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FIELD OF THE INVENTION

15 This invention relates to synthetlc organlc chemlstry

Specifically, the invention relates to a process for

preparing intermediates useful in the syntheses of valuable

antifolate compounds.

20 BACKGROUND OF THE INVENTION

Compounds known to have antifolate activity are well
recognized as chemotherapeutlc agents for the treatment of
cancer. Recently, a series of S5-substituted pyrrolo[2,3-

d]lpyrimidine compounds of formula XVI:
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where R is NHC*H(COle)CHZCHZCOZRl or OR!, the configuration

30 about the carbon atom designated * is L, each Rl is hydrogen
or the same or different carboxy protecting group, m is 2 or

3, and A is an aryl group; and their pharmaceutically
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Rerr], t he configuration 30 about the carbon atom designat&de:

each Rer 5931#9 rogen or the same or different carbox r.o-t'e'ctl ng
group, Qéo X? 3, and Ais an aryl group; and their 5%3%#§@@ﬂ¥9cally

2 5 acceptable salts were disclosed s antifol ates or I nt er medi at es
to antifolates. U S. Patent No. 5,416,211 (U. S '211). A key
i ntermedi ate to conpounds of formula XVI is the a-hal o aldehyde of
formu$a Xe¢cept;ble salts were disclosed aerahtifolates or . &

ossi bl e tes to ounds of fornul a
disclose&|9§2§%§lggﬁ. t%J%m% %3¥%§§ﬁat|§nggf%9F&@ﬁyaE§ 4&5 3%kmula XV
[err] (U.S. ‘211).
" A key intermediate to compounds of formula XVI is the

Fanty -

o-halo aldehyde of formula XV: L R
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Among the'pqssib}e routes to compounds of;formula XV '_._f]?snf

disclosed in U.S. ‘211, alpha halogenation of aldehydes of
15~ formula XIV:
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is most direct.
20 - A synthesis published by Taylor and Harrington teaches

the route to compounds of formula XIV shown below:
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XIV; I's nost direct. 20 A synthesis published by Tayl or d

Fbrrlngtdﬁ teaches ~ the route to conpounds of FOFHETA X Vs %
OH 57 | WD 99/ 16742 3

5  Tayl 3‘?0”'{.%, Harrington, P.M, J{rg.Chem, 55, 3222, PCT/USP8g3560
Anot her synt hesis published by Larock, et. al., may be used to formthe

requi site al dehydes of fornula XIV by a 10 simlar palladiunf0] catalyzed
couplgng shown bel ow. [err] : -

Taylor, E.C., Harrington, P.M., J.Org.Chem., 55, 3222,
(1990).

Another synthesis published by Larock, et. al., may be
used to form the requisite aldehydes of formula XIV by a'"

10 similar palladium[0] catalyzed coupling shown below:

H\T//(CHﬂmd N\ Br or I—A—COR Pd(0)

+ B _
OH
VIIT X '
H/jt\¢/(CH2);%' + Byproducts
: COR - . . :
XIV

15 Larock, R.C., Leung, W., Stolz-Dunn, S., Tet.Let., 30, 6629,
(1989) .

If the procedure of Larock is follbwed, a mixture of
desired and undesired products results, the components of
which are very difficult to separate and purify to afford

20 compounds of formula XIV. In addition, regardless of how
they are formed, aldehydes of formula XIV are typically not
isolated, due to their inherent instébility, and are instead
alpha halogenated in situ to provide the alpha halo
aldehydes of formula XIX, as disclosed in U.s. ‘211.

25 _ An improvement over the prior art would provide a
facile method for selectively producing a compound of
formula XIV and would provide an aldehyde analogue amenable
to isolation, bulk manufacturing, and storage easily
convertible to iﬁ's aldehyde form.

30
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where:
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M is a metal cation;
n is 1 or 2;

R? is NHCH(C02R3)CH2CH2C02R3 or OR3;
15 R3 is independently at each occurrence “a carboxy '
protecting group; and
X is a bond or C3-C4 alk-diyl, which are useful

intermediates to those antifolate 5-substituted pyrrolo(2,3-
dlpyrimidines disclosed in U.S. ‘211 that'corréspond to the
20 substitution parameters of the compounds of formula IV.
The present invention further relates to a process for
preparing compounds of formula III: |

H
0] .
COR2

25 III

where:
R2 is NHCH(CO,R3)CH,;CH,COR3 or OR3; and

R3 is independently at each occurrence a carboxy
30 protecting group;

which comprises reacting a compound of formula IV with a
trialkylsilyl halide in a solvent.



The present invention relates to conpounds of formula
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R3 is independently at each occurrence a carboxy 30 protecting group;

whi ch conpri ses reactinE a coEBound of formula IV wth a trialkylsilyl
ha| | d@ | n a SOl vent. )} )] IPTION F_THE TNVENTI .

The compounds of formula IV where R2 is OR3 are
enantiomeric and the_compdupds of formula IV where R2 is
'NHCHkC02R3)CH2CH2C02R3 are diastereomeric. Single

15 enantiomers, single diastereomers, and mixtures thereof are

encompassed within the scope of this invention. It is
'preferred-that_the chiral center in thefglhtamic'acid
residue (R? is NHC*H(CO3R3)CHyCH;CO5R3 where C* is the _
chiral center), when present, be of the “L” configuration.

20 " In the present document, all expressions of
concentration, percent, ratio and the like will be expressed
in weight units unless otherwise stated, except for mixtures
of solvents which will be expressed in volume units. All
temperatures not otherwise stated will be expressed in

25 degrees Celsius. Compounds or compound mixtures in _
brackets, except those brackets used to denote salt forms,
signify intermediates which are preferably not isolated
before their use in subseguent reactions.

In the general formulae of the present document, the

30 general chemical terms have their usual meanings. For.
example, the term “alkyl” refers to a fully saturated,
straight or branched chain, monovalent hydrocarbonyl moiety
having the stated number of carbon atoms and includes, but
is not limited to, a methyl, ethyl, propyl, isopropyl, n-

35 butyl, s-butyl, and t-butyl groups, and also includes higher
homologs and isomers thereof where appropriate.

The term “C;-C4 alk-diyl" refers to a fully saturated

straight chain divalent hydrocarbon moiety having from 1 to
4 carbon atoms wherein each carbon atom in the chain may be



5 The invention also relates to a process for preparin o e i
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The term “Cy1-C4 alkoxy” refers to a methoxy, ethoxy,
20 propoxy, isopropoxy. butoxy, s—butexy, and a t-butoxy group.
The term “halo” and “halide” refers to chloride,
bromide, or iodide.

The terms “substituted benzyl”, “substituted
benzhydryl”, and “substituted trityl” refers to a benzyl,

25 benzhydryl, and trityl group, respectively, substituted from
1 to 5 times independently with a nitro, C1-C4 alkoxy, C1-Cg
alkyl, or a hydroxy(C;-Cg alkyl) group. These substitutions
will only occur in a sterically feasible manner such that
the moiety is“chemically.stable. '

30 The terms ”substituﬁed-cl-cs alkyl” and “substituted
C3-Cg alkenyl” refer to a C3-Cg alkyl and C3-Cg alkenyl
group respectively substituted from 1 to 3 times
independently with a halo, phenyl, tri(C3-C4 alkyl)silyl, or

_ a substituted phenylsulfonyl group.

35 The terms “substituted phenyl” and “substituted

phenylsulfonyl” refer to a phenyl and phenylsulfonyl group
respectively where the phenyl moiety of either is para
substituted with a C1-Cg alkyl, nitro, or a halo group.
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groups such as phenacyl, and like moieties. The species of
carboxy-protecting group employed is not critical so long as
the derivitized carboxylic acid is stable to the conditions
of subsequent reaction(s) on other positions of the molecule
25 and can be removed at the appropriate point without
disrupting the remainder of the molecule. Carboxy
protecting groups similar to those used in the
cephalosporin, penicillin, and peptide arts can also be used
to protect a carboxy group substituent of the compounds
30 provided herein. Futher examples of these groups are found .
in E.Haslam, “Protective Groups in Organic Chemistry”,
J.G.W. McOmie, Ed., Plenum Press, New York, N.Y., 1981,
Chapter 5 and T.W. Greene, “Protective Groups in Organic
Synthesis”, 2nd Ed., John Wiley and Sons, New York, N.Y.,

35 1991, Chapter 5. When Rl or R3 is a carboxy protecting
group, the protecting group is preferably C1-Cy4 alkyl. The
most preferred protecting groups are methyl and ethyl.

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

40 group.




7 5 The term "l eaving group"” refers to a nonoval ent _
substituent of a nolecule which is prone to nucleophilic . A Gl
Typi cal Ieav g{oups i ncl ude, -but are not limted to, sul fonates suth

as phenyl W ﬁ%ﬂ? ut ed phenyl, Clesr]-Cerr] alkyl, andPEFUSP§19860 ] -
perfluoro al kyl sul fonates; halides; 10 and diazoniumsalts such as

di azoni um hal i des. The term "carboxy protecting group” as used in
this speci fication denotes groups which generally are not found in
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the deri \ﬁ%%d“%aﬁt}'b c%'a}ﬁog am%ﬂ?%g t%%?%fgo%ﬁ‘@ 5633? ??’? %
subsequeriatitid | (), aiot henapbsi dha@ng+df melgohgkamn@ e%&d;n:an be
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a carboxy group substituent of the conpounds 30 prOV|ded erein Fut her
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preferably err protecting groups
are nethyl andTle hygrm Pharmac‘FHélFéﬂ-nﬁaﬂ-Fl"a?ﬁyI‘J§|eldylherr%"frér sekers

nonoval ento ssayts preﬁa@u@ Bybgbhtutied 3ft ithes congrreieit \teth a
Qerr]- C[err;en|k¥nv tgogualth a mineral or organic acid (e.g.
hydrochloric, hydrobromic, hydroiodic, or p-toluenesulfonic
acid) or an inorganic base (e.g. sodium, potassium, lithium,
magnesium, or hydroxide, carbonate, or bicarbonate). Such
25 salts are known as acid addition and base addition salts.
For further exemplification and methods of preparing '
pharmaceutical salts, see e.g. Berge, S.M, Bighley, L.D.,
and Monkhouse, D.C., J. Pharm. Sci., 66, 1, 1977.
The term “phase transfer catalyst” refers to a salt in .
30 which the cation has large nonpolar substituent groups which
confer good solubility on the salt in organic solvents. The
most common examples are tetraalkylammonium and
tetraalkylphosphonium ions e.g. tetraalkylammonium chloride
or bromide.

35 The term “palladium catalyst” refers to a reagent which
is a source of palladium zero (Pd(0)). Suitable sources of
Pd(0) include, but are not limited to palladium(0)
bis(dibenzylidineacetone) and palladium(II)} acetate.

