DESGRI PTI ON *159159* PROCESSES FOR THE PRCDUCTI ON OF THI ENOPYRI M DI NE

DERI VATIVES 5 Field of the Invention The present inventi u m I
process for producing thienopyrimdine derivatives MhIJN m“m|ﬂ mm l

medi ci ne and show t he usef ul Gbnadotrogln relea3|ng hor none, (&
‘n agoni stic activity, and i nt er redPEPERIPFIONer ef or . Background Art As a

ocess for prodibagsaesnrBROmS sRBICHI N "or SRTBRUBIRIMWIAG the CnRH

antagoni stic activity, ere is a known neth taining a

t hi eno[ 2, 3-d] pyri mi di ne 15 conpoundDBRIVATOYESas a starting material,

2-am no-4- net hyl -5-(4-ni trophenyl)thi ophene-3-carboxylic acid ethyl ester
whi ch is obtained by reacting 4-nitrophenyl acetone wth ethyl

cyanoac ta cetic acid, sulfur and diethylam ne

6/2%59???ﬁ& E@%fﬁﬁ%%@?ﬁgﬁgb ﬁn addition, as a process for producing
2 am no- 3- et hoxygar peederd rﬂwf%:t:ﬁoﬁhﬁéihﬁ:@lsc’&@e%e,pﬁ&%@s':@oﬁ known
nmet hod of acting norphorine or triethylamne on a solution of

phenyl acet oredusiiing Wyiereprrimidine §@WmmativeSﬂWh¢mh avspPugefnd, 830
etc.). 25 On t ther han as proc for uci t hyl ket one
compound, Eh8FE qﬁ%? eoprse HE 4&? ?Réﬁeﬁ?ﬁ }ﬁgxy
der'Vat'Veh@&MﬁﬂﬁfanRWFJ&ﬂ@é@oﬂmgticsWdﬁﬂﬁf%f““&ﬂﬁ Phréehdathlces de to
an acylating reaction, which I's subjected to a hydrolysis 30 reaction, and
subj ecl? ng thewe fgt.er groups of) the .

Background Art |

As a process for producing a thieno[2,3-d]pyrimidine

compound showing the GnRH antagonistic activity, there is

a known method for obtaining a thien6[2,3-d]pyrimid1ne

15> compound by using, as a starting material, 2-amino-4-
methyl-s-(4-nitrophenyl)thiophene-B-carboxylic aclid ethyl
ester which 1s obtained by reacting 4-nitrophenylacetone
with ethyl cyanoacetate, ammonium acetate, acetic acid,
sulfur and diethylamine [W096/24597(JP-A 9-169768)].

20 In addition, as a process for producing 2-amino-3-
ethoxycarbonyl-4-methyl-5-phenylthiophene, there is a
known method of acting morphorine or triethylamine on a
solution of phenylacetone, ethyl cyanoacetate and sulfur
in ethanol (USP 4,240,820 etc.).

25 On the other hand, as a process for producing a
methylketone compound, there is a known method of
subjecting a magnesium ethoxy derivative of diethyl
malonate and a suitable amount of acid chloride to an
acylating reactibn, which is subjected to a hydrolysis

30 reaction, and subjecting (two ester groups of) the
resulting diethyl acylmalonate to a decarboxylation

reaction in the presence of an acid (J.Am.Chem.Soc.,

- o e

*G00002*

=



resw ting diethyl acyl mal onate to a decarboxylation reaction in the.
presence of an acid (J. Am Chem Soc., Vol. 68, ppl386(1946)etc.). 1 *@00002*
tn the previous process of production, there are problens that the

expensive starti terials are used, high toxic carbon tetrachloride is
gd, hi gh riskyggeggﬁ Hﬁﬁﬁﬁﬁﬂﬁnﬁ?%°%§§d?%aﬁﬁ°§q&£ﬁ&ﬂﬂuf9ﬁﬁﬁr@F?he strong

in 5 stipglphighs RiRPeriNe | SxhbaRkayed st titﬂbern%{’é)éfiﬁeajégdﬂéEﬁ! ally

advant ageous process for producing thieno[2, 3-d]pyrim errvatives
show ng t htiGhRoxdd agprben | teticachilbyiide desivssll, I GUMASRKYyOhethE

| NVENTI ON The present, inventors extensively studied a process for .
produci ng MROESINT IF H35¢%i dRRE BeFPTROUNS havhng thegtrong skin

ant agort 5t P Bt S By LECABb1RTeR Sha. IREARLET SN ) and

a high yi ebiciduy tusidigl vi-adv i bagedkapeoerss Mmongatedaedkgxi de and prinary
amne as a starting material for the first time and this process is
suf fi ci ent thieao (XK atdigyaimbdingdderivatives eshamkng conel €nBH t he

present invention based on fhese findings. 20 That is, the present
I nvention P@Fgg&?%ékiﬁlﬁcggﬁfggeig aSFgﬁfgéucing a conpound represented by
the formula(lll): a 'MJ 2 wherein respective synbols have the sane

neanin?s as those 25 described below, or a salt thereof, which conprises:
0 SUMMARY OF THE INVENTION

The present inventors extensively studied a process
for producing thieno[2,3-d]lpyrimidine derivatives, found
that thieno[2,3-d]lpyrimidine derivatives of interest
showing the GnRH antagonistic activity can be unexpectedly

15 obtained safely, simply and at a high yield by using 4-
nitrophenylacetone, magnesium alkoxide and primary amine
as a starting materlal for the first time and this process
1s sufficiently satisfactory at an industrial scale, and
completed the present invention based on these findings.

20 ‘That 1s, the present invention relates to:

[1] a process for producing a compound represented by the

formula(III):
He

;! 74 | OR | (1)

ST ONH,

wherein respective symbols have the same meanings as those
256 described below, or a salt thereof, which comprises:
subjecting a compound represented by the formula

(I):



subjecting a conpound represented by the formula 2 S HO (1) wherein Rl

denotes a hydrogen atom nitro, hal ogen, phthalimdo,

rono( al kyl carbonyl )am no, di (al kyl carbonyl )am no or al koxy, or a salt

thereof, to an 5 acid | ogenating reaction, which is successively reacted
{th mal oni c acid ester\and magnesi um al koxi de and, thereafter, treated

th an acid ang en, @ted with psul fur and a conpound represented by
the forml R @v "OR2 10 vvher(%i n R2 denotes al kyl or aryl, or a
salt thereof, iR e presence.of primary amne, [2] the process described
in the [1], wherein Rl is nitro; 3] the process described in the [1],

wher ei n t h¥hehedsy R denetes ¥29en ok PManfddrows falogemr ocess for
duci la(Xl1): R5 wh
Peopect | e P AN S SR Sy RY b Bony 1AL S L ori bed bel ow whi ch

conpri ses: §12Q %4 Rotbdly ) §RIREUBE amw:zqnt&d dysadle tRepube(! &b ado
wherein R a denotes nitro, phthalimdo, 3 nono( al kyl car bonyl ) am no or
di (al ky? capisdy hediganabing reactipher wbfich dsmrsuetes sivedynaeasged

reaction, Wwfﬂqﬂéionic acid ester and magnesium alkoxide and,

thereafter, treated with an acid and, then, reacted with

sulfur and a compound represented by the formula (II):

0

PR S

10 wherein R? denotes alkyl or aryl, or a salt thereof, in
the presence of primary amine,
[2] the process described in the [1], wherein R! is nitro;
[3] the process described in the [1], wherein the primary
amine 1s mono-Cj3;.g alkylamine:

15 [4] a process for producing a compound represented by the

formula(XII):

(X11)

wherein respective symbols have the same meanings as those
described below, which comprises:

20 subjecting a compound represented by the formula(I®):
HO

0O
R1a . (' a)
wherein R'® denotes nitro, phthalimido,

3



successively reacted with nmalonic acid ester and magnesi um al koxi de and,
thereafter, treated with an acid and, then, 5 reacted with a sulfur and a
conpound represented by the fornula(ll): O wherein R2 denotes al kyl or
aryl, or a salt thereof in thgavgresence of primary amne, to obtain a

errpound 1Bonefaddarkcarieny PRuPE Ahi(@lky Repyl)apipown@repn

ti t agi | be Y, or a
sal bt her cSP TG e, 6 4 BoTRARaTSnen LM e dEEEh ) i B 18 07 2 |
a conpound siifvceainasint etk dytédewiohmbdoni)lc adid dster R3ndl Magneeiam R3

denot es alk{ optionally having a substituent or aryl optionally having a
subst i t uen@lkgxides And s nehepeaftey. ohrsated oo AR 2ebfecdBAr ehBR -t he

formul az (V). er.ej e cti a ni ngs as
t hose %Ie;/%::re ialgz\eé)(f dglgvoi&er} V@oré‘gﬁs‘% tépﬁe%e\é% m?ré])gR Qi ts1re , %%%ljl;lg%éi ﬁg q?'%e
conpound (¥or@iula(sEl): thereof to a ring closing reaction, which is
reacted wth a compund represented by 4 the fornmula(Vl): R4/ ~R5 wherein R4

denotes a | eaving [group, and R5 ﬁenotes aryl optionally having a
substituen%ﬁgﬂ(vglggghzthereof,( b

wherein R? denotes alkyl or aryl, or a salt thereof in the
presence of primary amine, to obtain a compound

10 represented by the formula (III):

HG 9
e / | OR’
. (1)
S” ONH

2
wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then, reacting the
compound (III) or a salt thereof with a compound

15 represented by the formula(IV):
0=C=N—R’ (IV)
wherein R® denotes alkyl optionally having a substituent
or aryl optionally having a substituent, or a salt thereof,

to obtain a compound represented by the formula (V):

0
H,C
) 2
R /’i OR
S NH (V)
RS
07 "N~
20 | H

wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then, subjecting
the compound (V) or a salt thereof to a ring closing

reaction, which is reacted with a comound represented by

4



5 obtain a conpound represented by the formula (VII): R5 wherein respective
synbol s have the sane neani ngs as those described above, or a salt thereof
and, then, subjecting the conpound (VIlI) or a salt thereof to a
brom nat i ng 10f{eact]ida?&m which is successively reacted with a conpound
ipresente QrmY B*(VI11): R6 jNH (VI11) R wherein R6 and R7

not e al k 4,apLE§nally havi ng ?Vnsubstituent, aryl optionally having a
substituent’] al kbxy 15 optional 'y having a substituent, aral kyl optionally
having a whisxtdiruerft denctdweterbeyeinggygeonpopandd® vehatiodg aryl
substituent, or a salt thereof, to obtain a conpound represented by the

fornul a (1 RPtigeald heving wsspbshasvent r €pertsakt stheseafhake t he sane
[ SCI | t,.th wh Rla i
TRATLN9E pBpse o AEAIAAGE 2BBYEseREeR BY (nid SR TV ) 0o R T

nitro, subjecting or a S Hete uci ng
reaction, 5 (2) when Ey I's pbthalimdo, subjecting the conpound (IX) or
a salt thereof to a deps I Mmg rﬁgption, or (3) when Rlais

nono( al kyl car bon
A o

R1a

wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then, subjecting
the compound (VII) or a salt thereof to a brominating

10 reaction, which is successively reacted with a compound
represented by the formula (VIII):
R
RL/

wherein R® and R’ denote alkyl optionally having a

NH vy

substituent, aryl optionally having a substituent, alkoxy
15 optionally having a substituent, aralkyl optionally having

a substituent or a heterocycle group optionally having a

substituent, or a salt thereof, to obtain a compound

represented by the formula (IX):
Ay

R
R

20 wherein respective symbols have the same meanings as those
described above, or a salt thereof, and
(1) when R'® is nitro, subjecting the compound (IX)

‘or a salt thereof to a reducing reaction,

5



di (al kyl carbonyl)am no, subjecting the conpound (1 X) or a 5 salt thereof
to a hydrolyzing reaction, to obtain a conpound represented by the formula
(X): R 7NR, R3 (X) wherei n respective synbol s have the same neani ngs as
those described aS orlg alt thereof and, then, égreactin t he

: «rrpound (X) or 42 %eﬁ eo s PRithal H-Hlit?@encﬁ‘{;‘?m%t%’&gdt t EPMBPRY
d t X R8 d
RO Benote STRdarkydh St *‘%?%%éﬁ“?s%t b0tk FtecThigthedbt e BN T oF

al kyl optlonalIy(B&vmh@naEﬂéuhstmbnemhlkvidhrhdﬁylrﬁmené oor (ii) reacting
t he conmpound (X) or a salt_thereof wth carbonyldiimdazole and a conpound

r epr esent e@i@1yd caxhopy h) amipo . rgubjechyyng Xghe \Frimrewnde b pEdt P¥e a
symbol sg hagg Eh%ﬁﬁggﬁéfﬁﬁl99§X3§f3?9iﬁﬁ q%%gﬂigﬁlabove or a salt thereof;

[ 5] the pr OCEess Is nitro; [6] the
process descri bedoi dbithard 4 coligoehd Représghted byTmptienabiy (RY:ng a
substituent; [7] the process described in the [4], wherein R5 is phenyl 6
optionally haV|ng a.g?bstltuent [ 8] the process described in the [ 4],
wherei n one:- of R6

H,N )

wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then,
10 (1) reacting the compound (X) or a salt thereof,
with halogenoformic acid ester and a compound represented
by the formula (XI):
B
::;NH | (XN)

wherein R? and R® denote a hydrogen atom, alkoxy optionally
15 having a substituent or alkyl optiohally having a
substituent, or a salt thereof, or
(ii) reacting the compound (X) or a salt thereof
with carbonyldiimidazole and a compound represented by the
formula (XI):
8
R9>NH (Xl)
20 R

wherein respective symbols have the same meanings as those

described above or a salt thereof;

[5] the process described in the [4], wherein R!® is nitro;

[6] the process described in the [4], wherein R® is phenyl
20 optionally having a substituent;

[7] the process described in the [4], wherein R® is phenyl

6



and R7 is Cl1.3 alkyl, and the other of themis benzyl optionally having a
substituent; 5 [9] the process described in the [4], wherein one of R8 and
RO is a hydrogen atom and the other of themis Cl.3 alkoxy; [10] the

process descri.bed the conmpound (VII) or a salt thereof

i.n th 41, wh '
subject@@qﬁ9ﬁ?iﬁ&kﬂ{; %%t?nﬁgﬁgngpgﬁtﬁn the presence of bronine and a
di cal i nifghaile ﬂ?ggéégxﬁéE@f&ﬁgﬁRghN@H@UE4Wﬁzﬁﬂ$4@ﬁﬁcﬁhgng§hﬁs

af orenenti oned formul as, exanples he 15 "hal ogen"” denote R1 incl ude
fl uoro, chlamdoR’bieme;anchliyido. and atipé eothbrt b€ "thmno(id Kydwzy bonyl ) ani no”
denoted by Rl or Ria.include nono gCJ.G al kyl carbonyl) am no (for

exanmpl e, al®bHCRAY HAGHRONG| BRPASLIENE tHe |i ke). 20 Exanpl es of the

"di (al kyl i no" Rl 3, 4 ' 6
o Py CReo e HR e e s BOLEN1 BYa Fh Fhehl DU S (GdeDoe RO
| i ke). Exaaplde®r’0ofist ae hy@doygen aesm) can@ytRd brbleddefClfem alkogy. ,(for

exanpl e, net hoxy, ethoxy, propoxy, butoxy, 25 isopropoxy, isobutoxy,
t-but oxy aRdkoE¥iike). As Rl or Rla, nitro and phthalim do are preferable.

