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The present invention pertains to glutamic acid
derivatives having the formula:
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in which:

RY is -OH or -NHj;

R? is hydrogen or a pharmaceutically acceptable
cation:

R? is 1,4-phenylene or 1,3-phenylene unsubstituted
or ~ substituted with chloroc, fluoro, methyl,
methoxy, or trifluoromethyl; thienediyl or
furanediyl each unsubstituted or substituted with
chloro, fluoro, methyl, methoxy, - or
trifluoromethyl; cyclohexanediyl; or alkanediyl;

R% is hydrcgen, methyl, or hydroxyﬁethyl;

R is hydrogen, alkyl of 1 to 6 carbon atoms, or
amino; and

the configuration about the carbon atom designated *

is s.

The compounds of this invention are herein
described as embodying the pyrrolo{2,3-d]pyrimidine
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It will be appreciated that the pyrrolo[2,3-
dlpyrimidines as depicted by Formula I are the
tautomeric equivalent of the corresponding 5-H-6-oxo
or S5-H-6-imino structures. Unless otherwise indicated,
for simplicity's sake the ccmpounds are depicted herein
and named using the 6-hydroxy and 6-aminc convention,
it being understocod the 5-H-6-oxo and 5-H-6-imino
structures are fully equivalent.

The compounds of Formula I have an inhibitory ef-
fect on one or more enzymes which utilize folic acid,
and in particular metabolic derivatives of folic acid,
as a substrate. The compounds appear to be particu-
larly active as inhibitors of thymidylate synthetase,
which catalyses the methylation of deoxyuridylic acid
to deoxythymidylic acid utilizing N> ,N10_pethylidene-
tetrahydrofolate as a coenzyme. The compounds thus can
be used, alone or in combination, to inhibit the growth
of those neoplasms which otherwise depend upon the
inhibited enzyme. '

The invention also pertains to the pharmaceuti-
cally acceptable salts of the compounds of Formula I,
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A first group of useful chemical intermediates,
which can be converted directly to the desired final
compounds of Formula I through removal of protecting
groups, are compounds of the formula:
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in which:

R? is as defined above;

R?' i€ hydrogen or a carboxy protecting group;

R is hydrogen, methyl, hydroxymethyl, or hydroxy-
methyl carrying a hydroxy protecting group:

rR5' is hydrogen, alkyl, amino, or amino carrying a
protecting grodp, and

R is hydrogén-or alkanoyloxy;

at least one of R?',R4', and R5' being a carboxy
protecting group, a hydroxy protecting group, or
an amino protecting group, respectively.

The compounds of Formula I can be employed in the
form of the free dicarboxylic acid, in which case both
R? groups are hydrogen. Alternatively, the compounds
often can be employed advantageously in the form of a
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The group R? is a divalent group having at least
two carbon atoms between the carbon atoms carrying the
free valence bonds. R3 for example can be a 1,4-
phenylene or 1,3-phenylene ring which is unsubstituted
or optionally substituted with chloro, fluoro, methyl,
methoxy, or trifluoromethyl.

Alternatively, R® can be a thienediyl or
furanediyl group, that is, a thiophene or furane ring
from which two hydrogen atoms have been removed from
two ring carbon atoms, as for example the thiene-2,5-
diyl, thiene-3,5-diyl, thiene-2,4-diyl, and thiene-3,4-
diyl ring systems, and the furane-2,5-diyl, furane-3,5-
diyl, furane-2,4-diyl, and furane-3,4-di'y;1 ' ring
systems, which ring systems can be unsubstituted or
substituted with chloro, fluoro, methyl, methoxy, or
trifluoromethyl. It will be appreciated that whereas
in the abstract the thiene-3,5-diyl system is the
equivalent of the thiene-2,4-diyl system, the two terms
are utilized herein to denote the two isomeric forms
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Alternatively, R> can be a alkanediyl, namely a

straight or branched divalent aliphatic'group of from 2
to 4 carbon atoms such as ethano, trimethylene, tetra-
methylene, propane-1,2-diyl, propane-2,3-diyl, butane-
2,3-diyl, butane-1,3-diyl, and butane-2,4-diyl. It
again will be appreciatéd that whereas in the abstract
propane-1,2-diyl is the equivalent of propane-2,3-diyl,
and butane-1,3-diyl the equivalent of butane-2,4-diyl,
the two terms are utilized herein to denote the two
isomeric forms resulting from the orientation of an un-

symmetrical alkanediyl chain with respect to the re-
mainder of the molecule.

The protecting groups- designated by RZ', rRY'  ana
R3' and utilized herein denote groups which generally
are not found in the final therapeutic compounds but
which are intentionally introduced at a stage of the
synthesis in order to protect groups which otherwise
might react in the course of chemical manipulations,
thereafter being removed at a later stage of the
synthesis. Since compounds beafing‘ such protecting
groups thus are of importance primarily as chemical
intermediates (although some derivatives also exhibit



-6 - bi ol ogi cal ac | their precise structure is not critical.
Nunmegous re@miﬂmﬂﬁa ornatlon and renoval of such protecting groups
f standard works including, for exanple,

are »escrlbe

"Profective ic Chem stry”, Plenum Press, London and New
York g 1973; ene Th W "Protectlve G oups in CXganlc Synt hesi s", WI ey,
New Yor k, 1981 "The Peptides", Vol. |, Schroder and Lubke, Academ c Press,
Londdn and New, Yor k, . 196 " N\et hod der an- hen

Houbdn- wey| PIOAPEIEA! i3 1"4\\%) %Beléeo‘F Gr’rﬁ%rrég‘\lfé‘r‘itaqg},én ?ﬁtt‘b°a?t 1974,
t he @ sclosureslcﬁIVMlchuueeohscar@mcaiedshakﬂrnthy rebenahien and Wth

respdct to Rlerr aLb y r t AS- sttar _group
whichis seRé%?v%%l %f(r:eém) b gol%’% é:(ri% | CI %ﬁ-‘é elfe %?c?l téﬁs aEot to
di srupt t hendeberedost r sdtamnda rof tWQIh@Ietu¢budEBQQC|£dq/e?X%ﬂR&eaJkyl
esterfof 1 n C t yI I arly one
whi ch§d s braﬁgégageépghGé%ggg iH Brﬁﬁgg‘ghEéSlem?. %bu %@Ec%f%mr al kyl
ester substL@nded an&ﬂﬂsm.Ykaz p8IBTI Gremne (Th. IUWEWE§Q&ESFl%ﬁwh as

for ekanpl g ¥peé 25t h &pd eidipxvarichylyadij) |owver
al kyl § hi o, Gr g% or Pi % @§§E yIthlon¥$hyl and_1- ethylthloet<¥l (i)
hal ogkn, suﬁﬁhasPEREH#%%|th%loeﬂhyI5C@I%@%ﬁ03W9r@@ kgng Acadeni

2-i odpet hoxyféébonﬁbndbhv)anan@:ew Yok phegws ; Q“ﬁéﬁﬁoaaﬁhd@fr Wigdn-can be

unsubftituted or nono-,.,di- aQr tri-substitut for ower

al kyl fsuch b§°}t1%‘f‘t ChgRig" /| SRPPN TR sudt s%%&' %%f'halo such
di phe ylne 4 met hox e et royI such as

phenady! . Aq¥é?% é 1@?858°§F§§Q gér% E§t£8%§ She form of an or-

ganic S|Iyl group such as trlnethyI5|IerthyI or tr|-

With respect to RZ', a carboxy group can be pro-
tected as an ester group which is selectively removable
under sufficiently mild conditions not to disrupt the
desired structure of the molecule, especially a lower
alkyl ester of 1 to 12 carbon atoms such as methyl or
ethyl and particularly one which is branched at the 1-
position such as t-butyl; and such lower alkyl ester
substituted in the 1- or 2-position with (i) 2lower
alkoxy, such as for example, methoxymethyl, l-meth-
oxyethyl, and ethoxymethyl, (ii) lower alkylthio, such
as for example methylthiomethyl and l-ethylthioethyl;
(iii) halogen, such as 2,2,2-trichlorocethyl, 2-bromo-
ethyl, and 2-iocdoethoxycarbonyl; (iv) one or two phenyl
groups each of which can be unsubstituted or mono-, di-
or tri-substituted with, for example lower alkyl such
as tert.-butyl, lower alkoxy such as methoxy,Jhyéroxy,
halo such as chloro, and nitro, such as for example,
benzyl, 4-nitrobenzyl, diphenylmethyl, di-(4-methoxy-
Phenyl)methyl; or (v) aroyl, such as phenacyl. A carb-
OXy group also can be protected in the form of an or-
ganic silyl group such as trimethylsilylethyl or tri-
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With respect to Rs', an amino group can be pro-
tected as an amide utilizing an acyl group which is se-
lectively removable under mild conditions, especially
formyl, a lower alkanoyl group which is branched a to
the carbonyl group, particularly tertiary alkanoyl such
as pivaloyl, or a lower alkanoyl group which is substi-
tuted in the position a to the carbonyl group, as for
example trifluorcacetyl.

Preferred compounds of Formula I are those wherein
R® is amino or hydrogen. Within this class, R prefer-
ably is hydroxy, R® is 1,4-phenylene, and R* is
hydrogen or hydroxymethyl. Also preferred within this
class are, the compounds in which R} is hydroxy, R3 is
thienediyl, and rR? is hydrogen or hydroxymethyl.

~ The compounds of this invention can be prepared
according to a first process through catalytic
hydrogenation of a compound of the formula:
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hydr gxynet hyl , or hydroxynethyl substi - tuted with a hydroxy
protdcting group; Rerr] - -is hydrogen al kyl of 1 to 6 carbon atons,
amn or an am no protecty ng grou Sui t abl e ydrogenation

cat alfysts include lee‘ﬁ’ al s and oble t al OX|des such as pal | adi um or
pl at igpum oxi de, rhodi X1 > xw 0 S ort such as
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carbon-carbon bond;

R2' is hydrogen or a carboxy protecting group;

R3 and R® are as defined above;

R4', when taken independently of Zl, is hydrogen,
methyl, hydroxymethyl, or hydroxymethyl substi-
tuted with a hydroxy protecting group:

R is hydrogen, alkyl of 1 to 6 carbon atoms,
amino, or an aminé protecting group.

Suitable hydrogenation catalysts include noble
metals and noble metal oxides such as palladium or
platinum oxide, rhodium oxide, and the foregoing on a
support such as carbon or calcium oxide.

When in Formula III, zl taken together with R is
a carbon-carbon bond, that is, when a triple bond is
present between the two carbon atoms to which Z1 and
RY' are bound, R*'in the hydrogenation product w1ll be
hydrogen. Absent any chirality in R3 (or any
protecting groﬁp encompassed by Rz', R4’ and/or RS'),
the hydrogenation product will be a single enantiomer
having the S-configuration about the carbon atom
designated *. This also is true when 21 and R*' are
each hydrogen,  that is, when a double bond is present
between the two carbon atoms to which 2z} and R*' are
bound.
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both of the individual diastereomeric bases, optiocnally
repeating the process, so as obtain either or both sub-
stantially free of the other; i.e., in a form having an
optical purity of >95%.

The protecting groups encompassed by R2', R4', RrRS'
and/or R® can be removed following hydrogenation
through acidic or basic hydrolysis, as for example with
hydrogen chloride to cleave an R%4' protecting group or
with sodium hydroxide to cleave R2' or R3' protecting
groups, - thereby yielding the compounds of Formula I.
Methods of removing the various protective groups are
described in the standard references noted above and

incorporated herein by reference.

Compounds of Formula III can be prepared utilizing
procedures analogous to those described in U.S. Patent
No. 4,818,819, wutilizing however the corresponding
halogenated pyrrolo[2,3-d]pyrimidine. Thus a pyr-
rolo[2,3-d]pyrimidine of the formula:
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herein defined, is allowed to react with an unsaturated
15 compound of the formula:
7zl
|
HC=C-R3-R7
20 1l24|
v
25 in which z1, R3, and R4' are as herein defined and
R7 is
Q 0] O
*
-LORZ', or -!NHCHCHZCHZPZ-ORZ'
30 ’ .
C-OR2
I
H 0
in which R2'is as herein defined, in the presence
35 of a palladium/trisubstituted phosphine catalyst of the
type described in U.S. Patent No. 4,818,819, the
disclosure of which is incorporated herein by
reference.

J‘ When R7 is —-CONHCH(COOR2')CH,CH,COORZ',  the
0 product of this coupling reaction is hydrogenated, and
any protecting groﬁp removed, as described above.

- 10 -




f of the formula: [err] . in which

Z[ erf] and Rlerr] are as herein defined in the presence
of paII tuted phosphi ne catal yst of the type described in
U S.§Patent No. 4,818,819 to yield an internediate of the formul a:

[err The product, of Formula VIl then can be hydro- gInated

hydrpl ysed to reddreiREiNedy] and® RESFPPYot && | FPGFdHs, T andts
optipnal |y aifibuidd &0 edarite watdl eCidomibothdadt améurmencorrpassed by
Rlery], coupled with a pro- tected glutamc acid derivative in the nmanner
descjibed in U S. Patent No. 4,684,653 ysing conventional conden- sation
techhi ques for form ng peptide bonds sygh as DCC or

di ph gylchlorophosphonate, following| which the protecting groups are
reno In a further variant, gldgoeR2Pormula 111 can be
prepqred utilizing the procedures descr|Qed in U S Patent No. 4,818, 819.
Thusja conpound of the formula:

Eolr act iea}méﬁégﬁg@&&wely, a compound of Formula IV is allowed

vI

10 in which zl1, R2', R3, and R4' are as herein
defined in the presence of a palladium/trisubstituted
phosphine catalyst of the type described in U.S. Patent
No. 4,818,819 to vield an intermediate of the formula:

0
R6 ll: gt
Nn” Ne__c-¢c=c-R3-coor2"
| T .
RS,,c N/C\N/CH R
H
VI

The - product of Formula VII then can be hydro-

genated, hydrolysed to remove the R2' and RS protecting

groups, and, optlonally with intermediate protectlon of
any amino group encompassed by R53', coupled with a pro-

tected glutamic acid derivative in the manner described
in U.S. Patent No. 4,684,653 using conventional conden-
sation techniques for forming peptide bonds such as DCC
or diphenylchlorophosphonate, following which the
protecting groups are removed.

In a further variant, compounds of Formula III can

be prepared utilizing the procedures described in U.S.
Patent No. 4,818,819. Thus a compound of the formula:

- 11 -




-12-
are

[err
pres
desc
part
conp
VI i

tetr
obt ai

of Fdrmula IV with an unsatdfatrél co

[err]

in which Z[err], Rerr], R.err] and R err]

[err]
s her@&isne i Replwedal | owed to react with a conpound of the fornul a:
, Rlerr], and Rerr] are as herein defined, in the
nce of ri substituted phosphine catal yst of the type

I bed in U S Patent No. 4,818 819. This variant of the process is
cularly suitable for, but is not limted to, preparation of those

unds in which R err] is hydroxynethyl, in which case R err] in Formula
a protected hydroxynmethyl gragup, as fqglexanple
hydr opyr an- 2-yl oxynet hyl . ¢ Conpounds of Formula VIII also can be

ned by the nethods of Lléi Petent No. 4,818,819 by treating a‘conpound

' mﬁhnﬂﬁ(ﬁ=? formul a

4t
RS'/CQN/C\N”CH R
]

H

10

VIIT

in which 2z}, rR4', R5'and R® are as herein defined,
is allowed to react with a compound of the formula:

X-R3-R7

IX

in which X, R3, and R7 are as herein defined, in
the presence of a palladidm/trisubstituted phosphine
catalyst of the type described in U.S. Patent No.
4,818,819. This variant of the process is particul%rly
suitable for, but is not limited to, preparation of
those compounds in which R4 is hydroxymethyl, in which
case RY' in Formula VI is a protected hydroxymethyl

group, as for example tetrahydropyran-2-yloxymethyl.

Compounds of Formula VIII also can be obtained by
the methods of U.S. Patent No. 4,818,819 by treating a
compound of Formula IV with an unsaturated compound of
the formula: '

H-c=c-R4"
X
in which R4" is methyl, a protected hydroxymethyl,
or a trisubstituted silyl group in the presence of a

-12 -



i ch ?Biﬁgﬁémasmm gced 3 protected hydroxymethyl, or a trisubstituted

silyg gro ce of a - 13-
pal | §di um't ‘ﬁ“\a phosphi ne catal yst of the type di scussed above.
pr oced articularly suit- able for, but is not limted to,

prepgration of those conpounds in which R4 is hydroxynethyl. Al t hough
4 ways the case, the conpounds of Fornmula IV in which Rerr] is
hydr dgen can gadriddinnyd risrabstdttutesb iphidsphines atateat gss upf abhe typet he

reactf on des |SQ§% at : 19, éiJ:?ﬁ . the
conpaunds of (al}or m gaéeﬁ \l%hl%ryé\zhl gﬁ[‘%o?géﬁ%ggge%scgr#%e | rés{ﬁ% ?%gtfgd Wi th
sodi hydri @a®@lsndEer supvtibie ackyllimikesodie, (pyepazatdprorohethgse

pi val pte) to doMpoudidee ian wilikhn®H dey hiardkyimedHel 5- position and increase
sol ubglity. A useful subclass of conmpounds useful both as

I ntergedi ates and for their effect on enzynes are derivatives of Formula Xl
and X§l sl acki ng t2d thlowigm noacialwaEyke- thai rcase, the coppouhds of

Formula IV in which R® is hydrogen can tend to be
somewhat insoluble in solvents suitable for the

reaction described in U.S. ‘Patent No. 4,818,81%. 1In
such instances, the compounds of Formula IV in which R®

10 is hydrogen can be first treated with sodium hydride
and a sultable alkyl alkanoate (such as chloromethyl
pivalate) to introduce an alkanoyloxy group in the 5-
position and increase solubility.