The term “halogenating reagent” refers to a reagent
40 that can provide an electrophilic source of a halogen to the
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al-kyl ane or different. Trial kylsilyl halides IQﬁhHﬁ bgf'
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an al kali or al kaline earth netal cation. Alkali nmetals formsingly
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presett i ﬁ§eﬁf:f’5‘ﬁn\ﬁ B‘r’r g‘ lcﬁx ar ﬁf#)(?]aﬁf? %I) 1081nehyapglc|rrp@rl c,
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base (e.g. sodigl lé%? | ,ma]_g% 0 r.o
carbonate, or blcartbonatsﬁ')l'1 T are n%%ﬂtgséag¥g |t|on ‘and

base addi Proviésst & revenaybhaudenﬁOQQQﬁﬁﬂ¢n|@%1a@naan§1ﬁesnb@§nﬂte.
preparingor: 1sp%agm% itGRlp SRl Sshae ﬁr&o@@reﬁatsm% ﬁbgglz%\&udedj

and Monkhous arm, Sci., 66, 19 g term phase
transter 288t dyctiseQf @ HER tr?q’thbo%I% the ESRFEAVRaEmONgE to
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et aal kyfBhosBRSR tad oty o Aaaeren et et AbboRapt ~BILLT B0
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source of g %:;;'&‘HEEB Zeéaz.»x(&rfk(@a ﬁ%éﬁ%ﬁa@@é‘r%ﬁdoﬁydrox1@&o)(é | ude,
but are naqt nmted to L&?I | adi un( s(di benzyl 1 di negcet one) and
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9

alkyl)amines, or aromatic nitrogen containing heterocycles

{({e.g. imidazole and pyridine).
The term “suitable solvent” refers to any solvent, or
25 . mixture of solvents, inert to the ongoing reaction that
sufficiently solubilizes the reactants to afford a medium
w1th1n which to effect the desired reaction.
Compounds of formula IV may be prepared by a novel
process illustrated in Scheme 1 below where Lg is a leaving

30 group, R%Y is hydrogen or C;-C4 alkyl, and X’ is
C1-C4 alk-diyl;
with the proviso that if X’ is not a bond, then the
carbon alpha to the alcohol must be a -CHy- moiety; and
n, R2 and X are as defined above for formula IV.
35
Scheme 1



5 target nol ecule. Typical hal ogenating reagents include but are not
limted to benzenesel eninyl chloride, bromde, or | odi de, thionyl,

brom de or chloride, dibronmobarbituric acid, -‘N-brono-, Niodo-, and

N-chl or o WR¥16743% de, el enent al chj@rine, elenmental broRFHESEAAIE60

conpl exes of brom ne such 10 as brom ne di oxane conpl ex), and el enental

I odi ne, and the like. The term "t hernodynam c base" refers to a
base which provi des a reversible deprotonation of an acidic substrate
or is a proton trap for se protons that may be produced 15 as-
byproducts of a gjven rgaction, reactive Eaﬁugh to O s ect the
desired react |xo tho g:ra(for)c nt y ef f esides ried
reactions. es |ncIJd@¥Hm9dQQﬁ§ ot limted
to, acetate ta drhydrat car ondt es, bi carbonates, fnd
hydroxrdes e. g 20 Irtrngun sodrun1 or potassrunt acetate, aceTate

dlhyd at e, carbonate, bicarbonate, or droxrde) tri-(Cerr]-Cerr]

al kyl ) am nes, Jor aronatlk njtrogen contalﬁl g heterocycl es (e.qg.

i m dazol e and pyri di ng}. The term "suitable solvent” refers to any
sol vent, or 25 m xtuflg;9f solvent i nert |to the ongoi ng reaction |t hat
suffici ent | MESQHI hi bes Ye xéadfamys to 4f f or FrslesgiadnBYPraduetin whi ch
to effect the desit&d|feagbion. npouRdsuditite mAdeEs mgy be

prepared by a novel proéess i1 Tust C@Red Mn Schene 1 bel ow wherd Lg is-a-
| eaving 30 group, R &r] is hydrogen or'C[Err]-C[err] al kyl, and X' is.
Cerr]-Cerr] alk-diyl; with the proviso that if X is not a bond,
t hen t he car bon alphgvto t he al cohol nust be a - CH2- nolety and

n, R2 and X are as defined above ﬁg formula V. 35 =
Schere 1 i.¢ éylégk%%HL \r’\x :
2. Flltratlon o

10 ’ Iv

A mixture containing a compound of formula IIT may be
prepared by dissolving or suspending~a compound of formula
II in a suitable solvent, in the presence of a suitable
15 thermodynamic base and a phase transfer catalyst, optionally
in the presence of a metal cation chloride, and adding a
compound of formula I and a palladium catalet. Once all
the reactants are combined, the reaction may be conducted at
temperatures ranging from at least about 0°C to about 100°C.
20 Within this broad temperature range,'wheh Lg is bromide in
compounds of formula II, the reaction mixture should be
heated to at least about 50°C, more preferably at least
about 60°C, and most preferably at least about 65°C for from
about 8 to about 24 hours. When Lg is iodide, the reaction
25 proceeds more robustly, thus a temperature range of 0°C to
. about 25°C is the typical temperature range with room
temperature being the preferred reaction temperature. The
reaction is preferably allowed to run for from 8 to about 10
hours.

5



[err] 10 Vv A mxture con

a conpound of formula Il may be prepared by di ssol vi ng or-'suspendrrg-
conpound Qfo beriénis @ Il in a suitable solvent, in the presgg '

sui tabl e ?g Pﬂernndynanic base and a @Hase transfer catalyst, opF?é%%Ply

in the presence of a netal cation chloride, and adding a conpound of

formula | and a palladiumcatalyst. Once all the reactants are

enst about | OB-EESRUGLEOIUERER, FOT SO HRAPEINL BT ot sREPe range.
when Lg astblbmitiedi bo, dimethylsdd fokifde miietddhydiwefurme] iMNM-Xt ur e
about corimepPEEhilabtid, digtind Uneil YindendRidiblids & fib¥afipy, °°°"
about 8 agekeBltriienotixtungsn therepf odingk theclikect i BrpRcalpyoecends
et yp e e I e Tng. the preferred
Eeg&¥ghgg§ﬁﬁeg§PﬁF@.c %"l‘@e'g ﬁ”gaeﬁttm‘% A %bf?/ the oﬂ%ﬂgiﬁuﬂ-ﬁ%h’or from
8 to aboptret8rredhbase. However, when Lg is bromo, lithium acetate :
dihydrate is the preferred base. 1In general;
dimethylformamide or dimethylacetamide is the preferred
solvent. Tetrabutylammonium bromide is generally the
15 preferred phase transfer‘catalyst. Palladium(II) acetate is
typically the preferred palladium catalyst. Although not
required, it;is preferred to employ an alkali metal”chloride.
in order to maximize the yield of the desired product-of -
formula III. Lithium chloride is the preferred metal cation
20 chloride. Preferred compounds of formula I are those where
R4 is hydrogen and X’ is a bond, -CHy-, or -CHCH3-,. 1In
compounds of formula II, Lg is preferably bromo, iodo, or
trifluoromethylsulfonyloxy. The most preferred Lg moiety is |
iodo. The most preferred compound'ef formula I is 3-
25 Dbutenol. _
Relative to the compounds of formula II, the following
amounts of preferred reagents are typically emploved:
thermodynamic base - 1.0 to about 3.0, preferably about
1.05 to about 1.3 equivalents;
30 metal cation chloride - 0 to about 4, preferably'about
2.8 to about 3.2 equivalents; '
phase transfer catalyst - 0 to about 3.0, preferably
0.4 to about 0.6 equivalents; and .
palladium catalyst - 0.015 to about 0.1, preferably
35 ~ about 0.02 to about 0.03 equivalents. -
compound of formula I - 1.0 to about 2.0, preferably
about 1.1 to about 1.3 equivalents.
The reaction discussed above results in a mixture of
products which includes a compound of formula III, which may
40 be isolated but is preferably further reacted as described



11 5 Suitable solvents for this reaction include, but a

limted to, dinethylsulfoxide, tetrahydrofuran, N, N - I - di ety ; - ey
di-et hyl thoxyet hane, di oxane, acetonitrile, mxtures thereo

and the Iﬁﬂé 9"[&6 cally, an alkali Detal acetate is gene?ﬂrﬂfﬁ’m“o :
preferred 10 thernodynanm c base, and lithiumacetate is the particularly
preferred base. Hovvever when Lg is brono, |ithium acetate di hydrate is

t he pref erred base neral , di net hyl f ormam de. or di met hyl acet am:de...

is the prdy aqhepe 'sol tantial it EEabieanebr bhedcompoyadesiofl |y t he -
15 pref d‘rdmdxlphalSH tom nsdppar el ok Yﬁ'om B@é'@ﬁdéﬁiféh B%E:%h%dt% is :

|1 tho required, it
;[ijp(r::f e?hrteé(; o enp %%&%ﬁliaé#m ca% h‘f‘%rﬁd € ﬁ°8fe&e15tte§’ i mi ze
the yi el ¢hst Q"fﬂ??atﬂe]smmﬁﬁkﬂS)ducEr@ferablYoraru#mplé ektrbumimmwmi_;e-
the pref eif slniesd fighi @B SdlPehtlors1 foRb bECEITRRNIAS Ue ™! a1

d
iiE:I(il[th(r)]se@Q[ ium qahtalys é(glﬁr)o LH a]g$tfb$n9¢§f9me§gbe§0meeferabl y brorm
i odo, or prOCéédifﬂg?.or mtahwlécgwéwy fafetﬁesae&ahéﬁbﬁdtlg%%eety s
I od refer oun u _
:?(Ca)l gt ive J:(.aepco éo{ﬁfgls Bt rmé’%hyfen? h%h#BFH%ﬁ §g1°r°§r?63ht s of
pref erredﬂ&téaﬂerﬂcsetaiee.t mmm ytemphclhbdride, mixturker mdy:rm C dinbe -

1.0 to ahgid 13ikd, pr'ﬁ{@r&t&ﬁe?@é’&'tsolv nt i 1‘:%? Fgli Olétth%/ aecet]EL{:an/tael ant’s;

30 metal” cation chloride - 0 1o about erably a 28

to aBbut 3.2 ekquneﬂ:aalerbmulflte reaq:hane tbfaﬁhéeF.omixuélb.ysi(I-fsd%-t)q1 aRgut
3.0, preferab&aél about 0.6_eguival ents; and

pal | adi uRiT A44SR LS W%l%rﬁ'f“a%o%’[‘tﬁaﬁt BilEEREB| From abovesysihe 0. 02 to
about 0. Oﬁmne/aihmtt scontains a compouﬁd of fermulla kIT-hrd to about 2.0,
pref er abl

abo val ent s
eact| on Rt ehponypind Y. R Loyt 'afEoRPT. “Belearanty smynarol
| nel udes 38 mﬁﬁume@fwxm fethanel (BAcathapodd be | sthated HuSS s
pr ef evabldedaiihed weast sl @sndessiihediconol), and water are also

added as co-solvents for this reaction. Thée volume of
ethanocl added is preferably about equal to that of the ethyl
acetate originally present while the volume of water in the
mixture is proportional to the volume of denatured ethanol,
25 preferably at a ratio of about 1:5. Suitable metal
bisulfite reactants include, but are not limited to, sodium
bisulfite (NaHSO3), potassium bisulfite (KHSO3), lithium

bisulfite (LiHSO3)} and magnesium bisulfite (Mg(HSO3)}3). A

preferred metal bisulfite reactant is sodium bisulfite. The
30 amount of metal bisulfite reactant employed typically ranges -

from about 0.85 équivalents to about 1.2 equivalents,

relative to the compound of formula III. The preferred

amount of metal bisulfite reactant is typically about 0.90

to 1.1 and is most preferably about 0.95 to 1.0 equivalents.
35 The reaction may be performed for from 2 to about 15 hours

at a temperature range from room temperature to abéut 55°C.,

It is preferred to conduct the reaction for a time of

between about 2 and 5 hours at a temperature of between

about 35°C and about 50°C.