Fur t her nor ihtro is nore preferable. anpl e f the "alkyl. denoted by R2
el ude o180 1R RiSed i fnrePThean g B4l prass TR bBropy s 30
butyl, isobemfoura btyvd) @enaYba1kexnbrant the dukfdctéaagsl gs of the
"aryl" denoted by R2 include C6_14 aryl, preferably C6 3.0 aryl (for
exanpl ¢0 phaopinatinmpreagtior- haphhey prasende df kKeromine and a

radical initiator.

BEST MODE FOR CARRYING OUT THE INVENTION

In the aforementioned formulas, examples of the

15 "halogen” denoted by R! include fluoro, chloro, bromo and
lodo.

Examples of the "mono(alkylcarbonyl)amino” denoted
by'R} or R!? include mono(C;.¢ alkylcarbonyl)amino (for
example, acetylamino, propionylamino and the like).

20 Examples of the “"di(alkylcarbonyl)amino” denoted by
R! or R'® include di(C,.¢ alkylcarbonyl)amino (for example,
diacetylamino, dipropionylamino and the like).

Examples of the "alkoxy” denoted by R' include C;.¢
alkoxy (for example, methoxy, ethoxy, propoxy., butoxy,

20 isopropoxy, isobutoxy, t-butoxy and the like).

As R' or R'?, nitro and phthalimido are preferable.
Furthermore nitro i1s more preferable.

Examples of the "alkyl” denoted by R? include C;.¢
alkyl (for example, methyl, ethyl, propyl, isopropyl,

30  butyl, isobutyl, t-butyl, pentyl, hexyl and the like).

Examples of the "aryl” denoted by R? include Cg.14
aryl, preferably C¢.10 aryl (for example, phenyl, 1-
naphthyl, 2-naphthyl and the like.

7



As R2, Cl1_3 alkyl is preferable, and ethyl is nore preferable. Exanples of

the "alkyl"™ in the "alkyl optionally having a substituent” denoted by R3
tnclude Cl.6 alkyl (for 5 exanple nethyl, et hyl, propyl, isopropyl,

butyl, isobutyl, t-bytyl, pen hex nd the Ilke) mpl es of the
iubst i tuent” i n?Eh& v afkyl 21 IJ1 &?algﬁpﬁ%‘?hbea §BGSF|tlhl¥gmj‘s FHR ed by R3

cl ude (| ré@%ﬁ%é}éﬂxy (for exanple, nethoxy, ethoxy, propoxy, butoxy,
10 |sopropoxy, | sobut oxy, t-butoxy and the like) (ii) Cl1_4 acyl (for

exanpl e, Cl.3 al Exampdresorfi theh"atkptft yh aheé “prikyloroptiowalbe | i ke)
and (iii) C6_14 aryl optlonallg havi ng a subgtltuent The nunber of the
subst it uenh@vdng & supstitaer ceﬂBPé’tEGsPtY &s 1nclade & -ofalkel - CEox4

oot no " CEbERLS, LR, 8 BRRDL L iy oL B bR It Y B aer

t he "aryI"thmdﬁyi'%yeﬁtpm;|ﬁeﬁy1yanaath@gyama¢§tituent" denoted by R3
I nclude C6_14 aryl, 20 preferably C6 10 ary gfor exanpl e, phenyl,

1- napht hyl , 2- nﬁﬁﬁmmwe&uﬂftﬂhﬁl|&@?St$§uﬂhﬁulémlﬁhﬂ%ﬁdikﬂﬂy phenyl

Ex I f tit t"_in onal l'y hayin bstituent”
denotod by® Ry TORAIIE Hav iRy p BeheEr el Harbeq by okl hdpibRer )
brom ne, | @g'ﬁ%)l:ko:%ﬁ (£é2 é—ﬁaﬁpﬁbkﬂneﬁ:fh%rxyex%&:y m;ﬁi“é‘box?t hl‘)hfto&ryop)"

i sopropyl, butyl, isobutyl, t-butyl, pentyl, hexyl t he (i'1)

Cl. 6 aﬂ&oxys©mmoppxyqﬂtﬁohnthmxy tebodoxy qndnnHQ'lhhébx&iiosdpnopoxy,
| sobut oxy, t-q§tox and the |ike) 3 tlonalh¥ haV| 1 to 3 substituents
sel ected fA&H cﬁﬁﬁpR%%r Exanp R AR, appL¥InANd

iodine), propionyl and the like) and (1ii) 0644 aryl optionally
having a substituent. The number of the substituent is 1
to 5 at replaceable positions. Examples of the "Cq.14 aryl
15 optionally having a substituent” include the same “aryl '
optionally‘having a substituent” as that denoted by R®
described later.
- Examples of the "aryl” iﬁ the "aryl optionally
having a substituent” denoted by R*® include Cs.14 aryl,
20 preferably C¢.10 aryl (for example, phenyl, l-naphthyl, 2-
naphthyl and the like), particularly preferably phenyl.
Examples of the "substituent” in the "aryl |
optionally having a substituent” denoted by R® include (i)
halogen (for example, fluorine, chlorine, bromine, iodine),
20 (i1) C;.¢ alkyl (for example, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, t-butyl, pentyl, hexyl and the
like), (iii) Ci.s alkoxy (for example, methoxy, ethoxy,
propoxy, butoxy, lsopropoxy, isobutoxy, t-butoxy and the
like) optionally having 1 to 3 substituents selected from
30 halogen (for example, fluorine, chlorine, bromine, iodine),
hydroxy and C;.; alkyl (for example, methyl, ethyl, propyl,
isopropyl and the 1like), and (iv) C,., acyl (for example,
Ci-3 alkyl-carbonyl such as acetyl and propionyl and the

8



hydroxy and C1.3 al kyl (for exanple, nethyl, ethyl, propyl, 1isopropyl and
the like), and (iv) Cl.4 acyl (for exanple, Cl1.3 alkyl-carbonyl such as
acetyl and propionyl and the 8 Iike) The nunber of the substituent is 1

to 3 at eabl p03|t|ons hen tionally having a

Q:bstltuenﬁ%‘sec) "pr éi e’%\rfﬂf u%%lb%\‘g i’%&ef} er & %ot ehreferable. 5
anpl es o8 cdfAN { PYPnsdenoted by R4 include halogen (for

exanpl e, flg??]ﬁg <ﬂﬁ£§?%e€ ?gn1ne i odine), al kylsul fonyloxy (for

exanple, Cl.6 alkylaﬁLfph;hg&yapnﬂbnﬁilynﬁawsmgfan;hbsti&m@ﬂﬂuid|ke)

arylsulfonylofy (for exanple 14 aryl sul fonyl oxy (for exanple, 10

phenylsulf@ﬁ?l&ﬁﬁh%ﬁit¢RﬂI?R%§b§F?tBﬁ&ﬂlPhﬁﬂﬁ%|#QHQRFGWPFﬁf§erl§ of Cl-6

al kyl or exa I Rr t Qb
t- bﬁtyl(g pentylnpb%ex er%r? I |Jke§)6§ﬁéhgggﬁ§ gl ungeeg&]uIQI%nyl és&clﬁ;‘%%et he
like). Examplogedl (tftser"af:ahpmatlmaidmmw@mariﬁé S roniineent i odenay ed

by R5 include the sane "aryl optionally having a substituent” as that
denot ed byamsywmnsplml (Bpri enampyeha@iing allkyisulforyiloky such

preferable,_ Phe nal havi Qg or. al ogen at for anpl e,

Pl tor! no, B BRoRY T B HAPREL Gkl Kbl B e oy Epap oy, (AOF

2, 6-di fl uoegR@I, |c%{tu§ﬂ§¥§u1f5§?f$§§l@fogxgﬁah§§epf t he "al kyl
optlonally having a substituent noted by R6 or i ncl ude the sane
"aIkyI10opph@mMquMﬁnny@pstabétthaenukeasdptﬁonkmmyeﬂubgtﬁmutaﬂ Exanpl es
of the "ar ﬁptlonally havi ng a gstltuent" denot ed Y R6 or _R7 incl ude
t he sane XYH: o9 ch2¥ ychav?ﬁﬁyé &0Tt iexFIRIe o M ERYL e ER¥ES by R3.

propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, hexyl
and the like) such as p-toluenesulfonyloxy and the like).

Examples of the "“aryl optionally having a

15 substituent” denoted by R® include the same "aryl
optionally having a substituent” as that denoted by R3.

As R®, phenyl optionally having a substituent is
preferable. Phenyl optionally having 1 or 2 halogen atoms
(for example, fluorine, chlorine, bromine and iodine) 1is

20 more preferable, and 2,6-difluorophenyl is the most
preferable.

Examples of the "alkyl optionally having a
sqbstituent" denoted by R® or R’, include the same "alkyl
optionally having a substituent” as that denoted by R3.

25 Examples of the "aryl optionally having a
substituent” denoted by R®° or R’ include the same "aryl
optionally having a substituent” as that denoted by R3.

| Examples of the "alkoxy” in the "alkoxy optionally
having a substituent" denoted by R® or R’ include Ci.¢

30 alkoxy (for example, méthoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, t-butoxy and the like) and the like.

Examples of the "substituent” in the "alkoxy
optionally having a substituent” denoted by R® or R’

9



Exanpl es of the "al koxy" in the "al koxy optionally having a substituent"
denoted by R6 or R7 include Cl.6 30 al koxy (for exanple, nethoxy, ethoxy,
propoxy, i sopropoxy, butoxy, isobutoxy, t-butoxy and the |like) and the

like. Exan%!es of the "substituent” .in the "al koxy optionally having a
& SPTRPHH: of 1r7adkyde (FoF & >, dleghyiky pthydr

bstituen
Q:arrple, 'xj?%;' ety P¥ha kRAPK ly alf tde, | L&) d C cyl
(C-3 al k;nli)- grlb'ongﬁgpsﬂ% gsxage'lttélg é'(ral%)ép)r opl on@yﬁ f.ééﬁe ﬁghﬁ’e%lgt t he
substi t uentcarbohytlo sichh aspheetghl andopriopdenyb) Examms asumibet hef" ahal kyl "
in the "aral kyl optionally having a substituentff denoted by R6 or R7

i ncl ude c7s¥pstditgiant 8ol EQadpkE, redAageaifee@tionsnapht hyl net hyl

-napht py!l hyl | | | - | | | 0
Exnmnl el of tho FRAREIlS ¢ UneDISEEIRILY BN THe SHEATIG Grfigidiay | |
havi ng a substiing/eNtsubgereaefdtby adBnbted By’ RNSHUFE 3Inla @ TRIYbE ed

het erocycle groups containing 1 to 3 hetero atons selected froma
ni trogen aedalkylsufar exampiad bhensygephenethynl 151 anaphtbylmethydar bon

atom nore _specificall thienyl (for  exanple,_ 2-thjenyl, 3-thien and
the |ike), zﬁﬁﬁpdkﬁhy(alf%‘%/fh%ﬁaﬂﬂﬁe,t 9. &&heéw prefora Y,XQ%% &9% e the
i ke), funylke for exanple, 2-furyl, 3-furyl and the like), pyrazinyl,
pyrimdinyl( for exanple, 2-pyrimdinyl and the 20 |like), pyrolyl (for
exanpl é0 3- pyr ol Exampd esheof | #ed , "heverdayciel gifoup exianptiee 3- pyri dazi nyl
and the like), isothiazolyl (for exanple, 3-isothiazolyl. and the |ike),

i soxazol yl racm e, 9 -?Eo?&f&P?Pl&HdWéqq k%)?u'Df)giLFHPPHi nyl (for

exampl e, lgfdidd s or B 1Yd1idW!s to 6-membered heterocycle

groups containing 1 to 3 hetero atoms selected from a
nitrogen atom, a sulfur atom and an oxygen atom in

15 additibn to a carbon atom, more specifically, thienyl (for
example, 2-thienyl, 3-thienyl and the like), pyridyl (for
example, 2-pyridyl, 3-pyridyl, 4-pyridyl and the like),
furyl (for example, 2-furyl, 3-furyl and the like),
pyrazinyl, pyrimidinyl( for example, 2-pyrimidinyl and the

20 1like), pyrolyl (for example, 3-pyrolyl and the like),
pyridazinyl (for example, 3-pyridazinyl and the 1like),
isothiazolyl (for'example, 3-isothiazolyl and the like),
isoxazolyl (for example, 3-isoxazolyl and the 1like),
pyrrolidinyl (for example, l-pyrrolidinyl, 2-pyrrolidinyl,

26 3-pyrrolidinyl and the like), imidazolinyl (for example,
2~imidazolinyl, 4-imidazolinyl and the like),
pyrazolidinyl (for example, 2-pyrazolidinyl, 3-
pyrazolidinyl, 4-pyrazolidinyl and the like),lpiperidino,
piperidyl (for example, 2-piperidyl, 3-peperidyl, 4-

30  peperidyl), piperazinyl (for example, l-piperazinyl, 2-
piperazinyl and the like), morpholinyl(for example, |
morpholino and the like).

