (m
1H), 6.88 (d J 7.63 Hz 8.24 (s, 1H),

8.61 (d, J tewp%fﬁ\%urmﬁorsf’??m(%f’ mipu f@ §5° (1v1§*9ur2’H) '21 May 2002 36

The amount of oxidizing reagent will vary depending on
which oxidant is employed but will generally range from
20 about 0.1 equivalents to about 5 equivalents relative to the
compound of formula V(e). When DDQ is employed, about 1.1
to about 3 equivalents are preferred. Even more preferred
is from 1.8 to about 2.2 equivalents while 1.9 to about 2.1
£ equivalents is most preferred.
o 25 The carboxy and/or amino protecting groups in compounds
of formula IV(b) are preferably not removed as taught in
Greene. Instead, a preferred course of action is to reduce
the compounds of formula IV(b) back to a 50:50
diastereomeric mixture of compounds of formula Vi(e) in order
30 ﬁo perform the chiral acid separation taught in Scheme 4.
The hydrogenation may be performed by dissolving or
suspending a compound of formula IV(b) in a suitable
solvent, in the presence of a hydrogenation catalyst, and
exposing the mixture to an atmosphere of hydrogen. A
35 convenient and preferred solvent is about a 4:1 mixture by
volume of tetrahydrofuran and ethanol. A convenient and



Exampl e 6

N[[5-[2-[2-[(2,2-D et hyl - 1- Oxopr opyl ) am no] - 1, 4- Di hydr o- 40xopyri do-[ 2, 3-d
]-Pyrimdin-6-yl]ethyl]-2-Thienyl]carbonyl] L-Gutamc Acid, D ethyl Ester
5 Di chl oronet hane (350 nlL) was added to the 2:3 m xture of EelLM%pdm%QL

di ast ereoners of 24

N-[[5-[2-[2-[(2, 2-di net hyl 1- oxopropyl ) am no) -3, 4, 5, 6, 7, 8- hexahydr o- 4- oxopyr
i do-(2,3d)-pyrimdin-6-yl]ethyl]-2-thienyl]carbonyl]-L-glutam c Zo acid,

di et hyl est;ﬁj‘eféﬂr@d gnyaﬂo@emheh caemlPreeparats o rpLl badivhi onedadBon.

t t | o As N
2 - onl oriie et ivatol s W EHaad SR B Yaa e Be e ishr) tGa
added. The cs:uhmﬁmmci‘s |¢1ftf<armylauﬁﬁéb punpl @) namge vof mmnmmasl@h tcpl ng
at room 15 homperaiag e 'ﬁréf@?ébﬁ%n%ﬂet Qazlrde! gt PLAK. é‘i})]&‘ﬁt':"ﬁ(? 8i nk
di chloro

solid was renove tiltratrion ee tinmes wt rrethane
t25 L) 5 Twéoquut?%%/e wiksh saPerbd 2BRr @@merr@ﬁfcﬁrmm Nt ekS viYpigally
saturated gpteitdore®fts0ostaatbi aar BenREphe0 di hyvdkbsapaniéed. tHide final
organic layer 20 was stirred for .30 minytes with SOdI um |car€s%£ate (100
1) and valRHEITE b5 EYRFOSEPai Bt S0USHhE Sl ked LhorERER SRR CRE wi th
brine (100 ayienit witeesuoyer magppswm pulcfsatare Rmmg/allsafffdsxe aodwent at

ouced b SR GONE Aol Q06750 8F LB RIS FRELE 15 E
1147, 1022 at8idspimete %(mﬂrogEnub&tw@ehoAOmmmowﬁ(zmﬂmlmund:
586. 233546 E%Ws@%égrﬁéaﬁp' né Feh Midd P & e AAGARES at

Di ast er eorrer S
N[ [ 5- [ 2- [ YR eraly weehyFanginRgpL6pP pARLEHL- o ab®ity theeshlie o- 4
%Ogyr iudot &:?eln%Eéi%aB)’fé nbeli thé- mhiketbel.] - AL Tiwicend ] o haptdgens @ ani ¢
ci et hyl Ester
N-[[ 5-[ 2- [ PYFLer el meedyt 1an okeprepprrari Ae] aboih MY 4-widdpyihalo- [ 2, 3-d
] pyr i ’i".sd' rréaa&i@ﬁ hwﬁxgémfnghbg%maxhhw W E BCitesdliwhdryl4 ester

g, 1.8 1o mol ), 5o palladiumon carbon catalyst (0.26 g), ethanol
(4 0 m), lE%trahydrofuran (16.0 nmL) were added to a hydrogenati on
vessel . The resubid¢erga nl xt unExwasepbEs sompoethdshrcee ﬂonm,sla/\n’\trehlis ogen (10
psi g) and v ture r @ssuyr, i
hydr ogen ( psT g) %]55' é(;]?vené g{q gﬁgﬁ'gdgdggr? é‘resgsésdt}ﬁtg?% am?%nn adj Rt ed
to 50 psi gmrmw@n@@r@wmssn& éaséghegel o@boe er TR hotwele vihash 7~
starti 29 MY T Shed €SI A4 NHaRY E“ﬂn@s ’é'&eth%agﬂa%%lvﬁ%r?éﬂ QYEchd D in