12 5 in Scheme 1. Substantial purification of the conpound of

fornmula I'll or "separation fromthe undesired byprodu*(f’ts Ts Rl o
necessary wef9enerspr oceedi ng to the nextr,L novel step in bko .
process. Preferably, a sinple extracti dn usi ng an aqueous | mﬂ scible’

solvent followed by filtration of the 10 palladiumcatalyst is all that is

performed before proceedi ng. Suitable solvents for the extraction

i ncl uge, bither’ €n80LehboibAdS &.0 offpaR¥kenai f

nmet hyl acetate, car n tgtra 8 orid c M xtures t ereggeaarﬁ%h%g é)%e |Ik6"
The pref ef3%EtOYD| T8 °P%ct9ﬁ?' a?“ﬂ?a t FtigBeFals preducts myetcreated! fite

react ant fdaépéﬂnmﬁ?rdml ahé/(*ﬁfkﬂpr bf) ﬂhﬁﬁmlxtuz%e wid@at dehddendd 9@1%3 f

extract m xture that cont al ns g conpound o

for mul a I#‘#‘Bég%ﬁd J;’?byp E?E Ty prEalRy OF; CORRAnERt: Gh) an%r ef erabl y

et hanol SU15%ldenaGL|demewlhcnrgn-bansal@:SAfelflmmﬂ)a av et eypelcdl b9y 20

denatqgr e t u d as -
14" €0 e tha § 81 U8BRp6RER S é b] o#%o aj{ han ffa%rdeedﬁgg Qe &

co-solvents for this reaction. une o

pr ef er abl Y& t]éﬁuEF°FchF h&i‘-xféflrﬁhépmeous%etmfe Vd'#ﬁ%gia nally present

whi | e th&sp{@ht@ﬁeeﬁswiﬁétamﬂ.hétlon doesU Rt odhaPOrid OI@ b9sipge Vol une
of denatured_eth %b é&at ratlo f about f Sui.t abl e.

et al ‘SEHORND nafRerRegt Ui kR ERESe SRF um
bi sul fi tméMHS@Pmpop;ptpbbasmmﬂllaMe‘ i tels(dél-lsq,ertrl—}é axhdnhﬂilltu@f

bi sul{fg teeéﬁj(ﬂsgseaké magﬁ%ew@o*&hs %1“5%{& é}gr{%m)unt. of

preferred, ne bii,sulfite reactant 1Is so

metal bi sHFFFRRSPEadPantderpFey EQrcepitha mrqcar@éaatlonf%ntmoma ors8s5
equi val engsmponsheutul £dneguavdlieictal cati®mtdang 10 “f‘l*i'fsc@g@ﬂﬂﬂaugf_

formul a II{5 ﬁu reLgrO%d o armun of net al bJe]rgg}‘llte reactant .
typi cal | yo2bB3Gr U586 t8 }angn(’fo SRS S M PRt thoss to 1.0
equi val enskilled 'i'hetheaerton Pmy b preerifpirvarced orce adeditéd ahagibrlS hours
at a JEenPesAbLRe EaBQQﬁBBQE‘ 600 LR Uit SR e %jééﬁhulgo Iy mayl '3

preferred to con e reaction tween
hours at &PEBnBEr &P&ﬂécéﬁdbgtl\ﬂeéﬁ-ltratd&im 35[err]C and about 50[err]C

13 The preferred compounds of formula IV are:

so,| TO
Me‘°Y©/v\°(H and [(G)3 “j\O\/\ﬁi

o) ' S M CO,Et

25 Application of the above chemistry enables the
synthesis of the compounds of formula IV, which 1nclude, but
are not limited to:

1-hydroxy-3-(4- carbomethoxyphenyl)propanesulfonlc ‘acid
sodium salt; : - -

30 1-hydroxy-3-(4—carboethoxyphenyl)propanesulfonic acid
potassium salt; -

1-hydroxy-2,3-dimethyl-4- (4-
carbomethoxyphenyl)butanesulfonic acid lithium salt;
N-(4-[(3-hydroxy-3-sulfonic acid sodium
35 salt)propyllbenzoyl)-L-glutamic acid dimethyl ester;




5 Wien the reaction.is conplete, dif LAk, .anount s o) v@.r'--.-- —

sulfoni ¢ acid rret alcafiion salt prodUcts Bife created * ~depen e
makeup of the nixture which contained the conmpound of f

maj or corﬁy&?@ 425 he sul fonic aciid netal cation salt %%WI V.
Typically, 10 the mmjor conponent conpound of forrmula IV will precipitate
out of the product m xture spontaneously, but where spont aneous
crystallization does _not occur, it _is possible, by_caref ul...adj ust MENt, . of
the ol vent vBriked (Bohydrexviiesulfemis:, acishantasImr yst al [ ze.
UstJal ly, sam)gﬂfegsgtn%nﬂz%yqt)hﬂ gﬂ.@.ﬁ:ta&ﬁl% raﬁ]ﬁ a4ty %JO%Q:éPe e: hanol* and -
water is re .ord orce the [fation,o e naj or
conmponent sul Norc‘flcia@ & th &‘ﬁ?‘yﬁ %téé‘g}ﬁﬁ ls ngﬂj ust ment
of soWeshlwbuﬂ?&]bfenWyll)lemgiduamﬂmmld digkrdpyed esn:éing art- ~nce
precipitated, the desired major 20 conmponent sul fonic acid netal. cation

salt of formJIaIVmay then be collected via filtration. . _ . The
preft¥red confompeungis fafi figxaulda FIE may be prepared from compounds|err]
25 é@plﬁb&'ﬁhl‘&”:@f ﬁsh% G d IRRaP! 89 $8Beme 25KBLBRSIS of the
conpounds of formula IV, which include, but are not limted to: _
1- hydroxwlﬁx@lhamorkﬁ.hmq@)ﬁér@ﬂ% mw@eﬁmdoﬁb@vechr fomuélauiﬂl’salt 30
1- hydr oxy- 3- (4- car boet hoxyphenyl ) -propanesul foni.c acid. . pot assi um sal t

1- hydr oxy-2,-3- di-nethyl -4-.(4- . -carbomet-haxyphenyl )but anesul f-ont cracid -
l'ithium sal t N—(4-[(3 hydroxy 3-sul fonic acid sodi um 35

sal t) propyl ] benzoyl )-L-glutam c acid dinethyl ester; 14




5 N- (4-[ (3-hydroxy-3-sulfonic acid potassium o o
sal t) propyl ] benzoyl )-L-gl utamc acid'd!ethyydefFeafqﬂwwﬁ, AR
N-(4-[ (1, 3y@iggRbfa¥! - 4- hydr oxy-4-sul foni c aci i thium o
sa|t)buty|]be92§oy|)-L-g| utam c acid di pBopyl ester; 10  FPEFEORHL of
formula I'll may be prepared from conpounds. of formula IV by a novel
process shown in Schene 2 bel ow. where M n, Rerr], and X[are]as
defined above for formula IV. 15 5 err] . L
[err]% | 1y Sehgme 2 oyhounds: of formufa’ tv-care be
converted to al dehydes of formula I'l'l by dissolving or suspending a
conpound o formula IV in sui tabl e sol vent and adding a trial kyl silyl

hal i de. Sulﬂagbe\s i nclyde, hut are not |y ted LA acetong,

t et rahydr of ur dn, " 8i et t her, vet%éﬁ%maag em/lg\}(rre_t hcet at ¢,

et hyl acet bt eSOghl oro cBRxl ur 8 ¥he@oftG®  tang the |1ike Jlhe py¢ferred
sol vent isltypically ace ﬁMiIer It has beg¢n found that yi QR or :
this reaction can be increased by degassing the solution  contalning
the conpound of for#Vl a IV, before the addition 20 of I¥® trialkylsilyl
chloride, with an inert gas. =~ Typically, nitrogen is enployed as the

I nert, gas. The referred _trialkylsilyl halide is usually trinethylsilyl

chl ori%e. The CPFEPKDASI P ERERLAE 1Y A &8 I9pTerRu Ao reldehydes
stoi chi onefr formutasIII bor désaopivéngd ot sushadiing A CbmpBihd CoeXCess, .
relative E8rhﬁiaC9%p9H”Q g&iggkqglgolvent'and addiﬁg a trialkylsilyl
" halide. Suitable solvents include, but are not limited to,
acetone, tetrahydrofuran, diethylether, methylene chloride, _
15 methyl acetate, ethyl acetate, chloroform, mixtures thereoE}”"
and the like. The preferred solvent is typically
acetonitrile. It has been found that yields for this.
reaction can be increased by degassing the solution
containing the compound of formula IV, before the addition
20 of the trialkylsilyl chloride, with an inert gas.
Typically, nitrogen is employed as the inert gas. The
preferred trialkylsilyl halide is usually trimethylsilyl
chloride. The trialkylsilyl halide is typically employed in
a stoichiometric excess. For example, a 2 to 4
25 stoichiometric “excess, relative to the compound of formula
IV is typically employed. A 2.7 to about 2.9 stoichiometric
excess is usually preferred. The mixture is typically
allowed to react for from about fifteen minutes to about one
hour. The reaction is usually performed at an elevated
30 temperature of at least about 30°C, preferably at least
- about 40°C, more preferably at least about 50°C, and most
preferably the mixture is allowed to run at between about
60°C and 70°cC.-
Although isolation and purification of the compounds of
35 formula III formed by the overall novel process of this
invention is possible, these compounds are typically not
substantially purified but are instead converted to 5-
substituted pyrrolo[2,3-dlpyrimidine compounds of formula




IV is typically enployed. A 2.7 to about 2.9 stoichionetric _ eXLess
usual ly preferred. The m xture is typically al l owed to reict FEoFFET
about fifgﬁggwﬂ% tes to about one hour. The reaction |s usualgx
performed at “an el evated 30 tenperaturké6of at |east about 3

preferably at | east about 40[err]C, nore preferably at Ieast about
50[err] C, and nost preferably the m xture is allowed to run at between
about 60[err]C and 70[err]C. .~ A though isolation and

puri f$ caVildiadf Iphdha praceis thes fim nSitheme | 3fbebow WlierbeR3vand X ne)'vel

process @frd hiss defirdl MR £ PESShPLE. pyhese compounds are typical Iy

not substantially purified but are 1nstead converted to 5-
substituted pyrrolo[2, 3-d]pyrim dine conpounds of fornula 16 5
VIl (a) by the process shown in Schesen&mbeQOM/mhere Rlerr] and X  are as
defined above for formula IV Schene 3
10 : [err] [err] -
Vil(a) - :
H
\N/A\X/A\I:::]\ Halogenating \N/i\
Reagent
o_ | cor? g
IIT v
B - -COR®"
i - X\D/
H,N :
- XD
VI ' X
- H,N N
VII(a)
15 - Compounds of formula V may be prepared by adding a

halogenating reagent to the solution containing the compound
of formula III prepared as described in Scheme 2. The

addition may occur at the preferred 60°C to 70°C reaction
temperature of the previous reaction but the reaction is
20 preferably cooled before the addition of the-halogenating
reagent. The addition of the halogenating reagent may be
done at a temperature of from 0°C to 60°C, but it has been
found that an addition temperature of about 35°C to about

45°C is preferred. Onceé the halogenating agent is added,

25 the resulting mixture is stirred for from about 5 minutes to
about 2 hours. In general, time for the haiogenation
reaction is from about 5 minutes to about 1 hour, but is
preferably performed in 20 minutes or less. The preferred
halo substituent in compounds of formula V is bromo and the

30 preferred halogenating agent is typically elemental bromine.



15 Cbnpounds of formula V may be prepared by adding a __h A5
reagent t'o the“solution containing the conmpound of - for mul 37T T :
as descri eolo¥/1578& hene 2. The add|$ on nmay occur at thepornﬁmanﬁuh :
60[err]C to 70[err]C reaction tenpetrature of the previous reaction but
the reaction is 20 preferably cooled before the addition of the

hal ogenati ng reagent. The addition of the hal ogenating reagent nay be

done &1 - dricemaiealigaetion ron Qs 1dee | 016Gy . qlishehbanty bR - fgund
that an % g:tlon te erature of %éﬁE&gE[eéd%ghnogg By QQFQ §FF§;§E%£:5L |
preferre ° S Xt ure
i's stlrrsmdhnaérsndxﬂmnhléhlirmees Tite compdondl @fhfokmulbnvoaagral , tine

for the egeid o a about 1 hour,
but is @J pr eei#l%r égt%/a“e#or rre%l 2 é1%Oécrr'rlgj;ﬁ%'t e%a%?g ess}&ml'%g 8’9‘ & erred
hal o subsmaands S@Whﬁooudﬂsl%fs¢b\#m@ whichbeonbaing the eompoeine red

hal oggnailgmEaRita I\s iypéfqhighe% ffﬂ}aén&rﬁaiznﬁe used_di rectly too Once
the reaction is co | ete e guenched by : & tron=of..an . -.
aqueous ISR <A EPWHQﬁwPﬂa %ﬁ% %d%%%ﬁ@éror cQ@EH“&§SSG@|§QUMQiﬂf|te
The compawme: of fornula V may then be extracted into a suitable, aqueous
I mm sci bl e organi ¢ solvent. This solution which contains the conpound 10
of formula Vis of high purity and may be used directly to = _prepare
conpounds of formula ViI(a) or compounds of f COR VI ’ o
[err]

15 : - VII

and their pharmaceutical salts and solvates; by following
the procedures described in U.S. Patent No. 5,416,211, the
teachings of which are herein incorporated by reference.