Examples of the "substituent” in the “aralkyl

10



25 3+pyrrolidinyl and the Iike), imdazalinyl (for exanple,
2-imdazolinyl, 4-imdazolinyl and the like), pyrazolidinyl (for exanple,
2-pyrazolidinyl, 3- pyrazolidinyl, 4- pyrazolidinyl and the Iike)
- pi peridino, plperldyl (for exanple 2-pi peridyl, 3-peperidyl,
‘perl dyl) 096:11;%}%?% Jhaying axsHBsEituemtieand fhe ZhGB?EQFXEllﬁyI and the
ke), nor "% p | hne agpl ¥ the
"substituent’ Aégfgara?ip+316ngn?l%&g%gaﬁﬁghém)%é%%gg?iﬁéeﬁf"ggn t he

"het er ocyclmclgrdwrcloptaua@ll Y£68VeRkgmd 18|bsid tHiEN] "o EiRPLt @addbyhB 6 or R 7
I ncl ude C1-6 aIkyI (for_exanple, nmethyl, ethyl and the |I|ike), Cl-6 al koxy
(for exanpldkenst Hoxy, ah‘E%Xy(ﬁﬁH erample .k gle thoxy. o kyPKHi 8ngf sheexanpl e,

t hyl t | t | (f |
koL~ cor paie Vg e afbFLHReL (68, sXbrbIt Y md vREL FEEEY Erniihee
al kyl am nOahdeVtrfé(@.m{@) dcmt bByy1anicee ¥xchnigie | Idae), alﬂ}Q aa&‘%%yqf

subs.tituent is 1 to 5 at repl aceabl e 10 positions. , S
pref erabl sudhatasoreceffyl handi propignydl lapd dre tlﬂeke)) hend| gibsnz.—,yl

oEL el e, SRS AER ) o2 Sy R R P MBS ol
the "al koxwh%otmﬂmgf Yor NabEE: BustesUis! erlo siegptf&pi)acgﬁb% R9 incl ude
Cl-6 al koxy (for exanple, nethoxy, ethoxy, propoxy, Tsopropoxy, butoxy,
i sobut dfty, posduttimns and the |ike). Exanples of the "alkyl" in the "al ky
optionally 20 ha%gn%saoiugstl&%eggnbgggggg%fglthg;Oéngéo%n%Lg%eiglcg flkyl
alkyl and the other i1s benzyl optionally having a
substituent, and i1t 1s more preferable that one of them is
Ci-3 alkyl and the other is benzyl.
15 - Examples of the "alkoxy” in the "alkoxy optionally
having a substituent” denoted by R® or R’ include C;.¢
alkoxy (for example, methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, t-butoxy and the like).
Examples of the "alkyl” in the "alkyl optionally
20 having a substituent” denoted by R® or R’ include C;.¢ alkyl
(for example, methyl, ethyl, propyl, isopropyl, butyl,
isobutyi, t-butyl, pentyl, hexyl and the like).
Examples of the "substituent” in the "“alkoxy
optionally having a substituent” and the “"alkyl optionally
25 having a substituent” denoted by R® or R’ include (i)
hydroxy, (ii) C,.; acyloxy (for example, C;.¢ alkyl-
carbonyloxy such as acetoxy and propilonyloxy), (iii)
benzoyloxy, (iv) amino optionally having 1 or 2
substituents selected from C;.¢ alkoxy-carbonyl (for
30 example, methoxycarbonyl, ethoxycarbonyl, tert-
butoxycarbonyl and the like), benzyloxycarbonyl, C;.; acyl
(Ci-3 alkyl-carbonyl such as acetyl and propionyl and the
like), C,-4 alkyl (for example, methyl, ethyl, propyl,

11



(for: exanple, nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl,
pentyl, hexyl and the |ike). Exanples of the "substituent” in the ~al koxy
optionally having a substituentff and the "al kyl optionally 25 having a

substituent” denote or . RO _in¢l ude (i), hydr ox i) Cl-7 acyl oxy
qor exarrplgél,tygl-aé‘%l%Bf%ﬁ?ﬂ)oﬁ?fiogy'%&!%w)a]ss%&jy gﬁB% pPERMEBAF oxy)
i ben Hanesdi ' ophLkLO ' Skl S
sel ezzt ed ffn%)r% Cl- 6512%{%?({;‘;“0?1?%0%1'5 ?'?(h)(gst(%ﬁl\edx;%lp%eg]ﬁ%t Egg‘ky?c%"?‘%@ﬁ’?fe
et hoxycar bamiino ,t etime thy baminobomgithaxydarbdrikiegmimenzyl oxycar bonyl, Cl-4

acyl (d-3 alk I-carboqfl such as_acetyl and propionyl and the Iike),
Cl-4 al kyl © ¥ nylamingy  tabufrxygaghanykaminRy| and the Iike% and
Cl. 3 al kyl f f I | t

o f1b B/ n s o Rk Ene, TRLAIAUILY Indd LBl AR

et hoxycar bamd a/HeNQ 1ke PUt OxyCOl RPNALREKPO ( ForbeXanple/C ARyl no,
acetyl am no, nethanesulfonylamino and the like), (v) ClL_10 al koxy (for
exanpl e, MetRORY . RIIROXY . pkopBkoxyt apdt dhe dilkehe (Yke)Ca(vi) C3_ 7

| oal kyl -C1. 3 alk f lg. 1-
s e ahery RIS e s todn g SR chio AU Chof (9F7TP18 o
al koxy- Cl. 3 c3/di®tesy oxPEaFPbAy 18RV hEREN @ tHet DORy §t hany 394 1t)he

| i ke). The nunber of the substituent is 1'to 5 at replaceal bl e positions.
As R8 &hd R9,3 ialkaxypr@f-er abkexyhdfoonexamplremnetizoxymetbgey.at om and t he

(SO 1) RetiEtioe; o8a Fhprdibas calhs BHEBRLH tiel ts are
pref er abl e gyt 10 AHY ©Fs t NEE 506 hRclrufs s3@dd1h1e positions.
As R® and R®, it is preferable that one of them is a
hydrogen atom and the other i1s C;.; alkoxy.

15 As salts of compounds represented by the formulas
(I)-(XIII) and (I®) herein, pharmaceutically acceptable
salts are preferable, and examples thereof include salts
with an inorganic acid, salts with an organic acid, salts
with an inorganic base and salts with an organic base.

20 Examples of the salt with an inorganic acid include
salts with hydrochloric acid; hydrobromic acid, nitric
acid, sulfuric acid and phosphoric acid and the 1like.

Examples of the salt with an organic acid include
salts with formic acid, acetic acid, trifluoroacetic acid,

25 fumaric acid, oxalic acid, tartarié acid, maleic aciad,
citric acid, succinic acid, malic acid, methanesulfonic
-aclid, benzenesulfonic acid and p-toluenesulfonic acid and
the like.

Examples of the salt with an inorganic base include

30 alkali metal salts subh as sodium salt and potassium salt;
alkaline earth metal salts such as calcium salt and
magnesium salt; ammonium salt and the like.

Examples of the salt with an organic base include

12



‘e salt weeHtEh “U'rtd'hnt?rci'&%ﬂay

wi th an.inorganic acid, salts with an organic acid, salts wth an
i norgani ¢ base and salts with an organic base. 20 Exanples of the salt with
an inorganic acid include salts with hydrochloric acid, hydrobromc acid,

nitric acid, sulfuric acid an sphoric acid and the |ike. Exanples of
gﬁ@?ﬂ&e t§$ﬁﬁ?X&ﬁW§9%ﬁrP¥r%ﬂ?Be'acet|c acid,

| 11 uoroagaidod i J e tiand HARIAS, 28 Bentdam Al I L AILALKG1 81 fe ! €1 ©
, A

acid, citric acid, 'succlnic acl I C acl , met hanésul foni ¢

benzenesul Bdriye latiekyelanré oan@nNsNI' -ddbe nasi ik i enn @i dmkre Enarrnh@s of
the salt with an inorganic base include 30 alkali nmetal salts such as
sodi um sal £1%®€d potassiumsalt; alkaline earth netal salts such as cal ci um

salt ang magnesi Eg&.%q_lnta %D%u&rgﬁ%ﬁn%n?ﬁbggse e @r%ar’gﬂees &f: %Egasalt

with an organlc aselnc I‘IITE trie m ne,

pyridine, (mgi)ced raltettiwapedes 18, aBbeehdrdedrde, ¢<5 GRaol ayi He,
di cycl ohexyl am ne and N, N -di benzyl et hyl enedi am ne and the I|iKke.

kbreinaftepth@nxﬂqmnnund%pa@geﬂbbueU}aﬁm@1inrﬂnsimxl§romaeaer thhreof is
bb t ed " d " h b i i

o P e frapess Tt Wrddcing EhnBPREA TN o fo LErveRERY B8cAm as
an i nter nedicalrhddatdi fé‘:?pt'ﬁiéhgbgﬁiﬂﬁ"d'i‘f@ 'd@ﬂxﬁ&‘@ﬂ%@?l ER6wifgCGh

antagoni stic activity is described bel ow. Wen Conpoun ), Compound (Ila),
Conpouh@d ( GRRH aﬁhqgnntbtiaoacﬁhvptynds(ubﬁcnihqﬂnbmﬂéwnII) and Conpound

gﬁgéeaggnggggggchaﬁly avalla9£d( i gagéggggt Iq?y Egm%%%%d %%15q§y are, or
Compound (IV), Compound (VI), Compound (VIII) and Compound
(XI) are dommercially avallable, sold products may be used
as they are, or these compounds may be prepared according
15 to the method known per se or a similar method thereof.

(Step 14)

HO

() ()
wherein R' denotes a hydrogen atom, nitro, halogen,
phthalimido, mono(alkylcarbonyl)amino,
20 di(alkylcarbonyl)amino or alkoxy, and R? denotes the same
meanings as those described above. 4
Compound (I) 1s subjected to an acid halogenating
reaction, which is successively reacted with malonic acid
ester and magnesium alkoxide and, then, treated with an
25 acid and, then, reacted with sulfur and Compound (II) in
the presence of primary amine to obtain Compound (III).
@ acia halogenating reaction
An acld halogenating reaction for Compound (I) may

be performed according to the method known per se, for

13



15 to the nmethod known per se or a simlar nmethod thereof. (Step 1A) HO R2
() (111) wherein RL denotes a hydrogen atom nitro, halogen, phthalim do,
mono( al kyl carbonyl ) anmi no, 20 di (al kyl carbonyl) anmino or al koxy, and RZ

denotes the sa an| t hgse descri hed abov o

'lbj ect ed Fa:agw ‘%@‘éﬁi’?%ﬁmpeg ' Eﬁ ‘ﬁha‘? saggg Eggf’gsg’?t%t ed
th mal oniaged fcﬁ:Sté':E TREREShYT & Vg1 2 1 bEbfi3 dwth an

25 acid ang% theﬁ( reactae ﬂefh sul ? H’Conpouﬂ%’jﬁ g%presence

of primaryoxalyd tahladxtixde &bﬂpbhadlakbn) Acid halogenatlng reacti on An

acid'halogenatin% reaction for Conpound perfornmed according to

t he met hod knownThé&r aé‘@unftor°f13t1EP eRah8| Baiﬁﬂeﬁééé{ﬁ%ga@fﬁ'bo%db?l B‘Saﬁd an

oxalyl eniaF, Bt L e €y “HREReTanaY ABAL Y Mo Bk RELRE IR 1o

be used 5tios 1ahwille oft cHmpsundr ¢igr.ably about 1.5-3 noles relative to 1
nol e of Conmpound (I). It is advantageous that the present reaction is
perfornmed w t houftadyp s@vanhaggous thétptbgeD@GQﬂhtarQﬂﬂtﬁﬁn Which is

inert wth_the reaciio Ex es_ 0 al v is not particularly
limited as F§ Q£§ﬁ#u¥#g§&3€ nprB&X@& oghé- ?uﬁfﬁ%?%ﬁ n8tef
hydrocar boggivdinitPhdicn {wdiRE2EDRAEN %mrr&téé‘c{uv&s OCHNUMF1e S HET Ehe
esterslo solvent 1s not particularly limited as far as the reaction
proceeds, and include halogenated hydrocarbons, aliphatic
hydrocarbons, aromatic hydrocarbons, ethers, esters,
amides, nitriles and a mixture of 2 or more of them.
The reactlion temperature is usually about 0-100°C,
15 preferably about 0-80°C. The reaction time is usually
| about 0.5-3 hours, preferably about 0.5-1 hour. The
present reaction may be performed optionally in the
presence of N,N-dimethylformamide or the like.
The amount of N,N-dimethylformamide to be used is
20 about 0-1 mole, preferably about 0-0.5 mole relative to 1
mole of Compound (I).
The product:

Cl

O

R1

maybe used in the next reaction as the reaction solution
25 itself or as the crude product, or may be isolated from
the reaction mixture according to the conventional method
and may serve as a starting material in the next step.
(@ Reaction with malonichacid ester and magnesium alkoxide.
Examples of the "malonic acid ester” include a
30 compound represented by the formula "R*00C-CH,-COORP
(wherein R® and R® denote alkyl or aryl, respectively).

14



am des, nitriles and a mxture of 2 or nore of them The reaction
tenperature is usually about 0-100C, 15 preferably about 0-80C The
reaction tine is usually about 0.5-3 hours, preferably about 0.5-1 hour.