equilibrate to roomtenperature and the catalyst. was renoved by fllterlng
through CelQ%@Sanke 2BA%aht fgthet Higld Ot Pa?ydiltﬁﬁﬁ%?ﬁ%?%rﬂ foppaala
filtrate was(&vepprated, redissolved in dichloromethane (25 ni), extracted

wi th aqueous sodju nat ni A ove es ulfate, and
evapor at ed. Thedér bglgu%%{i/\gé gt ,ﬁyé Wrtlﬁ‘ d%'glce‘t % rfi)grqa‘fstar%*‘f ux.
After 1 howc28stde thatfoemuwas & Ncwadct(@)wdl)dmzcrwdm@erawre and was :

then stirred in an ice bath for 30 mnutes. After the cold stir, the
react i 88 weEOTPPURdRCEnformalei It ande Ile axes keyediini the corty, andd to

acetate (3 yHa. ei{@&uilhé@rcéﬁiﬁér\&aam@cwawﬂrdm% %tréquééa‘iil r affor di ng
940 ng (83~) of the %Stltle cgggg@rasav\,hlte solid, 69C, - C. EA

cal cul at ed TR EROFHRGRSEY 5 endaF: ogqedgres CN"“W]Q’B %@9‘“5‘: %. 44.

Found: C, Sxr®©6; FbrbedémpNe, 13286 pr@pat@tidinsS1l 5 764bé350v3'he present

nvention has begn d5SEERREd bCIELY ber RIS LAN G LS S S prbOdi ment s
30 Schemes 1-5 can be determined by monitoring the progress of

the reaction by conventional chromatographic techniques.
Choice of solvent is generally not critical so long as the
solvent employed is inert to the ongoing reaction and
sufficiently solubilizes the reactants to afford a medium
35 within which to effect the desired reaction. Unless
otherwise indicated, all of the reactions described herein



38 21 May 2002 will be appreciated that those skilled in the art, upon
consideration of the present disclosure, may nake nodifications and/or

i nprovenents that fall within the scope and spirit of the invention as set
forth in the following 5 clains. Al though the conpounds of fgrﬂulebd 2 and
- 111 (a) have been pictured throughout thiggspecification as Rav onl'y one
particul ar orientation about their two doubl e bonds, all 1o possible

i somers are enconpassed within the scope of this invention. v | 3g 21 May

2002 clai Wrelp&f%mwi&fddcwé‘alhﬁldéﬂ aRider 028 hodphér dC VAR Y 5
[11; where: Y_Is IS CS alkyl; Rl and R2 are

.
i ndependenPF§E éfrggz&HSft(§%W9989?5?xﬁﬁrﬂ% Y89%  the nitrogen to which they
are attached f omiea flodtlemoiaye |prepfdi-dtsi drysiragknexampbeo,ane fl uoro; 15 R4

he Lonfi G APEDRARINE Y CRba Al ay) sl e Tahg Tl pebpy viere

hydr ogen othe davepky.qpr dire@&rivhgvagr oud‘hQrt%rmland)raWelm&tIMSeusedzo 2.
A conpound; acefeding g&@a&%% el dife. lgneﬁmdixgqé:luﬁ;f'eégkyl RL
and R2 are |n epen Cl y( ge , and $ C
al koxy or BEREYWARE: de51gnated or example °C N mmol “g",
‘mg”, “d.e.”, “mL", “M", ”HPLC"j “mp”, “EA”", ”MS(FD)”,
*»MS({HR)”, “IR”", and “1H NMR"”, refers to degrees Celsius,
10 normal or normality, millimole, gram, milligram,
diastereomeric excess, milliliter, molar or molarity, high
("} pressure liquid chromatography, melting point, elemental
analysis, field desorption mass spectrometry, high
resolution mass spectrometry, infrared spectroscopy. and
15 proton nuclear magnetic resonance spectroscopy respectively.
In addition, the absorption maxima listed for the IR spectra
are only those of interest and not all of the maxima
observed.

20

Preparation 1
5-(3-[1,3-Dioxolan-2-yl]lpropyl)-2-Thiophene Carboxylic Acid

To a solution of 64.8 g (640 mmol, 83.9 mL) of

25 diisopropyl amine in 400 mL of tetrahydrofuran which had
been cooled to -15°C was added 400 mL (640 mmol) of 1.6M n-
butyllithium in hexane dropwise over 25 minutes, maintaining
the reaction temperature below -5°C. After a 15 minute stir
time, a solution of 5-methyl-2-thiophenecarboxylic acid

30 (41.4 g, 291 mmol) in 150 mL of tetrahydrofuran was added
dropwise over 30 minutes, once again keeping the temperature
below -5°C. The resultant dark green dianion solution was
stirred at -15°C to -10°C for 90 minutes. To this solution
was added 2-(2-bromoethyl)-1,3-dioxolane (57.9 g, 320 mmol)

35 dropwise over 15 minutes and the magenta-colored mixture was
stirred for 3 hours at -10°C to -5°C. HPLC analysis (30%



or a.salt or solvate thereof. 25 3. A conpound according to Claim2 where R
i's methyl or ethyl, Rl and R2 are both nethyl or ethyl, and R ~ i s nethoxy,
et hoxy, or benzyloxy; or a salt or solvate thereof. 30 4. A compound of
formula IV: 40 RBs,. RA R H~'Y IV, where: 5Yis CH=9Ii|,MQ %602S; R~

I s hydrogen, chloro, or fluoro; 21 My 2%?% , R4 is hydroxy) a cgr oxy ‘
protecting group, or NHC*H(C(O R5) CH2CH2 ) R5 where the configuration

about the carbon atomdesignated * is S; and 10 R5 is hydrogen or a carboxy
protecting gee¥liniReille MW aEh@iedlls 3801 B" QLA™ iSO UiV, AL Brin s
hydroxyl or a salt or solvate thereof. is 5. A conpound according to Caim

4 where Y i 80CEmCA-di8 SantrR3 A 38/ rwyenat okhass gimepshoweadht® Gheéreof .