A useful subclass of compounds useful both as
3] intermediates and for their effect on enzymes are
derivatives of Formula XI and XII lacking the glutamic
acid side-chain:

Rl
l RS

C ) "
N i
4
5~ QN/C\N/CH R
1
H

and

- 13 -



ceut [ cal | y acceptabl e sal ts thereof.

TmsShee{ BenReP cﬁdV\:hI ch: RLis -OHor ~ Rerr] is hydrogen,
Rl err] is hydrogen, alkyl of 1 to 6 carbon
R[err] i s hydrogen, chloro, fluoro, nmethyl,

| Iuororret hyl , or carboxy; Yis -S- or -0-; and

conpofnd of the formul a: | R8

met hofls of U.S. Patent Nm/4§‘]c8.,_8;|£9- CHpCHy—
i trisubstitut ed | phosﬂ)‘hl ndl cat alélst the resulting coupled

in which X_¢g( and Rierr] ars ast_‘;ereln defined by the
-ll-n le—pR8sence of a

produft” bei ng hydr ogemat-&ix N ol y&ed toY renove the R[err]
protegting group. Typlcal c ouq{s of Formulas Xl and

i1

LN

in which:

Rl is -OH or -NHj;

R4 is hydrogen, methyl, or hydroxymethyl;

R3 is hydrogen, alkyl of 1 to 6 carbon atoms, or
amino,

R8 is hydrogen, chloro, fluorec, methyl, methoxy,
trifluorcmethyl, or carboxy:

Y is -S- or -0-; and

the pharmaceutically acceptable salts thereof.

Compounds of Formulas XI and XII are obtained by
allowing a compound of Formula VII to react with a
compound of the formula:

rRE
X
or

\/

in which X, ¥, and R8 are as herein defined by the
methods of U.S. Patent No. 4,818,819, namely in the
Presence of a palladium/trisubstituted ptiosphine

catalyst, with the resulting coupled product being
hydrogenated and hydrolysed to remove the R2'
Protecting group. Typical compounds of Formulas XI and

Compounds of Fornul as Xl
to react with a



pyr oIo[2 3 d
hydgoxy- 6- am
yl)Rthyl]-4-h

hit Q%a3h£§aﬁh k¢ 3- hydr oxypr opyl ) - 4- hydr axy- 6- ani no-'
3 [2-(thien-2-yl)ethyl]-4-
]pyrinidine, 3-[2-(thien-2-
, 3-d] pyri mdi ne, 3-[2-

(thgen-2-yl)ethyl]-4- hydroxy 6- met hyl pyrrol of 2, 3-d] - pyrinidine

3-

N 1 1

1
(7 N el Lo L Lo T B Lo

Q.’“CD(DCPOO'_'(DQ)

—_——h 1

-(thien-
-(thien
- (t hiens
ur-2-y
-(fur-2
-(fur-2
-(fur-3
L (5 ur - 3

pal | adi
S. Pat
F i bed i
bl o[ 2, 3
psed.

20

25

3-yl)ethyl]-4-hydroxy-6-am no- pyrrolof yrim di ne,
XTIy et ﬁy’l qz-@hmdmdnm@mhl p&rhnﬁiHP?&‘ﬁ‘amlm‘
X.Jo)lo %t Py J ﬂxﬁr&a&%fﬁ rretdwﬂpyrwien{rzrﬁmlbnwum-m-ne 3-
o)

amn%;Houg % ; 3r|m he2-
hmd)r@twm-mwyawm T PYE It ALRE ni AT A 18
yn: geghﬁ)l: ]—442{1?1&&& : m %Jﬁﬁ%@%ﬁiﬁlaiﬂkpyu ni disR¢2-
- i i
g TR A Ll R S AL L
ihm@i&ﬁqrOﬂyi@ﬂnﬁﬂﬂénaa*yﬂXéﬁhﬁly}4-pydraxyrﬁeamlno— As

d d th I
a1 ad| BREER Rz U THA B1S ar |l e Y P T 30 PheRatads ddescr i bad

aqﬁﬁ&xypyﬁibldiﬁg&rdﬂRYEamﬁdmuﬂnc acua-éaupthngnréaaﬂoons

bl sl o sl sy el ko

thfpm-erYd{)Etl‘aflcﬂ]WhYﬁmiﬁé‘ﬁTﬂ%%ﬂ%ﬁl’ﬁ%‘@%o(ﬁ? Bofdil a 1V above

e obt ained iy iHesaty G A AARAUND) Sing P-4 ohpakakypyrrolo(2, 3~

dlpyrimidine, 3-[2-(fur-2-yl)ethyl]-4~hydroxy-6-
methylpyrrolo[2,3-d]pyrimidine, 3-[2-(fur-3-yl)ethyl]-
4~hydroxy-6-aminopyrrolo(2,3~d]pyrimidine, 3-[2-(fur-3-
yl)ethyl]-4-hydroxypyrrolo(2,3-d]pyrimidine, and 3-{2-
(fur-3-yl)ethyl]-4-hydroxy-6-methylpyrrolo{2,3-d]-
pyrimidine.

As discussed above, the compounds of this
jnvention can be prepared utilizing the palladium
catalyzed coupling of various unsaturated compounds
described in U.S. Patent No. 4,818,819 and the glgtamic
acid coupling reactions described in U.S. Patent No.
4,684,653, substituting the appropriate pyrrolo(2,3-
d]pyrlmldlne for the pyrido{2,3-d]pyrimidine therein
disclosed. The pyrrole[2,3-d]pyrimidine intermediates
of Formula IV above can be obtained by treating a

compound of the formula:

- 15 -



- 16 hi err| in which Rlerr] and Rerr] are_as herein
defi fed with NS @#é to yield the corresponding 2, 3-diiodo-
pyrr o[2,3-d]pg' i h then is treated with zinc and acetic acid
tor ve sel ec I ine atomin the 2-position, yielding the
corrdgspondi ng 3- iodopyrrolo[2,3-d]pyrimdine of Formula |IV.

Accorgling to the foregoi ng processes, conpounds of Forrmula Il in which

Rl er is -OH are obtained. When a conpound of Forrmula | in which R err]
is -NH err] is desired, a conpougg;in ch Rerr] is -OH can be treated
with@, 2 4- triazole and (4-chlor I ?ﬁéﬂﬂ__zgphosphate and the product
of thgs_reaction then treated with copcent:pteafannnnia. As not ed,

t he mpounds of this invention have @n\ef @©ct 4p one or nore enzymes which
utilife folic acid, and in parti ®B'ar n¢dboiN< derivatives of folic acid,
as a pubstrate. For exanple, N-(4-[2-(4-hygdroxy-6-

am napyrrol o[ 2, 3-d] pyri m di n-3-yl )ethyl benzoyl -L- glutamc acid
denmongtgates potent inhibitory effects against growth of human T-cel

deri vid | yphobl astic | eukenia cells ((XBELCEM), exhibiting an IC[err] of
0.004¢[err]/m. Cytotoxicity is not reversed by addition of purines such
as hy oxanthino.oﬁ;bwﬁﬂhﬂtgiﬁyaﬁdanﬁng;eig@dg&g@g@aﬁgzgﬁéﬂewpghlNs .
{ﬁ;er ed by %% Jgdgéfgiﬁi é“é%r§ae1énghga%5@%e§§§%3{A&’leDéEkéégﬂ 'n

15

20

?5

pyrrolo[2,3-d]}pyrimidine which then is treated with
zinc and acetic acid to remove selectively the iodine
atom in the 2-position, yielding the corresponding 3-
icdopyrreolo(2,3-d]pyrimidine of Formula IV.

According to the foregoing processes, compounds of

Formula II in which R! is -OH are obtained. When a
compound of Formula I in which Rl is -NH; is desired, a
compound in which Rl is -OH can be treated with 1,2,4-

triazole and (4-chlorophenyl)dichlorophosphate and the
product of this reaction then treated with concentrated
ammonia.

As noted, the compounds of this invention have an
effect on one or more enzymes which utilize folic aciqd,
and in particular metabolic derivatives of folic acid,
as a substrate. For example, N-{4-[2-(4-hydroxy-6-
aminopyrrole{2,3-d]pyrimidin-3-yl)ethyl]benzoyl}-L-
glutamic acid demonstrates potent inhibitory effects
against growth of human T-cell derived lthqblastic
leukemia cells (CCRF-CEM), exhibiting an ICgg of 0.004
g/ml. Cytotoxicity is not reversed by addition of
purines such as hypoxanthine or by addition of gmino-
imidazolecarboxamide but is reversed by addition of
thymidine, indicating specific inhibition in the

- 16 -



tym: glspgeﬁ{gg,ygggne{e@&dd not in de novo purine synthesis. The

unds can the supervision of qualified professionals, to
inhipit the gr m uﬁ sns i ncluding choriocarcinonma, |eukem a,
adeng- carcino | e breast, epiderm d cancers of the head and

necki squanDus or small-cell lung cancer, and various |ynphosarcomas. The
conppunds ¢ o] e NYGOSE oLdes RN PSehLasEs-
The §onpoun d}qb nf%}%tg%éd%tgfal %t nggf? ab "

y are gdmni ztered
teral | Whaal gnzapgkmdﬁ @athi het Nﬁf—'@w t BngeRerthe e FHPEFVIIS 18Jenf

di ng othen s dn?ﬂ gfor?ﬂeglts,t&teﬁmfﬁtet@ae t@r@wﬂnmwﬁ'
I n

ring from neop as need of treafnent. Parenteral aut es of
i strat ineenkREnsle inFLRGADgC FReBNOCATGENGRNe c ARLKEMIAaVRABDE ™ and

-arteridleciRsRdecEeHNENBeABE Bechisk! at g dormde paridextd acfneo-
>the condition of thesgatlent and t he r on ?- eneral I Ly doses
be fromgdifadrrd BBBHt :‘L@Baﬂﬁ}dﬁaﬁrfﬁ“ Geé‘gy Y9 srabretaai 1y

i strat i afarfduS0lyiphosepeahes. perhadicoalpoynds. g:arevalyo 1¥edays.

Wil 4 having a | ow toxicity as conpared. ot h bolites now in
use, Ya toxi g‘ﬁ"éi%ster%ﬁt[ %%%?%Q%%aﬁ ead“%ypgn%#@{%r both of reducing
the gaily dosage or adm nistering the conpound on alternative days or at
l'ongqr intervals,gsuc QY& y g%lsg@e EPE By nplidde
tabl gt s and capStﬁhes 2% m-éé/ J%rorﬁ S%dng' r per unlt dosage.
| sot qnp ¢ salgmeLeshity onsec@m;.m.sﬁgr@@ mmeﬁa%ﬁ, balesed %r 11
paretfieral Ry ORjith othdbe EHL!:Q 0818 gpbagsW Lhcsaaiagt o
furter il- st r%ﬂia&me |lnvent°| on. % NVR d agr@ "s" enot es Si ngl et
"d" denot es aidER @ntitreqriafteic t%gﬁﬂ%?' S"”?“dsr “etc?, to
- 18- mal suffering from neoplasm and in need of treatment.
Parenteral routes of administration include intramuscu-
15 - lar, intrathecal, intravenous and intra-arterial.

Dosage regimens must be titrated to the particular neo-
plasm, the condition of the patient, and the response
but generally doses will be from about 10 to about 100
mg/day for 5-10 days or single daily administration of
20 250-500 mg, repeated periodically; e.g. every 14 days.
H While having a low toxicity as compared to other
antimetabolites now in use, a toxic response often can
be eliminated by either or both of reducing the daily
dosage or administering the compound on alternative
5 days or at longer intervals, such as every three days.
oral dosage forms include tablets and capsules contain-
ing from 1-10 mg of drug per unit dosage. Isotonic
saline solutions containing 20-100 mg/ml can be used
for parenteral administration. '

30 The following examples will serve to further il-

lustrate the invention. In the NMR data, "s" denotes
singlet, "d" denotes doublet, "t"™ denotes triplet, et

- 17 -




es Uar’ﬂﬁ&SheetHﬁiBeden multiplet, and "br" de- notes a broad peak.
4- HYDROXY- 6- Pl VALOYLAM NO-
A mxture of 3.0 g (0.02 nole) of’

|l e

O 23&" ﬂ!w

r oxy- 6- b 3d]pyr|md|ne and 8.4 g (0.07 nol) of pival oyl
ide in 40 nmL of pyr|d|ne Is stirred for 30 mnutes at from80 to

Ve | nOoRE R A O B S & T s 4.2

% of 4nhpdsoxybBopAvRESY.am nopyrrol o[ 2, 3-d] pyrim - di ne which can be
er purified by chromatography through silica gel, eluting with 8%

nol in nmethyl- ene chloride. np 295[err]C [err]NI\/R (d[ err] - DMSO)
1.20(s, 9H), 6.37(d, J = 3.4Hz, B¥pupleob(d, J 3.4Hz, 1H), 10.78
H, 11.56 (s, 1H), 11.82 (s, 1H) Anal . Calc. for

]H[err]N[err]O[errl; 160058 ~#9DROX Y6 60 BT VNI 023 238 Ng=0ound: C, 56. 16;
0%; N, 23. To @mmﬁp ﬁd yﬁaﬁi DNmmI) of 4- hydroxy 6-

oyl am nopyrr p ne I n, 200 0 rnam e are
9.9 g (44 I“g X5 li\Jn- ¥ cﬁna&qnoez m‘PIJr@)m 9?’3 )i? YRR at

nt terrpemahupgrrcnlb[\e dadl}pywﬁ.mialheuramd 8M»stg o(Othe mol) of

hyl f or mam by, ev or n I pour ed
300 L BtV exg?%f c$§§¥'ﬁg dp%qb%ﬂl‘ %gﬁr%#ra Ton and
un- deBOvaénuhesvat §w@@pm&wﬁppﬁ#ﬁ@muabetslytére zh@n evapo-

qo4 hydpQxyas 6e 91 g2 A¥EE M EHEVE&Q' Q[agléu@] axrs@arvéa Nigh V44 Ghr, e be
ed further by_chromat ograp % over lica elutin 5% rret hanol
thyI encRehRanPle. AdPItiop| ek, L% aFEPP]-‘ﬁI\/R’“ﬂT[”é@r ]YJG\JB%

s, 9H) (s49¥) 86¢ (4;-h§t<|ﬁ'oxﬂr4=68519510ith:|hmliaap§%ro(l%[ﬂ'ﬂ-d}pyﬂmﬂh-

A dine which can be further purified by chromatography
through silica gel, eluting with 8% methanol in methyl-

15  ene chloride. mp 2959C. 1NMR (dg-DMSO) § 1.20(s, SH),
6.37(d, I = 3.4Hz, 1H), 6.92(d, J = 3.4Hz, 1H), 10.78
(s, 1H), 11.56 (s, 1iH), 11.82 (s, 1H). Anal. Calc. for
C11H14N402: C, 56.40; H, 6.02; N, 23.92. Found: C,
56.16; H, 6.01; N, 23.67.

20 To a mixture of 4.7 ¢ (20 mmol) of 4-hydroxy-6-
pivaloylaminopyrrolo[2,3~d]pyrimidine in 200 nL of
dimethylformamide are added 9.9 g (44 mmol) of N-
iodosuccinamide. The mixture is stirred at ambient

J temperature in the dark for 18 hours. Most of the

23 dimethylformamide 1is removed by gvaporation and the
residual slurry poured into 300 mL of water. The re-
sulting solid is collected by filtration and dried un-
der vacuum over phosphorus pentoxide to yield 2,3-
diiodo-4-hydroxy-6-pivaloylaminopyrrolo[2,3-d}pyrimi-

3 dine which can be purified further by chromatography
over silica eluting with 2.5% methanol in methylene
chloride. mp >2909C. 1NMR (dg-DMSO) 6§ 1.18(s, 9H),
10.85 (s, 1H), 11.85 (s, 1H), 12.42 (s, 1H). Anal.