The present reagtion rfpr d.gp |ona i n t.he presence of
N- di met hyl forrré?ﬁaﬂ?l(ﬁgltqg %e. agﬁg ana IQYN-%Il / i&Fﬁé‘rﬂ%e to
used isc heq-re naks R fledblipt ahdly 0; GpopPhe &%b 10
nol e of Cbnpound pf%% pr o Bct naybthsed f%l ﬂ% %ggt reac?%gﬁ% he
reaction s@hﬂyhﬂ]iéﬁbutyklftebuaylth@emqua[hex&mtan@rthaylhkensolated
fromthe reaction mxture accordlng to, the conventional nmethod and nay

serve as a start EFGMRES of the ¢ harndxt depgfed Ow lheﬁé-'t ﬁ)ni\ﬂi"tlhl%l%nl c

acid ester a g u i d ter

i ncl ude a ébngcl%‘g%ogﬁékr g}o‘?@@'}é g,%e,ﬁ%&;"pjf ﬁtﬁ?%b&%hﬁ:&%&b%rﬁmer ein
R and Rb demet aisdky) or aryl, respectlvel y). 14 0 Exanples of the "al kyl ff

denoted by Ra or R b _includ Cl-6 al kyl (for exanple, nethyl, ethyl,

propyl, isopropyRs Rouepd, R’sofuteylkylouds/|pretexgble heapd atbyind s i ke) .
Exanples of the "an%lff ﬂenoted by Ra or R b include C6- 5 10 aryl (for

exanpl e, pﬂ? ? 2-naphthyl and the like). a b As Rand R,
Cl-6 alkyl is pr ey %mcﬁm@rwf othy | "h810ARLE aR1R FAde dHepareyBl 9k the
"malonic acid esterff to be used is 10 about 1-2 noles, preferably 1.1-1.3
nol es @] a@bpaitt <2 moles, preferably 1.1-1.3 moles relative to 1

mole of Compound (I).

As the "magnesium alkoxlide”, magnesium C;.¢ alkoxide
such as magnesium methoxide and magnesium ethoxide and the
like is preferable, and magnesium Ci-3 alkoxide is more

15 preferable.

An amount of the "magnesium alkoxide"™ to be used is
about 1-2 moles, preferably about 1.1-1.3 moles relative
to 1 mole of Compound (I).

The present reaction may be performed optionally in

20 the presence of Lewis acid.

Examples of the "Lewls acid” include anhydrous
aluminium chloride, titanium tetrachloride and magnesium
chloride and the like.

The amount of the "Lewis acid” to be used is about

25 1-4 moles, preferably about 1-2 moles relative to 1 mole
of Compound (I).

It is advantageous that the present reaction is
performed in the presence of a solvent which 1s inert with
the reaction. The solvent is not particularly limited as

30 far as the reaction proceeds. For example, halogenated
| hydrocarbons, aliphatic hydrocarbons, ethers, amides,
alcohols or a mixture of 2 or more of them are used. Among

them, ethers such as butyl methyl ether (for example,

15



nmol e* of Conmpound (1). As the "magnesi um al koxi de", magnesi um Cl1-6 al koxi de
such as magnesi um net hoxi de and nmagnesi um et hoxi de and the like is

pref erabl e, and nagnesiun1C1 3 al koxide is nore 15 preferable. An anount of
t he "nagne3|un1g$kOX|de" to_be used is about 1-2 nples, preferably about

Ql 1.3 nolE&EFTALEYLmetRyd fbheropnifsundke) . "?‘F\EY?Jr%EHtl reé'é’@tri ?n hmaty |
f #g@# 0 dy t
" Le\?\ne; gglrrg;}f I nc i%nlhg Fgaghtegllﬁ:% n?l}%eec eoJ!rF;a ?ﬁ%anl Eéﬂqt e chﬁI ori ge

and magnesipyrefexdimle de and the |ike. The anpunt of the "Lewis acid" to be
used is about 25 1-4 noles, preferably about 1-2 noles relative to 1 nole
of Conpound (1). ﬂneinpanﬁkpnagemnerahuretns prsewelity rateeut 020+ 300pe; f or med

in the presen sol venpt Lehb.is jnert w th i on. T e sol vent
2 not bar Eafenasty fpoeh alTa%chr TS hetbklon dins: debati

exanpl e, hapeganat-erk ﬁwafgcabbgagra@uwpmmd(hgu@gocarbons ethers, am des,
al cohols or a mxture of 2 or nore of themare used. Anobng them ethers
such as butyl neffrg pnaductfor exanple, 15 tert-butyl nethyl ether and
the like), butyl ethyl eth%& for exanple, tert-butyl ethyl ether and the
like) are preferggj . Th 08t i on tenperature is usually about 20-100C,

5 preferably abou f The reaction tine is usually about, 1-12 hours,
preferably 4-7-haours. 0

R1

. may be used as the reaction solution itself or és the

10 crude product, or may be isolated from the reaction
mixture according to the conventional method and may serve
as a starting material in the néxt step.

@ Treatment with an acid

The hydrolysis reaction ié performed by using an

15 acid.

Examples of the "acid” include mineral acids such as
hydrochloric acid, hydrobromic aclid and sulfuric acid and
the like; organic acids such as adetic acid and
trifluoroacetic acid and the like, or a mixture of 2 or

20, more of them. Among them, the preferable is a mixture of
sulfuric acid and acetic acid. |

The amount of the "acid” to be used is about 1-10
moles, preferably 4-8 moles relative to 1 mole of Compound
(1).

25 It is advantageous that the present reaction is
performed in the presence of a solvent which is inert with
the reaction. The solvent is not particularly limited as
far as the reaction proceeds. For example, ethers, amides,
alcohols, water or a mixture of 2 or more of them are used.

30 Preferably, water is used.
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The product: COORa nmay be used as the reaction solution itself or as the
10 crude product, or nmay be isolated fromthe reaction m xture according to
the conventional nethod and nay serve as a starting material in the next
step. 03 Treatnent with an acid The hydrolysis reaction is perforned by

ing an 15 aci dThExHAGKIAR temrereture; As| ysaadilierahork 7e-14efCas

drochl ori | ' lhel~an I | i d, the like:
organic ac?&se%s%ﬁblgd%%ﬁ?gbgcﬁgba%a #ﬁ?l%%%égég igig'% &Sar?c?qaféfm ke, or
a m xture @boitorl -120 haues pf proferabiyn@bic@m4 i hehptieserable is a m xture
of sulfuric acid and acetic acid. The anmount of the "acid" to be used is
about 1-10 nol edPeHPIAYUHY 4-8 nples relative to 1 nole of Conpound M
25 It is advantageousHt at the present reaction is perforned in the
presence of a solvent #Whch is inert with the reaction. The solvent is not
particularly Ii < ¥ as the reaction proceeds. For exanple, ethers,
ani des, algleha or a mxture of 2 or nore of themare used. 30
Preferably, wata used. 16 0 The reaction tenperature is uFrallybabout
70- 140C, ref erabl bout, 90-130C. _The reaction tinme is usua about
1-12 hours?‘aﬁrife r“a%@1 ot 429X o TPECHINR AH RS : THRSE 8“u§8éuitﬂ'°Phe

next react 1@3eA¥ d¥e d£aché OBra@bUpkr8Buct, or may be isolated from

the reaction mixture according to the conventional method

and may serve as a starting material in the next step.
10 @ Reaction with sulfur and Compound (II) in the presence
of primary amine
- Examples of the "primary amine” include mono-C3@
alkylamine (for example, propylamine, butylamine,
octylamine and the like), benzylamine and the like. Among
15 them, butylamine is preferable.
| The amount of the "primary amine” to be used is
about 0.01-1.5 moles, preferably about 0.1-1.2 moles
relative to 1 mole of Compound (I).
As the "sulfur”, powdery suifur and the like is used.
20 The amount of the "“sulfur” to be used is about 1-2
moles, preferably 1-1.2 moles relative to 1 mole of
Compound (I). ‘

The amount of the “"Compound (II) " to be used is

about 1-1.5 moles, preferably about 1-1.2 moles relative
25 to 1 mole of Compound (I).

It is advantageous that the present reaction is
performed without any solvent or in the presence of a
solvent which is inert with the reaction. The solvent is
not particularly limited as far as the reaction proceeds.

30 For example, alcohols, nitriles, ethers, esters, amides,

or a mixture of 2 or more of them are used.
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itself or as the crude product, or nmay be isolated from the reaction

m xture according to the conventional nethod and nmay serve as a starting
material in the next step. 10 (r) Reaction with sulfur and Conpound (I1) in
the presence of _primary am ne Exanples of the "primary am ne" inc|ude

no-C3.8 al kyl EFeFeTEYY oifrRo 5rSBQPaﬁFn@Ptﬁ’lﬂ‘Sﬂ%rﬁ%,etBﬁPﬂ-am ne
d the li%ﬁ¥heﬂau®dﬁgﬁ eaﬂggﬁhe | i ke. Anmong 15 them butylamne is =

pr ef er abl e. e anount of the "primary amne" to be used is about 0.01-1.5

nol es, preferabl yhabewadtibrl Rempetsturel abi weuad 1y rsuef260t00tmd (1) .
As the "sulfur", powdery sulfur and the like is used. 20 The anpbunt of the

"sul fur" t dreferahly saaboptit 22-20°Gro| ddhe predetipny time dsisam¥ly altve to

1 nol e pf QHQp ( T n f e "Conpound (I1) " to be used is
about 1?1.§9ﬁgﬁész Tné#%ﬁ%iﬁgfgggug gpf&%'nnles relative 25 to 1 nole of
Conpound (1). It The pPAUAYEOUEI § haay! be REedCAn HARCIHHHL | BeadeLbAr Med
w t hout any solvent or in the presence of a solvent which is inert with

the reacti @§. thee reackien|sohutipar diteeld lor |dgrithel esuder paoduled,
reaction proceeds.. 30 For. exapple,  al cohal nitrjles, ethers, esters,
armides. | oPtalR% R datiared REPE' Sher pemchion Mtk (ke GaeFarELEs o
al cohol s sygls ForRId¥VIGhatfethbanaha @Y Idiivd kés i estaptiinghe reaction
tenperature i s usually about 20-100C, préferably about 20-70C" The
reacti ot t makersialsual | thd-next step. |
The aforementioned steps D-@ may be performed

continuously without isolating an intermediate produced in

each step from the reaction mixture, and are industrially

advantageous.

15 A Compound wherein R! is a hydrogen atom, halogen or
alkoxy in Compound (III) can be produced according to the
following method: '

(Step 1B)

R4l (1)
- 20 wherein R! is a hydrogen atbm, halogen or alkoxy, and R?
has the same meanings as those described above.
Compound (III) 15 obtained by reacting Compound
(XIII) and Compound (II) in the presence of organic amine,
which 1s then reacted with sulfur and organic amine.
25 (D Reaction with Compound (II)
Examples of the "organic amine” include the
aforementioned primary amine and benzyl amine and the like.
The amount of the "Compound (II) " to be used is

about 1-1.5 moles, preferably about 1-1.2 moles relative

18



5 12 hours, preferably 1-5 hours. The product (111) nmay be used in the next
reaction as the reaction solution itself or as the crude product, or may
be isolated fromthe reaction m xture according to the conventional nethod
and may serve as starting 10 nmaterial in the next step. The

Q}orerrent i ffed é‘l"(ae’p% ‘Ef(??'%ﬂﬁynGe(ﬁéllfIdr'rred continuously without isolating

I nternedi ate VTt To N1 Sk | ' r and are
i ndustrially ad\?‘(g{né'?ageouﬂsg1 %%aﬁﬂ%ongggéég\%]htea?giﬂee%%é g%%%%goggn at om
hal ogen or abaludoxy. 005 Conpomalle( | birefeaabdlsy aimslutced. areor di mglieo t he
followi ng nethod: (Step 1B)_ (X LI) (111) 20 wherein RL is a hydrogen atom
hal ogen or T&labdye sty RomokgsofhEompeand X hek) as t hose descri bed above

Corpoung (111) 13 OBl IIes Hd 8641 P LOTRAVAL ool 1) 200 SRpgund (11)

in the presence of organic am eén reacte ulfur and

organi ¢ aniperfoimed WwEEEbuENany! BolyERAU L (:l_lﬂ)tlfégﬂiaéﬁénéé blte g’ Or ganic
am ne" include the aforenentioned primry am ne and benzyl am ne and the
li ke. The sedoient ofthick tsohpeusdwdith) the rerctien. i SThéoselrentsisol es,

Dot a0l Y e o8 B 20 LR 5ol B TS 1aCRIBRUBL LK) T
preferabl y r0Wxdgdile 0- 4188h81s!, hakiria de, lethé£s Of a@BBEYNS( ¥ I1) -

10 mixture of 2 or more of them and the like are used.
Preferably, alcohols are used.

The reaction temperature is usually about 20-80°C,
preferably about 20-60°C. The reaction time is usually
about 2-10 hours, preferably about 4-8 hours.

15 The product may be used as the reaction solution
ltself or as the crude product, or may be isolated from
the reaction mixture according to the conventional method
and may serve as a starting material in the next step.

@ Reaction with sulfur and organic amine

20 Examples of the "organic amine” include
aforementioned primary amine, benzyl amine and morpholine.

The amount of the "sulfur” to be used is about 1-2
moles, preferably about 1-1.2 moles relative to 1 mole of
Compound (XIII).

25 The amount of the “organic amine” to be used is
about 0.1-0.7 mole, preferably about 0.3-0.6 mole relative
to 1 mole of Compound (XIII).

It is advantageous that the present reaction is
performed without any solvent or in the presence of a

30 solvent which is inert with the reaction. The solvent is
not particularly limited as far as the reaction proceeds.
For example, aicohols, nitriles, ethers, amides, or a

mixture of 2 or more of them and the like are used.
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5 1t is advantageous that the present reaction is perfornmed w thout any
solvent or in the presence of a solvent which is inert with the reaction.
The solvent is not particularly limted as far as the reacti on proceeds.