6. A di | . ] t o 6l ,
R S L R e e
protecti ng Fheupeasitd - wWas lgupndyed gritthsepP @é &fl vaten warksrcidi fied
conpounds acegr gng WA tH %l\gnaﬁqdé@&é? 1R+ SchbrHeCaelide) CrifeH4dQidte; or a

salt or solvate thereof. . )
mixture was extracted three times with 500 mL of t-

butylmethyl ether and the combined organic extracts were
dried over magnesium sulfate, filtered, and concentrated.
The crude product was triturated with 300 mL of heptane and
10 the solid was filtered, washed with heptane, and pulled dry
on the filter to provide 58.21 g (82.5%) of the title .
compound which contained less than 3% starting material by {J

1§ NMR. 'H NMR (300 MHz, CDCl,) & 1.81 (m, 4H), 2.91 (t, J =

7.4 Hz, 2H), 3.92 (m, 4H), 4.90 (t, J = 4.4 Hz, 1H), 6.84
15 (d, g = 3.7 HZz, 1H), 7.72 (4, J = 3.7 Hz, 1H).

Pr X
Methyl-5-(3-(1,3-Dioxolan-2-yllpropyl)-2-Thiophene
20 Carboxylate

To a solution of 5-(3-[1,3-dioxolan-2~yllpropyl)-2-
thiophene carboxylic acid (58.0 g, 239 mmol) in 300 mL of
dimethylformamide was added potassium carbonate (41.4 g, 299  °

25 mmol) followed by methyl iodide (51.0 g, 359 mmol). The
slurry was stirred at ambient temperature for 17 hours and
then poured into 600 mL of water. The resulting suspension
wag extracted twice with 500 mL of t-butylmethylether and
the combined extracts were washed with water, dried over

30 magnesium sulfate, filtered, and concentrated by rotory
evaporation to afford 57.84 g (94.3%) of the title compound
which was of sufficient purity for use in Preparation 3. IR
(cHC1,, cm™) 3021, 1707, 1541, 1463, 1296, 1101. 'H NMR (300
MHz, CDCl,) 4 1.75 (m, 4H), 2.84 (t, J = 7.4 Hz, 2H), 3.81

35 (s, 3H), 3.82 (m, 2H), 3.92 (m, 2H), 4.84 (t, J = 4.3 Hz,
1H), 6.76 (4, J = 3.9 Hz, 1H), 7.58 (d, J = 3.7 Hz, 1H).



8. A process for preparing a conpound of formula IV: 41 21 May 2002 Rq R~
HOR3i V' ~Y NIV, where: 5 Yis CHCH O or S; R3 is hydrogen, chloro,
or fluoro; R4 is hydroxy, a carboxy protecting group, or

NHC* H( C( OyR5) CH2CH2C( O) R5 where the configuration about thezq_aﬁgonz@&,‘pm

- designated * is S and 1o RS is hydrogengr a carboxy protectlng group; R6
I s hydrogen or an am no protecting group; and R~ is hydroxy or amno; or a
salt or solvate thereof; 15 conprising: 1 42 a) reacting a conpound of
formula I'l11(a):

Preparation
Methyl-5- (Butan-4-al)-2-Thiophene Carboxylate

5 Methyl-5-(3-{1,3-dioxolan-2-yllpropyl)-2~-thiophene
carboxylate (10.0 g, 39.0 mmol) and 1.0 mL of concentrated
hydrochloric acid were dissolved in 120 mL of 2:1 acetic
acid/water and the resultant yellow solution was heated in a
60°C o0il bath for 2 hours. The solution was allowed to cool

10 to 25°C and poured into 120 mL of water. After stirring for
15 minutes, this mixture was extracted twice with 125 mL of

(“) t-butylmethylether. The combined organic extracts were
washed twice with water and twice with saturated aqueous
sodium bicarbonate solution, then dried over magnesium

15 sulfate, filtered, and concentrated to 8.24 g (99.5%) of the
title compound which was of sufficient purity for use in
Preparation 4. 'H NMR (300 MHz, CDCl,) & 2.01 (m, 2H), 2.50
(t, J= 7.4 Hz, 2H), 2.87 (t, J = 7.5 Hz, 2H), 3.84 (s, 3H),
6.79 (d, J = 3.7 Hz, 1H), 7.61 (4, J = 4.0 Hz, 1H), 9.75 (s,

20 1H).

r ration 4
Methyl-5-(4-Diethylaminobut-3-enyl) -2-Thiophene Carboxylate

Methyl-~5-(butan-4-al)-2-thiophene carboxylate (16.7 g,

25 78.6 mmol) was cooled to 0°C - 5°C with stirring and treated
with diethylamine (11.5 g, 157 mmol) over 5 minutes. The
cooling bath was removed and 27.6 g of potassium carbonate
were added in one portion. The orange mixture was heated at
60°C for one hour and then allowed to cool to 25°C. The