- 18 -



d

oxXypyr

r ol

. eriig @n err]l[err]: C 27.18; H 2.49; N, .11:53; |
! Found ¢ 51; N, 11.27:1, 52.02. In a siml ar
n but st4 ydroxy- 6-nethyl pyrrol o[ 2, 3-d] pyri m di ne and

d]pyrlnldlne (7-deazahypoxanthine) there are re-

vel y obtalned 2 3-diiodo- 4- hydroxy 6- nethylpyr- rol o[ 2, 3-d] pyri m di ne
3-di i odo- 4- hydrﬁﬁy grrolo- [ 2, 3-d] pyri m di ne, >205£err]C (conpound
1

i odi nefalfer £PR

neNeP2BUSOF [é’r L8z 2549«1H)T, 11.83/(4, 1H),

(s, 1H52.22. Found:a g} x¢ursi1pfHA. B6590; Ooff, 21 3- di7i; @j054-.lodr oxy- 6-
yl am nopyrrol o[ 2, 3-d] pyrim dine in 100 mL’ of gl acial acetic acid and

of wat

er are added 1.3 g (20 nmol ) of zinc powder. The mxture is

d at anblenIntenpenaﬂarefhshlb& mmhwstahﬁ1N¢dwmthh45ﬁdebng wat er ,

ol ed.
over

Ihgesalid,to050t) sl et thLongh, L LUt hofyaudesdafader

phosp pen-

54- hydfbxy-@}pyvamb?iam r(dp'gﬂae—azmw@mamdh]lmq)l ntbene virehrean be

ed fur
H)

(s,

yrrol

[er

hyl ene %ﬁf%??‘egproagéé?gé hy, ?;}/-eaﬁ cké-c?x’\ﬁg&z gr_}én.{n%végi@?:? ?ianol

rqlqzz(a-dhpzramgdme fnﬁ) 2 1p-@piedo- YdISEXYPYrF§l°"1H)
i) 3-a]pfrixhidifd) Cmp fxross[cer(:]:bﬁ;pbﬁhu[ adddd eibilinef. 36. 69;

N A e F e oy ek bkt e

Biip: 3-d]pyrimdine and 2,3-diiodo-4-hydr-

rol o 2, 3- d]pyrinidine t here are respectively ob- tained

- 4- hydr oxy-6-mnmet h rrol q[ 2
-4- hydroxyd@?r%lﬁ §€§

yrim-_dipe and
ra]ﬁ§rﬁnﬁé Of gy 3ALIeAPTEPYSRBBYRE™ oses
piNVBYdeindpyitS)o{E/31d joy¥imidine in 100 mL of
glacial acetic acid and 25 mL of water are added 1.3 g
(20 mmol) of zinc powder. The mixture is stirred at
ambient temperature for 18 hours, diluted with 500 nL
of water, and cooled. The sclid is collected through
filtration and dried under Vacuum over phosphorus pen-
toxide to yield 3-iodo-~4-hydroxy-6-pivaloylaminopyr-
rolo(2,3-é]pyrinidine which can be purified further by
chromatography over silica eluting with 2.5% methanol
in methylene chloride. mp >240°9C. INMR (dg-DMSO) §
1.20(s, 9K), 7.12 (d, J = 1.8 Hz, 1 H), 10.82 (s, 1H),
11.79 (s, 1H), 11.89% (s, 1H). Anal. Calc. for
C;3H33N402I: C, 36.69; H 3.64; N, 15.56; I, 35.24.

Found: C, 36.91; H, 3.58; N, 15.65; I, 35.56.

In a similar fashion from 2,3-diiodo-4-hydroxy-6-

methylpyrrole{2,3-d}pyrimidine and 2,3-diiodo-4-hydr-
oxypyrrole{2,3-d]pyrimidine, there are respectivély ob-
‘tained 3-iodo-4-hydroxy~6-methylpyrrolo[2,3-d)pyrimi-
dine and 3-iodo-4-hydroxypyrrolo(2,3-d]pyrimidine, mp
>245°C (ccompound loses iodine). INMR (dg-DMSO) § 7.20
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00 mL of water.
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ted by filtrapraerndisgalyed Joviba iyl %midianol in
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%ﬁ%ﬁfﬁ?"%d@a&. 5 (1225 Tnod) = of - afger g + 1575

thynylbémzay#)lngHaLa&abe,10.38 qsquanper (1) iodide, 3 nL of

and 1.0 g of tetrakis-(triphenyl phosphine)palladium This

re is stirred at anbient tenperatures for two hours and then poured
The solid is colExsapplieb? filtration, air dried, and
The m xture is cooled and the solid

DQDOCG-P

5 g of dinethyl
o9 (10 mmol) of welloaried 3-

1H)

bl ack

e%‘]’ﬂll zatian rﬂ%O% %a]no% Zfd@‘?y egle Cg@%rzll%s (m

044 (tmmdly 7oF Hzanw)hﬂ 56N€$4-3H)1¥n§lﬁ>én(2$y13|'%-9‘lmm% (m

1H), ¥.43 So 5

.82 [ 2 28 9,5 Pppber (§)° 180T, “al e be Eribppluanigh ang, O
 er r{ H er r | N[@r g] Offertrdtragis50( 156 phe iy ishosphise Dgal Redhun. C, BO.H5; H,
5. 46, IN 12.83+ s stirred at ambient temperatdrés for twdn as
simlpr fashion %y sdbstltutlng an equi va-

15

hours and then poured into 500 mL of water. The solid
is collected by filtration, air dried, and then re-
fluxed in 200 mL of methanol. The mixture is cooled
and the solid collected by filtration, dissolved in two
liters of 10% methanol in methylene chloride, and chro-
matographed over silica. Initial black bands are
rechromatographed and the combined colérless bands from
the first and second runs are evaporated to give 3.5 g
of diméthyl N-[4-(4-hydroxy-6é-pivaloylaminopyrrolo-
[2,3-d)pyrimidin-3-ylethynyl)benzoyl]-L~glutamate which
can be purified further by ,recrystallization from 50%
methanol in methylene chloride. mp 280-285°c. INMR
(dg-DMSO) & 1.21 (s, 9H), 1.96-2.15 (m, 2H), 2.44 (t, J
= 7.5 Hz, 2H) 3.56 (s, 3H), 3.62 (s', 3H), 4.40-4.45 (m,
1H), 7.43 (s, 1H), 7.53 (d, J = 8.4 Hz, 2 H), 7.87 (d,
J = 8.4 Hz, 2 H), 8.82 (d, T = 7.4 Hz, 1 H), 10.95 (s,
1H), 11.85 (s, 1H). Anal. Calc. for Cp7Hz9N507: C,
60.56; H 5.46; N, 13.08. Found: C, 60.55; H, 5.46; N,
12.89.
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AVATE
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jgnopyr el 6f 24 3hefippxiyrEdpivaloyléngnopy2red airoB-d}pyrimidin-

O P RE PR ERc e AL 22 R ey O Elorous T odide. 45 mi of °

trietthyl amne and 700 m of acetonitrile is heated at reflux under

nitr
g of
- 22
for

2- (2-propyn tetra ran. and
- Feinedxins EGnF‘FﬁBéH f58f5°§ﬁb&§df3ﬁ‘6ﬁélllﬂ2 MHS- A3 heati ng

4 totalygf Zg4sboyunssundaideeitdvemtdie D) -1989, the disclosure
15 of which is incorporated herein by reference, by
allowing hex-5-ynoic acid chloride (obtained by
treating hex-5-ynoic acid with thionyl chloride) to
react with dimethyl L-glutamate in the presence of an
acid acceptor such as triethylamine. Hex-5-ynoic acid
0 ' in turn can be prepared, for example, by alkaline

gen for 12 Bgmaez Ihq&e&wfﬂsaﬁofﬁﬁeg-gpuéaﬂah@t EGACthEN gbxture 3.2

hydrolysis of 5-cyanopent-l-yne.

Example 3

DIETHYL N-[4-{1-HYDROXY-3-(4-HYDROXY-6-AMINO-

PYRROLO[2,3~-d]PYRIMIDIN-3-YL) PROP-2-YL}BENZOYL]~
3 GLUTAMATE

A mixture of 14.6 g of 3-iodo-4-hydroxy-6-pival-
oylaminopyrrole[2,3~d]pyrimidine, 7.6 g of 2-(2-prop-
ynyloxy)-tetrahydropyran, 798 mg (10%) of palladium
chloride, 2.36 g (20%) of triphenyl phosphine, 428 mg

% (5%) of cuprous iodide, 45 ml of triethyl amine and 700
ml of acetonitrile is heated at reflux under nitrogen
for 12 hours. There then are added to the hot reaction
nixture 3.2 g of 2-(2-propynyloxy)-tetrahydropyran and




s re ve n d pressure, and the residue filtered through

a gel et e ech %ﬁﬁ in nmethylene chloride. This filtrate is

ntrated raphed on silica gel eluting with 20:1 ethyl

t e: hexa give 3-(3-tetrahydropyr-2-

prop-1-yn-1-yl)-4-hydroxy-6-pival oyl am nopyrrol o- [2,3-d]pyrim dine
is further purified by re- crystallization with ethyl acetate.
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gen pregSyrR riedr 4:@1:*6\1@11 sig 0!l WRilt  tWdimhg Sz%nwemayobvamratmn

o 1o FeCERER AR | | LHLE ‘fa‘}? %mé{‘%g?ﬁterﬁnf%fﬁ“%%%' e

i de t0 khowa toatraiprid acnd smléal gedt eluteing owitht 24 :6d ebhglve an
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-d]pyr|mhmxypndm«ﬂ?ynmiﬁxiﬁﬂﬂﬁhYﬁrqxﬁﬂGHRﬂYaIWXiEF#mQPY##P o-
at ograprpé il L&};}&Q_l\ﬁq t(ﬂ eet h¥)h et gge fﬁ?tég%gy?ﬁfg_k%égt | By uséng et hyl

Gre cont a|n|ng et rahydr opyr -
xmpr op- Icrmsﬂalwl)zamﬂymmty%ﬂmhaqgﬂaaﬁﬁ ‘NOpPYT r 0-
3-d] pyrimdine, 3.12g (1.2 eqU|v ) of diethyl N

dobenzoyl ) gl utamat e, 546 (209 of tris- (2 net h hosphi ne,
gy (10@6 oﬁ ¥§H¥ﬁn1é€%ta?e &hd 88. 5 3nf Tﬁﬁt%%ﬁ)ékggig $od|de in

of tr} g aeh-24G, 1yl My@@)@’“d—fplﬁldyh&ﬁx?dpptrolo— .
ref Cux _under nltr t of _ g t
i odobenZdyl® )31 @9’5&&?@’%’&4 @déﬁi aﬂg gﬁanb}eaég) n?gtﬁlrle |§ hgat ed

| ux Und&&mnlmmogﬁm 66r 5% palladium on barium sulfate, and 40
15 mg of synthetic quinoline is stirred under 1 atmosphere

hydrogen pressure for 40 min. The solvent then is
removed by evaporation and the residue diluted with
methylene chloride. The methylene chloride solution is
filtered through silica gel with 2% methanol in

20 methylene chloride to remove catalyst and the filtrate
then concentrated to give an oil which upon adding
ether yields 3-(3-tetrahydropyr-2-yloxyprop-l-en-1-yl)-
4-hydroxy-6-pivaloylaminopyrrolo[2,3~-d]pyrimidine which
can be further purified through column chromatography

25 eluting with ethyl acetate and recrystallization using
ethyl acetate.

A mixture containing 3.48 g of 3-(3-tet;ahydropyr-
2-yloxyprop-l-en-1-yl)-4-hydroxy-6-pivaloylaminopyrro-
lo{2,3-d]pyrimidine, 3.12g (1.2 equiv.) of diethyl N-

30 (4-iodobenzoyl)glutamate, 546 mg (20%) of tris-(2-
methylphenyl)phosphine, 201 mg (20%) of palladium
acetate and 85.5 mg (5%) of cuprous iodide in 15 ml of
triethylamine and 240 ml of acetonitrile is heated at
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filtfa- t imefluwkdinden nitiegen ot h@rftaneﬂ.at bom Griled® g yo£| di-

t hyl -

5 nmlnut es,
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oyl am nopyrrol o [ r|m
_ J.xture is heated at reflux uwpmbtnogen for
HYL N [arb-addbtdROXY1 - RbYALOYLAMNQ eaction mixture then is
2,3-d PYRIMDIN—B YL ETHYNY‘?l
YLCAﬁ]%?ﬁq TRtQATARARE reduced, RIASFWrSf Pid fher residue
0- 4- hydmmrﬁ’d@@t@lphed cwlmiwwépl 0é2uazel]gpmlﬁn d e étxiy:g-
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the reaction mxture is allowed to attain room
Example 4

DIMETHYI, N-{5-(4-HYDROXY-6-PIVALOYILAMINO-

PYRROIO{2,3-4] PYRIMIDIN-3-YLYETHYNYL) —
THIEN-2-YT.CARBONYL 1 -T~GLUTAMATE

A mixture of 2.0 g of 3-iodo-4-hydroxy-6-pival-
oylaminbpyrrolo[z,3—d]pyrimidine, 1.2 g. of trimc_athyl-
silylacétylene, 0.1 g of palladium chloride, 0.23 g of
triphenylphosphine, 0.06 g of cuprous iodide, and 2.6 g

of triethylhamine in 100 mL of acetonitrile is heated in

a sealed tube for 1.5 hours'at 50°9C and then at reflux
for 3 hours. The solvent is removed under reduced
pressure and the residue triturated with 1:1 ethyl
acetatethexanes and filtered. The solid thus collected
is dissolved in methylene chloride and this solution is
passed through a pad of silica gel eluting with 1%
methanol on methylene chloride. = The eluate is
concentrated to yield 3-trimethylsilylethynyl-4-hydr-
6xy-6-p ivaloylaminopyrrolo[2,3~d]pyrimidine. '
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1b1ydr omwrmlvwﬂwmxmmwﬂ@&wﬂrm@Yﬁdth 3y8¢bly i)

thierg 2-yl cgl?%nyl ]-L-glutamate and di et hyl
-25 - ‘(4- hydr oxy- 6- pi val oyl am nopyrrol o[ 2, 3-d] pyri ni di n-
3-yl e hynyl ) t hi en- 3-yl carbonyl ] - L- gl ut amat e. Di et hyl

N-[ 4-§ 4- hydr oxy- pﬁiﬁkﬁ%ﬁ%?%ﬂf&' g [3& LAY £1 - RydBlhrey!)

fur-2¢yl carbaonyl l'u- "t anmat and
N-[ 5-f 4- hydrPdWl&YBﬂwwmﬂ@[Z 3-d]Plemld1ne, 2.30 4. of

pyrrof of 2, 3udhhiyt di n- 33d @i Jfierd-24 P DY 1) -L-glutamate
15 {prepared as described in U.S. Patent No. 4,882,334
issued November 21, 1989, the disclosure of which is
incorporated herein by reference), 44 mg. of palladium
chloride, 130 mg. of triphenylphosphine, 25 mg. of
cuprous iodide, and 1.13 mL. of triethylamine in 30 mL.
W of acetonitrile is heated at reflux for 3 hours and
then cooled to ambient temperature. The solvent is
removed under reduced pressure and the residue column
chromatographed (Waters 500) eluting with 1:19 methan-
ol:methylene chloride to yield dimethyl N-[5-(4-
hydroxy-é-pivaloylaminopyrrolof2,3-d]pyrimidin-3-
Yl)ethynyl)thien-2-ylcarbonyl]-L-glutamate.

By substituting equivalent amounts of diethyl N-
(4~bromothien-2-ylcarbony)-L-glutamate, and diethyl N-
- {5-bromothien-3~ylcarbony)-L-glutamate in the foregoing
procedure, there are respectively obtained diethyl N-
[(4-(4-hydroxy-6-pivaloylaminopyrrolo[2,3~d]pyrimidin-3-
ylethynyl)thien-z-ylcarbonyl]—L-glufamate and diethyl
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equi Vjal ent anourﬁﬁnbiaf&}trhyfrémetdmfmg{: 1z ot g2 -£1 abkyryl-icdepeaz-4- et hyn-

3 oty ST AR L 3 B Ty FELE5 0220 8acbens-
oyl)-L-glutamate (prepared as described in U.S. Patent
No. 4,882,334 issued November 21, 1989, the disclosure
of which is incorporated herein by reference), there
are respectively obtained dimethyl N-[2-fluoro-4-(4-

¥

hydroxy-6-pivaloylaminopyrrolo[2,3-d]pyrimidin-3-yl-
ethynyl)benzoyl]-L-glutamate and dimethyl N-{3-fluoro-
4-(4-hydroxy-6-pivaloylaminopyrrolo[2,3-d]pyrimidin-3-
ylethynyl)benzoyl]-L-glutamate.