For exanpl cohols, njtrjles, ethers, am des, or a 10 m xture of 2 or
Qre of th?rﬁe«af‘lrﬂfq}weyi i?tcﬁ*’giﬁséa.e Use&-er abl y, al cohols are used. The
action tenperatire . I - 8QC, fer ’ ut 20-60C. The
reaction tine-i s%fuﬁ%%uﬁe@ggggﬁégres,g'gprug'geaﬁaet}f ?%%%@?94 8 hours. 15
The productprEfensblipeabostt DO-602Ct i OPheOkohbeloni kil 1% wWud By crude

product, or may be isolated from_ the reaction m xture according to the
convent i on&@P Hodl 0 MuRey BERFErably abaut - $re@Wr8l in the next step

Reaction with su r?%y% | L ne 1,20 | es .0 e _"organic_am ne"

i nclude” af or erre#Ihlléo e pdr)(lgigraaﬁ/fg mﬁ§§ Bén???%gﬂinn}hagncﬁ%gf ph %’ﬁ%‘.’nThe
amount of tate thalldtude tPro@udEedoirs magoe sbld®é@SErometReaklencAYH
1-1.2 noles relative to 1 nole of Conpound (XII11). 25 The anopunt of the
"organi c afilftune arcerdingstoabbet conventionak metkédr anfymalyoseryed- 0. 6
nole relative_tq 1 | e of , Co und I11). It is advantageous that the

pr esent regajaméﬁﬁft f%?ﬁ%ﬁgaﬁtEBU&éﬁhfkﬁﬁ\ﬂﬁﬁpor in the presence of a

30 sol vent WhiChTH%iﬁ%ﬁéeﬂ!tfbé@?iéﬁaﬁﬁhoQuﬁyyéégﬂﬁﬁﬁﬁﬁﬁéhnﬂoé

particularly limted as far as the reaction proceeds. r exanpl e,
al cohollé, wnganias amterto bei deed do a cabealytlofamountpoaadofist hem and
the like aredpsqg. O Preferably, alcohols are used.

industrially advantageous.

A compound (Compound (I*?)) wherein R! is nitro,
phthalimido, mono(alkylcarbonyl)amino or
di(alkylcarbonyl)amino in Compound (I), or a salt thereof,

15 may be converted into a thienopyrimidine derivative

showing the GnRH antagonistic activity as follows:

(Step 1C)
HO He  Q
o) 2
R R'a 74 l OR
S™ NH

(18) | ()

wherein R'® denotes nitro, phthaiimido,

20 mono(alkylcarbonyl)amino or di(alkylcarbonyl)amino, and R?
denotes the same meanings as those described above.

Compound (I®) or a salt thereof 1s subjected to an

acid halogenating reaction, which 1s successively reacted
with malonic acid ester and magnesium alkoxide and,

25 thereafter, treated with an acid and, then, reacted with
sulfur and Compound (II) in the presence of primary amine
to obtain Compound (III).

The present reaction may be performed under the same

20



The reaction tenperature is usually 20-80C, preferably about 20-60C. The
reaction tinme is usually about 2-10 hours, preferably about 4-8 hours. 5
The product (I11) may be used in the next reaction as the crude product,

- or may be isolated fromthe reaction mxture according to _the conventiona
| Qt hod and Ge@fF i conditigny, asnghegee deficiibedicaheke §BEEP A -present
action cqgt%#pggpss the anobunt of 10 organic amne to be used to a
catal ytic amount, and is industrially advantageous. A conpound (Conpound
(la)) wherein Rl is
di (al kyl car bonyl
converted ingjo a

pound (1), or a salt thereot)
1 dIQR” deri vative 1Shoy
activity a p 1C) HO (1__8) gllﬁ). Y denotes nitro,
pht hal i m do, 20 Yrowo(al K§T canppnyl)am no or di (al )agHno, and R2
denotes the same neanings as tKRose described above. Conpound {la) @er a
salt thereof is subjected to an acid hal ogenating reaction, A5
successively reacted wth nalonic acid ester and magnesi um al koKi de and,
25 thereafter, treated with an acid and, then, reacted with sulfur and
Cormpound (11) in the Pesence of prinary amine to obtail¥)Conpound (111).
The presentHeRabid Gt I (jgﬂgﬁ ane 20 reaction
conditionsagg théﬁgﬂaggéPpggﬁeéﬁﬂegﬁk ep ﬁ%&ﬁfda'

5 mono(alkylcarbonyl)amino or di(alkylcarbonyl)amino, and

y bhe
aﬁFﬁgonistic

other symbols denote the same meanings as those described
above.
Compound (III) and Compound (IV) are reacted to
obtain Compound (V).
10 The present reaction may advantageously proceed
usually in the presence of an organic base and examples of
j such the "organic base” include amines such as
| triethylamine, diisopropylethyamine, N-methylmorpholine,
dimethylaminopyridine, DBU (1,8-diazabicyclo[5.4.0]undec-
15 7-ene) and DBN (1,5-diazabicyclo[4.3.0]lnon-5-ene), and
basic heterocyclic compounds such as pyridine, imidazole
and 2,6-lutidine. Preferably, pyridine is used.
The amount of the "Compound (IV)" to be used is
about 1-2 moles, preferably about 1.3-1.7 moles relative
200 to 1 mole of Compound (III).
The amount of the "“organic base” to be used is about
1-2.5 moles, preferably about 1.5-2 moles relative to 1
mole of Compound (III).
’It 1s advantageous that the present reaction is
20 performed without any solvent or in the presence of a
solvent which is inert with the reaction. The solvent is
not particularly limited as far as the reaction proceeds.

For example, halogenated hydrocarbons, aliphatic

21



(Step 2) R 3 (1I1l1) (V) wherein Ria denotes nitro, phthalimdo, 5
nmono( al kyl car bonyl )ani no or di (al kyl carbonyl )ani no, and other synbols
denote the sanme neani ngs as those described above. Conpound (I111) and

Conmpound ( are reacted to tain ound (V). 10 The present reaction
y advant &ﬁﬁﬂiFHﬁQﬁeeﬂr°ﬂ§EgFl9Ypﬁqa%¥ﬁﬂ%%ed%@h%¥san38F§5ﬁvc base and

anpl es Obmidtdeh tieer LIGAN 6188AB1s o Lédgnﬁﬁ‘[u.ﬁze? SHCB 82 mble®ll| am ne,

d||sopropylethyan1ne N-Tet hyl mor pho yI am nopyri |ne

(1, 8- di azaltheyclajd. thd] Liklecats ﬁseﬂe) pre fEEEbly, toluene is used
(1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene), and basic heterocyclic conpounds such

as pyridine, im@& £olreaGiPID, Eemperatnre ﬁSeHGMﬂﬂ%y ahautli 3@-1308@ed. The

amount pf the "Cb oun e use 0 | es referably
about 193 fr?ﬁ%ﬁ c§é95e90281 oC1 |E96?€28 5%”& g%ISSu amount of
t he "or ganiabovwase'- 6Q1cb.¢r$l$e§ré£eitb.6u§( alro%t53ﬁ§€l'§ouﬁéeferab| y about 1.5-2
noles relative to 1 nole of Conpound (Il1). It is advantageous that the

present reacti onThe Rzpqﬂﬂﬁ(ﬁVﬁxm@WtheuuSaﬂyi@omhannqxt|raa©Eipneasnce of
solvent ich i |nert gg t|on Th solvent I S not

part i cul ar 599 5R3%F QJE Farv °Ph t|°5n a}ﬁ'o@b%o%ru ¢oPradufl e O

hal ogenat egahy HeP G P4 e d aF+BRALHE %@é@ﬂyaﬂxﬁf¥¥ﬁie8588@£h§nByQBOQ§ﬁpons

et hers, esters,
10  conventional method and may serve as a starting material

in the next step.

(Step 3)
H,C | He  § .
2 ~
R1a / , OR R1a / I /l
ST NH . S NK o)
07~ N7 R’
H
v . vy

wherein R!? denotes nitro, phthalimido,

15 mono(alkylcarbonyl)amino or di(alkylcarbonyl)amino, and
other symbols have the same meanings as those described
above.

Compound (V) is subjected to a ring closing reaction,
which 1s reacted with Compound (VI) to obtain Compound

20 (VI1).

) Ring closing reaction
Compound (V) 1s subjected to a ring closing reaction. -
The present reaction may advantageously proceed
usually in the presence of a base and examples of such the

26 "base” include strong bases such as hydrides of an alkali

metal or an alkaline earth metal (for example, lithium

hydride, sodium hydride, potassium hydride, calcium
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am des, nitriles, alcohols or a mxture of 2 or nore of themand the |ike
are used. Preferably, toluene is used. The reaction tenperature is usually
about 80-130C, 5 preferably about 90-110C. A reaction time is usually

about 2-6 ho . preferably out 3-5 hours, The progduct may be used in
e next rg‘ggﬁiﬂﬁoﬁngtﬁéer%g]g?' on 38, Fﬁ_tsi &f iat’bé?ﬁ‘%f a@e&\% erud® product,
may be a1%Q At 400 tRELLEA¢ELRN eHatlple, ACLOY HiMY Ma&beﬁ%ﬁiu
conventional nmethod and may serve as a starting materia I'n"the next step.
(Step 3) Ranidey) IMhjumwddrdsioprdpyldenides bithdumpliiwidcIokiexylamide,
nono( al kyl ¢carbonyl )am no or di aIkyIcarbonyu;anino,'and ot her synbol s have

the same nedhfi exaprehnidisipagidgnowe kﬁﬂnﬂﬁ#ﬁm?¥2X1§1§&B§@éﬁﬁu to a
! e 1 . S UeSt W Fetalit it
Compountt o8 S dihex it Ehiy 181 6838006 drh P OEIG | Yaba! 20P8E™ o

ring closi agkosAcidHof dicapkeseninet@dC oro a1l ané agesval nekaaceed
usually in the presence of a base and exanpl es of such the 25 "base"

i ncl ude stK@ﬂ&tﬁ%ﬁﬂ?%ﬁuﬁﬁ@@iﬁydmﬁﬁngéﬁeanSﬂdéﬂm etipoxide; RAtasisdume
cant T 2o BITAS, bt AT RS, gt T FRRIRET,
al kal i ne eqft hinRiBdtal{f Ghe €X8MBLCan! iR MAM &t IS Ab AL are used.
10 The amount of the "base” to be used is about 1-1.5
moles, preferably about 1.1-1.4 moles relative to 1 mole
of Compound (V).
It is advantageous that the present reaction is
performed without any solvent or in the presence of a
16 solvent which is inert with the reaction. The solvent is
not particularly limited as far as the reaction proceeds.
For example, nitriles, alcohols, ethers, amides,
halogenated hydrocarbons, aliphatic hydrocarbons, aromatic
hydrocarbons, or a mixture of 2 or more of them and the
20 1ike are used. Preferably, a solvent mixed with an
alcohol is used. For example, a mixed solvent of nitriles
such as acetonitrile and alcohols such as methanol is
preferable.
The reaction temperature is usually about 40-100°C,
25 preferably about 60-90°C. The reaction time is usually
about 10 minutes-3 hours, preferably about 30 minutes-2
hours.

The product:
0
H,C

R1a \
S N/g

30 may be used in the next reaction as the reaction solution
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am de, lithiumdiisopropylamde, lithiumdicyclohexylamde, [|ithium
hexanet hyl di sil azi de, sodi um hexanet hyl di sil azi de, 5 potassi um
hexanet hyl di sil azi de and the like) and | ower al koxides of an al kali netal

| kal i th t al f | e, sodi um net hoxi de, sodium
ihé‘ﬂi e, 55 P K TEideLtBRPeE .ty My HkehSoTRERRr EEPR, ERover

koxi des  yQfacii et Kﬂ*tﬂ%&ahcgf)rﬁ@.n@l 5 'ﬂxee ec%ﬁ ﬂ'ﬂ.@hairﬁelﬂg‘l a%'léﬁu;rhe

anount of the "base" used 1s about 1- es, prefera

1.1-1. 4 noimey redte vas t@ étant&ngomaﬁmnnnnnid\@heIﬁexs edépntageous t hat
the present_reaction is performed wthout any solvent or in the presence
of a 15 sol@eReaghkion Wi tihGampaundt (¥I)eacti on. The solvent is not

partoubarl y |l ol A G2, HE “ERRbLARAPSHI0IT o HLERTRES

nitriles, alcohols, ethers, oge at

hydr ocar bormowar ared Irﬁolélydrpﬁafbﬁa&lyorab%dﬁ Xt Lg ez _qt.oiegr réfae il fthem and
the 20 like are used. Preferably, a solvent mxed with an alcohol is used.

For exanpl &, mela okl Gompewndof Viitril es such as acetonitrile and al cohol s
such as net hanol referabl e. e react on t erger at about
40-100C, 25 prefr‘[t‘l’aa ST RRC g&n TRE gaé’tei drg) ‘?ft {%% ﬁ Bbout
10 ntnutestidupﬁégeﬂﬁgf@faglMaggout 30 mnutes-2 hours. The product H3C

% NCO H 30 may be used in the next reaction as the reaction solution
10 Examples of the "base” include carbonates of an

alkali metal or an alkaline earth metal (for example,
sodiuﬁ hydrogen carbonate, sodium carbonate, potassium
carbonate and the like), lower alkoxides of an alkali
metal or an alkaline earth metal (for example, sodium

15 methoxide, sodium ethoxide, potassium tert-butoxide and
the like), organic bases (for example, amines such as
triethylamine, diisopropylethylamine, N-methylmorpholine,
dimethylaminopyridine, DBU (1,8-diazabicyclo[5.4.0]undec-
7-ene) and DBN (1,5-diazabicyclo[4.3.0]lnon-5-ene), or

20 organic bases such as basic heterocyclic compounds such as
pyridine, imidazole and 2,6-lutidine and the like.