20 When any of the compounds of formula II, IV, IV, VII,
or VII(a) contain carboxy protecting groups, they may be
removed by well known methods in the art. Numerous
reactions for the installation.and removal of the carboxy
protecting groups contemplated within the scope of this

25 invention are described in a number of standard works
including, for example The Peptides, Vol. I, Schrooder and
Lubke, Academic Press. (London and New York, 1965) and the
Greene reference cited above. Methods for removing
preferred carboxy protecting groups, particularly methyl and

30 ethyl groups, are essentlally as described in Examples 5 and
7 infra.

When R is NHCH(COle)CHZCHZCOZRl in compounds of
formula VII or when R? is NHCH(CO,R3)CHpCHCOzR3 in

compounds of formula II, IV, IV, or VII(a), the R or R2
35 group can be installed at any convenient point in the



15 VI and their pharnaceutlcaLl al t
and solvates by foll ow ng t he procedures described in U 8P :
5,416, 211, t eachi ngs of which are herein incorporated b referel

20 Wn‘é!ﬂ S’H?"‘af the conpounds of fggmula 1, 1V, 1V, VI PCTUSISEIS6Y| | (a). :
contain carboxy protecting groups, they may be renoved by well known

met hods in the art. Nunerous reactions for the installation and renoval
of the carboxy protecting groups contenplated within the scope of this

25 |n§entSYﬂ\tléﬁ%l%lescF‘P§e@<¢mpg enukher gbatamindacd dnaelsidue naye beling,” # or

exanpl e HiesE®piédeserd®! thé. r&éﬁﬂeﬁsroﬁnéchemekulik&, 3%%%%?15&{1&3?
(London and $bM/Ybrk 1965) and the G&reene reference cite e.

Met hods ¥ hga in 5%%?@%?§d5c§P90§y1§F6?ect|Hgtéﬁb@&§eqnﬂﬁlvgﬂarly

met hyl ara é’cﬁttmetdayalgyoammlabEeeg&ﬁﬁamﬁb' ¥cdd desakvieddregrigs 5 and
7 infra. § é ]New”ﬂ{aﬂﬂ{aﬂﬂjaqmew]
in compoufRisTata NHzcﬁé?ﬂﬁB )QﬁBC 2C NFHr PE icoupled with ‘a

NHCH ompounds ~of fornuJa,'
RS ﬂ“&%{%‘%g{{g{'ﬁlgﬁ’%”&[e”% 8] sclg, nescil I ndgnt O
conven|eh¥e®%ﬁh?n|hntﬁ€heme . 5 synthesis. For exanple, the

glutanic acid TRei ggeifmY beme fo'rnﬁb%EbQﬂu.ﬁbt @hd %é&%ﬂsorbsf of Schemes 1
- 3 esse % allg % éas -descri,bed in amples 5 and 6 infra. In the

al ternati ofiftBr RRafPy exirdredy &P&ﬁ&ﬂﬁ}%ﬂnﬁb%nzﬂqgne%%x@# of. -
t he fbheuraacblﬁenrpﬁ-l(:@ﬁ{fenthahaﬂ.r EnChmartolgidottird Gdatinidies 1] may be
couplad vihdige 48 £ROBEEGHALLYvELE! @bt_;%neégﬁﬁg}%fto'éﬁl&lbeémfong

subsequent lon In S | M e fo
perforn1n@stﬁber§9éVP§ﬁse@PloyedSéﬁeﬁﬁgrE SOC§heb@n&9ma9nnﬂ§tdgpnnﬁndor|ng_ |

the prOgrQﬁﬁfQi':lentlﬁlhg?n.ﬁb@lh.ﬁésb]th;éo'i'\ét%'&tt'a%%l ﬁi{#ﬁﬁ?rf?ﬁﬁ%‘? so 1 one
SRR Tt L LN e :
suf fi ci envtherwhiabi indésatkd, raadtaﬁtthbonﬂabnmbnhr&ﬁhdﬁﬁbed herein
20 are preferably conducted under an inert atmosphere. The
preferred inert atmosphere is nitrogen. _

The process illustrated in Scheme 1 for preparing the
novel compounds of formula IV greatly simplifies the
purification of compounds of formula III formed by the

25 alkenol coupling to an aryl halide. The process illustrated
in Scheme 2 is a previously unknown method of generating
aldehydes from sulfonic acid metal cation salts. That
conversion is expected to be generally applicable and has
great potential for general synthetic utility. Specific to

30 this case, the conversion generates selectively and cleanly
the Eompbunds of_fofmula III. 1In addition, the compounds of
formula IV, which can be conéidered aldehyde analogues in
the context of this invention, are stable, usually
crystalline materials amenable to bulk manufacture,

35 purification, and storage. Thus, in general, commercial
processes which require aldehydes of the formula III, or

- similar aldehydes, are made simpler by the overall process
of the present invention.

The following examples are illustrative only and are
40 not intended to limit the scope of the invention in any way.



within which to effect the desired reaction. Unless ot her w

i ndi cated, “al | “of the reactions described herein 20 aF & préferapry - atee i
conduct edwiyegigray | nert at nosphere. The preferred inerpcRiysosNsgs € | S

ni t rogen. The process il ust reled in Schene 1 for preparing the

novel compounds of fornula IV greatly sinplifies the purification.of.
conpounds of formula IIl formed by the 25 al kenol coupling to an aryl

hal i de. ' léﬁﬁ# e s [ I 5 Bt V] _yunknown
met hgsz o%ﬁgeggr aE_l %g!d aﬁ%&&nﬁ r‘ggrr%u onllgec g%?%gérgt. %#H%é#le%n sal t§.
That haygy &heigh noymadpMmeanings pnrsrethervppei dapignahedhas For
great po Lal. f.y~genasal tig MiLEEY. aSpgCi L6 tQ this se,
t he convrg%m ﬁlegenecr dt@s’el%f\}gﬂy nd ¢ e’anl@9 ! %Ihé cgﬁg‘smdsl@%
fornyga Nngr|Wﬁ%?ﬁNﬁﬁiL'&ﬂﬁf?ﬁﬂﬁxnﬂmffé&s to ﬂé@ﬁuéﬁ_t¥lsmhﬁ9h can' be
consi dered_al de analoques i . e_cont: of this_-i-nventi-on, are-
bl o Borely S DERAEES Adhainotdref O} FXinBl ek Gral B7 B3Ams. o5
pur i 10 cadiemsitand mit kit eThars  mi bl jbikens, moharr oramolaripyocesigds Whi ch
require Iq%ﬁﬁgﬁﬁ] r ' LAkla y ~are, made
si npl er ;?t e ove%l#%%%eé%&néé%?rﬁgybrggg%hi ﬁgggglﬁgngﬁﬁn&ﬁ - The
fol | owi nFeSPRRNER, FArren1hd rReFheaBP§IRRELEr ECFONABLE nPBAJE® to |imit
tgg SCth%n@fu_ rIthQi.r%i rtm@[%mﬁsifem?/weytol startiﬁg ia&::ﬁr_iél The Iterms. and
abbrevi ations ysed jn i nstant exanpl es ve their _normal nmeani ngs
unl ess otrm%%é" yna réaé.‘é(&%?lon' e ﬁp?gsoﬁp,%loﬂ" m?m‘f?ﬁnlhs,ter%?fnc‘%",
"mL" 15" Mthe' HR Gpectitd are Ny these] GENIRterastd andl nbtr efldr ©f cliegr ees
Celsius,maﬁﬂﬁ%wggségvggrnality, mllimle or mllinoles, gramor granms, 10
mlITi

density, iter or milliliters, nolar. or nolarity, high per f.or mance
| i qui d chromat ography, proton nucl ear magnetic resonance, carbon-13
nucl ear magneti c resonance, and an pxasppset in nL/grans relative to
starting materi al respectively. In addition, the absorption naxi na
listed for 15 the IR spectra are only those of interest and not all of the
maxi & observed. : Example 1 = EXAMPLES

4- (4-Carbomethoxyphenyl)butanal

The Deloxan® THP Type 2 Resin used below was pretreated
by mixing it with isopropyl alcohol (2.0 vol. 20 mL) and
25 washing with ethyl acetate (4.0 vol., 40 mL). The organid_ '
layer/resin slurry was then filtered before subsegquent use
as described below. .. '



20 | Exanmple 1

4- (4- Car bonet hoxyphenyl ) but anal The Del oxan[err]" Tﬁ"‘T i
Resin use S pretreated by mxing it with isopropyl alcohol

(2.0 vol .qgggké&‘gﬁd 25 washing with 2ohyl acetate (4.0 voF’.@,""@@WH_sf‘? “The -
organic | ayer/resin slurry was then filtered before subsequent use

as descri bed bel ow 20 5 4- Bronpbbenzoi ¢ acid, nethyl

ester (60.0 g, 279&8ﬁ? pmol ), lithium acetate dlhxdrate (31.31 g, 306.90
mol ) > it PIWL (3G A8 Wethel eseey, (8Aa0t gy r 3Bt POamBiTuUm =
((:hl ori d)en(xtﬁll)Z.Z mﬁmm%wm&ymgegmmigg, 304i. ot gﬁﬂofl rmani de

698 ) .. e LNg. S tron egasse 1th a subsurface

ni trogen lplut}g_gfﬁ 3 ué%fn@i-g%éj‘ig %;\ﬁéfi’é TPAnt Qlé@\é\llieprf?b§§x. SITERN LG

pal | adi ufidcatide (41.22 grams and316499mol) were added apd the reaction

m xture gime@s, NestRen 6 r W t tiLLing-far ' ely 10
hours. dlmReact L on, corr%?%t F%%évxﬂ/é@ [ ngﬁgttéégggé{‘gr F?E%Egﬁébg?}laélf) o
consdfpt iFPFIIRL Wik @, SUPSNBEREBLRAEEPESACPUrgRet hFbutenedtel
rerrfli ni nngm%;@mn@y thﬁ’m_ (msyew@_.o?ammﬁ%(ﬁd paiilﬁhgﬂltré %Igg%:a% ‘g)
acetic ac reacii{on m xtyre. cooled to 25[err]C. -
30[err]C (af;d?#\ﬂérg%&%’?O% %? )mlgcﬁ:hi et /Y F agde@lc%’f‘ﬁ?@??b’@aﬁ’ﬁ)‘%%m. The
reacti on widsktheate@st@065?¢ rwethf stitding nfibesappdoxtihaeelentloy Hoiad .ayer s
were - mddovesht ' es LCql BYeLq +gepar at and - . .
retainedfg%% t he ﬁgaégggé?%ﬁé?gaaéﬂgg?ggg?egyté%gggaﬁg[gﬁgﬁg%ai times with
et hytac tRIELEOR1 {lesfthanyf - 42 cdabromgbaazoic agide denhiviied with t he
ori gi nal estgani cehaein@Ndas hehahn CBYLHAEE QraeBiGel BrA® W03 washed with

brine (350 .1 Th ) Ttered, . |emental .
ol | aci rCATRPLFERHY i 5F LRCPEH6, 8RO PREFRP) Ty pab| TREGH Qo e axayr anms

dry wei giwgs fepodsd mt@u2e®C Th20PCt Ardcwapeund708sml) anld aithgd as a
sol ution ddeeity!l (POEIA.P whPe 3BBAEY] THALY 2BV LM, SRl I amount of
et hyl acetate solution was concent rat.ed Tor ~char acterizatioon o
prod&@t. stirred for 10 minutes and subsequently the layers were
allowed to separate. The organic layer was separated and
retained.and the aqueous layer was extracted two additional
times with ethyl acetate (720 mL). The ethyl acetate washes
. were combined with the original organic layer and the
25 combined organic layers were washed with brine (350 mL).
The organic layer was filtered, to remove elemental
palladium, and slurried with Deloxan® THP Type II Resin (3.0
grams dry weight) for 45'minutes. The title compound was
obtained as a solution in ethyl acetate, in approximately
30 87% yield. A small amount of -ethyl acetate solution was
concentrated for characterization of product. '
Analytical Data:

.