-

0 Example 5

DIMETHYT N-[4-( 4—HYDROXYP’§RROLO[ 2,3-d1PYRIMIDIN-3~

- YLETHYNYTL) BENZOYL]-T,~GLUTAMATE

By allowing 3-iodo-4'-hydroxypyrrolo [{2,3-d]pyrimi-
dine to react with ditnethyl N-(4-ethynylbenzoyl)-L-
(3 glutamate in the manner described in Example 2, there
is respectively obtained dimethyl N-[4-(4-hydroxy-

. pyrrolo{2,3-d}pyrimidin-3-ylethynyl)benzoyl]-L-gluta-
mate which is purified by chromatography over silica,
mp 160°C (dec.). INMR (dg-DMSO) & 1.98-2.15 (m, 2H),
2.45 (t, § = 7.5 Hz, 2H) 3.57 (s, .3H), 3.64 (s, 3H),
4.40-4.45 (m, 1H), 7.51 ((d, J = 2.5 Hz, 1H), 7.55 (d,
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F si on and 75 mam de w t h“t he "excl usi on o

ir e. E?Fﬁ?lgéz ﬁ1%&?¥§1%6d6239 of ~d ArGRACTRARERHYE) FERYBY &~ 4tided.

;1 x: ur ehyarsky&seﬂlfraaoyméﬁenbgyﬁometgQed-Idr]t;;yrmcraineﬁndan@u rali tzﬁd
ceti C W

oo G EhpSronBenEh et hYivara BVRbasv g el P s asy rrofot
mByIoxyﬁzﬁsﬁénhyrpmmﬁmhe[238{d}pyourbghaeyl)eﬁhgnyl44%ﬁ¥drdfy—
al 1y, f@lﬁfwgfoPY-gﬁiﬂgByéigigf9§¥;538&¥§hidine, and 3-(4-

methoxyphenyl)ethynyl-4-hydroxy-6-pivaloylaminopyrrolo-

{2,3-d}lpyrimidine.

Use of 3-iodo-4-hydroxypyrrolo[2,3-d]pyrimidine in

0 place of 3-iodo-4-hydroxy-6-pivaloylaminopyrrolo{2,3-

d}pyrimidine with methyl 4-ethynylbenzoate, 4-ethynyl-

tolﬁene, 4-ethynylchlorobenzene, 4-ethynylflucroben-

zene, 3-ethynylfluorobenzene, and l-methoxy-4-ethynyl-

benzene yields respectively methyl 4-(4-hydroxypyrrolo-

5 [2,3-d]pyrimidin-3-ylethynyl)benzoate, 3-(4-methyl-

phenyl)ethynyl-4-hydroxypyr:910{2,3-d]pyrimidine, 3-

phenylethynyl-4-hydroxypyrrolo(2,3-d]pyrimidine, 3-(4-

chlorophenyl)ethynyl-4-hydroxypyrrolo[2,3-d]pyrimidine,

3-(4-fluorophenyl)ethynyl-4-hydroxypyrrolo{2,3-d]pyrim-

& idine, 3-(4-methoxyphenyl)ethynyl-4-hydroxypyrrole(2,3-
dlpyrimidine.
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xy- 6- met hyl 1 geml yri mdine, mp. 236[err]C . Use of
0- 4- hydr oX H 6 met hyl pyr- rolo[2,3-d]pyrimdine in the

i el ds di et hyl

(4- hydr oxy - 6-

| pyrrol o[ 2, 3-d] pyri m di n-3-yl et hynyl ) benzoyl ] -L- glutamate, m p.

rr] C Anal . I for C[err]H[err]N[err]CB C 61.70; H 5.71; N, 9.92.
C, 61.90;

o 4 oy oy TEh ?5%?%%@-% SRR AT PRIT XY SFoPStAYAPYTFORCE242 n bl ace

i 0odo- 4d hyylr imi/d Bre paval @alllawetpior aeak?, 3rillpy2i kPdicheofi B9¥et hyl 4-
yl ben &% um‘%i&?%ﬁgl t ueg?ﬁgérgigxn)gn%en.ggn% 30f dllalethyl Aot hy!

yl f I uorobenzen and et hynyl benzéne
hydr ox@olsnmmow:t&&y @:quetemﬁlus:.on of mo:.sture. After 30

pheny - et é cg ﬁ gr oég %?%F%?ﬁ)xy é.valahé’e 4re added
pyrr l o[ 2, kA ?Jyl'mll ﬁe ¥s 3 stRaRREdet 9ﬁylth4’—e®d¥3'é¥§55-l3°ured into

pi vaj oyl oxwété@t hé(xh@YﬁéQ’c?&i:.@eé] RithmadieRdc acid. 3-THe solid is

chlo ophenyl) eth drox - 5- pi val oyl ox
il o[ 2, § '%/?f%/ 3 (g | uct yl )é‘éihynﬁl‘?& acetone-

Xy- 5- mﬂ@im&&m&m@t hyﬂqoyryQLeQ[iz 33 dipas+a+Hyaeoxy-1,5-bis-

oxy- §oret ny SRR S o ez Loty s-diByEiRIdIRE A Rk .

DI VE HYL m{ss{cz (43 HYBROXY- 6E61 Mowa | Byl ND-iodo-4-hydroxy-5-piva-

10§ of oiriery peeis I e P, 2aehen xiure o

[2 31d] pyri m di n- 3-yl et hynyl ) benz- oyI] L-glutamate in 250 nL of 50%
met hgnol in met %ér@f%ﬂﬁa&l& ree %(J :f@{wﬁiéﬁf“-éﬂheﬁn’&éb%ﬂ i's

hydr qgenated at 50 p.s. for
rolo{2, 3-d]pyr1m1d1ne in the procedure of Example 2

5 then yields dimethyl N-[4-(4-hydroxy-5-pivaloyloxy-6-
methylpyrrolo[2,3~d] pyrimidiﬁ-3 -ylethynyl)benzoyl]-L-
glutamate, m.p. 196°C Anal. Calc. for C29H32N408: C,
61.70; H, 5.71; N, 9.92. Found: C, 61.90; H, 5.71; N,
9.95.

0 Use-of 3-iodo—4-hydroxy-5-pivaloyloxy-s-methylpyi-
rolo[2,3-d]pyrimidine in place of 3-iodo-4-hydroxy-6-
pivaloylaminopyrrolo[z,3-d]pyrimidine with methyl 4-
ethynylbenzoate, 4-ethynyltoluene, 4-ethynylbenzene, 3-
ethynylfluorobenzene, and 1-methoxy-4-ethynylbenzene
5 yields methyl 4~ (4-hydroxy-5-pivaloyloxy-6-methyl-
pyrrold{2,3-d]pyrimidin-3-ylethynyl)benzoate, 3-(4-
methylphenyl) -ethynyl-4-hydroxy-5-pivaloyloxy—-6-methyl-
pyrrolo{2,3-d]pyrimidine, 3-phenylethynyl-4 -hydroxy-5-
' pivaloyloxy-6-methylpyrrolo{2,3-d]pyrimidine, 3-(4-
chlorophenyl)-ethynyl-4-hydroxy-5-p ivéloyl oxy-6-methyl-
pyrrolo[2,3-d]pyrimidine, 3-(4-fluorophenyl)-ethynyl-4-
hydroxy-5-pivaloyloxy-6-methylpyrrolo[2,3-d]pyrimidine,

- 27 -




'hcentranmdswﬁdggaaﬁaugagdpressure The solid is collected by

tion and 0.72 g of dinethyl .
2-(4- hydr an1nopyrro|o[2 3-
n1d|n 3-y | }-L-glutamate. np 247[err]C. [err] NWR

d] py

(d[ erg ] - DMSO) [err] 1 21 (s 9H), 1.90-2.12 (m 2H), 2.42 (t, J = 7.4 Hz,
2H) , R.92 (t, = , 2.97 (t, J =4 Hz, 2H), 3.55 (s, 3H), 3.61 (s
3H), . 38- 4%51 (m*l%'lﬁ%i%}(@é%)-ertlwnxh-ﬁhxadso:zyrﬁ‘-pQVH}Oﬂ 75 (d, J
= 8. Ft, - 63-nfed /e s, 1 11. 22 s, 1

Anal .§ Cal c for %27mﬂgﬁ.§gr]rroloézo ld]]?f% mﬂ@nﬁé (12 98H) Found: C,( 59. 521;
H 6.[15; N, 12.72. Exanple 7 - DI METHYL

2- (4- HYDROXY- 6- P| VALOYLAM NOPYRE@afble 6
] PYRI M DI N- 3- YL) ETHYL] THI EN- 2- YLCARBO\IYL)

A:\";‘LE% r@f#&%n%ﬂfkeﬁ'? 4= &%%%:ys-m%m%ﬁﬁ%%r OXy- 6-
car bOT@%O- C= I’gllurcugbl € L0 the fillyuII‘}ugc Xni’f W%?%L}-Manpl e 6,
is obtalned«mmeUQa OF (5. 0 g of dimethyl N-[4-(4-hydroxy-6-

Cly]d{ hF g%%’?i%ﬂ;‘ﬁ{y@%q ﬂﬂ,ﬁé{ﬁﬁ%m‘ 14191 &enynyl) benz-

-29 - OYllsmlélﬂa}“at% irp|25hindy b i metharel ubk csethylene he

hydr ogenat i a) @i —an— :

N2 Iuoroeﬁl?%lﬁégmﬁfa plva.% o@ 3¢ "gtladium-on-carbon  is

am nopyr r ol BYSreg %ﬁ'—n5§ we?h’yﬂny)’b’erfilwﬁF? hougsyt afblkered, (b)

yl N hadf eplcertriztdty dirder brddY@é@Ypressure. The solid is
yrrol gL, 3 ALay Wy 9 Pe ¥ 8L ) RENZQVIL 5 S 41 8MBLS g o
dimethyl N-{4-[2-(4-hydroxy-6-pivaloylaminopyrrolo[2,3~-
d]lpyrimidin-3-yl)ethyl]benzoyl}-L-glutamate. mp 247°C.
INMR (dg-DMSO) & 1.21 (s, 9H), 1.90-2.12 (m, 2H), 2.42
(t, 3 = 7.4 Hz, 2H), 2.92 (t, T = 4 Hz, 2H), 2.97 (%, J
= 4 Hz, 2H), 3.55 (s, 3H), 3.61 (s, 3H), 4.38-4.45 (m,
1H), 6.61 (s, 1H), 7.27 (d, J = 8.2 Hz, 2 H), 7.75 (4,
J =8.2 Hz, 2 H), 8.64 (4, J = 7.4 Hz, 1 H), 10.75 (s,

-
w

0 iH), 11.22 (s, 1H). Anal. Calc. for C37H33N507: C,
60.10; H 6.17; N, 12.98. Found: C, 59.94; H, 6.15; N,
12.72. .

Example 7

DIMETHYI, N-{5-[2-(4-HYDROXY-6-PIVALOYLAMINOPYRROILO—

9 [2,3-d1PYRIMIDIN=-3-YL) ETHYL]THIEN~2-YLCARBONYL}~
L-GLUTAMATE

By subjecting dimethyl N-[5-(4-hydroxy-6-
pivaloylaminopyrrolo(2,3-djpyrimidin-3-yl)ethynyl)thi-
en-2-ylcarbonyl]-L-glutamate to the hydrogenation pro-
cedure of Example 6, there is obtained dimethyl N-{5-
[2-(4-hydroxy-6-pivaloylaminopyrrolo[2,3-d]pyrimidin~3-
yl}ethyllthien-2-ylcarbonyl)-L-glutamate.




,dlethy g4R Mgﬁoxy 6- pi val oyl am no-
| of 2, 3- 1s$m$*{s en ethynyl)thlen 2-yl'carbon-" yl]-L-glutanate;
di et hyl El y-6- plvaloylan1nopyr-

2,3-d]py ynyl )t hi en-3-"yl carbonyl ] - L- glutanate
di met hyl N—[5 (4 hydr oxy- 6- pi val oyl am nopyr -

2, 3-d] pyrimdin-3-yl)pent-4-ynoyl ] -L-gl utanate; (f) dinethyl
(4 hydr oxy- 6- |.a Qpy . .

2, 3-d] pyri ni dggﬁ"é% mSS éﬂ%&ﬂ’}fgglqﬁ%réés are sphyjeckefy py
(4 hydrdxyt&qmbmﬂnggenatmqnuef Example 6:

2,3-d] pyrimdin-3-yl)hex-5-ynoyl | -L-gl ut amat e; (h) et hyl
hydroxy 6- pi val oyl am nopyrrol o- [2,3-d]pyrimdin-3-ylethynyl)benzoate;
3-(4- nethylpH@ﬁyI?émhyhylAﬂﬁﬁﬂhfﬁqntbtﬁvé&—hydroxy- -pivaloyl-

1 nopyrr - “T—
%' phenyl et hy ({)r‘pyflhmjad%&y% ]b?%% n\ﬁ’”ﬁ%ﬁ?}rl? L

2,93- d]pﬂPMEQﬁ§¥9

chl or ophenyl ) et hynyl - 4- hydroxy 6- pi val - "oyl am nopyrr oo

d] pyri m di ne;

- 30

(b) dimethyl N-[{3=-fluoro-4-(4-hydroxy-6-pivaloyl-
aminopyrrolo{2,3-d]pyrimidin~3-ylethynyl)benzoyl]-L-

glutamate;
(c) diethyl N-[4-(4-hydroxy-6-pivaloylamino-
10 pyrrolo{2,3-d}jpyrimidin-3 -ylethynyl)thlen-z-ylcarbon-

yl]-L-glutamate;

(d) diethyl N-[5-(4-hydroxy-6-pivaloylaminopyr-
rolo{2,3-d]pyrimidin-3-ylethynyl)thien-3-ylcarbonyl}-L-
glutamate;

15 (e) dimethyl N-[5-(4-hydroxy-s-pivalbylaminopyr-
rolo[2,3-d]pyrimidin-3-yl)pent-4-ynoyl]-L-glutamate;

(f) dimethyl N-[7-(4-hydroxy-6-pivaloylaminopyr-

rolo[2,3-d]pyrimidin-3-yl)hept-6-enoyl]~L-glutamate;

(g) dimethyl N-[6—(4-hydroxy-s—pivaloyléminopyr-
20 rolo[2,3-d]pyrimidin-3-yl)hex-5-ynoyl]}-L-glutamate;

(h) methyl 4-{(4-hydroxy-6 -plvaloylamlnopyrrolo-
[2,3-d]pyrimidin-3-ylethynyl)benzoate;

(i) 3-(4-methylphenyl)ethynyl-4-hydroxy-6-pival-
oylaminopyrrolo[2,3-d}pyrimidine;
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- (4- flL}'é;1 #ppdl - 4- hydr oxy- 6- pi val -
nopyrr ol d|ne (m .
Iourophe hydroxy 6- pi val -

(n)

oyl ang nopyrrol o[ 2, 3- d]pyr|n1d|ne

3- (4-fret hoxyphenyl ) et hynyl - 4- hydr oxy- 6- pi val -

oyl ang nopyrrol o[ 2, 3-d] pyri m di ne; (o) nethyl

4- (4-pydr oxy- 5- pl@jﬂ(nafpheﬁylmﬁmwmyl 4-hydroxy-6-pivaloylaminopyr-

ogo[ 2, 3-d | ) benzoat e;
gyzz Ehyl %)2%/1 ’g% M%&ﬁi?{oiy)S plzval (P)
-6-nethy|pyrro|o[2 d]pyr|n1d|ne
|l eth I _ L > o di
Y (5 bl o ophEhyl Y51 Foreh igtid SERRAI PacapnY. Pk &-fimanin i v
- 6- metdyA IpEnePYF oo [ 431ﬂr}mﬁ¥mh@ne: (s)

3-(4-f§§l uor ophenyl ) et hynyl - 4- hydr oxy- 5- pi val -

oyl oxy{- 6- nethylpyrrolo[Z 3-d rimdine (t) A _
3- (4- ifgst hoxyphenyfdlet hyH 41}%?%&1}&5%1%1!11’”1 ~4~hydroxy-6-pival
oyl oxy}- 6- rretgyiaym@éph?oﬁopﬂ py+dpg-heidine;  (u) nethyl

ydr oxypyrrol o[ 2, 3-d] pyri mi di n-3- yl et hynyl ) benzoat e;
- 31 - (v) 3- (4- et hyl phenyl) et hynyl - 4-hydr oxypyrr ol o-
(m) 3-(3-flourophenyl)ethynyl-4-hydroxy-6-pival-

oylaminopyrrolo(2,3-d]pyrimidine;

(n)} 3-(4-methoxyphenyl)ethynyl-4;hydroxy-s-pival—
10 oylaminopyrrolo[2,3-d]pyrimidine;

(o) methyl 4-(4~hydroxy-5-pivaloyloxy-6-methyl-
pyrreclo[2,3-d)pyrimidin-3-ylethynyl)benzoate;

(p) 3-(4-methylpheny1)ethyny1-4-hydroxy-s-pival-
oyloxy-6-methylpyrrolo[2,3-d]pyrimidine;

Fs (é) 3-phenylethynyl-4-hydroxy-5-pivaloyloxy-6-
methylpyrrolo{2,3-d]lpyrimidine;