30 reaction mixture was diluted with 50 mL of dichloromethane
and filtered through Hyflo®, rinsing well with excess
dichloromethane. The filtrate was concentrated to 19.6 g
(93.4%) of the title compound which was of sufficient purity

for use in Preparation 5. 'H NMR (300 MHz, CDCl,) & 1.01 (t,

3% J = 7.1 Hz, 6H), 2.28 (q, J = 7.4 Hz, 2H), 2.68 (m, 2H),
2.91 (g, J = 7.1 Hz, 4H), 3.89 (s, 3H), 4.12 (m, 1H), 5.84



IRz R ~ R~ NC ~ RQ, Y lll(a); 5to 15 20 where: Ris Cl-C6 al kyl; the
carbon atomdesignated * is S; and R5' is a carboxy protecting group; 21
May 2002 R1 and R2 are independently Cl1-C6 al kyl or taken together mﬁth t he
nitrogen to which they are attached forma heterocycle; R4 's Eé
protecting group or NHC*H(C(0) R~ )CH20H2%%9)R~~ where the conflgﬁra |on
about with 2, 4-di am no-6-hydroxypyri m di In the presence of a suitable
acid and solvent; b) optionally installing an am no protecting group at Re;

and c) opt| alJy r casb rotecti upsy At z
process accgr}dljng %o 1 a| n BWV\}‘Ié Z- ?Ee gidrrpagun %SQHZ? fOI‘I’ﬁJ|'§ %/ Pd.
conpound w8side HR~ idlhydroxy, Y is CH=CH or S, and R3 is hydrogen; or a

salt or solvate thereof. 10. A process according to Caim9 where the

conpound of forrmula Ill(a) is a coTEound mhere R4' is nethoxy, 3o ethoxy,
or benzyloxy; or a salt or solvate step b) of daim?7 is

perforngd. 43 Q&aﬂ@yl2@9&r&ﬁymétnyggﬁﬁ;ayanﬁahé&h&é>S%dd@mlﬁamhere t he
conmpound of forrmula IV is a conpound where R6 is 2, 2-di nmet hyl - Loxopropyl ;
or a salt or solvate thereof.

Sodium metal (11.8 g, 0.511 mol) was dissolved in 450

mL of methanol and to this warm solution was added a
solution of ethyl formate (104 g, 1.41 mol) and methyl

10 cyanoacetate (43.8 g, 0.440 mol) over two minutes. A small
amount of precipitate formed during the addition. The
reaction mixture was heated to reflux and maintained there
for 1.5 hours. The thick white suspension was allowed to
cool to 20°C - 25°C and the precipitate was filtered, washed

15 with diethylether, and dried in vacuo at 45°C to give 40.4 g
(61.6%) of the title compound which was of sufficient purity
for use in Preparation 6.

Preparation 6
20 Methyl-Chloromethylene-Cyanoacetate

To a suspension of the sodium salt of methyl-
hydroxymethylene-cyanoacetate (19.0 g, 127 mmol) in 200 mL
of dichloromethane was added phosphorous pentachloride (26.5
25 g, 127 mmol) in one portion. The reaction mixture was
allowed to exotherm to reflux temperature and then
maintained at reflux with stirring for 4 hours. The
resulting light yellow suspension was allowed to cool to
23°C and then poured into 400 mL of cold water. The mixture
30 stirred for 15 minutes and the phases were separated. The
aqueous layer was extracted with 100 mL of dichloromethane
and the combined organic layers were washed twice with
water, dried over magnesium sulfate, and concentrated to
16.8 g of the title compound which was of sufficient purity

35 for use in Example 1. 'H NMR (300 MHz, CDCl,) & 3.88 (s,
3H), 7.58 (s, 0.35H), 8.04 (s, 0.65H).



5 12.. A process according to Claim8 where the acid is acetic acid and the
solvent is acetonitrile. 13. A process for preparing a conpound of formula
IV: to ORBa~~\RAR ~YHNNIV, where: 15 Yis CH=CH, O or S, R3
I s hydrogen, chloro, or fluoro; R4 is hydroxy, a carboxy prqﬁg tirgbggoup,
. or NHC*H(C(O R5) CH2CH2C( O R5 where the cerfigurati on about the on atom
designated * is S; and 20 R5 is hydrogen or a carboxy protecting group; R6
i s hydrogen or an am no protecting group; and R~ is hydroxy or am no; or a
salt or solvate thereof; conprisingraSadti@acting a conpound of formula
V(b): R~ ~ HNWN J "' Y N 44 2002 .
() e R R TR 2? el b amind-10 4, 876 7, §Me280aro-4-oxopyrido-
(2,3-d) -Pyrimidin~6é-yl)ethyl]-2-Thienyl]carbonyl]-L-Glutamic
Acid, Diethyl Ester (1R)-(-)-10-Camphorsulfonic Acid Salt

5 (R-R-L)

A mixture of N-[{5-[2-[2-[(2,2~-dimethyl-1-
oxopropyl)amino)-3,4,5,6,7, 8-hexahydro-4-oxopyrido-(2,3-d) -
pyrimidin-6-yllethyl]-2-thienyl]carbonyl]-L-glutamic acid,