1H NMR: (4g-DMSO) 8 9.65 (t, J = 1.5 Hz, 1H), 7.86 (d, J =

8.5 Hz, 2H), 7.32 (4, J = 8.5 Hz, 2H), 3.82 (s, 3H), 2.63
35 (¢, J = 7.7 Hz, 2H), 2.43 (td, J = 7.4, 1.5 Hz, 2H), 1.82
"~ (m, 2H). ' '

13c-NMR: (dg-DMSO) & 203.1, 166.2, 147.4, 129.3, 128.7,
127.4, 51.9, 42.4, 34.3, 23.0.



Anal yti cal Data: [err]H NVR: (d] err] - DVSO) [err] 5 (1, ke

1H), 7.88 (d, 3 ' 8.5 Hz, 2H)y, 7.32 (d J = 8. 5"1—|z 2I36

2.63 35 \(m,gg;isﬁz? 7 Hz, 2.43 ( g = 7. 4 1.5 Hz, 3PdrushsBosso -
(m 2H). [err] G NWR (d[err] DNBC% [err] 203.1, 166. 2 147. 4, 129.3,
128.7, 127.4, 51.9, 42.4, 34.3, 23.0. 21 5

Exanple 2 1- Fwdroxy 4- (4- Carbonethoxyphenyl)butanesulfonlc Aci d Sodlum
Salt g - The ethyl acetate e f4yom Exanpl e 1 were 10 i
concentrated to 3.6 vol. (8.7 n1_}’l t about 37[ err]C = 3ATAF CGt
(3 vol ., FBréxexynd- Mr@#rPQmGS 9mhemyéibﬁﬁ?nesuhﬁ9r§cam readiomed by
sodiunlblsulflte (1.04 g, 10.03 neglty. The reaction m xture was. .
stirred for approximtely 8 ~hours. After 10 mnutes crystallization of

the sulfonic 15 acid began. Reaction conpletion was determ ned by 1H NVR
anal ysi s of theheeathybnagekateecekkiractse fromeExamplia ngwere whi te.slurry

is fi I tergéin{’%) é{_égéﬁ ége:;t Bt nglcor(gogng%izj]ﬁ cuoqr OQ’“_T 8% ] erI ) as.a

whi te cr I nNé SO ppr oxi Ly Eif cake ‘was:
washed wuun hbcohehahdl vpl.g Vek. Lanandr wagern (\Qacﬁ:uoml 40[%es53 anl) -

| soneric yerei JAYEH! EBI1HRER Bﬁ;;éﬁ&ﬁﬁtﬁgbﬁlQltﬂwal 04i§;fl010§a| Dat a:
[err]HHNMR (d[err err] 7 2 32 (d, J =

8.27 Hz, TPl )5 3§L€dr99°t on3 t“fﬁ) wag ghigmed §or & roéslmi‘%eilel—ﬁ
2.63 (m Rotirsl. 7£f(:§1r: 1BI) m:.ihuE&s( erysidallization of. tﬂé—i)sullfdk&ém 1H).
[err] G NWVR édgerr E 166. 2, ,148.3, 129.2, 128.7,

82. 7,1551, @cidsbegany 2R82¢ 2°n complgt iony yags desermined )by ,%62,

2930, 288@nalysfiscafethe reaction mixture filtrate. The resulting
white slurry is filtered to afford the. tltle compound (2 78
grams, 8.98 mmol) as a white crystalline solid in
approximately 80% yield. The filter cake was washed with

20 ethanol (1.8 vol.) and dried in vacuo at 40°C. Isomeric
impurities were non-detectable by NMR.
Analytical Data:

1y-NMR: (dg-DMSO) 8 7.86 (d, J = 8.27 Hz, 2H), 7.32 (d, J =

8.27 Hz, 2H), 5.33 (4, J = 2.3 Hz, 1H), 3.84 (m, 1H), 3.81
25 (s, 3H), 2.63 (m, 2H), 1.75 (m, 1H), 1.73 (m, 1H), 1.61 (m,
1H), 1.48 (m, 1H).
13c-NMR: (dg-DMSO) & 166.2, 148.3, 129.2, 128.7, 127.1,
82.7, 51.9, 35.1, 31.2, 27.2.

IR: (run as KBr pellet) 3237, 2962, 2930, 2889, 1726 el
30

Example 3
1-Hydroxy-2-Bromo-4~ (4-Carbomethoxyphenyl)butanal

To a 50 mL round bottom flask with magnetic stirrer
35 were added 4-(4-oxobutyl)-benzoic acid methyl ester sodium
bisulfite adduct (3.10 grams, 10 mmol), acetonitrile (14 mL)
and chlorotrimethylsilane (3.6 mL, 28 mmol). Nitrogen gas
was bubbled through for five minutes and then the mixture
was heated in a 60°C bath for one hour under nitrogen. = The



30 Exanpl e 3

1- Hydr oxy- 2- Br onp- 4- (4- Car bonet hoxyphenyl ) butanal 5%
round bottomfl|ask with magnetic stirrer 35 were added
4- (4- oxobM Y1588 z0i ¢ acid methyl estzy sodi um bi sulfllf%r"d%@ef‘“(B 10

grans, 10 nmmol), acetonitrile (14 nl) and chlorotrinmethylsilane (3.6
m., 28 mmol). Nitrogen gas was bubbl ed through for five m nutes and
then the m xture- was heated in a 60[err]C bath for one hour under .

ni t r dgenmixbure at this ppint gn fimemasita thightparetlow. tiTeewas a | ght'

yell ow. mikeure WaX ‘t'?f%ﬁ"%%&lﬁﬂ‘ Lﬁmﬁl‘eqréﬂdﬁefﬁidrg%@ts@@ dRa5lerr]C and
brom ne go. 5.nm, 9.7 e9) zagged The_ browni sh brom ne col or was
di schar g@IR-G f Or 5m“FrUt | 3o RrdRed.  Therprownishy hremine

Vi si bl e gelliogs wappeiiisthajed Wetshin e :ﬂ:[hxmed urméva@ommﬂdwééom t he

coolin and t rr a nal 2 4 and
Cod und A3 YE1d e iHe Imsind U A Yol Bl ScolBEFRaL 1T AL 2N
r enmalfi nguxturta ovasnecamirach £ xass Uthe r@pqﬁmgu rleatshl anddstdbrrédhfor. afthe -
mxture yomsidiehdard Hdiied WEveen P4y it (Healhdpidd1ifeen) and an

addi ti onal wat er . h gani ¢ !ﬂgse was separated, and stri pped
on a rot a(roylévé?pﬁﬂf%ﬁ)orw%ﬁﬂ igd yt@gscaveme,{wﬁlgdthewgﬁphngﬁgs 26 nL is
t he tltl@namﬂnuuuhdwuhé1resumw&ngmmlxmmrél@ﬂlﬁfeaSﬁbatmdhbutthemhbefore

bseque reac
ot by enductind S ef pAthirfiRed Rrtiedt nftAvToes PRI 85, (18,
prodet ml) andlan jadditDonal 7 mIpecpf]wathR ('me:l{:egap).c[pha]segwae (d,
(m 1|7_|) 9% g%ﬂd %3%&:& ’on a r &g‘y(gggpoﬂ"é'},or uﬁglfl n.?g) 262 89
(Cha [er b I[%W*’j“%@l 4W1‘?LIB:E“8 h:1§52§ mh )5S 9thg29151e128mgound Wh&)ﬂ?m
52.0, 32.whs 3otb.purified or isolated further before subsequent '

reaction as in Example 4 below. A small amount of the
20 . methyleﬁe”chloride.solution was concentrated for _

characterization of product.

Analytical Data: '

1H-NMR: (CDC1l3) & 9.40 (4, 1H), 7.95 (d, 2H), 7.26 (4, 2H),

4.15 (ddd, 1H), 3.88 (s, 3H), 2.89 (m, 1H), 2.79 (m, 1H),
25 2.35 (m, 1H), 2.21 (m, 1H). '

13c-NMR: (CDCl3) & 191.4, 166.8, 145.1, 129.9, 128.5, 128.5,
54.4, 52.0, 32.7, 32.6. i |

Ex le
30 -[2-(2-Amino-4, 7—D1hydro -4 -0Oxo-1H~ Pyrrolo[2 3- d]pyrlmldln—
5-vl)ethyllbenzoic Acid Methyl Ester

The 26 mL of organic layer from Example 3, which
contains l-hydroxy-2-bromo-3-(4-carbomethoxyphenyl)butanal,
35 had added to it 2,4-diamino-6-hydroxy pyrimidine (1.26
grams, 10 mmol), sodium acetate (1.68 grams, 20 mmol) and
water (23 mL). Nitrogen was bubbled through this reaction
mixture for 5 minutes. The mixture was heated at 40°C under
Ny for 2 hours. The mixture was cooled to ambient

40 conditions and filtered and the collected solids were washed



Example 4 30 4-[2-(2-Am no-4, 7-Di hydr o- 4- Oxo- IH-PyrroIo[2 3-

5-yl ) ethyl ] benzoic Acid thhyl Ester " The™ 26 GF*WV”

f rom Exanpive $8/16742i ch ~contains PCT/US98/19560

1- hydr oxy- 2- br onp- 3- (4- car bonet hoxypheﬁ?l )butanal, 35 had added to It

2, 4-di am no- 6- hydroxy pyrimdine (1.26 granms, 10 mmol ), sodium acetate
(1 68 grams, 20 nmol) and water (23 mL). Nitrogen was bubbged thrfugh]C
this gea upeqf.er t I s, heat e t A0fefr
under > WiEH 23 gl KEIGCLLE nI L B 2BLEoHIENALS, MR R S 1 one

and fil teﬁle’dtaﬁd%hs wasl ée%é £6 vieliede 4lagrems of light 381low with
23 L of meddlesixtghe ahad e&gmshwea ANd5eRiRiertIa yielld Idgy cake was

dried to |eId 1.4 [ yell o nee The apal ysis showed
a 45% ove ¥ imid }F&é QBBmi anéxﬁ'ﬁﬁ §€‘§ §\r$d Alea&&%%&og»m RStitle
conpound meeducedpatdacpuritya lewelt pfl eMal8tobyd HEEY birddirsd SNBSS E

Phass 10y gaadhensoBOL! 9010 PRLIANOL o RYLAST Ik ALty cgen. -

phosphat € or anmoni um rogen osphat Eata:3
[ er r | H NNER@SBhE/BOPY| éﬁ?‘Pn}@mél?wdrgg)ezm n ?ﬁh@%ﬁ)@ﬁfﬁtBﬁ g g (dd gllzl)l)
7.32 (d, 6.08 (s S , ,
2.86 gdd &k&ly@a.@élf g?F]aIC_:D NVR (d[err]-DVBO) [err] 166.3, 159.4, 152.3,

151. 3, 14]8H74NMR (dgtPYSO) 5280766123,1;LH11710,.231‘3(s6 199.,8,7 .84 0{d 36. 3,
27. 9.