(r) 3- (4-chloropheny1)ethynyl-4-hydroxy- -pival-
oyloxy-6 -methylpyrrolo[2,3-d]pyrimidine;

(s) 3~ (4-fluorophenyl)ethynyl-4-hydroxy-5-pival-
oyloxy-6-methylpyrrolo(2,3-d]lpyrimidine;

(t) 3-(4-methoxyphenyl)ethynyl-4-hydroxy-5-pival-
oyloxy-6-methylpyrrolo[2,3-d]ipyrimidine;

(u) methyl 4—(4-hydroxypyrrolot2,3-d]pyrimidin—3-
Ylethynyl)benzoate;
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d]pyrlrn 'ShﬂﬂP&SBeﬂlRe
nyl et hyn mmm,m/ rrolo[2,3-d] pyrim-" - d|ne : (x) 3- (4
rophenylfy ydr oxypyrrol o- [2, 3- d]pyr|n1d|ne - (y)
fl uorophenyl) ethynyl-4-hydroxypyrrolo- [2,3-d]pyrimdine; and
3- (4-nethoxyphenyl) ethynyl -4-hydroxypyrrolo- [2,3-d]pyrimdine.
are respectively obtai ned: (a) dinethyl
fl uoro-4-(4- hv@rOXYSefﬂhﬁékﬁ¥h phe nqaxhya -4-hydr07%5yrrolo—
L-9

[ 2, 34d] pyri m di n- Ieth benzoyl ] ut di et hyl
N-[ 3§41 uoro- 42¢4- ﬁ ﬁYB% é}L Béal -

oyl afi nopyrrol of 2, 3 d]pyr|n1d|n 3-yl et hyl)benzoyl]-L- gl utamate; (c)
di et gyl N[ 4-(4-

rQxy: 6-pival oyl am,n r- -
2 - d] pyr | mi AV 3 PRaTROET PRI S SRRl PR B ()
yl  N-[8iféshydroxy- 6- pi val oyl am nopyr -
rol off2, 3-d] pyrimdin-3-ylethyl)thien-3-ylcarbonyl]-L- glutanate; (e)
hyI N- [ 5- (4- hydr oxy- 6- pi val oyl am nopyr -
rol o[f2,53-d[ pyri mi ¢kh- 3- yByrénchlprophenyaietbynyl-4-hydroxypyrrolo-

[2,3-d]pyrimidine;

(y) 3-(4-fluorophenyl) ethynyl-4-hydroxypyrrolo-
{2,3-d]pyrimidine; and

(z) 3-(4-methoxyphenyl)ethynyl-4-hydroxypyrrolo-
10 [2,3-d]pyrimidine.

There are respectively obtained:

(a2} dimethyl N-[2-fluoro-4-(4-hydroxy-6-pivaloyl-
aminopyrroleo(2,3-d]pyrimidin-3-ylethyl)benzoyl]-L-glut-

amate;

15 (b)  dimethyl N-{3-fluoro-4-(4-hydroxy-é-pival-
oylaminopyrrolo{2,3-djpyrimidin-3-ylethyl)benzoyl]-L-
glutamate;

(c) diethyl N-t4-(4-hydroxy—6-pivaloy1ahinopyr-
rolo[2,3-d]pyrimidin-3-ylethyl)thien-2-ylcarbonyl]-L-
0 glutamate;

(d) diethyl N-[5-(4-hydroxy-6-pivaloylaminopyr-
rolo(2, 3-d]pyr1m1d1n-3—ylethyl)thlen-3-ylcarbony1]-L-

glutamate:;

(e) dimethyl N-[5-(4-hydroxy-6-pivaloylaminopyr-
rolo(2,3-d}pyrimidin-3-yl)pentyl]-L-glutamate;
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-32-° gf) yI 7 (4 hydr oxy- 6- pi val oyl am nopyr -
rol o[ g, 3- d]pyrlzﬁ - § L-glutanate; " (g) dlnethyl
N-[ 6- 4- hydr oxy- | opyr-

rol o[ §, 3-d] pyri ’ -L-gl utamat e; (h) met hyl

4-1 2- 4- hydr oxy- 6- pi val ylan1nopyrrolo-

[ 2, 3-§] pyri mdin-3- yI)ethyI]beRzoate

3-[2- §4- net hyl ph yr gxy _
oyl[ a noggr rgl g[ ng)é]et&r/lﬁér%h |lneS!lr (%X, (QJ&@(#C”‘? ??b‘ﬁ%@ﬁ%?lﬂﬁ?pyr

- 4- hyfir oxy- 6Ipﬂ@dBo?kddpﬁﬁlmpﬁnMUBUYFah&pﬁﬂkﬁﬁﬁﬂglﬁt&mate, (k) 3-

[ 2- (44chl orophenyl ) et hyl ] - 4- hydroxy plval

nopyrrol of 2, 3- d]pyr|n1 I ne; 3-[2-(4-fluorophenyl) ethyl]
r oxy- 6- pi val(g} oyﬁ&#ﬁﬁéﬁ}rr8P6F2(3'@N@Wﬂ&ﬁﬂﬁ7nivaloylam¥h?PYr'
3-[2-43- flOUE@QBS@gb%@ﬁb&&hmiahﬁd@a§ﬂ)ﬁe&?&?hn-glutamate,

oyl angnopyrrol of -d] pyri m di ne;

3-[ 2- §4- net hoxyphenyl ) et hyl ] - 4- hydr oxy- 6 p|v-

PRER Eoﬁy”o' o ey OSP4 hydroxyce in-5- et e;
-[2- r rolo yr|n1 y

(p) 34[2- {4 ﬁypgﬁ éP?é%ﬂyPrgi)ﬁﬁg aﬂg

oyl oxy- 6- met hyl pyrrol o(2, 3-d] pyri m di ne; (q)

2§{§;j?6C2L?L§FB§?¥E?2EE¥|ké]ﬂ QYfLIRavR) L2hy11-4-hydroxy-6-pival-

oylaminopyrrolo[2,3-d]pyrimidine;

(3) 3-(2~phenylethyl)-4~-hydroxy-6~-pivaloylamino-
10 pyrrolo[2,3-d]pyrimidine; '

(k) 3-[2-(4-chlorophenyl)ethyl}-4-hydroxy-6-pival-
oylaminopyrrolo[2,3~-d]pyrimidine;

(1) 3-{2-(4-fluorophenyl)ethyl]-4-hydroxy-6-pival-
oylaminopyrrolo{2,3-d]pyrimidine;

15 (m}. 3~[2-(3-flourophenyl)ethyl]-4~hydroxy-6-pival-
oylaminopyrrolo[2,3~-d]pyrimidine;

(n) 3-{2-(4-methoxyphenyl)ethyl]-4-hydroxy-6-piv-
aloylaminopyrrolo[2,3~-d]pyrimidine;

(o) methyl 4-[2- (4-hydroxy—G-methylpyrrolo[2 3-4)-
i pyrimidin-3-yl)ethyl]benzoate;
(p) 3-[2-(4-methylphenyl)eﬁhyl]-4-h§droxy—5—bival-
oyloxy-s-methylpyrrolo[z,3—d]pyrimidihe;

(qd) 3-[2-(4-chlorophenyl)ethyl]-4-hydroxy-5-pival-
oyloxy-6-methylpyrrolo[2,3-d]pyrimidine;



- 3¢ . - (4-f1 uorophenyl ) et hyl]-4-hydroxy-5-pival -

oyl o -6-neth§vggkt ¥ Byrimi di ne; © o (s) ' o
3-[24(4- net hoxamg q 4- hydr oxy- 5- pi v- o

al oylgoxy- 6- met Ji d] pyri m di ne; (t) methyl

4-[24(4- hydroxypyrrol o(2, 3-d] pyri mdin- 3-yl)ethyl]benzoate; (u)
3-[ 2% 4- net hyl phenyl ) et hyl ] - 4- hydr oxypyrrol o- [2,3-d] pyri m di ne; (v)
3- (2-phenyl et hyl }-4- 0 rolol2, 3- i - .m dine; ;

3-[ 24 4- chl or ophéﬁi | ?)elf %yféi‘%iﬂ%?é%&f/ﬂ gﬁiY 1p zﬁgi’érﬁbi?ﬁyrﬁsd‘lpﬁ(é’\;@l‘ (x)
3-[2- 4- f | ey bpxign§t+ihethylpyrrold({2x9pdipptbmifiZnd;d] pyri m di ne; and

(y) [ 2- (4- met hoxyphenyl ) et hyl ] - 4- hydr oxypyrrol o- [ 2, 3-d] pyri m di ne.

(2) [2-(4-nethoxypheny|)ethyl]-4-hydroxypyrro|o- [ 2, 3-d] pyri m di ne.

Examp] e 8 DI ETHi®) N-3 2L 21 {4 TEGFe¥YROPYRL Pe YhPXY)-43hydridiROXpiv-

6- PI

LovL 33 .
2-YL) BEWO%%AﬁTE gtﬁygﬂ’g%ﬁ% %%falﬁg%gg%ngi'et hyl - N-[4- (1-(tetra-

5 (t) methyl 4-{2-(4-hydroxypyrrolo[2,3-d]pyrimidin-
3-yl)ethyl]lbenzoate;

(u) 3-[2-(4-methylphenyl)ethyl]-4-hydroxypyrrolo-
[2,3-d]pyrimidine;

(v) 3-(2-phenylethyl)-4-hydroxypyrrolo[2,3-d]pyri~
3 midine; '

(w) 3-{2-(4-chlorophenyl)ethyl]-4~-hydroxypyrrolo-~
{2,3-d)pyrimidine;

(x) 3-[2-(4-fluorophenyl)ethyl]-4-hydroxypyrrolo-
[2,3-d]pyrimidine; and

(y) 3-{2-(4-methoxyphenyl)ethyl]-4-hydroxypyrrolo-
{2,3-d]pyrimidine.

(2) 3-[2-(4-methoxyphenyl)ethyl]-4-hydroxypyrrolo—
{2,3-d]pyrimidine.

Example 8

DIETHYL N-f4-{1-(TETRAHYDROPYR-2~-YI.0XY)-3-(4-HYDROXY~
: 6-PIVAILOYIAMINOPYRROIO[2,3-d] PYRIMIDIN~-3-YL)} PROP—-
2-YT.}BENZOYL]1GLUTAMATE

A solution of 1.16 g of diethyl N-[4-{1-(tetra-
hydropyr-2-yloxy)-3-(4-hydroxy-6-pivaloylaminopyrrolo-
(2,3-d)pyrimidin-3-yl)prop-2-en-2-yl)benzoyl]glutamate
and 174 mg (20%) of amorphous platinum (IV) oxide in
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yr-2- yl[ﬂ%%t?ésf&e(eﬁkﬁ@é’doxy 6- pi val oyl ami nopyrr ol o-

] pyrim -en-2-yl)benzoyl ] gl utamate and-174 gy (209 of
ous pl at H

ein " -34 -

of gla d i s hydrogenated for 10 hours at 50 psi. The
on mxture is diluted wwth 50 m of nethanol and filtered through
The filtrate is concentrated and diluted with ethyl acetate.

lid gl | 11 etetes eadier dbtahey rpassibested oy 1o
tion, washed with Told eth acetate and drledtoq&%ﬁ%p %
I -(tet rReur$ Rk oBr PSly| o@)e FAEHRP RAXBLERy dFo AN o-
] pyri m@b Nm3- d 4 pin&}th%n‘ﬂl} mof'lhwemﬁﬂtﬁrou h Celite. The

THYL N YPYRROL
er-|YL] BE I3t %LU%‘E\I\/A#? ent ’;@ t uPB9of [H“fgecg] % hy%l%h%’l

45 hyd][ C&@etWé{]m bk 3sd]l par m:ﬂ:m ﬁezyxhﬁt aftelr) bmrobing - fogl MS- mate
mL of .50% net han | 0 0

jl um on-T2thot® §o§%?g5§%§ygﬂ§r§gk8£ %aéﬂ g'd é’i’ tﬁxo(lﬁosl?a t?'t'-ll"{yer ed,

bncent r aestateeran@dudeiledr ebour givet hdnertbyé,ddéfd- (tdo {mel tredstaue and

)I2i ((j 4i f] 1-&? f%gzbyléﬁ § L3Lk 20n3adoR0L8dpk at b¥1% i by 1 dll et hyl

o[ 2, 3- duzw?ndﬂwmmwweahyl}B‘e‘ﬁ?oyryl&b@napa{l]ﬁdﬁﬂétam%

72[err]C [err]NVMR (d[err]-DVMBO) [err] 1.94-2.14 (m 2H), 2.44 (t,
4 Hz, 2H), 2.93-3.02 (m 2H), 3 57 (s 3.63 (s, 3H), 4.40-4.70
19 6.71 (s, 1H), 7.29 (d, J = :3 7.77 (m 3 H, 8.66 (d, J
Hz, 1 H, 11.52 (s, 1H), 11.71(5 1H) ~In asimlar fashion

i et hy| " peNHFVE N-(4-[2- (4-HYDROXYPYRROLO[2,3=d1PYRIMIDIN-3=
ky- 5- pi val oyl oxy- 6- e th_'D_gYLQBE ZQSLQ Dy GLUTAMATE

1B¥2ylj|) ﬁg?ﬁsﬁ] sz%I ut ama%e ere s&tﬁ&wf G d(|4n_qutcﬂ.&y_s

Xy- 5- pi Ve oxf2 53ﬁ@npyrpmdmnopzyseupwmmmmoyll -L-gluta-

15 mate in 100 mL of 50% methanol in methylene chloride
and 0.8 g of 3% palladium-on-carbon is hydrogenated at
50 p.s.i. for 24 hours, filtered, and concentrated
under reduced pressure. Ether is added to the residue
and the solid is collected by filtration and dried to

20 yield  0.67 g of dimethyl N-{4-[2~-(4-hydroxyamino-
pyrrolo{2,3-d]pyrimidin-3-yl)ethyl]benzoyl}-L-gluta-
mate. mp 170-172°C. 1NMR (dg-DMSO) & 1.94-2.14 (m,
2H), 2.44 (£, J = 7.4 Hz, 2H), 2.93-3.02 (m, 2H), 3.57
(s, 3H), 3.63 (s, 3H), 4.40-4.70 (m, 1H), 6.71 (s, 1H),

25 7.29 (4, T = 8.2 Hz, 2 H), 7.77 (m, 3 H), 8.66 (4, J =
7.4 Hz, 1 H), 11.52 (s, 1H), 11.71 (s, 1H).

In a similar fashion from dimethyi N-[4- (4-
hydroxy-5-pivaloyloxy-6-methylpyrrolo[2,3-d]pyrimidin-
3-ylethynyl)benzoyl]-L-glutamate, there is obtained

Y according to this procedure dimethyl N-{4-[2-(4-
hydroxy-5-pivaloyloxy-6-methylpyrrolo[2,3-d]lpyrimidin-
3-yl)ethyl]benzoyl)-L-glutamate.
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et hyl ] benzoyl -L-gl ut amat e. - 35 -
le 10 ‘SS lHYcDROXY— 6- Pl VALOYLAM NOPYRROL( 2, 3-d] - .
DIN-3 L}-L-GLUTAMCACID A m-xture of 1.5 g of

al oyI am nopyrrol o[ 2, 3- d] pyri mdin-3-yl)ethyl]benz- oyl)-L-glutamate in
of 1N sodi um hydroxi de is stirred at anbient tenperatures for three
daysfto formthe sodiumsalt of N[4-[2-(4-hydroxy-6-am nopyrrolo- [2,
rimdin-3-yl) ethyl]benzoyl} -HExafigiteanic acid. This is neutralized
wi th gl aci al acetic acid. The solid which fornms is collected by

. . . 0
f!ltr téog (o gg recrr%/s{tal Y],DZR;eo {O[B%E/%E%tharmp%ﬁ%y :?ng chloride to

i |

o[ 2, 3- d] pyrt ; - o-a;-iy)r,LEl yz]I'banuﬁ} }':LQT%I‘({L??}%I%'C%_ [ err] NMR
(d[ er ] DIVBO) [ & rxﬂlxmﬁ&- 200. (smg 219 dmemya 30-«4&[2+ﬁ4-ayafezy820 (m

10.5 (s p&r)l}-l’..-glutamate in 10 mL of EXK @m thiEﬁBm_iel\l-ls
L4 (1 HYOROK3 48%&%% e By YRR & fg,%m M DIN-3

sol ut} on ofthg. i yef NN["4 4(-12(-t(érha'dnw-cﬁmm@<§@mwlos-

(4- hyHr oxy 16- Blagbg¥i afaiePy—%ah@thyl b 1}-L-glut d.
(2, 3-4] pyr| m, d| nqu -E’Q))ben%’o:l o0 ar%at egl r}l 4%mln<1= of 0. IN

rop-2-yl y
met haflol i ¢ T Wpftﬁqldéqu Yithy éﬂi%ﬁl%bla&ﬁtlt‘érrﬁér:&t'ur esTA®r 2
hour s Thesbeaatlemashxt ifoemisS Aeut E:allllée@ewtmafya SOl ok 06 ok 2&5drrg of

sod oh ook Uecll IR e S IPolaoh e SBERDY,
chl orjde ate adiled amdsthe SEAY) onfi SNwddh¢ad-t(Mi-tydntdxty 2K-animd- wat er,
pyrrolo{2,3-d]pyrimidin-3~yl)ethyl Jbenzoyl}-L-glutamic

acid. INMR (dg-DMSO) § 1.80-2.00 (m, 2H), 2.10-2.30

(m, 2H), 2.77-2.820 (m, 2H), 2.89-2.93 (m, 2H), 4.13-

4.19 (m, 2H), 6.25 (d, J = 1.3 Hz, 1H), 7.23 (4, J =

8.1 Hz, 2 H), 7.69 (4, T = 8.1 Hz, 2 H), 8.13 (4, J =

6.7 Hz, 1 H), 10.55 (s, 1H).

Example 11

-

DIETHYL N-[4-{1-HYDROXY-3~{4-HYDROXY-6-PIVALOYITAMINO~
PYRROIO[2,3-d]PYRTMIDIN~3-Y1,) PROP~2-YL,} BENZOYL] ~

, GLUTAMATE

The solution of 0.94 g of diethyl N-[4-{1-(tetra-
hydropyr-2-yloxy)-3-{4~hydroxy-6-pivaloylaminopyrrolo-
{2,3-d]pyrimidin-3-yl)prop-~2-yl}benzoyl]glutamate in 40
ml of 0.1N methanolic hydrogen chloride is stirred at
ambient temperatures for 2 hours. The reaction mixture
is neutralized with a solution of 205 mg of sodium car-
bonate in 10 ml of water and most of methanol removed
by evaporation under reduced pressure. One hundred
" milljliters of methylene chloride are added and the
Solution is washed twice with 20 ml of water, dried



over-—anhydTous magnesi um sul fate, and concentrated. The residue
st |turatiﬁl1 Beenﬁth I acetate and ether, filtered, and dried to give
[ I 4 hydr oxy- 6- pi val oyI am no- pyrrol o[ 2,3-d] -

di n- i nzoyl ] gl ut anat e.