10 diethyl ester (456.1 g, 0.748 mol) and anhydrous
(1R) - (-) -10-camphorsulfonic acid (197.6 g, 0.84 mol) in 3.4
] L of absolute ethanol was heated under reflux. After
28 hours the reaction was found to be complete by HPLC

analysis (C18 column at 40°C, 40:60 acetonitrile:buffer,

15 flow rate 2.0 mL/min, detection at 280 nm, buffer =
1:0.3:100 glacial acetic acid:triethylamine:water). The
mixture was allowed to cool to 68°C and 6.34 g of sodium
acetate, 3.4 L of water, and 23 g of activated carbon were
added. The mixture, cooled to 46°C by the additions, was

20 allowed to stir for 20 min, then filtered through Hyflo®.
The resulting solution was stirred, cooled to 34°C, and
seeded. The mixture was allowed to stand at ambient
temperature for 12 hours without agitation to allow crystal
formation. The crystals were collected by filtration and

25 dried. The filtrate was set aside overnight, causing
additional crystallization to occur. The crystals from the
filtrate were collected, combined with the first precipitate
and dried, affording 292.2 g of the R-R-L title compound.
The partially purified salt was recrystallized two times

30 from 15 times its mass of ethanol-water 1:1. There was
obtained 101.9 g (35.6% of theory) of the title compound as
a monohydrate, 95.4% d.e. by HPLC analysis. mp 207°C -

210°C. MS(FD) m/z 505 (M*); [alsgg -52.8°, [al3gs -267.7°

N
~—

(c 1.0, DMSO). EA calculated for C33H47N5010S2-H20

35 (755.90): C, 52.44; H, 6.53 N, 19.26 Found: C, 52.31; H,
6.35; N, 19.20.



V (b) where: R4' is a carboxy protecting group or 5
NHCH('C(0) R5' ) CH2CH2C(0) R5' ; and R5' is a carboxy protecting group; or a

salt or so

suitable io solvent; and ~I b) optionally renoving any carbgiy D
groups at R4’ andl or at R6; 15 with the pg@viso that if R6 IS ﬁy%rogen in
the conmpound of formula V(b) then the conpound of fornula V(b) nust be an

acid additi

group; and
according t
where R% i
or solvate

vate thereof; wth an oxidizing reagent in the presence of a

Pt 1 ng

on salt. 14. A process according to Claim 13 where the conpound
20 of formula IV is a conmpound where Y is CH=CH or S and R3 is hydrogen;

a salt or solvate thereof. 15. A prg%g r%%g%%dlng to Caim14 where the
conpound , of fornula V(b) is a npUU%%‘WhETE‘éﬁ s 25
NHC* H( C( O RBejreM2er2 OfOpRZ! :,3 Rslxuxsré:lomaw kghd R6Li BiaateamenmepsodcNng

R~ irgshyer qwmre.&a&lsatitsoé ﬁoéméfaﬁy&fsob +8pyP1R6Q2ESS
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or

where the oxidizing agent is 2,3-dichloro-5,6-dicyano-1, 4-benzoqui none and

t he sol vent

10

15

20

25

30

I s di chl or onet hane.
A solution of 1M aqueous sodium bicarbonate was added

to a stirred mixture of the filtrate from Preparation 7
(1000 g, about 1.93% title compounds (w/w)) and
dichloromethane (333 g). The pH was adjusted from 5.0 to
approximately 7 with additional 1M aqueous sodium
bicarbonate (50.0 g). The resulting mixture was stirred for
1 hour. The phases were separated to give 392.9 g of a
clear, yellow organic phase. The solution was washed with
0.5M aqueous sodium bicarbonate (50 g) for 30 minutes. The
phases were separated to give 341.3 g of a slightly-cloudy,
vellow organic phase. A 5 g retainer sample was removed and
the remaining solution washed with a solution of 10% agueous
sodium choride (100 g) for 15 minutes. After a 1 hour phase
separation, 293.4 g of the slightly-cloudy, yellow organic
phase was isolated. A 5 g retainer sample was removed and
the solution was concentrated to a foam by rotary
evaporation. The residue was redissolved in dichloromethane
(100 g) and concentrated to a foam again. Vacuum drying for
18 hours at 45°C/5 Torr afforded 17.86 g of a yellow foam
(90.6% potency of a 36.8:63.2 mixture of the title
compounds, respectively, 88.7% recovery based on potency
assay of original filtrate, 90.0% recovery based on mass
balance of product in agueous and organic layers). This
material was carried into the recycle procedure of Examples
6 and 7 without further purification.



a 46 21 May 2002 18. A process according to Caim15 further conprising the
step of hydrogenating a conpound of formula IV(d): OHs~ NRwWN\N~ OHN/ ~
N ~~~NHCH ( CO2R5 ~ ) ( CH2 ) zCO2R5 . Y 5 1V(d); in a suitable solvent;

to forma m xture conprising conpounds of fornmula V(f) (R 82%‘;{‘“%0 S) t
Rs ( CO2R5 ~ ) ( CH2 ) 2002R5 . Rs H ( 092R5 ~) ( CHZ ) 20 , 8 (f)
(S); or a salt or solvate of each thereof. V(f) (R . ARAI[.A.AAAAE
A A AS. AAAADA A?. Ar. A@Ale. AS% Al . AL A AE. A ASI . AE. AL Al . A@ A. AyY

Preparation 9
2:3 Mixture of R-L and S-L Diastereomers of N-{{5-[2-[2-

{{2,2-Dimethyl-1-Oxopropyl)amino)-3,4,5,6,7, 8-Hexahydro-4-
5 Oxopyrido-(2,3-d)-Pyrimidin-6-yllethyl]-2-Thienyl)carbonyl]-
L-Glutamic Acid, Diethyl Ester