The amount of the "base” to be used is about 1-2
moles, preferably about 1-1.3 moles relative to 1 mole of
Compound (VII).

25 It is advantageous that the present reaction is
performed without any solvent or in the presence of a
solvent which i1s inert with the reaction. The solvent is
not particularly limited as far as the reaction proceeds.
For example, nitriles, alcohols, ethers, amidés,

30 halogenated hydrocarbons, aliphatic hydrocarbons, aromatic
hydrocafbons, or a mixture of 2 or more of them and the
like 1s used. Preferably, a solvent mixed withlan alcohol

is used. For example, a mixed solvent of nitriles such as
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23 or as the crude product, or may be isolated fromthe reaction m xture
according to the conventional nmethod and nmy serve as a starting material
in the next step. Reaction with Conpound (VI) 5 The anount of the "Conpound
(M)" to be u about 1-1.2 noles relative

d | bout _1- | es, preferabl
1 nDIeQﬁéﬁéﬂéf : ?%?¢ ?ﬁﬁggpggeﬁ%qnﬁﬁﬁimé&né&°£eiﬁePFSFﬁ§&ble~

tionally in t &%%ﬁﬂﬁ% f anml e. . basel 1 nclude
car bonat es of an&%grka | ne]gltéwggﬁggF%glE%qugay¥§n§éhu%f%ﬁ'%ggﬁgfe,
sodi um hy dpagde s bpned €9 030di WHeE afd@Pei6én POMASIsUlsuEAIBA Sy ang-t he

i ke), |ower al koxides of an alkali netal or an alkaline earth nmetal (for
exanpl e, sd@i HAVES nRFBEPBAPL¥ 0aPOMte BT iU Hot assi um tert - but oxi de and

the like), organig Db r ' ch.,as triethylapine,

i i sopr opyl ot hyl Trneteaeet (TEETEag: B USRS Ter AL SRRy (L
8- di azabi cagl de et -sd168ebnandsldl¥ or as the crude product,

(1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene), or 20 organi c bases such as basic

het er ocycl P& &@dpRhdsselahedsErppr titenaeaat iduy onix tinte 2adcbutiilagignecand
the Iike. mount_of the "base" to.be used is about 1-2 noles,

pr ef er abl yxg%o%mi‘{?%{%?gsm?gﬁgfii go4d Bay BRTYS1aS RnPbahtingi ). 25 It
S advantam@@giﬂgyuiﬁr@h@rﬁggats%ggqtion Is performed wthout any sol vent
or in the presence of a :solvent which is inert with the reaction. The

sol venilis not p&he afcrdmerntioned asepsr D2l hay anstpontprmeacds. For
exanple, nitriles, alcohols, ethers, am des, 30 hal ogenated hydrocarbons,

al i phati c ﬁﬁ&ﬁiﬁﬂqﬂﬁﬁg g&t&gypcisolating an intermediate produced in
the step @ from the reaction mixture, and are industriallyv

advantageous.

(Step 4)

15 (Vi) ' (1IX)
wherein R'® denotes nitro, phthalimido,
mono(alkylcarbonyl)amino or di(alkylcarbonyl)amino, and
other symbols denote the same meanings as those described
above.

20 Compound (VII) is subjected to a brominating
reaction, which is successively reacted with Compound
(VIII) to obtain Compound (IX).

) Brominating reaction
Compound (VII) is reacted with a brominating agent.

25 Examples of the "brominating agent” include N-

bromosuccinimide and 1,3-dibromo-5,5-dimethylhydantoin.

The amount of the "brominating agent” to be used is

25



hydrocarbons, or a m xture of 2 or nore of themand the Ilike is used._
Preferably, a solvent mxed with an alcohol is used. For exanple, a m xed
solvent of nitriles such as 24 acetonitrile and al cohols such as nethanol

[ referable. . The reaction tenperature_ is usually about 40-100C,
iel‘oer abl y @9Y%od - %H%oaf%%tct PBﬁEBFﬁ‘Plﬁ’s oy |4~ Jab%u'fwles 15efatdye to

ef er abl y jahpiite 356 éwgunﬁ R}QIQLOdUCt (VI'1) may be used in the next

reaction as the reaction solution'itself or as the crude product, or may
be isol ated fronfThiec preadritoreactior ascpediforned dptel walEpt ianghenet hod
and may serve as a startin material in the next step. 10 The

af or enent | BFEFNGHLE RFPNINEGNHe A &a0dGRdd 1btakeBusl y wi t hout

i solati ng an int i r u&gg b st fromthe reaction

m xt ur e,s] and ar e%%%%gfoﬁﬁ’aﬁjlégp a vangﬁg;é'gﬁse. %@t (ebpe_ ABSG_L&S ﬁfwe?e@?ﬂkRi a
denot es ni tor.@1{ahinisilé /1 pibe fe FABLYARVLEAOUYL 0 B HE18 relative to 1
di (al kyl carbonyl )am no, and other synbols denote the sane neani ngs as

t hose descmoled ofalfmepowmd CoWpEURd (VII) is subjected to a broninating
Compound (1%) - OEXFBHAR o T e act AR Bid At ) 450Tedk 2020t h &
brom nati n@z3®aR(1scu g@ﬁiggigg)thQJbqungggpwlggent" i ncl ude N-
br omosucci ni m de and 1, 3-di bronp-5, 5- di'net hyl hydant oi n. The anount of the
"brom A&t i dd¢meddmlvalebenitetile and 2,2'-azobis(4-methoxy-2,4-
dimethylvaleronitrile) and the 1like.
The amount of the "radical initiator” to be used is
about 0.01-0.5 mole, preferably about 0.05-0.3 mole
relative to 1 mole of Compound (VII).

15 It is advantageous that the present reaction is
performed in the presence of a solvent which is inert with
the reaction. The solvent is not particularly limited as
far as the reaction proceeds. For example, nitriles,
aromatic hydrocarbons, halogenated hydrocarbons, esters,

20 ethers, amides or a mixture of 2 or more of them and the
like are used. Preferably, nitriles, aromatic
hydrocarbons (chlorobenzene and the’like), and halogenated
hydrocarbons are used. Among them, nitriles such as
acetonitrile are preferable.

25 The reaction temperature is usually about 20-100°C,
preferable 40-90°C. The reaction time is usually about 30
minutes - 3 hours, preferably about 1-2 hoursﬂ

The product:
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25 about 1-3 noles, preferably about '1-1.5 noles relative to 1 nole of
Compound (VI1). The present reaction is perforned optionally in the
presence of bromne and a radical initiator. 5 The amount of the "brom ne"
to be used is about 0.01-1 nole, preferably about 0.02-0.3 nole relative

1 nole of Conpound (MB#). Exanmples of the "radical initiator" include

' TLri Q 2,2 -azobis(2,4 10 dinethylval eronitrile)
and 2 2'-azob|s(4 et hox\- 2, 4 di fhiyl valeronitrile) and the |ike. The
\ orfyto be used is about 0.01-0.5 nole,

pr ef er abl y Fabout

elative to 1 nole of Compound (VIIl). 15 It
I s advant ageous : n?ik%?ction Is perfornmed in the presence of
a solvent which is inert with'|theJeaction. The solvent is not
particularly limted as far as the reaction proceeds. For exanple,
nitriles, aromatic hydrocarbonsB hal ogenated hydrocarbons, esters, 20

ethers, amdes or a mxture of 2 or nore of themand the |ike are used.
Pr ef er abl ymayi the uaed aknnble cnenjdreegtion g Hihe cbeagbhenandluftdon ke),

and hal oge h roc bons_are use Anong them_ ni e uch as

acet oni t?l Ig% ag'g c}rllg @ CoHASLRTLARGH o r%ﬁ"u*‘ #ggaa %FW‘ about
20-100C,  phef Qréﬁateld’& rﬁﬂ:@tuiréea&%&‘rh'i%@; TR He e&mmaﬁamt méthod nut es
- 3 hougs preferably about 1-2 hours. The product:

and may serve as a starting material in the next step.

@ Reaction with Compound (VIII)

The amount of the "Compound (VIII)" is about 1-2
moles, preferably about 1-1.3 moles relative to 1 mole of
Compound (VII).

10 The present reaction may advantageously proceed
usually under the presence of a base and examples of such
the "base” include carbonates of an alkali metal or an
alkaline earth metal (for gxample, sodium hydrogen
carbonate, sodium carbonate, potassium carbdnate and the

15 1ike), and organic bases (for example, organic bases such
as amines such as triethylamine, diisopropylethylamine, N-
methylmorpholine,’dimethylaminopyridine, DBU (1,8-
diazabicyclo[S.4.0]undec-7-ene), DBN (1,5-
diazabicyclo[4.3.0]lnon-5-ene) and the like, or basic

20 heterocyclic compounds such as pyridine, imidazole; 2,6-
lutidine and the like). Preferably, triethylamine and
diisopropylethylamine are used.

The amount of the "base” to be used is about 1-2
moles, preferably about 1-1.3 moles relative to 1 mole of

26 Compound (VII).

It is advantageous that the present reaction is
performed in the presence of a solvent which is inert with

the reaction. The solvent 1s not particularly limited as
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R5 may be used in the next reaction as the reaction solution itself or as
the crude product, or may be isolated from the reaction m xture accordi ng
to the conventional nmethod 5 and may serve as a starting material in the

next step. _ Reactign with ound (VII1) The anmount. of the "Conpound
1y Ps %o /S 1t %?%&gBrBFQF A -ahEeF PXEMPLRY R1tELLBRve to 1

le of  Copmuich & \MaroéQrglaﬁserﬁ%q_%tgg@a%n% ﬁg%a%%/cgggﬁﬂgqgggt%% pr oceed

usual | y under the presence of a base an the ™ e"
i ncl ude caridreatses arfiides abkahi mimtalreorofare ot kmbi@ecofathbmmatral uded.
exanpl e, sodiununydrogen car bonat e, sodi um carbonate, potassium carbonate

and the 1534%&9,.Q&M'oﬁbﬁﬁ?éeﬁgsé§°@ﬁ&ﬁQER¥ﬁﬂQﬁa¥Pﬁaﬁiécbﬁ§f9bﬁﬁ?ﬁ§%w
G ot hy  anoish tHe 2L BT Afq fhSBRhaRed nid:ARAthont L HeBH. PO (T 5.

di azabi cyclaiohg. tHeéwn-t €8e) eandulche dd kbe tin DESi Te 28rBehee®eralbie.

.conpounds such as pyridine, imdazole, 2,6- lutidine and the like).
Preferably, trieflingd areantionl tempevptupyel dshylsaalisy aloused-1008C anount

of the "base" to he used is oyt 1-2 noles, preferably about 1-1, 3 noles
rel ative t@?fﬁﬁﬁ%i%ﬁ aQ%“Eb?BGERB €y ppre| preserapily 1 ?ﬂa?of%e_
present reagld GedStider tonaedsi AsURY 1) SHRAKE 1 mIZRLYEDL WRlel i S inert
with the reaction. The solvent is not particularly imted as 27 far as

the redti erefeoadeks. &ooubxafpmhdnuties-l .6 howrsmati c hydrocar bons,
hal ogenat ed hydrocar bons, esters,
The aforementioned steps D-© may be continuously

performed without isolating an intermediate produced in

step() which i1s skin stimulating, from the reaction
mixture, and are industrially advantageous.

15 (Step 5)

R‘i '
R7/N O 3 R7/N o
1a ﬂ %N/R N/HS
R | . HN 4
=/ NCgO = PN

R® ‘ . R®

(1X) X)
wherein R'® denotes nitro, phthalimido,
mono(alkylcarbonyl)amino or di(alkylcarbonyl)amino, and
other symbols denote the same meanings as those described
20 above.
(Step 5-1)
When R'® is nitro, Compound (IX) is subjected to a
reducing reaction to obtain Compound (X).
In the reducing reaction, Compound (IX) and a
20 reducing agent are reacted.
Examples of the “"reducing agent” include a solution

of titanium trichloride, iron powder and the like.
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ethers, amdes or a mxture of 2 or nore of themare used. Preferably,
nitriles, aromatic hydrocarbons (chl orobenzene 5 and the |ike), and
hal ogenat ed hydrocarbons are used. Anong them nitriles such as

acetonitrile are_pr rable. The,reaction tenperature is usually about
100G, preferabF%qmﬁiﬁ RE 16he, " 8oLBtAPE: efathiitaniom ol q@tprx |

act o0 (e i i AoBRON - BA TR MMy o0l ELELRRLL: bout 20

m nut es- 1. 5 ours OI’ enent| one steps e contl nuous

performed int hatter set adibgtenhydirechiddirdle guidiuced in step ~1 whi ch i's
skin stinmulating, fromthe reaction mxture, and are industrially
advant ageous. 15The @RoNnt (0F thpelspduRladiassnds i ke wee@aldmi do, (X

denot & 5%2%2’61%9"‘“#'9%1"3““ HRL88 . (hrEEehabaN BEIO R 1 ndlee PEISETE Mot i

I's nitro, ﬁ@n@maniddﬁﬁouﬁdspbx¢cted to a reducing reaction to obtain
Compound (X). In the reducing reaction, Conmpound (IX) and a 25 reducing

agent are reacte@heEquﬁQnic#eaﬂbionemawibg @@mﬁﬂrMQﬁﬂQmmianablutinn of
Sol uti on 68 FESAIES rPEnTELRRe: BYRRARASTAF At~ 10 30% sof uti on of
titaniumtrichl ogbd@plids V&d FnOr "diite AYATRCH 1Y 1c 3t " include
10 an about 0.01-10 mol/l aqueous hydrogen chloride solution.
The amount of the “"dilute hydrochloric acid” to be
used i1s about 1-5 moles, preferably about 1-2 moles
relative to 1 mole of Compound (IX).
It is advantageous that the present reaction is
15 performed in the presence of a solvent which is inert with
the reaction. The solvent i1s not particularly limited as
far as the reaction proceeds. For example, alcohols,
esters, ethers, aromatic hydrocarbons, organic acids,
water or a mixture of 2 or more of them and the like are
20 used. Preferably, alcohols, organic acids, water or a
mixture of 2 or more of them and the like are used.
The reaction temperature is usually about 20-100°C,

preferably about 20-80°C. The reaction time is usually

about 10 minutes-3 hours, preferably about 20 minutes-2
20 hours.