Exa e 12 XY- 3- (4- HYDROXY- 6- AM NOPYRROLO [ 2. 3-d] -

PYRI N DI N- 3- YL) PRCP 2 YL BENZOYL] GLUTAM C ACI D A solution of 0.3 g of
di et iyl N-[4-(1-hydroxy- 3-

(4-h

r OXYG@eP' \@{rg]bdxadwoaw gridls3hun 33@]1&)5'&&3”‘ dhfa3- concentrated.
| } benzqyl ] gl utamate in 9 m  of IN’ aqueous sodi um hydr oxi de is

p-2
stirrfd u ﬁPFF-GB&n is Eﬁ?ﬂ?‘éﬁﬁt‘?‘énﬂéﬁ:& uke2 1 8EhYY RRRtatehanfeaction
m xt uf e 'SetEEQr de:rlqeteﬁdcghtéuda@ﬁiéa (abi: 94,)vew Tdhesﬁymdnocehl-@m-c acid and

filt sol i d oIIec ed.is hed with wa and cold
et haﬁ%l yffl)'mgﬁdB i‘} glaytg -pivaloy am:.no-pyrro o[z(g 31])

N-[4-§1- hwm«n«smmmmezamwmmm&ﬁte.

pyri nfdi n-3-yl) prop-2-yl)benzoyl]glutam c acid. Simlarly from
di methyl N-(2-fluoro-4-[2- (4-

hydr oky- 6- pi val oyl am nopyrrol o[ 2, 3-Efgmplerili2 n- 3-yl ) -

et hyl §benzoyl ) - L-gl utamate and d| met hyl N-(3-fl uoro-4-

2-(4¢h dro I - -1
J) et hyl ] berr ot s p e e AL o 2o 120 accordi ng

to the foregoi n'g procedure N (Z2-TTU-

oro- 44[ 2- (4- hyd¥ W%Jéﬁﬁn@ﬁy ] 6[?f3-‘5c§]9®"r1ﬁ]mlﬁTh43{1’hydr°XY'3‘

et *yl %g by 445 A TorLaishyrzoTa , 3-41 PPl LAl -6 Eoan ).
rr ec uor o

rodr oy bR DB A M ARAE S HY & nl -OBe oy RULOUF ut ani o

aci d, im p.scBin emydﬂaxidlec ik. stirred numiernalegoyent athi anbienthe
foregding £ rmoﬁzeeraéluurree’fozh 5% {ouid .espﬁ{:t If/eealéltfc?x:[x azix:{lf uéera o8 d:":gxtxhyl N-
dered slightly acidic (pH=-4) with 1N hydrochloric acid

and filtered. The solid thus collected is washed with
water (5 ml) and cold ethanol (5 ml) and dried to give
N-{4-{1-hydroxy-3-(4-hydroxy-6é-aminopyrrolo{2,3-d4]-
pyrimidin-3-yl)prop-2-yl)}benzoyl]glutamic acid.

Similarly from dimethyl N-{2-fluoro-4-[2-(4-
hydroxy-6-pivaloylaminopyrrolo[2,3-d]}pyrimidin-3-yl)-
ethyllbenzoyl}-L-glutamate and dimethyl N-{3-fluoro-4-
[2-(4-hydroxy-6-pivaloylaminopyrrole(2,3-d]pyrimidin-3-
Yl)ethyl]benzoyl}-L-glutamate there are respecfively
obtained according to the foregoing procedure N-{2-flu-
Oro-4-[2-(4-hydroxy-6-aminopyrrolo(2,3-d]}pyrimidin-3-
Y1l)ethyl]benzoyl}-L-glutamic aciq, m.p. - 230°C
(foaming), >300°C (dec.) and N-{3-fluoro-4-[2-(4-
h'Ydroxy-6—aminopyrrolo [2,3-d]pyrimidin-3-yl)ethyl]-
benzoyl}-L-glutamic acid, m.p. >300°C. (dec.)}.

In an analogous fashion to the foregoing proce-
dure, there are respectively obtained from diethyl N-
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- (4-[ 2= (4-hydioxy- 6- pi val oyl am nopyrrol o[ 2, 3-d] pyri m -
di n- gyl ) et hyg]ug BieS2pih RAJIRANY! ) - L-gl utamate, diethyl &
2- (4-hy am nopyrrol o[ 2, 3-d] pyrim -

yl ) et hyl ]mmﬁ}mgﬂ%nyl )-L-gl utamate, dinethyl
2- (4- hydr am nopyrrolo [2, 3-
m di n-3-yl)ethyl]fur-2-ylcarbonyl}-L-glutamate, and di methyl

- (4- hydr oxy- 6- pi val oyl:ani nopyrrol o-
] pyri n{ 4+ h23¢ l/+1)xe¢ﬂr|9ic}'t-ﬁrpmvalyy&ambnqyy;'rblo gRuBafdpP¥rimi-t he

yrrol S E PR P cpren) stghutenster Steshln
N- { NFP5¢ gzhg/ﬁ-r}@:@xrgxy- -pivaloylaminopyrrolo{2,3 E pyrimi-
yrrol O&fn ﬁyéw}ﬁwﬁeﬂée&*ﬂ&&whﬁﬂ) 3r-y16eakanyl }-L-glutamc

\SI I oI dJEQm%t@FbyIFT {T$'d[?1‘Q4yhy@FﬁW]'FUPl'Qa%PBh‘FBbﬁ°P¥F}'°E°éPut3am c
mp. 299 Qﬁxfxfdiﬂx%-yﬁ Qtﬁ*yi?f{@ é4y1carbony1}-L—glutamate, .

- 6- amnoprrol 1%’0 ¥I‘Imdl
1]t hi#Rd W%%‘? n’§/'|'§ Tlgris aﬁi’éraEYas TPhvabgylasinepyryelo-
o lr I yI obt 2 ped) ;i;rﬁfnéﬁ%mgmyyl )\é‘([:jﬁyi ﬁ’rthili(?ﬁez-yylcarbonyl }=L-

i vall oyl am nopyrrol o rimdin- t apo e,
di Pret hy|y %f et TR oxy- 65 val o PERPHB aad' ) PeRLES Yol ratnfutbafse
pyrrolaqf 2, 3- aﬂmya:pyurrblpBZyji-)&MHnmyﬁj.nthym ebihy®] thhen-arnet hyl

N[ 6-(4- hydr - 6 r ol _ _

[ 2, 3-df pyri nﬁ? 16% y%? hex H - gl calr%a{te N={5- <[;1 (4 h %gct vgly,

N-[5- (8- hydrmyn@mmwrlﬁ-@lpym:u;ldlpyhydHe'ﬁhms/tlppenﬂnoy|] L-glutamic
aci d, N[ 7 %)nyr rrol 3-dl Ry Lpa3nyhyBeptgnoyl ] -
L-glutpm c aicl an I\-I-G? mﬁadroﬁﬁ- am nﬁ {5.UE§1 (+-n¥ ?

[2,3-d] pyri rﬁfﬁﬁﬁpﬂqﬁcﬂﬁ&%m% ] PX’-"@’F‘H@W%‘%) yl]fur-z-ylcarbon—

Exanpl & 13 y1)}-L-glutamic acid, wm.p. 200-203°C, and N-{5-[2- (4-—

hydroxy-6—-aminopyrrolo{2,3-d]}pyrimidin-3-
yl)ethyl]thien-2-ylcarbonyl)-L-glutamic acid m.p. 241-
243°C.

Similarly obtained from dimethyl N-[5-(4-hydroxy-
6-pivaloylaminopyrrolo{2,3-d]pyrimidin~-3-yl)pentanoyl]-
L-glutamdte, dimethyl N-[7-(4-hydroxy-6-pivaloylamino-
pyrrolo{2,3-d]pyrimidin-3-yl)heptanoyl]-L-glutamate,
and dimethyl N-[6-(4-hydroxy-6-pivaloylaminopyrrolo-
{2,3-d]}pyrimidin-3-yl)-hexanoyl]-L-glutamate, - are,
respectively, N-[5-(4-hydroxy-6-aminopyrrolo(2,3-d]-
pyrimidin-3-yl)pentanoyl]}-L-glutamic ' acid, N-[{7-(4-
hydroxy-6-aminopyrrolo(2,3-d]pyrimidin-3-yl)heptanoyl]-
L-glutamic acid, and N-{6-(4-hydroxy-6-aminopyrrolo-
{2,3-d)pyrimidin-3-yl)hexanoyl]-L-glutamic gcid.

Example 13




N-{4- '["2" ('4" HYDROXYPYRROLQ 2, 3- d] PYRI M DI N- 3-
HYL] BEMK:EMetHas Greb/RMcea ACI D Amxture of 0.5 g of dinethyl

[ 2- (4 2 3-d] pyri mdin-3-yl)ethyl]benzoyl)-L- glutanmate
mL of 1 |de is stirred at anbient tenperatures for three
toformtesomms of

[ 2- (4- hydr oxy- 6- am nopyrrol o[ 2, 3-d] pyrim -

-yl )ethyl]benzoyl)-L- gI utam c aC|d This
chloric aci¥{s=fp (&) 2\ R ltration and
stallized from ve0359(75% of

{r hydraxym&w 2. alpys| na;dlggs ull)n@mynyl | Boegopda ¢4 ol ut i ¢
e - =
i‘ﬁj?r(’?ﬂ’ °ﬂ? (33 32@46’&'6?&1“‘1@1)“ 36'Y7ld E(‘@Yh] hefiz%ﬂl-bz‘lfm) 7 28

ii 7. l’ultamﬁtH) ,112172(7)6\1( ref 3ty , s&ﬁ&n(ﬂ}rdioxlaeﬁll&,s‘t:];.h!)r.]nedl]afﬂS (s,

n a, si ar fashion, from

hyl N-a 1[”2 Eemﬁ’% iﬁeg %al%%ﬁ(f%yﬁe‘fﬂy &t“a LBy rim di n-

3- yI)ethyl;béhzoﬁlN-[4g{GP&4&hgdrokyeseam1n3pyMMUmdnad3¥ﬂ}pyhimi40 t he

f d . .

Nl (R oI e bk AgoRT T H IRl acta.  mhis s

i di n-{3-yl )eehyrfnbenzdylvz)m_h ghndam:hlamd widich updhenesoliadi zdticn with

I I |1 2-
Y WSS e g gl

met hyll fgcnfxzm? ﬁ?ﬁ gddltz.on of water to give 0.35 g (75%)

pi val pyl oxy£6- nethyianxmﬁzafekybgréodbw I 309 bPrimildin-athiyl)denzoat e;

3-[2-( 4- rretﬁ/}a %)e% %i
6- pi vial oyl % To[ tﬂ’j“b%rﬁﬁld#'ne WzISﬁéWﬁo) 6§ 1.88-
ot Fg' ;14 E&dwxym@ RHV?LWJ@P {]tﬂ,perel 9l.3, &zlci] RHY T 2.97Nqm, 4H),
- - C e e y- alo
ami noﬁyrro %pg ﬂﬁ( ng r#% ¥83?? uar ﬁheﬁ%))' 7.28 (d, J

= 7.0 Hz, H),776 (m, 3H),850 (d, T = 7.6 Hz, 1H),
11.48 (s, 1H), 11.67 (s, 1H), 12.40 (br, 1H).

is neutrallzed Wi th

Ssubj ecti ng

In a similar fashion from dimethyl N-{4-[2-(4-
hydroxy-5-pivaloyloxy-6-methylpyrrolo[2,3-d]pyrimidin-
3-yl)ethyl]lbenzoyl}-L-glutamate, there is obtained
according to the foregoing procedure first the sodium
salt of N-{4-[2-(4-hydroxy-6-methylpyrrole[2,3~d]pyrim-
idin-3-yl)ethyl]benzoyl}-L-glutamic acid which upon
neutralization with glacial acetic acid yields N-{4-[2-
(4—hydroxy—s-methylpyrrolo{2,3-d]pyrimidin-3-yl)éthyl]-
benzoyl}-L-glutamic acid.

3 By subjecting methyl 4-[2-(4-hydroxy-5-
i Pivaloyloxy-6-methylaminopyrrolo[2,3-d}pyrimidin-3-yl)-
a ethyl)benzoate; 3-[2-(4-methylphenyl)ethyl]-4-hydroxy-
- 6-pivaloylamino-pyrrolo(2,3-d]pyrimidine; 3-(2-phenyl-
t?Ethyl)-4-hydroxy-s-pivaloylaminopyrrolo[2,3—d]pyrimi—

%édine; 3-[{2-(4-chlorophenyl)ethyl]-4-hydroxy~-6-pivaloyl-
?vaminopyrrolo[z,3-d]pyrimidine; 3-{2-(4~fluorophenyl) -
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IﬁL@MéeiHa@BbéﬁL“:ﬁwd6 pi val oyl ami nopyrrol o[ 2, 3-d] pyrim - dine;

3-fluo 4- hydr oxy- 6- pi val oyl -
yrrol o %ﬁm m i ne; 3-[2-(4-nethoxyphenyl) -

-4- hyd Ian1nopyrro|o[2 3-d] pyrim- dine; and net hyl
4- hydr oxy- 6- pi val oyl net hyl pyr -

, 3-d] pyri mdin-3-yl)ethyl] benzoate to the fore- going procedure,
are respectively obtained 4- [2-

roxy- @tﬁ‘}&ﬁ%%&'&% dyTatii APy ol tdpd 04181 ACi d;

4- et hyl phényl ) et hyl ydrox 6- an1nop rr &gr|n1d|ne

heny! étlﬁﬂf) 3zl2nmyfdr é;)ﬁtéb’&[lz 33/7&'1%9 ¥rqnpvaloyl-

4- chhaigpberyb) ogbhyl- rd%\é-fi 3 rzaqw-rxﬁmac{ dhyl) ~

pyri mjdi ne; Eg ¥§l°$ Iﬁo?b en eth¥Pb 4 Q/é?yéh Y_)
JEphre SEE, aq@-[y'q n3-dlpyrimi

am no yrroISFQYé
et hyl] 4- hydtiasy- Gagdri wylol q[—%z&(d]-myatw@plvalrbyﬁx%tm +] G
- §- et hoyupeqyl ) ety INOL 94 FHLRYRMS! 02 did) gL 1 e,

m p. 2380-28%
[ 2-( 4j hydr ogypifigapirecedure ,o[thral] aye i rreslpecﬂ;.yé).y- okttiayiinielde neof 2- aci d,

m p. :300[e _ - jve Study
of Antli met a |Eg ﬁgﬁv tmethylpxrg:olot[aﬁol | ggg't%u#iéislnmgré% glﬁ
utilizing thenzgnpmﬁqxptoﬁpdands-methylphenyl)ethy@dm&nhxﬁnqu-s-

OH s [ebhlnopyrrolo[2,3-d]pyrimidine; 3-(2-phenylethyl)-4-

hydroxy-6-aminopyrrolo{2,3-d]pyrimidine; 3-[2-(4~-

‘chlorophenyl)ethyl]-4-hydroxy-6-aminopyrrolo(2,3~d]-

pyrimidine; 3-[2-(4-flucrophenyl)ethyl}j-4-hydroxy-6-
aminopyrrolo{2,3~djpyrimidine; 3-[2-(3-fluorophenyl}-
# - ethylj-4-hydroxy~6-aminopyrrolo{2,3-dlpyrimidine, m.p.
295-298°C; 3-[2-(4-methoxyphenyl)ethyl]-4-hydroxy-6-
aminopyrrolo(2,3~d]pyrimidine, m.p. 280-284°C; and 4-

[2~(4-hydroxy-6-aminopyrrolo[2,3-d]pyrimidin-3-yl)-
ethyllbenzoic acid, m.p. >300°C.