Anhydrous pyridine (50.9 g, 642.9 mmol) was added to
the 2:3 mixture of R-L and S-L diastereomers of N-[[5-[2-[2-
10 amino-3,4,5,6,7,8-hexahydro-4-oxopyrido-(2,3-d)-pyrimidin-6-
yljethyl)-2-thienyllcarbonyl] -L-glutamic acid diethyl ester
(24.7 g, 49.0 mmol) from Preparation 8 and 4-
dimethylaminopyridine (1.49 g, 12.2 mmol). After heating to

'
3
P

100°C with stirring, a yellow solution persisted. Pivalic

15 anhydride (19.0 g, 102.8 mmol) was added over 4 minutes;
with each drop a white so0lid formed then dispersed. At 4.5
hours the reaction was cooled to 50°C (caution: solidifies
at lower temperature), transferred to a separatory funnel
and dichloromethane (500 mL) then 1N agueous hydrochloric

20 acid (660 mL) were added. The organic layer was separated
and extracted with 1N aqueous hydrochloric acid (250 mL),
plus dichloromethane (100 mL) to prevent clouding. The
resulting organic layer was washed with a brine (200 mL)
again requiring additional dichloromethane (100 mL) to

f'} 25 prevent clouding, then dried over magnesium sulfate. The

solvent was partially removed at 26.5 inches Hg vacuum and
40°C until evaporation nearly ceased. To the remaining
solution, anhydrous diethyl ether (300 mL) was added over 35
minutes to give a white mixture. After 15 minutes stirring,

30 the solid was collected by vacuum filtration, washing twice
with diethyl ether (100 mL). Note: the filtrations required
15-30 minutes and were stirred after each addition of
diethyl ether. Vacuum drying at 40°C/5 Torr for 2 hours
afforded 27.88 g crude product. This residue was refluxed

35 in ethyl acetate (700 mL) until a light vellow solution was
obtained. The contents were allowed to equilibrate to room
temperature with stirring over 1 hour. The white mixture
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Jca]cal ]below]-zb°cl %he]ciku \% oragge solutié% waJ stirred at -

25°C to -20°C for two hours and then allowed to warm to
20°C. The reaction mixture was diluted with 150 mL of water

25 and the two layers were allowed to stir together for a few
minutes and separate. The organic layer was dried over
magnesium sulfate, filtered, and concentrated to an orange
oil. The o0il was triturated with diethyl ether, causing the
desired product to crystallize. The resulting solid was

30 filtered, washed with ether and dried to provide 19.6 grams
(72%) of the title compound which was of sufficient purity
for use in Example 2. MS m/z 377 (M+H). EA calculated for
C,HNOS: C, 60.62; H, 6.43; N, 7.44. Found: C, 61.67; H,
6.85; N, 7.33.
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3.15 (t, J = 7.2 Hz, 2H), 6.89 (d, J = 3.6 Hz, 1H), 7.50 (d,
J = 3.6 Hz, 1H), 8.05 (d, J = 2.3 Hz, 1H), 8.45 (d, J = 1.8
35 Hz, 1H). '
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To a suspension of 2-amino-1,4-dihydro-~4-oxopyrido-6-
(2-] 2-carboxythiophen-5-yl] ethyl) [2,3-d] pyrimidine (0.93
g, 2.94 mmol) in 20 mL of pivalic anhydride was added
dimethylaminopyridine (0.036 g, 0.294 mmol) and the mixture
was heated to 150°C for 18 hours, during which time the
reaction mixture thinned considerably. The reaction was
allowed to cool to 25°C and the product was precipitated by
the addition of 100 mL of diethyl ether. The precipitate
was filtered with suction and washed with ether. The
resulting solid was suspended in 10 mL of water and treated
with 1N aqueous sodium hydroxide solution until a solution
formed. The solution was acidified to pH 4 with 6N agueous
hydrochloric acid causing the product to precipitate. The
solid was filtered, washed with water followed by methanol,
and dried in vacuo at 50 °C to afford 0.84 g (71%) of the

title compound as a tan solid. 'H NMR (300 MHz, DMSO-d,) §
1.23 (s, 9H), 3.14 (m, 4H), 6.90 (d, J = 3.6 Hz, 1H), 7.48
(d, J = 3.6 Hz, 1H), 8.27 (s, 1H), 8.70 (s, 1H), 11.37 (bsy
1H), 12.25 (s, 1H).
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Dihydro-4-Oxopyrido- [2,3-d] -Pyrimidin-6-yl] ethyl] -2-
Thienyl] carbonyl] -L-Glutamic acid, Diethyl Ester

To a mixture of 2-] (2,2—dimethyl—l—oxopr6pyl)amino] -
1,4-dihydro-4~-oxopyrido-6-(2-[ 2-carboxythiophen-5-yl]
ethyl) [2,3~-d] pyrimidine (0.54 g, 1.35 mmol) and N-
methylmorpholine (0.41 g, 4.05 mmol) in 5 mL of

10 dimethylformamide was added 2-chloro-4,6-dimethoxy-1,3,5-
triazine (0.31 g, 1.75 mmol) in one portion. The resulting

/) suspension was stirred at ambient temperature for 16 hours.