The product (X) may be used in the next reaction as
the crude product, or may be isolated from the reaction
mixture according to the conventional method and may serve
as a starting material in the next step.

30 (Step 5-2)

When R!® is phthalimido, a deprotecting reaction

affords Compound (X).

The deprotecting reaction can be performed, for
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The anmount of the "reducing agent"” to be used is 5 about 1-10 nol es,
preferably about 3-7 noles relative to 1 nole of Conpound (1X). The
present reaction rmay be performed optionally in the presence of dilute
hydrochl oric acid. Exanples of the "dilute hydrochloric acid" include 10

m about 0°FEMRd & BY LRReblRINCAMBEERI ) A& rYdFadaineThe anount of
e

about 1.2 ol bs TFEPRATe o Tl 2 et agbnes, Htings Wil Ead T 2100

that the pmenohydrests i&mdi thdS1prefornmed in the presence of a sol vent
which is inert with the reaction. The solvent is not particularly limted
as far as the r&het @awuntocedehe Forydxarpne” Alocdteolused ks ecaboubt her s,

aromat i ¢ hydrocarbons, organi ¢ _acids ter Qr a mxture of 2_or re of
t hem ang té@ MRE % @%E%E%.Eyﬁhf’g;taﬁ}ﬁ%o JN%CS I%?f%€£3ﬂi {5°a(]:i Bo1eat er
or a mxt¥e ¥mpouid "pre) of themand the |like are used. The reaction
tenperature is usually about 20-100C, preferably about 20-80C. The

reaction tine isItisdsl ladvaragedds nthatethe presentprmdactbéy hdout 20
m nutes-2 25 hours, The product (X) y be used in the next reaction_as

t he crude Bﬁfgﬂﬁﬂ°QNi$m. BePTEBPALEA Of r mSHY §HacR AR # xLBPE ta¥ddtdi ng
next step. 30 Caan D e e KB PR Pa A T Lol el T
af f or d$0 Cofpauacs (tHe ddwmctibpnopeotiesdsr.eaFbiroexamples, pexdshiors, for 29
ethers, amides, sulfoxides, nitriles, water or a mixture
of 2 or more of them and the like are used. Preferably,

alcohol, or a mixed solvent with alcohol is used.

The reaction temperature 1s usually about 20-100°C,

15 preferably about 20-60°C. The reaction time is usually
about 1-24 hours, preferably about 2-20 hours.

The product (X) may be used in the next reaction as
the crude product, or may be isolated from the reaction
mixture according to the conventional method and may serve

20 as a starting material in the next step.

(Step 5-3)

When R'® is mono(alkylcarbonyl)amino or
di(alkylcarbonyl)amino, Compound(IX) is subjected to a
hydrolyzing reaction to obtain Compound(X).

25 Compound(IX) is subjected to hydrolysis in the
presence of a hydroxide of an alkali metal or an alkaline
earth metal, or lower alkoxide of an alkali metal or an
alkaline earth metél.

Examples of the “hydroxide of an alkall metal or an

30 alkaline earth metal” inciude sodium hydroxide, potassium
hydroxide, lithium hydroxide and barium hydroxide and the
like.

Examples of the "lower alkoxide of an alkali metal
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exanpl e, by reacting Conpound (1X) and hydrazine. Exanples of the
"hydrazi ne" include hydrazine nonohydrate and the |ike. The anount of the
“hydrazine" to be used is about 1- 5 30 noles, preferably about 2-20 noles

| ati to 1 I Co | X t t hat the present
éaitiéﬁ O A (OHELLRS BRECH, etk oncius AedtaR: BAtRekAAG L wi th
e reacti Qailhe éakafmelanaoboearsfsu]%u Ydnt t’nﬂéffd 3,10 1ar as the

reaction proceeds. For exanpl e, "al coho ers, sul f oxi des,
nitriles, water @heaamounitr eof ofth@ bhydeozide tdferamruﬂ.kélbi | mé&eadnr erused.
Preferably, al cohol, or a mxed solvent with al cohol is used. The reaction

t enper at ur &% @1kakine eapth metadicor the gkewew §lhesider0fc0n The
reactlog t'ﬂ%%fi‘ﬁ%ﬁé}ybr Qﬁuggﬁa%ingpﬁé%t rﬁgfgfblgﬂagguh %d2QShourS

The product used e next reéaction as e cruge préduct, or

may be i soladicert f1-@0 tielé€ACHrefe rabUylabALE B R OUmbLeshe conventi onal
nmet hod and may serve 20 as a starting material in the next step. (Step

5-3) Wen RegRectiimlal kyetatbyaytpadi mols OﬁhQQmR9ﬂ@§rb§K9I)anlno
Conpound(I X) is bj.,ect to a hydr | reactlo to ob npound(X).
25 Conpound( | X) &i %ﬁ&?ﬂf?gpﬂ ﬁrgbéi' |nqﬂﬁ§eﬁ)égﬁﬁgé Shydr oxi de
of an a'kabeﬂﬁﬁﬁﬁed”iﬁﬂtﬂékﬂkéﬁ@nc@@%khdﬂgdlveﬂ¥ wRYEA QEthbg% IR
al kali metal or an alkaline earth nmetal. Exanples of the "hydroxide of an
al kal i 1fret Ahepreact B al KElké neobuenh st ab't ipaci tidea lsaodl yinl hipditedi ds,
potassi um ggghwnaéké ééégtfghh g%%éb%? an%o%agﬁggp évcgﬁégigfg,the
ethers, sulfoxides, water or a mixture of 2 or more of

them and the like are used.
The reaction temperature is usually about 20-140°C,

15 preferably about 60-120°C. The reaction time is usually
about 1-24 hours, preferably about 4-18 hours.

The product (X) may be used in the next reaction as
the crude product, or may be isolated from the reaction

mixture according to the conventional method and may serve

20 as a starting material in the next step.

(Step 6)

X) xny
wherein respective symbols have the same meanings as those
described above.
25 (Step 6-1)
Compound (X), halogenoformic acid ester

(halogénocarbonic acid ester) and Compound (XI) are
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|i ke: Exanples of the "l ower al koxide of an alkali netal 30 or an al kaline
earth netal" include sodi um net hoxi de, sodium ethoxide and potassi um
tert-butoxide. The anpunt of the "hydroxide of an alkali netal or an

al kaline earth nmetal™ or. the "lower alkoxide of an 5 alkali netal or an
kal i ne eEretal‘Ftr?éi }t‘“ Rty nuggﬂpp’s‘n%aﬁggtl 1- 30 nol es, preferably about
-20 noles, res MR of S | ¥Ral8génBRbendlc % &1%) 1Ll uhs
advant ageous that t present reaction®I's perfornmed In € presence of
sol vent whicghy 4i ariyneriaMigédnoddrhbwatea¢Eoen exbip 1) \WHEnyE not
particularly limted as far as the reaction proceeds. For exanple,
al cohol s, Liosacarhenate deB-nifirephenyd @hdarecarbonatenspd ghe t hem and

the like ar e J e Lon tenperature is usually about 20-140C, 15
preferaﬁly#%&ﬁlcaﬁﬁ;Ekélfﬁ%%'reaction time is usually about 1-24 hours,
preferably about Tel@ntaitits.off hendr CHELbgeXbrERMiRe disietl ddrdhe B8Xbe

" reaction as the crude product, or may be isolated fromthe reaction

m xture ac¥sed dg tabewe koﬁv@ﬂiﬁénapnﬁﬂﬁnﬂhkxuﬁbngt§kr$e32m0498a starting
e o LR b Paohal 8t ReRbalet Bl e e < (9 )
The amount of the “"Compound (XI) " to be used is

10 about 1-10 moles, preferably about 1-6 moles relative to 1
mole of Compound (X).

The present reacfion is performed optionally in the
presence of an organic base. |
Examples of the "organic base” include organic bases

15 such as amines such as triethylamine,
diisopropylethylamine, N-methylmorpholine,
dimethylaminopyridine, DBU (1,8-diazabicyclo[5.4.0]undec-
7—ene),kDBN (1,5-diazabicyclo[4.3.0]non-5-ene) and the
like, and basic heterocyclic compounds such as pyridine,

20 imidazole, 2,6-lutidine and the like. Preferably,
pyridine and triethylamine are used.

The amount of the "organic base” to be used is about
1-20 moles, preferably about 3-17 moles relative to 1 mole
of Compouhd (X).

25 It is advantageous that the present reaction is
performed in the presence of a solvent which 1s inert with
the reaction. The solvent is not particularly limited as
far as the reaction proceeds. For example, esters, ethers,
amides, ketones, sulfoxides, nitriles, or a mixture of 2

30 or more of them and the like are used. Preferably, amides

are used.

The reaction temperature is usually about -10 to 80°C,

32



descri bed above. 25 (Step 6-1) Compound (X), hal ogenoform c acid ester

(hal ogenocarbonic acid ester) and Conpound (Xl) are 31 reacted to obtain
Compound (XI1). Exanples of the "hal ogenoformc acid ester” include C6.14
aryl hal ogenocar bgonate (for exanple, phenyl chlorocarbonate, p-nitrophenyl

| or ocar b&FSES YR %“Flké? 2Rd 6ORE - | | RRe TFRECAA9En(tife e usually
1al ogenof @iyt aci £y esbEFs tBrQ?er‘éﬁﬁS{ b APROW - dﬂo szmai-rﬁe apreferab' y

about 1-1.3 noles relatlve to nol e 6f Conpoun nount of the
"Conpound (XI) " The lpraduect i (sX]lD) abhus &bt@ilmlcbs:arprmé el sdl ytelodiroi 6
noles relative to 1  nole of Conpound (X). The present reaction is

per f or med &&ﬁ<ﬁﬁﬂqsi?m Thﬁtuﬁﬁe§€ﬁ@€¢%nQMFQNEh§n%9%§SﬁtiERa#pmé§hﬁdthe

“organi g base” '35 propy t%bbééﬁsbel sﬁHQQﬁ3séHq;ﬁﬁEf%§§daﬁy the

triethyl am ne, | am ne h

di nmet hyl amsmuatﬂlm méﬁus(ltnoﬁndpaz:algie:mim{ Sadl. ﬁédalﬂfl@@aliieaéthonDBN
(1,5- dlazablcyclo[4 0] non-5-ene) and the |ike, and basic heterocyclic
compounds $d@tidst qﬁ#qmqn@hrgmatﬁgﬁapﬁwe armd gheitlikee and the |ike.

Corganic basett §oBe SERPIL: SO Tnas e Rr) Fa, ne GATYALLEEe 56T, o e
relative t%dhﬂﬂ§‘%aﬁgr(3ﬁpﬂﬂngqﬁébuszéJﬂhﬂfbﬁ“h@”@éﬁﬁ@ﬁﬁt&hQEthe present
reaction is performed in the presence of a solvent which is inert with
10 example, potassium carbonate and sodium carbonate) to the
reaction solution and stirring for a few hours (preferably,
1 hour-1 day). The crystals can be purified by _
recrystallization from tetrahydrofuran; acetone, methyl
ethyl ketone, alcohols (for example, ethanol) or a mixed
15 organic solvent of them (preferably, a mixed organic
solvent of tetrahydrofuran and methyl ethyl ketone).
The crystals obtained by such the récrystallization
can be further purified to the high purity by suspending
in tetrahydrofuran, acetone, methyl ethyl ketone, alcohols
20 (for example, ethanol), water or a mixed organic solvent
of them (for example, a mixed solvent of tetrahydrofuran-
ethanol, and a mixed solvent of tetrahydrofuran-water), or
recrystallizing from these solvents.
When the aforementioned Compound (XII) is obtained
25 as a free compound, it can be converted into a desired
salt by the method known per se or a similar method
thereof. Conversely, when the Compound (XII) is obtained
as a salt, it can be converted into a free compound or a
desired other salt according to the method known per se of
30 a similar method thereof.
Compound (XII) may be a hydrate or a non-hydrate.
Examples of the hydrate include hemihydrate, monohydrate,
sesquihydrate and dihydrate.
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the reaction. The solvent is not particularly imted as far as the
reacti on proceeds. For exanple, esters, ethers, am des, ketones,

Sul foxides, nitriles, or a mxture of 2 30 or nore of themand the |ike are
used. Preferably The reaction tenperature is usually

r
Qout -10 to 80C1Wh%r?n gfi‘f%&l‘%?eﬁ;?’gg'&n 1s)gbtaigedcasrife mxEerencfine is
ual 1y  alti da?% doésSs , Pheliebatel dMrFa e Soglfhlsa&&gd%%ttiﬁ)% 'h)e

t hus obtai ned can be isolafed from the reaction mxture according to
convent i onaompeidrotl. or 5a Gdephued (¥Worotart dxey i ot Béatlgndcptirief i ed by the
separating means known per se such as recrystallization, distillation,
chr onat ogr SOMPOHRE (FRP | PRePTRBATEL, Y dheChRiierl (Ses9lvanghmeans

crystalgiz%%gwhlgggﬁg% wat er or an aqueous sol ution of carbonate (for 10
exanpl e, potassi um carbonate and sodi um carbonate) to the reaction

solution and sti Compdund @IEBW heyrbe(Radk2edlith alotdctosay) . The
crystals can be purified by recrystalllzatlon fromtetrahydrofuran,

acet one, médiefientet(£0r kexanpleal Bhol‘C.(f'0%) exanpl e, ethanol) or a m xed
15 organic(§@éwa _ them (preferably, a m xed organic solvent of
tetrahydrofuraﬁ’an thyl ethyl ketone). The crystals obtained by such the

recrystal li zati ogompunee (fwrtmrraaéi;%'aedittﬂ Tc'&%ﬂﬁrﬂ}l&l%hida%ﬂéuspe”di ng

in tetrahydrofuran, acetone, nethyl ethyl ketone, al cohols 20 or exanpl e,
et hanoll§,  W&k.&' -sraxbonykditnydazoled! wmdt Canpdured{XIprtexebphen a ni xed
sol vent of tetr%aéﬂé$§y{an- et hanol, and a m xed sol vent of
tetrahydropﬁmﬁ? ;or recrystallizing fromthese sol vents. Wen the

af orementi oned CoRROWRfbUmY |df | #n&P*8hPBHIny1diimidazole” is about 1-3
moles, preferably about 1-2 moles relative to 1 mole of
Compound (X). ‘

15 The amount of the "Compound (XI) " to be used is
about 1-3 moles, preferably about 1—2vmoles relative to 1
mole of Compound (X).