4-12-(2- Mho- 1320 Ry drB) a- 6¢c3Y ASPyrlﬁwro[GzOﬁ d(]Spyr%Hﬁ:thO (s, 3m),
5-yl )ist hyz]banzddc ad)d 2.86 (dd, 24)f.l ask was charged with 13.0 grans of
4-

2-(2- aﬂn o4oxoIH-pyrroIoBZSd]pyrlmdln 5-

r
C-NMR (ds—DMSO)y% 166.3, 159.4, 152 151.3, 148.4

129,2, 128.7, 127.1, 117.6, 113.6, 98.8, 52.0, 36:3, 27.9.

Example 5 . :
20 4-[2-(2-Amino-4, 7-Dihydro-4-0Oxo-1H-Pyrrolo[2,3-d])pyrimidin-
5-yl)ethyl]lbenzoic Acid

A flask was charged with 13.0 grams of 4-[2-(2-amino-
4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d]pyrimidin-5-

25 yl)ethyllbenzoic acid, methyl ester and 150 mL of 2N aqueous
sodium hydroxide solution. Stirfing was applied and the
slurry was heated to 40°C. The reaction was monitored by
HPLC (reverse phase, gradient 50% to 30% methanol:20 mM
potassium dihydrogen phosphate or ammonium dihydrogen

30 phosphate buffer). 3A Alcohol (230 mL) was added to the
solution, which was then seeded with authentic 4-[2-(2-
amino-4, 7-dihydro-4-oxo-1H-pyrrolo([2,3-d]pyrimidin-5-
yl)ethyllbenzoic acid (obtained by following the procedure
of U.S. Patent No. 5,416,211). The solution pH was adjusted

35 to 4.4 with 6N hydrochloric acid (48.5 mL). The solids were
filtered off and washed with 30 mL of a 1:1 mixture of
water:3A alcohol. The solids were dried in vacuo at 50°C.
10.84 grams of the title compound were recovered.

Analytical Data:



25 yl)ethyl]benzoic acid, nethyl ester and 150 nL of 2N aqueou'sh“

hydr oxi de solution. Stirring was applied and the (' sl urty e 5 %
40[ err] C. tion was nonitored by HPLC (reverse phas radi ent”
50% t 0 30&899%5{%% 20 nM pot assi u24 di hydr ogen phosphat E<SfUSHA? um

di hydrogen 30 phosphate buffer) 3A Al cohol (230 nL) was added to t he
sol ution, which was then seeded with authentic 4-[2-(2-

am no- 4, 7- di hydr o- 4- oxo-| H-pyrrol o[ 2, 3-d] pyri m di n- 5- yl) et hyl]benzm c
aci d Fobt]éiMbSﬂG'dPMﬁm lt(heﬁﬁor(chxednr dH), 1F.33 S(bPagenlHENp. 7.83"

5,416, 211 e aduted 35 to 4.4 with 6N hydrochlorlc
aci d (48. m%m ‘?’ﬁeﬂiof@d; 31 $4 tHHbd 617 abBrwBsh2B) wi 2970 nL of
a 1:1 m xtmr 21f, 2.8%ai{my : 3 al cohol The solids were dried in vacuo at

SO[err]Cq4 10. 84 grans the title compound were recovered.
Angl yticar GHMER (dg-DMSO ézﬁ7 6:5 19%7] H3 0w ( A2k 4. OMD) 9 err] 10.66

(br %5 ;122(%3749 31072%6 315%& 1’( 2%?;13(8853@7? 7?6?0 (d28[§?-r]6c-?|<u%/R(S

(d[erlﬁ] DMSO) [err] 167.6, 159.5, 152.4, 151.4, 147.9, 129. 4, .128. 6,
128. 4, 117.7, 113.6, 98 8 36 4, 2&
Exarrple6 2Am‘r%-mi£1%'§hydro4o<o | H Pyrrol o] 2, 3-

d] pyri mi di n-5-yl }‘Te't(ﬁ'ﬂ []Zoe(r?z@ﬂl)nq_ 4G T nDARVE LR 4+ Bret W Pyrrolo(2, 3- |
Ester p- Tol ddpgadinfiains-55641d eBayil | Henzoyl) -L-Adthnic fA@BE Mt &bhgechani cal

stirrer, thernmoneter angd, .. pN%'oﬁdaeDte%rulv&%lcchal{giedj gifh 1.93 g (corrected
for assay) of

4-[ 21f2- ami no- 4, 7-di hydr o- 4- oxo-| H pyrrol o[ 2, 3-d] pyri ni di n-
S- yl)ethyl]bquogg ﬁﬁl§1£3k5w9thpﬂé8H$M12§%@géﬁﬁréé StﬁEaQLm%er

di nethyl formapi de. The slurry was stirre fgrarré of.'-
N- et h§| M2 RPHeT (Wag gmr%g wibRdl-93he (corppgtede fras assavad afo

T SR e R R AR R e S e e
bef ore L-52%1 hetihvhi benzgoiicdaeifiyl2eStgr pat8fcy, 71928 sy 1®wsS antess al |

20 dimethylformamide. The slurry was stirred 15 minutes and
1.94 grams of N-methylmorpholine (2.9 eq) was added. The
mixture was cooled to 5°C with an ice/water bath and
chlorodimethoxytriazine (1.46 grams, 1.28 eqg.) was added all
at once. The mixture was stirred 40 minutes before L-

25 glutamic acid diethyl ester (1.99 g, 1.28 eq) was added all
at once. The reaction was allowed to warm to ambient
temperature. The reaction was monitored by HPLC (reverse
phase, gradient 20% to 46% acetonitrile:0.5% acetic acid
buffer) and was complete in 1 hour at 23°C. The reactlon_

30 mixture was transferred to a 250 mL Erlenmeyer flask
containing 36 mL of deionizZed water and 18 mL of methylene
chloride. The reaction flask was rinsed with 18 mL of
methylene chloride which was added Eo the Erlenmeyer flask.
The mixture was 'stirred 15 minutes and the layers were

35 allowed to separate. " The methylene chloride layer was
concentrated from 46 grams to 13 grams using a rotary
evaporator at reduced pressure at a bath temperature at
45°C. The concentrate was diluted with 55 mL of 3A alcohol,
and concentrated again to 10 grams to remove methylene



at once. The reaction was allowed to warmto anbient . __t.e, RELALULS
reacti on*was nonitored by HPLC (reverse phase,” gradl ent “209 6™
acet oni t r Waes®ie342 acet i ¢ aci d : buff%) and was conpl ete rctrmstsusssoat .
23[err] C. The reaction 30 mxture was“Iransferred to a 250 nL Erl enneyer
fl ask containing 36 nL of deionized water and 18 niL of nethyl ene
chloride. The reaction flask was rinsed with 18 nL of net hyl ene

chl org deciogiads aliebdzditrdid GNBYSILitaskeo o £3081 31U wRs L

stirred nut d t.he .l er arate._  The
net hyl eni':?% aj'};/@rl% %Vﬁé%rﬁ?%‘ﬁeﬁuﬁ? oﬁ?ﬁﬁtbgﬁn’gaﬁohfétﬁﬂarm
using a et aw‘c to eA5fr atprTeluemesakfopiessci@ 3 .26bgl h2{ Brpegayure at

45l er ] Co T ARG 28 Golse L L Eel NS afla3Bval ghohy  (and

concentra O renove 5
chl or i deminptescondde rm%ulamnmmlmewmaa J:ef-éuxedl Hor ah hour60 nL with

3A aib"’h%ea@ix*ﬂey rv?éé"ééé‘ﬂe&%éﬁtéﬂ&é@é a&a%sﬁaturet anaokﬂqei—‘e .

75[err] C uenesu fonl [o aC| d - dI ssQ
of 3A al é’(?r’ré*g ere GFHdRRE n‘&?Esca]‘FﬁewﬁﬁsUPFhﬁé WiGHy was

refl uxed 20 mIaretltarol J&xdmmediuinyvaaaocaal sdoCoouskheghtt eBpehiaidr e and
filtered using a 7 cm Bugchpner funnel. The wet cake _was washed with

25 nL et RarRA %g%r?fedtli“ﬁ 'E/‘aEB% ‘é?mBﬁ?’éﬁir] PobeRrAYgRP% o yi el d 3.66
granms of ph-}aq_ tid£1 c@appund. Potency 95% - . Anal ytical data: “ferr]H
NVR (d[err] O [err] 11.59 (br s, 1H), 11. 40(5 1H), 8.66 (d 1H),
7.8806r <H NMR (dgoPM30) 28911 75%3(kw, s 2HH) 7. 2@ to(s, 1HP})8.8616 (d, 2H),

6. 52 4
2.89 Efn éﬂ)lmz %éﬁbﬁg %Hg (7q79(éH%"3%5” %8(%611?%,2‘70%9@@%
1.17 (t, &), 21.18 (4, 28),36)52" (s, [mo}mNm ((d\[,etm]) DMEOP [(er,r 2HY72. 3
171.9, 16 7. 5. 4 8. 3 8. 4,
128. 3, 12‘@ %3 ., %‘5’3 o2 %9(’5‘ _7[%[‘51: g. 3% %"“65%’2 20 (lj’ 8‘%‘2 c’r%?’ 5%23830 2.
27.2, 25.8, 23)HB, 3405 (mq. 1H) 252 02 (m, 1H), 1.17 (£, 3H), 1.14 (t,

20 3H).

13¢ NMR (dg DMSO) & 172.3, 171.9, 166.7, 157.2, 150.6,

145.8, 144.4, 138.6, 138.3, 131.3, 128.4, 128.3, 127.5,.
125.6, 119.2, 115.4, 99.1, 60.6, 60.0, 52.0, 35.8, 30.2,
27.2, 25.8, 20.8, 14.1, 14.1.

25



26 5 Exanpl e7

N-[ 4-[ 2- (2- Ami no- 4, 7- Di hydr o- 4- Oxo- 1H- Pyrrol o[ 2, 3- B bR
d] pyri m di t hyl ] benzoyl]-L-Jutam c Acid To 1.00 gr.am of »
N—[4-[2-(298§?’?46)4§ 7-di hydr o- 4- oxo- | H24l0 pyrrol of 2, PCT/US98/19560
3-d] pyri mdi n-5-yl)ethyl]benzoyl]-L-glutam c acid, di et hyl ester

p-tol uenesul fonic acid salt in a 50 n Erl enneyer flask was added 1N
aqueous sodi um hydr oxi de (6.7 m.) and the resulting mxture stirred:

untilSall the solids =~ had di ssol ExampdepToxi mately 20 mi nutesy: T
sol ution was 1@[44@(91@%0 émﬁlﬂfhé}dfﬁlad; J-Iﬁ-ﬁf,rf’&%ggtzsd water was

added and t he pH.was,adj,ust 1 wth_ dil ochl oric acid.
The resul ting SP&PY§1W&§lHe§F¥é?FBhY1]b&BEPB%] RSl tagrsy HCGQ n order to

produce larger particles of solids. The solids were filtered to yield

the titl 20 . .EX le 8 .« . cu
N-((a4 iz ((32 Ami no- 4@5 anaroofi\rdg H—I—Byr%rb?f 7-difydrd-4-cxo-18~
d] py*? ni SvErdiol +3rtd mnégﬂqlm-iaﬂmmmwmmbmnﬁgmtamﬂé ac:l.d

0y i G B Rt e e oty Al e e es

di ggol veg‘J rlﬁf@yeé) ﬁvalf“lﬁt}ét"@g aélf%fieg ANy agreqys MW hydmm@m d€-7The pH
of dt Qﬁ mmlt) urandvechea di esi B i mitturd. &ﬁ&é@hmmléam?%uérsshéiaéld c 4,80|rrf
an SQ e utjon-was_ heated to er[ an
of 3A al c%n ralryéj(;ﬂ;(ééi go%érgoxz.%téi% %q)l%lrf“\’ﬁa%s t ot $9ebybrtBaPoom

t enpé? at lJ-rltht gmnng Aghiadditienal t 6T kuls| of rdetienibte@desat &hewasl i ds were
{11t er ed ok avaslieck 16 U Aids ldpgated sty ghe palidh Ueigedd dried at

50[err]C a um oven 640 m 111 grans of corrpound vvere __
recover edt glsr \@cﬂ‘ﬁb‘: acidangthe |’E%EF‘%EE¥1’&9 slurry ¢¥a$ Hhepred3bo NHz, -
DVBO- d[ eragp/ a6 md tes Tyt ToET :(Id ov¥déer 't S pEod@dd . larger particles of

solids. The solids were filtered to yield the title
20 compound.