h At this time, L-glutamic acid diethyl ester (0.36 g, 1.48
mmol) was added and stirring was continued at ambient

15 temperature for 3 hours. The reaction mixture was )
partitioned between 30 mL of methylene chloride and 30 mL of
water, and the two layers were stirred together and allowed
to separate. The organic layer was concentrated to an amber
0il which was triturated with ethanol, causing a solid

20 precipitate to form. The solid was filtered, washed with

ethanol, and dried in vacuo at 50 °C to give 0.59 g (75%) of

the title compound. mp 72°C-76°C. 'H NMR (300 MHz, DMSO-d,)

d1.14 (m, 6H), 1.22 (s, 9H), 2.04 (m, 2H), 2.38 (t, J = 7.3

;o Hz, 2H), 3.12 (m, 4H), 4.05 (m, 4H), 4.34 (m, 1H), 6.88 (d,
25 J = 3.6 Hz, 1H), 7.63 (4, J = 3.7 Hz, 1H), 8.24 (s, 1H),
8.61 (4, J = 7.3 Hz, 1H), 8.72 (s, 1H), 10.85 (vbs, 2H).
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Example 6
N-[[5-[2-[2-[(2,2-Dimethyl-1-Oxopropyl)amino}-1,4-Dihydro-4-
Oxopyrido-[2,3-d}-Pyrimidin-6~yllethyl]-2-Thienyl]carbonyl] -

L-Glutamic Acid, Diethyl Ester

Dichloromethane (350 mL) was added to the 2:3 mixture
of R-L and S-L diastereomers of N-[[5-[2-[2-[(2,2-dimethyl-
l1-oxopropyl)amino)-3,4,5,6,7,8-hexahydro-4-oxopyrido-(2,3-
d) -pyrimidin-6-yllethyl}-2-thienyl]carbonyl]-L-glutamic
acid, diethyl ester (17.0 g, 28.9 mmole) from Preparation 9
and stirred 30 minutes until a light yellow solution formed.
As a solid, 2,3-dichloro-5, 6-dicyano-1, 4-benzogquinone (DDQ)
(13.4 g, 59.2 mmol) was added. The solution initially
turned purple, then with 30 minutes stirring at room
temperature it transitioned to a light pink mixture. A pink
solid was removed by filtration, washing three times with
dichloromethane (25 mL). The filtrate was stirred three
times for 30 minutes with a saturated solution of sodium
bicarbonate (200 mL) and separated. The final organic layer
was stirred for 30 minutes with sodium bicarbonate (100 mL)
and water (100 mL) then separated. The organic layer was
washed with brine (100 mL) and dried over magnesium sulfate.
Removal of the solvent at reduced pressure gave 14.7 g
(87.1%) of the title compound. mp 57°C - 87°C. IR(CHClz):

3690-3025, 2978, 3000, 1736, 1677, 1629, 1558, 1449, 1245,
1147, 1022, 811 cm~l. MS(HR) calculated for CygH3gN5O7S:
586.234100. Found: 586.233546.
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s$10%&E ()-0, “s$10%R& ()-0 “s$10% & ()-0
,\ s$109%9' 9&' ()-0" MECBIZE] &\ &] & & obUA 1 °10% u& & ()-mLo?' 107" 107

s$10%" & ()-0, , s$109®' 9& ()-0 SM@%L

0, 0, ! 0,
e oI gy 5 SERE 0@ 0P80 8 o
S@ &1093( & ({2 [ Timethy ] {1 bdMopropyl ) amino) -3,4,5, 6,7, 8-Hexahydro-4-

Oxopyrido-(2,3-d)~Pyrimidin-6-yl]lethyl]-2~Thienyl]carbonyl]-
5 L-Glutamic Acid, Diethyl Ester

N-[[5-[2-[2-[(2,2~-Dimethyl-l1-oxopropyl)amino]-1,4-
dihydro-4-oxopyrido-[2,3-d]-pyrimidin-6-yllethyl]-2-
thienyl)carbonyl]-L-glutamic acid, diethyl ester (1.0 g, 1.8

10 mmol), 5% palladium on carbon catalyst (0.26 g), ethanol
(4.0 mL), and tetrahydrofuran (16.0 mL) were added to a
} hydrogenation vessel. The resulting mixture was pressurized
three times with nitrogen (10 psig) and vented. Then the

N

mixture was pressurized three times with hydrogen (50 psig)

15 and vented. The hydrogen pressure was then adjusted to 50
psig and the temperature increased to 100°C. After 22
hours, with 7% starting material remaining by HPLC, the
reaction was allowed to equilibrate to room temperature and
the catalyst was removed by filtering through Celite and

20 washing with 4:1 tetrahydrofuran/ethanol. The filtrate was
evaporated, redissolved in dichloromethane (25 mL),
extracted with aqueous sodium bicarbonate (25 mL), dried
over magnesium sulfate, and evaporated. The residue was
stirred in ethyl acetate (10 mL) at reflux. After 1 hour

£ 25 the mixture was allowed to cool to room temperature and was

then stirred in an ice bath for 30 minutes. After the cold
stir, the reaction was filtered and the filter cake was
washed with cold ethyl acetate (3 mL). The filter cake was
vacuum dried at 40°C/5 Torr affording 940 mg (83%) of the

30 title compound as a white solid. mp 169°C - 170°C. EA
calculated for CpgH3gNg5078: C, 57.03; H, 6.67; N, 11.88; O,

18.99; S, 5.44. Found: C, 57.26; H, 6.45; N, 11.86; O,
18.73; s, 5.74.