. Exanple 14

Comparative Studv of Antimetabolic Activity

Antimetabolic studies were conducted utilizing the
following compounds:

Compound A

OH _ :

| o 0
PN N

' »lr/ C—CI:H—Cl-IzCI-Iz CNH(I'_‘HCHZCHZC—OH
_Cx. G ,CHz , C-OH
NSNS N I
H
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-40 . Compound B [err] Each of
t he orrpoun(;rg’SS as lgedl in  100% di et hyl sul f oxi de. Di | utions of
eac corrpound' ﬂ to yield a range of test concentrations as
heregnafter i The inhibitory activity of the conpounds were
testgpd according to the foll ow ng procedures: Preparation of
Stock Cells Cem human | ynphobl astic | eukem a cells are grown in RPM
1640gmedi a ( MABI 0), supplgE@E%&qaw'Bth 10% di al yzed fetal bovine serum
(G bgo) at 37[err]Cin h t mospheric conditions of 95%air and
5% err]. The cells are grown in static suspension flask, Corning)
mai njained in |og phasgyg at a concentration of 3-7 x 10[err] cells/m.
5 | cﬂ) ‘ﬁ
C
»114 \itlz—if—CHZCHz’CHZ / \ CNHC]:HCHZCHZC—OH
C. .C CH — C-OH
10 HoN” SN N7 ]
H o

Compound C

15
OH .
| o o
PN A\ I
20 Iif ﬁ: -— i'!.f"CHz CHy CNH(IZHCHZ CH,C-U7
c. C. CH — C-OH
N SNy n
H o
5 Each of the compounds was dissolved in 100%
dimethylsulfoxide. Dilutions of each compound we&re

prepared to yield a range of test concentrations %3

14

hereinafter indicated.

The® inhibitory activity of the compounds weZe
tested according to the following procedures:

Preparation of Stock Cells

Cem human lymphoblastic leukemia cells are grZ™=--
in RPMI 1640 media (MABio), supplemented with 7%
dialyzed fetal bovine serum (Gibco) at 37°C -
humidified atmospheric conditions of 95% air ané 2%
CO,. The cells are grown in static suspension ‘=
flask, Corning) maintained in 1log ©phase at z
concentration of 3-7 x 103 cells/ml.




ﬁ;gcedure (1) 10 [err]l of a test conmpound

S ced inggwq -~ ¥ 4 well clusters). This step is repeated for
each g est cggEW;i t he conpounds. (ii) 500 [err]l of
serur@free i o each well. (iii) A sterile bottle
cont @ ning RPM 1640 nedi a suppl enmented with 10% di al yzed fetal bovine

seru 16 nmM hepes and 8 nM nops buffers and 3 x 10[err] cells/m is placed
on a §magnetic stirrer. A Bherlannaeristaltic punp is used to deliver 1.5
m off§this cell suyspension to_each I1. The resultiphg fi.nal volu

delivhred to each (el 10 ¢ @f np kesk COMPOMEA dShRIRTERi dF & W8l x
10[er§] cell gtoekhr 24 well idludbers) Ust ehigeldteprisi pepeated afod7[err] C

[ um di fied,ipcubator (95% ai.r. 5% CJerr for, 72 hours. (v)
After]the inSﬁﬁgtESﬁgngPS%?%ﬁ§3§8Peﬁg%f oF°&é8Hnﬁ§PI are taken using the
ZB1 (pulter Counter particle counter and the ICJerr] (concentration

| nhi b] pgsfogzgf (884! oy o 0% Mol 3n0fEELThAAYs 15 adabl keoMEadigSUl ts
we .

(iii) A sterile bottle containing RPMI 1640 media
supplemented with 10% dialyeed fetal bovine serum, 16
mM hepes and 8 mM mops buffers and 3 x 104 cells/ml is

10 placed on a magnetic stirrer. A Wheaton peristaltic
pump is used to deliver 1.5 ml of this cell suspension
to each well. The resulting final volume delivered to
each well is 2.0 ml at a cellular concentration of 4.8
x 104 cells/well.

(iv) The cluster wells are incubated at 37°C in a
humidified incubator (95% air, 5% CO;) for 72 hours.

(v} After the incubation period, measurements of
each well are taken using the ZBl Coulter Counter
particle counter and the IC59 (concentration inhibiting
50% of cellular growth) is determined.

(vi) The results of this test are as follows:




hnt hi
3nd|
PSi S.

I Tabl e | Concentrati on

ar Growth (9@ ([err]g/m) A
This Sheet eep Replaced 14 33.3
* WA, .
15.3 10. 4 13
. 16. 1 .3 14 0.411
0. 137 63.9 17.7
0.045 100..0 33.5 14
- 76.9 Tabled 0. 005
96 Each _of Co -ounds A, B and C exhibited in vitro
tory activity Co FHEA Hp ] Aah4 S etidehi-gtd cel | s.
elative overall ro |nh|b|toryéconcentrat@bn (1 err§) of
jconpounds is as Cbnpound A 0.2 [err]g/m

I8m5:
ind B: 0.03 [err] 3 nd C. 7 [err]
bnpounds dennnstragéh inhibitory acticggp When cgébgied in
hind C was t he npst ive of the three
b S
ﬁh further tests engigihng so-cal |l ed "5§vgrsal" SHHQI
i s supplied conpounésl§§ precursors mhkghg al one qr gogetherl4

fied the specific gopps of enzymatic;jpghighition. 3

Rev aI
The nechaniinbgf action of eac% cinpound s:ﬁeterm éi

ne - Hypoxanthpngi®i |l reverse the_inhibitory fgfects ofzsa
f the conpoundgfyggti ons as an inhLbitor of puurne de n@wo

Each of Compounds A, B and C exhibited in vitro
inhibitory  activity against human lymphoblastic
leukemia cells. The relative overall 3in vitro
inhibitory concentration (ICsg) of these compounds is
as follows:

Compound A: 0.2 pug/ml
Compound B: 0.03 gg/ml
Compound C: 0.007 ug/ml
All compounds demonstrated inhibitory activity.
When compared in vitro, Compound C was the most active
of the three.

Reversal Studies
The mechanism of action of each compound was
determined through further tests employing so-called
"reversal" studies. These studies supplied compounds
or precursors which, alone or together, identified the
specific point of enzymatic inhibition.

(2) Hypoxanthine - Hypoxanthine will reverse
the inhibitory effects of a compound if the compound
functions as an inhibitor of purine de novo synthesis.
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The ayvai |l abj | i of hypoxanthine thus allows cells to bypass
pur i 3R de novdhisShest “E&h“d (b) Thymidine - Thynmidine alone wll
reveigie the in)’li IHms of a compound if the conpound functions as a
i ¢ inhibi iy | at e synt het ase. (c) Hypoxant hi ne
hymdine - If a conpound is determned in (a) to not be an

tor of purine de novo synthesis, and in (b) to not be an inhibitor of
ilate synthetase, then a reversal study wutilizing hypoxanthine

At L . . . . d
thym Qeava&ﬂﬁﬁg.ﬂﬁﬂrggﬂm”g};%@k&ngﬁ%géi’*}:ﬂtﬁﬁ"‘"ﬁl@is thgyeemMyind can

produge inhibition of bot i I s conbi nation reverses
the 3§ nhibiPY¥P§sscprEths defno¥ocsKPEHARELSthe conpound nost |ikely
functyons as an inhibitor of dihydrofolate reductase (involved in both

puri and pyrim di ne biosynt hesis). .. Pr ocedure In each
case,dthe basic proceﬂ%)ezéﬁﬂﬁﬂéaé-5b5@§“%£§ﬁ%ﬂ4%ﬁ@%,wﬁﬁaiﬁﬁ&fqﬁ?that 250

of tfigar eWBABAkcEYMOLFELL DT 08f £LacbmpOYRASEIE cm@oméidmn@)] was
addedfto the test wells, and the anpunt of seyuni ess neg a a%g d to each
|1 weRGELtPRSsedS[ of eMRSHINE ! i R EPTn 06)] bymé i?&ﬁb anount .

buffeyed saline (sterile filtered through a 0.2 A acrodisc filter - Gel man)
so that 250 [err]l of the stock solution would yield a final concentration

0 [err] M hypoxan{d®j neHzpdkanthiper r ]Jdnd hyThoimddine - THE rasults of
the r%eversatl‘.oﬁigé&gd q<& é‘étéﬁl\iﬁ)&@:in (a) to not be an inhibitor of

; purine de novo synthesis, and in (b) to not be an
0 inhibitor of thymidilate synthetase, then a reversal
study utilizing  hypoxanthine and thymidine, in
combination, will determine whether the compound can
produce inhibition of both pathways. Thus if this
combination reverses the inhibitory effects of a
5 compound, the compound most 1likely functions as an
inhibitor of dihydrofolate reductase (involved in both
purine and pyrimidine biosynthesis).

Procedure

In ;Qch case, the basic procedure outlined above
was followed, medified in that 250 gl of the reversal
compound [or of each reversal compound in (b)] was
added to the test wells, and the amount of serumless
media added to each test well was decreased ([or

entirely eliminated in (b)] by the same amount. The
* reversal compounds were prepared as 8X stock solutions
in phosphate buffered saline (sterile filtered through
a 0.2 p acrodisc filter - Gelman) so that 250 pl of the
stock solution would yield a final concentration of 100

M hypoxanthine and/or 5 uM thymidine.

The results of the reversal tests are as follows:
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-4Q%_ (a) FWpoxanthlne (100 [err]M:
Tabl gl | Concentr'amsﬁnetﬂasBeenReﬁacedCel lular Gowh (% [err]g/m)
A*

Conpognd + Conmpound +
proxﬂnthlne B* Hypoxant hine  100. 0 13.1 15.3

33.3 15.5 16. 7 10. 8 16. 2
12 14 11.1 16.2 17.6 : 9.6 15.9 12 13
3.7 ¥ 15.3 16. 4 10. 4 14. 4 13 13 1.23 16.1
15.5 11.3 . 0.411 21.5 19.0
13.0 20. 4 5% tvooxentfiige (169 w0417, 2 17.7 43.2
14 {1 15 0. 045 100.0 100.0 33.5 83.9 14 12
0.015§ - - 76.9 99.5 25 24 0.005 -
- - 96 100 * Data reproduced from Tabl e
(b) ,poxanthlne (100 [err]N) and TiEadkE il (5 [err|M: Conpound B
was fdrther tested to determine the secondary site of inhibitory activity.
Tabl el 11 Gonsantsation Gebl vh 94y G ubn () (Lerr1o/ni)
CDntrdl B* + Hypoxanthine and Thym di ne 3
69. 9 fl.l (kg/ml) Céh&bund + cOmpoun&4-7 3.7 Compoun&0-4 +
79.4 1.23 1A% Hypoxanthine B* Hy%@xén@hiﬁé C* Hypokan®hine
92.7 Q.137 12 i 2 9 0 045 335
92.8 100.0 13.1 15.3 - - 14 13
¢ 33.3 15.5 16.7 10.8 16.2 12 14
11.1 16.2 17.6 9.6 15.9 12 13
3.7 15.3 16.4 10.4 14.4 13 13
§ 1.23 16.1 15.5 11.3 15.6 14 i3
' 0.411 21.5 18.0 13.0 20.4 13 12
3 0.137 63.9 73.8 . 17.7 43.2 14 15
' 0.045 100.0 100.0 33.5 83.9 14 12
0.015 - - 76.9 89.5 25 24
0.005 - - - - 96 100

) * Data reproduced from Table I.

(b} Hypoxanthine (100 uM) and Thymidine (5 uM):

Compound B was further tested tc determine the
secondary site of inhibitory activity.

] Table IIT

Concentration Cellular Growth (%) ‘
ua/ml Control B* + Hvpoxanthine and Thymidine
33.3 10.8 . 69.9

11.1 9.6 74.7

3.7 10.4 79.4

1.23 11.3 89.4

0.411 13.0 92.7

0.137 17.7 92.9

0.045 33.5 92.8

* Data reproduced from Table I.
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(c) hyn1d| Table |V
Concegtrati on “\ Iar C?omﬂh (9 ([err]g/n1) Compound +
Conpofnd Thym di ne B*

Thym gine C Thyn1d|ne 100. 0 13.1 48.8 - - 14
44 3§. 3 15.5 49.4  10.8 11.6 12 57 11.1 16. 2
49. 4 9.6 11.6 12 52 3.7 15.3 52.6 10. 4
12. 1 13 (cH6 T xélaine ;g é M) : 62.1 11.3 12.3 14

58 0.411 21. 5 13.0 14.9 13 55 0. 137
63.9 98.1 17.7 18.0 14 64 0.045 100.0 100.0
33.5 32.5 14 81 0.015 - - 76.9 81.1
25 100 0.005 - Table TV iv - 96 100

* Dat@ reproduced from Table |I. In Vivo Activity Analysis
Conpodnds ested furth h antitunor activity
in vi 5. Abéﬂge§i¥gﬁgoﬁ1ce stralneééiﬁigrag?8Wt§ gﬁ ated with tunor

cells:

+

peritoneal) of elther g R% C for%ﬁ¥ﬂ2§§consecutlvgm&gﬁge
Si ze WwaGg Ngasur egs of the d@y_§ollomnng the last_day of 14
33.3 15.5 49.4 10.8 11.6 12
11.1 16.2 49.4 9.6 11.6 12
3.7 15.3 52.6 10.4 12.1 13
1.23 16.1 62.1 11.3 12.3 14
0.411 21.5 73.9 13.0 14.9 13
0.137 63.9 98.1 17.7 18.0 14
0.045 100.0 100.0 33.5 32.5 14
0.015 - - 76.9 8l.1 25
0.005 - - - - 96

* Data reproduced from Table I.

In Vivo Activitv Analysis

Compounds A and C were tested further to compare
their antitumor activity in vivo.

Female mice, strain DBA/2, were inoculated with
tumor cells. Treatment with the test compounds began
the day following inoculation. The treatment consisted
of eight daily doses i.p. (intraperitoneal) of either
Compounds A and C for eight consecutive days. Tumor
size was measured on the day following the last day of
treatment to determine the inhibitory effect_ of the
test compounds on tumor growth. '
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nt to determne the inhibitory effect of the test compounds on tunor
gr ow This Sheet Has Been Replaced - 46 - The

resul§s are as fo Tabl e V Conpound A
Dose H! ’ll murmr Vi ght % ( g/ kg)
Ani malf§s I nhi bition 0 (Control)* 8
2050 Rerr] 774 - 0 (Control)* 8 2753 790
- 200 : 2525 694 0 100
8 3447ThE4Zesults arelas f@ilows. 8 1935 498
19 25 8 121 410 12 12.5
8 ' 3360 703 0 6. 25 8 2719 413
0 { 3.125 ° 8 2825 822 0O * Average tunor
wei ghty (nmg) for all control groups on &H? date of evaluation = 2402 839.
1. Mean [err] standard deviation Iable V Tabl e VI
Conmpodynd C Dose Number of Tunor Wei ght % (ng/ kQ)
Ani malis Compound(RAg) [ err] I nhibition Run 1
i’ Dose Number of  Tumor Weight %
; (na/ka) : Animals {mg)= Inhibition
§ 0 (Control)* 8 2050 = 774 -
9 0 (Control)=* 8 2753 £ 790 =
200 8 2525 * 694 0
100 8 3447 + 747 0
50 8 1935 £ 4938 19
5 25 8 2121 £ 410 12
12.5 8 3360 £ 703 0
6.25 8 2719 * 413 ¢)
3.125 8 2825 * B22 o
% * Average tumor weight (mg) for all control groups on
the date of evaluation = 2402 + 839.
1. Mean * standard deviation
Table VI
% Compound -C
Dose Number of Tumor Weight %
(ma/ka) Animals (mg)= Inhibition
Run 1
3 0.0 (Control) 6 360612099 0
0.0 (Control) 6 55331234 0
200.00 7 0t0 100
i 100.00 7 0£0 100
i 50.00 6 0+0 100
25.00 7 00 io00
12.50 7 102+1686 98
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ntrol) 6 - 7 73606[ err] 2099 0 0.0 (Control)

5533 1234{?:13 Sheet Has B&n achp 7 0+0
100 50. 00
i iy 7 .
102166 98
Run 2 0 (Control) 6776 1328 0
10 5533 2645 40 9 0
Run 2100 20 10 18 57 . 100
0 {@ontrol)=* 180 [err] 152 6776 * gB28 5 - 10
6570 (Contrgd)* 5 510 18533 % 2645 2908 [eTr] 1948
10 6682 2300 0 0. 6256 10
239 0 * Tumpf wei ght (ng) f8r -alq controllgfrtgups on
= 61 [err] 2134. 1. ifean standard |on 108 mpound A
has esgentially_no inhibitory e Pect on tunDr vivo. Sile
observéd tunor kght was sligh Py | ower at -oﬁsfS and S@qnquL this
I s not jconsi der go be signifi nt si nce th 8reductﬁﬂ1|r1tunnr
merghtiat doses O% %90 or 200 und hibits % marked in
Vi Vo |nh|b|tory e ?ect on tunor romﬂh W th @6|ﬁ Ition at” doses of as

(ow 520 10/ bop G TB5E (HEY B0 LEE BbhEED1 2500585 Y Hid B 2 O
my/kg. = 6155 + 2134.
f 1. Mean % standard deviation.