Example 8
N-(4-[2-(2-Amino-4, 7-Dihydro-4-Oxo-1H-Pyrrolo[2, 3~
dlpyrimidin-5yl)ethyl]lbenzoyl)-L-Glutamic Acid Disodium Salt
25. '
N-[4-[2-(2-Amino-4, 7-dihydro-4-oxo-1H-pyrrolo[2,3-
dlpyrimidin-5-yl)ethyllbenzoyl]}-L-glutamic acid from Example
7 was dissolved in 3.8 mL of water and 2.2 ml of 1IN sodium
hydroxide. The pH of the mixture was adjusted to 7.5 - 8.5
30 using dilute hydrochloric acid and 1N sodium hydroxide. The
.~ solution was heated to 70°C and 40 mL of 3A alcohol wére ﬂ
added. The solution was allowed to cool to room temperature.
during which time a thick slurry developed. The solids were
filtered and washed with 4:1 ethanol:water. The solids were
35 dried at 50°C in a vacuum oven. 640 milligrams of the title .
compound were recovered as a' solid.
Analytical Data:

1H NMR (300 MHz, DMSO-dg/D0) 8 7.67 (d, J = 7.8 Hz, 2H),

7.22 (&4, J = 7.8 Hz, 2H), 6.30 (s, 1H), 4.09 (m, 1H), 2.88
40 (m, 2H), 2.83 (m, 2H), 2.05-1.71 (m, 4H).




7.22 (d, J = 7.8 H, 2H), 6.30 (s, 1H), 4.09 (m 1H), 2 88 40

2.83.(m 2H), 2.05-1.71 (m 4H). : 27 U SHEPFTCORIVE T
DVSO- d[ er rvo3@ay74err] 179.9, 176.9, 13%; 1, 160.8 152. 9,pciaisodnossé

132.6, 129.4, 127.9, 118.7, 115.2, .5, 56.1, 36.8, 35.3, 30.1, 28.4.
Exanple 9 10 1- Hydroxy-4-(L-N-[ 1, 3- Di car boet hoxypr opyl ] benz- 4-

am de) but anesul foni ¢ Acid Sodi um Sal t

i thi Bm o oruae. (358 b0 sas Rt B hoar 10780 avane7 2 0as 008 b £

I t t ni chlo e 3441 11 )
me% hyl %sr%ab% éjégﬁTSn; 7&!3& 4? ﬁ.BQ 6 12@ 4 gzgﬂ?é %g'?tll?:’glv%a%r}tqhoroughl y

spar ged W1tP ni $Poden36-8, ésbéteﬁgllol @l 998 g, 27.7 mmol) and

pal I adi un(11)acetate (0.130 g, 0.577 nmmol) were added. The mi xture was
heated to 20 60[err] C under nitrog for, 24 hours. At this point HPLC
(reverse phase, 60@6acetonitriIe:Ziéﬁgﬁgﬁ%% acid buffer). | ndicated

r eactlibon conpl ét-imldrdﬁtle-‘l-eéle-ﬂi-ohly\&sDtbaarbd)eetjoxYprbpymﬂabaﬁet-nyl acet iat"e‘
58 nL) and water (58, Qp@? : t The agueous | ayer
\(Nas ex%ract ed tw cc(a \% ?gace Ate '%gégnﬁggg{r]ﬁex ractlon) The
organi c | ayers wer e conblned and washed with brine (30 nL). The

0 water (395 ﬁ%g (DY B BR AR RS it Bstpnadii¥e CREH o000,
added. The3 rixIPd) wadishipme ghdorideer(2]-@3fog, 1693@ el , Abeﬂmmnws )

was addedacdbgter QdusH2peGCRBi. Bakhol ) m:f%@tdﬁaﬁﬁ&ﬁdxﬁ' dé Iglng_

ggl god/ 'n ?BVEEEU °¥g" St‘jommol)g and ]dlmet%y(?l.formeamllde e(sc7o On!tJIP were
combined. The mixture was thoroughly sparged with nitrogen.
3-buten-1-0l (1.998 g, 27.7 mmol) and palladium{(II)acetate

-(0.130 g, 0.577 mmol) were added. The mixture was heated to

T ot

20 60°C under nitrogen for 24 hours. At this point HPLC
(reverse phase, 60% acetonitrile:2.5% acetic acid buffer)
indicated reaction completion. The reaction was partioned
between ethyl acetate (58 mL) and water (58 mL). The layers
were separated. The aqueous layer was extracted twice with

25 ethyl acetate (58 mL per extraction). The organic layers
were combined and washed with brine (30 mL). The resulting
organic layer was concentrated to 25 mL. - Ethyl acetate (15
mL), water (3.25 mL), and sodium bisulfite (0.636 g, 6.11
mmol) were added. The mixture was stirred at 25°C for 16

30 hours. Acetone (75 mL) was added. The product precipitate

. was collected by filtration and dried in a vacuum oven to
give 1.59 g of the title compound. Yield: 48.6%.



28 5 Exanpl e 10 _
N-(4-[2-(2- Ami no-4, 7-Di hydr o- 4- Oxo- 1 H-Pyrrolo 2,3- =~
d] pyrim dB&bgsﬁlév%zet hyl ] benzoyl )-L-3 utam ¢ Acid Di et hyl

Est er h a 25 nL round bottdB8flask with rragnehc%ﬁ’??”(’ﬁﬁ‘"
wer e conbi ned 1-hydroxy-4-(L-N-[1, 3-

di car boet hoxypr opyl ] benz- 4- am de) but anesul foni c acid sodium salt (0.922
g, 2.0 mmol), acetonitrile (5 n.) and imethylsilyl chloride (0, .
nL). he mixture was sparged 15 en for 5 ninutes, “aHd Xtemr €
heated to 60[ &¥+ (4> m(Z-Mnommfnﬂmmfmmmm—mrmuzwd to

ndi cat o cRbBRETRESIRRoy 1) echB bty T g B AR g PG 7

reaction was cooled to- anbient af@bgashed with 1% aqueous sodi um
bisulfite solution 20 (2.5 nL). The organic phase was stripped to an oil.

2, 4- di am no 6 h drox di ne (300 % sodj um, acetate
(5001fm), wat &P M«g%ﬁ??%ﬂea?% ‘ﬁi-_'ihv@"f‘@"e ic @ERBEriNGe m xture
waisI heat ggbﬁ&d dkﬁﬁmﬁe}d: quy&dsuqu#.s-(ﬂhrt—[l ,34pper, organic phase was .-

col | ect ed,.and .concen e n_25 oi HPL reverse
phase, grditﬁ% %nygé?%yil@a/&é%e?o?fm’?%@wﬁg%%ﬁ%%g{’?%ca%?adbﬁ?gé]("ﬂ“ o
confirmecsaltat (0.922 hee, o2 | 0 iesod) edarebanityilée(fimLe andpound.

The present;dduanid o, Nagnopnadessl oo} 1 IPhal hixrurel RaLULLATALRC -

preferred enbodi'nents thereof However, 1t be appreciate
t hos@5skiwitd nxtrme:arﬁor u!bcmmuteeonandeuaenoheetedhtaopﬁ@%@nfon| Ecl osure,

k f t d/ ts that fal thin th
and Spi 11O T HENT rEEPRPRCBEe cURS T BSHSFRA: Fi8 01T PP TOmLBRaf 38
1

29 L, 1.9 mmol) was added. l1H-NMR indicated clean conversion

to the o-bromide intermediate. The reaction was cooled to
ambient and washed with 1% aqueous sodium bisulfite solution
20 (2.5 mL). The organic phase was stripped to an oil. 2,4-
diamino-6-hydroxypyrimidine (300 mg, 2.4 mmol), sodium _
acetate: (500 mg), water (5 mL), and acetonitrile (5 mL) were
added. The mixture was heated at 40°C for 6 hours. The

upper, organic phase was collected and concentrated to an

25 o0il (450 mg). lH-NMR and HPLC (reverse phase, gradient 20%
to 46% acetonitrile:0.5% acetic acid buffer) confirmed'that
the oil was predominately the title compound. ;

The present invention has been described in detail,
including the preferred embodiments thereof. However, it

30 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. '



5 - CLAI M5 1A conpound of fornula V.

[ el; rJ TR - *—-—3‘3 i A he Lt | v 10 . FER

a netal cawiom9716742 nis 1 or 2; Rlerr] is pcrmsgs/lgsﬁo .
NHCH(CC{err]R[err])CH[err]CH[err]CIIer?fR[err] or OR[err]; 15 Rl err]
I s independently at each occurrence a carboxy protecting group;

22(rjrpognd (gggg;(gll ;gaégorédaf):n f[\(/avlrw;]r eICE]e;(r{ S\aék gioyl bond, q-\“\““mu“\ﬂm!“\“\
Nﬁg£a22%fi¢$ir er???CE%E%&%Eﬁ[QFrFEEF@;P]ﬁVérr] o or CR[grri dhere t he

configuration about the carbon atom designated * is L. 3.
The conpound according to Caim2 wherein Xis 25_-CHerr]- 4,
The conpound according to Cla|n11 wherein Mis aﬁ-W- aIkaI| netallcation
and nis 1 and Rerr] is :I/”\ Send
NHC*H(CO err] Rl err]) CH er ] CH rr]&&{ -rr} or [OR err] where the

configuration about 30 the carffn at onNgZhgrated [+ is L. S. .
The conpound according to|Cl aim4 wherein the “lahkal i metal is sodium

Iv;
10 :
wherein:
M is a metal cation;
n is 1 or 2; S
R? is NHCH(C02R3)CH2CH2C02R3 or OR3;
15 R3 is independently at each occurrence a carboxy

protecting group; and
X is a bond or C1-C4 alk- dlyl

2. The compound according to Claim 1 wherein X is a
20 bond, -CHy-, or -CHyCHy- and R2 is NHC*H(CO,R3)CH,CH,CO5R3

or OR3 where the configuration about the carbon atom
designated * is L.

3. The compound according to Claim 2 wherein X is
25 -CHp-. |

4. The compound according to Claim 1 wherein M is an
alkali metal cation and n is 1 and R2 is
NHC*H (COoR3) CHyCH2CO9R3 or OR3 where the configuration about

30 the carbon atom designated * is L.