35 The present invention has been described in detail,
including the preferred embodiments thereof. However, it
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will be appreciated that those skilled in the art, upon
consideration of the present disclosure, may make
modifications and/or improvements that fall within the scope
and spirit of the invention as set forth in the following
claims.

Although the compounds of formula III and III(a) have
been pictured throughout this specification as having only
one particular orientation about their two double bonds, all
possible isomers are encompassed within the scope of this
invention.
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III;
where:
() Y is CH=CH, O, or S;
10 R is Cq1-Cg alkyl;
Rl and R? are independently C1-Cg alkyl or taken
together with the nitrogen to which they are attached form a
heterocycle;
R3 is hydrogen, chloro, or fluoro;
15 R4 is hydroxy, a carboxy protecting group, or
NHC*H (C (0)R5) CHCH5C (O)R® where the configuration about the
carbon atom designated * is S; and
R> is hydrogen or a carboxy protecting group; or a salt
or solvate thereof.
7y 20
j 2. A compound according to Claim 1 where Y is CH=CH
or S, R is C1-C4 alkyl, Rl and RZ? are independently Cq1-Cy4
alkyl, R3 is hydrogen, and R4 is C1-C4 alkoxy or benzyloxy;
or a salt or solvate thereof.
25

3. A compound according to Claim 2 where R is methyl

or ethyl, Rl and R2 are both methyl or ethyl, and R4 is
methoxy, ethoxy, or benzyloxy; or a salt or solvate thereof.

30 4, A compound of formula IV:
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where:
) Y is CH=CH, O, or S;

R3 is hydrogen, chloro, or fluoro;
R4 is hydroxy, a carboxy protecting group, or
NHC*H (C (O)R5)CH5CH2C (O)R® where the configuration about the |
carbon atom designated * is S; and
10 RO is hydrogen or a carboxy protecting group;
R® is hydrogen or an amino protecting group; and
R7 is hydroxy;
or a salt or solvate thereof.

15 5. A compound according to Claim 4 where Y is CH=CH

or S and R3 is hydrogen; or a salt or solvate thereof.

6. A compound according to Claim 5 where R4 is
methoxy, ethoxy, benzyloxy, or NHC'H(C(O)R®)CHpCH7C(O)R®; RS
20 is C1-Cg alkyl; R6 is an amino protecting group; and R7 is

hydroxy; or a salt or solvate thereof.

7. A compound according to Claim 6 where R% is
NHC*H(C (O)RS)CH9CH2C{O)RY; or a salt or solvate thereof.
25 .
8. A process for preparing a compound of formula IV:
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15 comprising:
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15 with 2,4-diamino-6-hydroxypyrimidine in the presence of a
suitable acid and solvent;

b) optionally installing an amino protecting group at
R6; and
20
c) optionally removing any carboxy protecting groups
at R4,
9. A process according to Claim 8 where the compound

25 of formula IV is a compound where R7 is hydroxy, Y is CH=CH

or S, and R3 is hydrogen; or a salt or solvate thereof.

10. A process according to Claim 9 where the compound

of formula III(a) is a compound where R4’ is methoxy,
30 ethoxy, or benzyloxy:; or a salt or solvate thereof; and step
b) of Claim 7 is performed.
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f810% e$-& ()- o9 :10%e$& vU410 L109&R' () - # 1098& ()-S
c+ 1098(& ()-S R¥ is hy roggn, {'LI::LOI‘O, or flluoro

@ yM 109028 () -
SRR () - P} oA {29, C10!

R¢ is hydroxy, a carboxy protecting group, or
NHC™H (C (O)R5)CHCH,C (O)RS where the configuration about the
carbon atom designated * is S; and
20 RO is hydrogen or a carboxy protecting group;
R6 is hydrogen or an amino protecting group; and

R7 is hydroxy or amino; or a salt or solvate thereof;

comprising:
25
a) reacting a compound of formula V(b):
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10 solvent; and

b) optionally removing any carboxy protecting groups

at R4’ and/or at RS;

15 with the proviso that if R® is hydrogen in the compound
of formula V(b) then the compound of formula V(b) must be an
acid addition salt.

14. A process according to Claim 13 where the compound

20 of formula IV is a compound where Y is CH=CH or S and R3 is
hydrogen; or a salt or solvate thereof.

15. A process according to Claim 14 where the compound
of formula V(b) is a compound where R4’ is
25 NHC™H(C(O)R®')CHaCH,C(O)R®’, R®' is Cq1-Cg alkyl; R6 is an

amino protecting group; and R’ is hydroxy; or a salt or
solvate thereof.

16. A process according to Claim 15 where the compound
30 of formula V(b) is a compound where RS’ is methyl or ethyl

and R6 is 2,2-dimethyl-l-oxopropyl; or a salt or solvate
thereof.

-
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5 v(d);

in a suitable solvent; to form a mixture comprising
compounds of formula V(f) (R) and V(£f) (S):

s,

OH
R
N / o
H N * 51 5
N NHCH (CO,R° ) (CH,) ,CO,R
H Y
V(f) (R)
OH
6 N== +
R'\N_<‘ /
H N coed " . .
N NHCH (CO,R*") (CH, ) ,CO,R
H Y
10
V(£) (S);

or a salt or solvate of each thereof.