Compound A has essentially no inhibitory effect on
tumor growth in vivo. While observed tumor weight was
slightly lower at doses of 25 and 50 mg/kg, this is not
considered to be significant since there was no
reduction in tumor weight at doses of 100 or 200 mg/kg.

Compound C exhibits a marked in wivo inhibitory
effect on tumor growth, with 100% inhibition at doses
of as low as 20 mg/kg, and more than 50% inhibition at
doses of at least 2.5 mg/kg.

f Comﬁbund B acts by a different mechanism than
Compounds A or C, namely inhibition of DHEFR rather than
TS. While jin wvitro, Compounds A and C appear to
{ inhibit TS; Compound C is more active jin vitro than
Compound A by a factor of at least 25-fold. In vivo,

Compound A 1is inactive as an antineoplastic agent.
Compound € 1is highly active in wivo in combatting
neoplasts. '

Representative inhibition values against CCRF-CEM
Cell cultures for typical compounds are as follows:




Conpound = T | C[err]
hydr oxy- 6- annngmﬂﬁmgnggp@ lacedd] pyri mdin-3-yl)- ethyl]benzoic acid

e IR 4 [ 2- (4- hydr oxy- 6- ani no-
pyrrolg 2,3-d]pyriniddﬂj
3-[ 2- (@& met hoxyphenyl

]benzoyl) L-glutam c acid .... 0.004
oxy- 6-am nopyrrol o[ 2,3-d] pyri m di ne

...... o ... >20.00 N (2- quoro 4-[ 2- (4- hydr oxy-

6-anih§pyrrolo 2, 3-,dl pyrimdin-3-yl)- ethyl]benzoyl}- L(glutanlc acid

...... . . Com§o8PE N {3-fl uoro-4- [2 (4- hydr oxy-

6-anin@myrrgl?52 g bggr|n1§|n 3- §rg- et hyl ] benzoyl } - QE@F{&an1c aci d

ph xl)ethyl] 4- hydr oxy-
6- ani ndpyr r BY AR&dIn=3=y1)= - >20. 00
N?g]-?pﬁrﬁ ggg 15 Lgrxn 3 Byrror orz 3-drpyricdicdim-339 ey ] -

thlen-,-ylc rbhon L -glLytam,cacld. ... ...... 0. 025
N-(5-[ % ( SQ ib ZEQ g‘ﬁ% y,gag'tggiﬁ)ci] pyrimdin-3-yl)ethyl]-
it

fur- ‘Icar [ >20. 00

N-(4-[ 2 giStEmie goady. s ndin 3] )00

et hyl ] nZOXLézL QLHEEHb ﬁla?l 1) ethyl]~4-hydr xg-0084

N-{4-[3- (4- By ﬁgﬁagyffehe -é]]? E:b.ﬂih. iRe 3.y L).gthy! Ibenzeyl } - L-gl utam c
acid ..}....... he cytotoxicity of these conmpounds is not

reversdd byntpg-atdotoon- pﬁ Mgpﬁyagbhyae or Al CA,
* 6-aminopyrrelo[2,3-d]pyrimidin-3-yl) -
ethyllbenzoyl}-L-glutamic acid....ccevuceces 0.008

N-{3-fluoro-4-[2-(4-hydroxy-
6-aminopyrrolo(2,3-d]pyrimidin-3-yl)-
ﬁ ethyllbenzoyl}~-L-glutamic acid........... «..0.019

3-{2-(3-fluorophenyl)ethyl]-4-hydroxy-
6-aminopyrroloe{2,3-d]pyrimidine..... creren >20.00

“ N-{5-[2-(4-hydroxy—-6-amino-
pyrrolo[2,3-d]}pyrimidin-3-yl)ethyl]-
thien-2-ylcarbonyl}-L~glutamic acid..... ve..0.025

N-{5-{2-(4-hydroxy-6-amino-
? pyrrole[2,3-d]pyrimidin-3-yl)ethyl]-
fur-2-ylcarbonyl}-L-glutamic acid......... >20.00

4 N-{4-[2-(4-hydroxy-6-methyl-
. pyrrolo{2,3-d]pyrimidin-3-yl)-
* ethyljbenzoyl}~L~glutamic acid....cceececcen 0.0084

N~{4~-[2-(4-hydroxypyrrolo(2,3-d]pyrimidin-
3-yl)ethyl]benzoyl}~L-glutamic acid......... 1.20

A The cytotoxicity of these compounds 1is not
reversed by the addition of hypoxanthine or AICA,
suggesting that they do not inhibit the purine de novo
biosynthesis pathway, but is reversed by thymidine,
indicating thymidylate synthetase is the main target.
Cytotoxicity is also reversed by the addition of
leucovorin, indicating the cytotoxicity is due to

antagonism of a folate-related mechanism.
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ng that ey .de.i8den kML t the purine de novo biosynthesis

fé”3: but isr dine, indicating thym dylate synthetase is
e o TRMEANANE 2 2

§ el at ed mechani sm
pound of the formula:- [err] I n whi ch: Rlerr] is -OH

Frr]; EE§Eﬁkjggjggiggggg?gggggggézg,3-pheny|ene unsubsti t ut ed
@tituted wjih _chloro fluoro, methyl, met hoxy, or

§ onet hyl PEr i Eaelfy NeoSE, LI, CHyurBEacll,yLoymrubstituted or

$ted with chl or o, fl uoro, nmet hyl , nmet hoxy, or

g onmet hyl ; cycl ohexadi yl; and al kanedi yl ; Rlerr] is hydrogen,

met hyl , §or hydroxynet hyl; and Rlerr] is hydrogen or alkyl of 1 to 6

car bon étons; t he Aorbmpdhal oF dpeuirdrimigar bon atom designated * is S,
and thaspharnaceutical y acceptable salts thereof.

gl
' ] ]
C *
T” \7?——-W-CH2CH—R3-CNHCHCH2CH2C-OH

4
Cal - CH R C-OH
10 5T X N/C\,‘/

H

|
o

in which: .
R is -OH or -NHy; ,
_ R? is 1,4-phenylene or 1,3~phenylene unsubstituted
15 or substituted with chloro, fluoro, methyl,
methoxy, or trifluoromethyl; thienediyl @or
‘furanediyl unsubstituted or substituted with
chloro, fluoro, methyl, methoxy, or
‘trifluoromethyl; cyclohexadiyl; and alkanediyl:;
) R4 is hydrogen, methyl, or hydroxymethyl; and
RS is hydrogen or alkyl of 1 to 6 carbon atoms;
the configuration about the carbon atom designated * is
S; and

the pharmaceutically acceptable salts thereof.

2. A compound acceording to claim 1 wherein Rl is -oH;
R3. is 1,4-phenylene; rRY is hydrogen and R is
hydrogen.

3. A compound according to claim 1 wherein Rl is -oOH;
RS is 1,4-phenylene; RY is hydrogen and R is
methyl.
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2. A @npound accor-di- ngL{o claim-1 wherein Rlerr] is -OH; R err] is
1, 4- phnyl ene; R[err drogen and R[err] |s _-hydr ogen.

oY .
conpougd accord erein Rlerr] is -
el i e Rimlmilmummm A

thienediyl; Rerr] is hydrogen and R err] is hydrogen : corrpoun
accordidng to claiml wherein Rerr] is -OH; Rl err] |sth|ened|yl
Rlerr] {is hydrogen and R err] is nethyl. 6. A conpound according to

claimi selected from N _
(a-12- {4 hydroxypyrrqlol 2.3 dl pvei mghn: 3 Y1) e4fyld- s RUMAM b hLaps

t hyl pydrol o[ 2. 3-d] pyRPm:_dl hieredyly} ]}b%ll‘mmjdiogém andt Rri dsabiydrogen.
A conpound of theforrrula [err] which R err] is amno or

al kanoyl am no of rbon at.@ t he nfl u t|o t.the
car bon at om d@si &1&"6‘5’@“’?% %F‘—'aﬁélf’ﬁe tﬁhacr gﬁrf tkggci‘,%pt 8B e
salts thereof. R3 is thienediyl: R? is hydroqen and 5 is methyl.

5 6. A compound according to claim 1 selected from N-

{4-[2-(4-hydroxypyrrolo(2.3-d]lpyrimidin~3-yl)ethyl]~
benzoyl}-L-glutamic acid, and N-{4-[2-(4-hydroxy-6-me-
thylpyrrolo[z.3-dlpyrimidin-3-yl)ethyl]benzoyl}-L-glu-

tamic acid.

10 7. A compound of the formula:
OH
] o) o
PN I = |
15 T fc':—?l: CHCH3 CNHECHCH,CHC~OH
,C C C-CH
RS Ny \q/ I
o)
20 which R3' is amino or alkanoylamino of 1 to 12

carbon atoms, the configuration about the carbon
atom designated * is S, and the pharmaceutically
acceptable salts thereof.

8. A compound according to claim 7 which is N-{4-[2-

. (4-hydroxy~6-aminopyrrolo(2,3-d)pyrimidin-3-yl)eth-
yllbenzoyl}~L-glutamic acid and the pharmaceutically
acceptable salts thereof.

9. A compound of the formula:




8. 7A¥npound according to clain17 which is N{4-[2- -

(4- hydr@xy- 6- am nopyrn‘mk l?mddl n- 3-yl)eth- ,!![ Il["!lj"!" li ml
yl ] benz yI)-L-qutanic harnaceutlcally

t her eof 9. A conpou

-51 - err] r] is - or -NHerr];

R err] t hi enedi yl or furanedlyl unsubstltuted or substltuted
wi th chforo, fluoro, nethyl, ne&hoxy, or trifluoronethyl;

cycl ohe§adi yl ; and al kane- diyl; Rlerr] is hydrogen, nethyl, or
hydr oxy@get hyl ; and t he conflguratlon about t carbon atpm desi gnated *
Is S, a t he pharnaceut | acceptable gal t s % hereof . 10. A
compound according to clai mhe Ern FF‘FS -CHHCHCHCHZE QM| i s

t hi enedidyl, and R err] is h drog 4 The codPound according to
claim 9 fwhich is N (5- {\\% —CH

(4- hydr gxy- 6- an1nopyrr%¥b[2 3 py d|n 3 yl) - i

et hyl ]t Bi en- 2-yl car bonyl -L-glutakic acid; N {4-92-

(4- hydr xy-6-aninopyrro|o[2 3-d] pyrimdin-3-yl) -

ethyl ] tHi eg-2-yl cafpomyichs L- gI utam c acid; or N-{5-

[2-(4-h droxy 6- am rroIo ] yrlnldln 3-yl)-

ethyl]tHien- ylca bdﬁ%lj 2 %ﬂig aci d.

is thzenedlyl or furanediyl unsubstituted or
substituted with chloro, fluoro, methyl, methoxy,
or trifluoromethyl; cyclohexadiyl: and alkane-
10 T diyl:

rRY is hydrogen, methyl, or hydroxymethyl: and

the configuration about the carbon atom designated *
is §; and _

the pharmaceutically acceptable salts thereof.

15 10. A compound according to claim 9 wherein R is -oH;
R is thienediyl, and R? is hydrogen.

11. The compound according to claim 9 which is N-{5-
[2-(4-hydroxy-6~aminopyrrolo[2,3~-d]lpyrimidin-3-yl)-
20 ethyl]thien-2-ylcarbenyl}-L-glutamic acid; N-(4-[2-
(4-hydroxy-6-aninecpyrrolo(2,3-d)pyrimidin-3-yl)~-
ethyl]jthien-2-ylcarbonyl)~-L-glutamic acid; or N-{5-
- [2-(4-hydroxy-6~-aminopyrrolo(2,3-d]pyrinidin-3-yl)-
ethyl]jthien-3-ylcarbonyl}-L-glutamic acid.

25 12. A process for the preparation of compoﬁnds of the
formula




12. A% ocess for the preparatlon‘of conmpounds of the-—_.__.LarnuLa

- 52- r] ThlsSheétHasVﬁ}E qa Rerr] is -
hydroggh or a phar ceptable catlon l lj!'l” Jm
4- phenyg ene or 1,3 ubstituted
chloro,§ fluoro, t hoxy, or trlfluoronethyl thlenedlyl
or furanedi yl each unsubstltuted or substituted with chl or o,
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5 in which:

R is -0H or ~NH3;
R? is hydrogen or a pharmaceutically acceptable

cation:
R3 is 1,4-phenylene or 1,3-phenylene unsubstituted
10 or substituted with <chloroe, £fluoro, methyl,

methoxy, or trifluoromethyl; thienediyl vor
. furanediyl each unsubstituted or substituted with

chloro, fluoro, - methyl, methoxy, or
trifluoromethyl; cyclohexanediyl; or alkanediyl:
15 RY is hydrogen, methyl, or hydroxymethyl;

RS is hydrogen, alkyl of 1 to 6 carbon atoms, or
amino; and

the configuration about the carbon atom designated =*
is §; _ '

20 which comprises catalytically hydrogenating a
compound of the formula
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in which: * .
x is COOR2'; or CONHCHCH,CHZCOOR? ;
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t akenf t oget her
or a farboxy p ; R[err] Is as defined above err]
t akeny i ndepend y 0 err I s hydrogen, met hyl , hydr oxymet hyI , o_r

hydr okynet hyl substi - t ut ed with a hydroxy prot ecti ng group Rerr] is
hydroben, alkyl gf 1 tqQ 6, carbon ato am no, an 4prof ecting
group{ and Rlerrf |§sh3'(¥rdd"§f§?’br gﬁoyr’-&;? q%eﬁglﬁﬁ %m Uit Bf the
fornuf a carbon—c[aebbh bond; in which X, R[err] Rlerr],
Rlerrf, Rerr] are as _defined, above CCIR[err]
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and rénovi ng anyRBr bseasi dgfidnedpabové3d. The process according to claim 12

for the preparatigmn o 4- - 6-a1) NOPY.I0l O
[ 2, 3-d] pyr| m di nﬁ3 Yl %ﬁ%ylf%%%éoy?%g%%g’%&?’gﬁi@c %‘gi dndlfh hydrogen,
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conposition conpris C [ 0 of clainms 1-11 in
conbi ha- tion wt ,%Hg gfwrrgéglgu?r ltégﬁ!? Qgcggbegglt%g g} ?’d 15. A
phar maceut i cal c®hposit | bdaesendi ng kblcl%ﬁ mil4to 6 carbon atoms, -

amino, or an amino protecting group; and
RS is hydrogen or alkanoyloxy:
to produce a compound of the formula
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in which X, Rz', R3, R4', R>' and RS are as defined

above;
‘ and when X = COORZ', coupling with a protected

3 glutaric acid to form a compound where
3 %
120 X = CONHCHCH,CH3COOR?';

coor?'

and removing any protecting groups.

13. The process according to claim 12 for the
preparation of N-{4-([2-(4-hydroxy-6-aminopyrrolo-
(2,3-d}pyrimidin-3-yl)ethyl]lbenzoyl)-L~glutamic acid’
and the pharmaceutically acceptable salts thereof.

14. A pharmaceutical composition comprising as the
active principle a compound of claims 1-11 in combina-
tion with a pharmaceutically acceptable carrier.

15. A pharmaceutical composition according to claim 14

wherein the active principle is N-{4-({2-(4-hydroxy-6-
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: A?f‘%" n the active principle is N[4-[2-(4-hydroxy-6- R

‘] RN VR

aminopyrrolo-[2.3-d]lpyridin-3-yl}ethyllbenzoyl}-L-glu-
tamic acid.

16. The use of the compound of claims 1-11 for the
preparation of a medicament useful for combatting neo-
plastic growth in a mammal through inhibition of

thymidilate synthetase.
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