5. The compound according to Claim 4 whereln the
alkali metal is sodium.



30,5 . ... .6..  The conpound according to, Clg}iwhg%gr
sodlun1 n TS 1 ‘Xis -CH-, and R2 is 77 W S

oot UM e ca e w%wﬂ?« |

A process for prepari™gcta eonpodhd*of fornula I

e

[err] 15 wherein: Rl err]

NHCH CH e

'« i nispendeny bt Jae”nh»ce{aﬁeal&c%&ewe”1amcf*[v%ep’}mae 1 gronp:
and soduﬁ%l&xqé)%d}o&ﬁftﬁm Caid IrR&l#g diyl; 20 conpri si ng:

reacting a conpound of fornula I
[err] 25NHC*H(CO3R3)CH2CHyCO2R3 or OR3 wherd/ithe configuration about

the carbon atom designated * is L:

10 7. A process for preparing a compound of formula III:

H
™0,
0
Cor®

III;

1S wherein:
R2 is NHCH(COR3)CH,CH;CO2R3 or OR3;
R3 is independently at each occurrence a carboxy

protecting group; and
X is a bond or C1-C4 alk-diyl;

20
comprising:
reacting a compound of formula IV:
_ =
HO
Y\X/\©\
' SO
3 COrR®
. _ M
25 . — ) -t
IV;
wherein:
X and R? are defined above for formula III;
30 M is a metal cation; and '

nis 1 or 2;
with a trialkylsilyl halide in a solvent.



wher ei n: X and Rferr] are defined above for, fornyla
Mis a netaf c&tT ot and” nlslor 227 T EwWR T h &S

hal i de i nwo s9iémt - The processpesasslioasy t O

Caim7 wherein the ”"LuHimjmg“ﬂllﬂl!no}%I a IV is a conpound wherein X is a
bond, -CHerr]- rr]- and Rlerr] is

NHC*H(CO[err] Rlerr])CH err[CH err]COerr]Rlerr] or ORerr] mhere t he
configuration about the carhon aton1de5|gnated ¥ 10, ls L. S ) '
The process according to d"aim8 wherein Xis -CH[err] 15 : '
10. The proc8ss af®& MURFESS @ACordingickei Glatm 7 wherekpothe of formul a
IVis a g ﬁﬁ%&m Wrer@irmid STl & abdmp ound Wﬁéﬁélﬁak' £8. abbagl and
Rlerr] is C-H CJerr]R err])CH rr]CH[err err] or OR[err]
wher e t heCHanf,i @& atGHpCEpowand H@Zecw M%&Qz@é)@ﬂaﬁﬁﬂcozﬂ ori ORB. 20

11. The Qgess.accar 1 rein al, is
sodi um Whe? he C°ﬁ%}¢#ﬁé§}ﬁﬁgg§%§ggm€§?dFﬁﬁﬁgg %fgyn$7sﬁﬂ8?ggﬁ the .25
sol vent is &cetonitrile, the trialkylsilyl halide is trimethylsilyl
chloride, and the reaction is perforned at a t enper at ure bet ween

50[err] C and 70[ern4 ' . ) ] )
9. he process according to Claim 8 wherein X is
-CHy~. ' |

15 " 10. The process according to Claim 7 wherein the
compound of formula IV is .a compound wherein M is an alkall

metal cation, n is 1 and R2 is NHC*H(C02R3)CH2CH2C02R3 or
OR3 where the configuration about the carbon atom designated
* is L.

20

11. The process according to Claim 10 wherein the
alkali metal is sodium. '

12. The process according to Claim 7 wherein the
25 solvent is acetonitrile, the trialkylsilyl halide is
trimethylsilyl chloride, and the reaction is performed at a

temperature between 50°C and 70°cC.

13. The process accordlng to Claim 12 whereln the
30 compound of formula IV is a compound wherein M is sodlum, n

is 1, X is -CHz-, and R2? is NHC*H(CO;R3)CH,CH,CO3R3 or OR3

where the configuration about the carbon atom designated *
is L.



13. -:-The, precess .according to G aim 12 wherein the 30 com
IV|sacorrpoundeenmJaM|ssod|umn:

Tere) s VoAl e ’ﬂ[ﬂllﬁﬂﬂﬂlﬂﬂl%e;%%iféﬁéfé&]*°

where the confi gurat

s,c%sgji

32 5 A process flor® préparing a conpound of fornula IV -
Iv; 10 mhereln Mis a netal cation; n is 1 or
Rl errg is NHCH(,CO ) ] errlg&f err'“
Rlerr] is |ng|g(|§end2{rltl%r§%ggea gﬂé regg% ag%qu%% Forum Rol¥EtihG
group; Xis a bond or (JQerr]-Cerr] alk-di yI - conpri sing:
20 reacting a conpgsnd of fornula I11: -
HO e - .
Y = 1
803 - fg” . ol sl e LW
COR :
M
- -1l
IV;

10 wherein: -
M is a metal cation;
n is 1 or 2;

R2 is NHCH(COaR3)CH,CHaCO,R3 or 0R3-'7

. R3 is 1ndependently at each occurrence a carboxy
15 protecting group; '

X is a bond or C1-C4 alk-diyl;
comprising:

20 reacting a compound of formula III:

25 wherein:

R2 and X are as defined above for formula IV;
with a compound of the formula M(HSO3 ) p:

30 wherein:
M is defined above for formula IV; and
n is 1 or 2;
in a solvent.



Cm R “_'":'-“i_'\“ A .I_“‘: R . - EEE 'J"-".IZ’JI‘ _'.._;‘.4 B e T S e .. -—:.'_. —. e 4 "4 3 7
are as defined above for formula IV, OTTO0 UNT
M HSJ er r |WP99/167420  wher ei n: N i s-defined &beve—fdtcmﬁsambﬁm V=

and nis 1 or 2 in a solvent _
The process according to O aim14 wherei n thHIII"I l!lﬂﬂ lﬂlyf or rruI a I I I S
a conpound wherein X is a bond, -CH e -, *0rc- d ...

Rlerrb is NHC*H(CC{err]R[enr])CH[err]CH err]CI{err]R[ r&] oiowﬁﬂﬁrEl
where the confjgur n to eSI t * S

16. rThe procesisgacg%i?% P'@Qggg %gg\%%eﬁé’? ger % rﬁhe 15
17. The @m@%daeéofgmlaomlanm a6 cpmposing mhserem kmq)cmrbbmd t he

and n s T (b6 redacfan pee R SRR bl el "

35[ err] C vtier &0t BET tonfigd@ation hBoutT REEDCREATN HEH Cﬁé@ldﬁhg@' m.17

mher%Jn the L. alkali nmetal is sodium

16. The process according to Claim 15 wherein X is
-CHp-.

15 17. The process according to Claim 16 wherein the
compound of the formula M(HSO37 ), is a compound wherein M is

an alkali metal cation and n is 1 and the reaction is
performed at a temperature between 35°C and 50°C.

20 18. The process according to Claim 17 wherein the
alkali metal is sodium.

19. The process according to Claim 14 wherein the
solvent is a mixture of ethyl acetate, 3A-ethanol, and
25 water.

20. The process accordlng to Claim 14 further

comprising:
30 ' reacting a compound of formula I:
H
XI
[ B
o R
I;
wherein:
35 R4 is hydrogen or C1-C4 alkyl; and

X’ is a bond or C3-C4 alk-diyl;




19. The_process according to Caim14 wherein_ the

of ethyl G&tat'e; 3A-ethanol, “and 25 wafier # RS :f; m1-ﬁf”-:?‘Q o L'ééxff
accordi ng 14 furt her conprising: . 30 re ] conpoUnd'

of formul X}(?’ﬁa{n[err] wherei3t 35 Rlerr] igﬁﬁlﬂg@éﬁ%r '
Cerr]-Cerr] alkyl; and X is a bond or Jerr]-Cerr] alk-diyl;

WO 99/ 16742 34 5 with the proviso that if X 1is

not a bond, then he carbon gl pha to the al cohol nust be a.::

- CH2 noi ety; w%thtgecBﬁEHGﬁ@ &Paﬁoﬂﬁﬁﬁé As np¥ a bond, then =

[err] wher ei n: the carbon alpha to the alcohol must be a

-CHy- moiety;

with a compound of formula II: :“-- B lul"""ﬂnllﬂnuulnlﬂ-*
* [ L M S * .
10 _ o
2
LQ—O—COR
II;
wherein:
15 - R2 is defined above for formula IV; and

Lg is a leaving group;
in a solvent, in the presence of a palladium catalyst and a
phase transfer catalyst, and optionally in the presence of a
20 metal cation chloride, to afford a compound of formula III.

21. A process according to Claim 7 further comprising:

a) halogenating a compound of formula III to form a
25 compound of formula V:

alo

COR
V: o



15 ... Rerr]l Ls.defined above for fornmula IV, e?““
grodb “in‘a’ sol ‘vent, in the presence of a pAFTa
phase t r aNeo 09/16742 al yst, and opti onal I% in the presence of nciﬂrsnwlgsko
cation chloride, to afford a conpound ? formula I11. 21. A

R Compound of S?WLﬂﬂllﬂH'Hl]lﬂltﬂlllﬂﬂlb“”‘ééhﬁéﬂ%d of formiay oo

[err]s wherein: 35 wheleih: * R2. anq\.%‘g(%arg as” detbned abov,e

for formula Ill; and halo IS chlorlde bron1de “or 10 ide;

in a sol vent; Rén@mb X are as dgfinedieboveofoneformulat ISE;shegd a) a base

igd a compgi! 10f éﬁldﬁidb{ﬂbromhde, or iodide; - [err]
;oan

in a solvent; and

10
b) adding to the product of step a) a base and a
compound of formula VI:
gy
HN~ N7 NH,
15 VI; and
c) optionally removing carboxy protectlng groups from
the product of step b); and '
20 a) optionally salifying the product of'step'b) or
step ¢) to afford a compound of formula VII:
\/OCOR
L
"
HLNT NN
VII;
25

wherein:
R is NHCH(COR1)CH,CH,CO5RY or ORL; and
Rl is independently at each occurrence hydrogen or a

carboxy protecting group; or a pharmaceutical salt or
30 solvate thereof.



c) optlonally renDV|ng carboxy protectlnngrou S fr o]/ W
step’ b) and optional |y §afifyi ik t

step c) t a co ound of fornula VI 2 g, )

Cer r] WQ@Q& “ull ”EII" mu m”ﬁ FcTUsesinesed

NHCH(C err] Rl err] err]R[err] or OR[err]; and

Rerr] is |ndependently at éack otcurrence hydr ogen or a carboxy
protectlng grgg or a pharmaceutical salt or, 30 salvate thereof

36 ANPEPEEESS ALCOTAINT too CArdmmady wWhrkedinh &

corrpoundcompbunaub& Y¥oirmud ac Ynieuad csltpiotind WHeredrbhdds a bor(a'j[err] -, or
-CH err] G%err] and err] i

NC H COTER2TR e Mo eh?se??] ig gmq*ﬁqwﬁdﬁmwzﬂ oMRBY 1 ne.
I gu u * .
ot ooachell BHAL kol il HBMC i Telithion, atom Ygui #ﬁ%zﬁ?d_. "

per f or medSab-a tenperature between 35[err]C and 45[err] C-
24. 10A process according to Caim22 wherein the

23. A process according to Claim 22 wherein step a) of
Claim 21 is performed at a temperature between 35°C and
45CC.

15 24. A process according to Claim 22 wherein the
compound of formula VII is a compound wherein R is

NHCH (CO3R1) CHyCHoCOoRY .

25. A process according to Claim 24 wherein the
20 compound of formula V is a compound wherein X is
-CHp-.

26. A process according to Claim 25 wherein step c) of
Claim 21 is performed and the compound of formula VII is the
25 sodium hydroxide base addition salt.

27. A compound of formula IV substantially as
hereinbefore described with reference to any of the

Examples.
30
28. A process for preparing a compound of formula IV
substantially as hereinbefore described with reference to
any one of the Examples.
35 29. A process for preparing a compound of formula III

substantially as hereinbefore described with reference to
any one of the Examples. ' '
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&7 Abstract

The present application relatcs to a series of novel sulfonic acid metal cation salts of formula (I) which are useful mtcrmedtates to
prepare antifolate S-substituted pyrrolo[2,3—d]pynm|dmes The present invention also relates to a novel process for preparing the sulfonic

acid metal cation salts and to a novel process for preparing aldehydes of formula (II) from the comesponding sulfonic acid metal cation
salts.