The present reaction may be performed optionally in
the presence of an organic base.

20 Examples of the "organic base” include organic bases
such as amines such as triethylamine,
diisopropylethylamine, N-methylmorpholine,
dimethylaminopyridine, DBU (1,8-diazabicyclo[5.4.0]undec-
7-ene), DBN (1,5-diazabicyclo[4.3.0]non-5-ene) and the

25 1like , and basic heterocyclic compounds such as pyridine,
imidazole, 2,6-lutidine and the like. Preferably,
triethylamine is used.

The amount of the "organic base” to be used is about
1-2 moles, preferably about 1-1.5 moles relative to 1 mole

30 of Compound (X).

It is advantageous that the present reaction is
performed without any solvent or in the presence of a

solvent which is inert with the reaction. The solvent is
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25 as a free conmpound, it can be converted into a desired salt by the

met hod known per se or a simlar nethod thereof. Conversely, when the
Compound (XIl) is obtained as a salt, it can be converted into a free
conmpound or desjred. ot her _salt according to the nethod known per_se or
q),a si mi | AR CRERELY 1%8&&&31&5( XY amythe LeagllopePgoceeds.

on- hydrat g '%s?aﬂgéfé,% teeshy didles-d Nelnidfe Nem bYdhake, G&%@}gfb’é%t,e,
sesquihydra;g?and |hydra?e. gé 0 When Conpound (XF? ?s ogtaine as a

m xture of nidptiles osoaemixtardesifr @d cdexoms ocvfit thgmophidcahley 1Adkd ve
conmpound or a desired |evorotatory optically active conpound can be :
prepared byPGheISffli cHTrefRTANI Vg ABAASSS ALQOMPYSEr se. Conpound (X 1) may

oe Lebohed 11 9] SR of EARBLrLREET IR ert il 85R0bEEoP &2
(N, N - car bgypd i +48 D z9bsu t a0 - For@ouNgif & ieh@t%@hait&me%@%@éﬂ&) . The

anmount of the "carbonyldiimdazole" is about 1- nol es, preferably about

1-2 nol es ﬁQQQﬁAkrgﬁ howsse prefesmpdindioyt 2520heoumsunt of the
rolative to 1 mire FEaBRPoufs X thef SpFasne Meh F ot fafabes Brhor ned
optional | y puri#ie€a PFESRNERe Ok ea B Q0B M iG RASE by Or k& 28Bhe#enefiohf2a@ " or ganic
base" include organic bases
10 method, for example, by the method described in the
aforementioned step 6-1 or a similar method thereof.

A compound wherein’R1 i1s a hydrogen atom, halogen or
alkoxy in Compound (I), or a salt thereof; can be
‘converted into Compound (IX) [compound wherein R! is a

15 hydrogen atom, halogen or alkoxy in the formula(IX)]
exhibiting the GnRH antagonistic activity, for example,
under the same conditions as those for the aformentioned
step 1C, step 2, step 3 and step 4.

Examples of the "alcohols” include methanol, ethanol,

20 propanol, isopropanol, t-butanol, ethylene glycol and the
like.

Examples of the "ethers” include diethyl ether,
diisopropyl ether,'t-butyl methyl ether, diphenyl ether,
tetrahydrofuran, dioxane, 1,2-dimethoxyethane and the 1like.

25 Examples of the "halogenated hydrocarbons” include
dichloromethane, chloroform, 1,2-dichloroethane, carbon
tetrachloride and the like.

Examples of the "aliphatic hydrocarbons” include
hexane, pentane and cyclohexane and the like.

30 Examples of the "aromatic hydrocarbons” include
benzene, toluene, xylene, chlorobenzene and the like.

Examples of the "aromatic amines” include pyridine,

lutidine, quinoline and the 1like.
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such" as am nes such as triethylam ne, diisopropylethylam ne,
N- et hyl mor phol i ne, di met hyl am nopyridine, DBU (1,
8- di azabi cycl o[ 5. 4. 0) undec- 7-ene), DBN (1, 5-diazabicycl o[ 4. 3. 0] non-5-ene)

and the 25 |like . and basic_heterocyclic conmpounds such as pyridine,
i dazol e, 2,6-IﬁHQﬂ9i;%URFtF%eIiRﬁ?eFPeféﬂﬁﬂ%ﬂe nethyhyaaataseis used.

e annum:égh§iu%éé§ggglcegﬂ§%"ﬁggggﬁg%gﬁﬂiégﬁgbffge(l-2 mol es, preferably

about 1-1.5 noles relative to oun X). It is

advant ageous t haExawmplseseht thieatamdfess ipIfudedrad, Nu t hout any sol vent or
in the presence of a solvent which is inert with the reaction. The sol vent
is 34 not pHmethwkiormanidee Nal-gdmethlncetamiden proesbyd-2-For

exanpl e; e S, ] et ane sul foxj de nitriles _or a

m xt ur e’ of %ﬁrfclnf;éiﬁ%f ‘i‘%%lr‘nggﬁal’?ﬁ’%’%ﬁi‘é’r’a‘? et %‘H’.S'dﬁrﬁP r &by 1iKfdes are
used. 5 The reacExmpIPGAlthE MRetsHaLMY i1aRAUad -4 ne pa&&e{na*eh jabout
10-70C. The reaction time is usually about 1-24 hours, preferably about
2-20 hoursethyd geestere axd| Fhehddkebt ai ned can be isolated and purified

fromthe reactiog_m xture by the gonyentiqnal 10 nmethod, for exanple, by
t he met hod descr'&&TQ%?ﬁrﬁg Eﬁ%reﬁﬂxgpﬁﬁgﬁssté§Q§99%wd%P%Fh¥iar met hod

thereof . Ageamyuingk Vdved etReR11ka .a. hydrogen atom hal ogen or al koxy in
Compound (1), or a salt thereof, can be converted into Conpound (IX)

[ conpodfid wher ei BxRinples df tiyelr bgthrales” Halcdgele aicetdwkyribet he

formula(l X xhi bit] t he GhRH_ant agoni stic activity, for exanple,
under the ﬁ?iﬂﬂﬁﬁ?iﬂ%sa g thesdikgr t he af ormenti oned

Examples of the “organic acids" include acetic acid,
propionic acid, trifluoroacetic acid and the like.
Compound (IX) [compound wherein R! is a hydrogen atom,
15 nitro, halogen, phthalimido, mono(alkylcarbonyl)amino,
di(alkylcarbonyl)amino or alkoxy] and Compound (XII) have
the excellent GnRH antagonistic activity and the low
toxicity and, therefore, can be used for preventing or
treating male hormone or female hormone-dependent diseases,
20 and can be safely used for preventing or treating diseases
derived from excessive these hormones, by inhibiting
gonadotropin secretion by the GnRH receptor antagonistic
activity and controlling the sex hormone concentration in
blood, in a mammal (for example, human being, monkey, cow,
25 horse, dog, cat, rabbit, rat and mouse). For example,
Compound (IX) and Compound (XII) are useful as an agent
for preventing and (or) treating sex hormone-dependent
cancers (for example, prostate cancer, uterine cancer,
breast cancer, pituitary gland tumor and the like),
30 prostatomegaly, hysteromyoma, endometriosis, precocious
puberty, amenorrhea, premenstrual syndrome, multilocular
ovary syndrome and pimple, as an agent for regulating

reproduction in a male or a female (for example, pregnancy
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step-1C, step 2, step 3 and step 4. Exanples of the "al cohol s" include
nmet hanol , ethanol, 20 propanol, isopropanol, t-butanol, ethyl ene glycol
and the like. Exanples of the ethers i ncl ude di ethyl ether, diisopropyl

et her, u et her, hen et her,, tetrah¥drofuran di oxane,
2-di rret h&%ﬂe“l%‘ﬁe‘y%nﬂg?ﬂE | mpBst a&ﬁiﬁﬂ rpoylRting) ggenit ead the
drocar boRgy cl ne, r or Qet e,

car bon tep'r ac )Por#%ga aﬁ%ﬁ?k%ﬁgﬂ%&é’n‘g%g‘{%g %ﬂd,,a f%ﬁé?hﬁ a3 %q'ln

hydr ocar borsfulatiiorleindeasing, agentafdral fama bdexane asdahhagenite.£foid

Exanpl es of the "aronmatic hxdrocarbons" include benzene, toluene, xylene,
chl or obenzd&Feadieng hnfexel 1EYaonE§tbﬁrbhéhQMQanqsit#@m%saren@ﬂ&@e

pyridin ne n t les of th sters
i ncl udegrretu%tﬁéualce sal(:%eB Qé%ﬁ% §§ etrgs K:t%ﬁgﬁ Eﬁr‘én?e gnant ﬁgif"la‘lj'
Exanpl es OEHé“% dﬁkﬁﬁﬁédiﬂﬁ'EﬂélHuNadmdﬁ“ ©rf&F fiiproving meat

N, N- di net hyl acet am de, 1-nethyl-2 5 pyrrolidone, hexanethylphosphorlc

trian de amraliey ifker edkbipl measf, @heaﬂ«ﬁgﬁmk"f¢ncpudmoa¢agogeamth

met hyl eth ket on d th li ke. of the " quoxides" i.ncl ude
di met hyl E%féf‘% t‘ﬁ% |FEea“169 °e"s RFoRQE nﬂi?V?P%“F-ﬁ& ®fe
acetoniterishéypplonltrlIe and the |ike. Exanples of the "organic acids
i nclude acetic acid, propionic acid, trifluoroacetic acid and the I|ike.
Conpoun@l (1 X) [ cOimeopressrer eimv&itienaibydxplaingdmn more detail by

way of Examples below, but is not limited to them.

Nuclear magnetic resonance spectrum (‘*H-NMR) is
measured with Brucker DPX-300 using tetramethylsilane as
an internal standard, and the whole 0 value is shown in

15 ppm. Unless indicated otherwise, % denotes % by weight,
provided that, yleld denotes mol/mol%.

Symbols in Examples have the following meanings.

singlet
d: doublet
20 t: triplet

m: multiplet
bs: broad singlet

J: coupling constant

Me: methyl
25 Et: ethyl
Examples

Reference Example 1
Preparation of 4—nitrophenylacet6ne

30 t-butyl methyl ether (290 ml), ethanol (40 ml) and
ethyl malonate (70.04 g, 0.437 mol) were added to
magnesium ethoxide  (50.00 g, 0.437 mol), which was heated

to reflux for 30 minutes and returned to room temperature
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15 nitro, hal ogen, phthalimdo, nono(al kyl carbonyl)am no,
di (al kyl carbonyl )am no or al koxyl and Conpound (Xl 1) have the excellent
GnhRH antagonistic activity and the low, toxicity and, therefore, can be

used for preventing.or treatin | e hormone or fepal e hor none- dependent
Q seases, pég‘eaﬁﬁilb%]t%’é' sﬁggFﬁvggggdf &S ;ﬁ%}bﬁ‘?rhg’\g? tTREPPRY di seases
erived fr @RRNORSS1 V04 NEACGNODTRASS mdd) Iyid Nidddg rgogadotropin
secretion by the GiRH recept0or antagonistic activity and controlling the
sex hor nonaidorophenytacetio ablidod66i.00 grmEd64 fmolexawhliien kasn bei ng,

nonkey, cow, 25 horse, do%, cat, rabbit, rat and nouse). For exanple,
Conpound ( ISPiRGRA @RpRNES(KIfF9rads miphyesas FThiegadt chluridevieasi ng and

(0r) {1 gal i3G50 dWr SRSy GREN SRRl obANGRIS, [l o £XPIRLE, prOStale cancer,

ut eri ne cancer, reast cancer, "prturtary glan 4 i ke), 30

prost at onegaeo toisY ev DEl 0B8LueREO Bl S twdMELREs OUSE - BEPPLt Methyl
anenorrhea, prenenstrual syndronme, nultilocular ovary syndrone and pinple,
as an agenttth®r rEkdR a8l hgwasepAdedciticothien azentropicareeidue (oor

and the | RSN o TbABh Pl U0, Tty £7aaRERRTh O 0%
ovul at1on T Mk AG0d 40! 63°¢ °FBEC302RAndR o) A Imdsyurd 1AL N9

infertility. Further, the conpositions are also 5 use as an agent for
regul atf ng costlrad tof zeomntemperaturies sindk kAN derimgchlertic asidn (2gant for

POV 0 M b hddd PhagSh STeate S, A 2050, Lor prgnot ng growch
EL?Siegt ng?%ﬁ%f%dfo%%ﬁéﬂ,' RnEPagudthd |1d4Yer Wa¥s ObeF¥2ERLES bel ow,

extracted with t-butyl methyl ether (132 ml), the organic
layers were combined, and the solvent was distilled off

15 under reduced pressure. Acetic acid (111 ml), water (74
ml) and concentrated sulfuric acid (14 ml) were added to
the concentrated residue, and the mixture was refluxed at
an outer temperature of 125°C for 5 hours while stirring
vigorously. After completion of the reaction, the mixture

20 was ice-cooled, returned to room temperature, and t-butyl
méthyl ether (264 ml) and water (264 ml) were added
thereto, followed by extraction. An aqueous saturated
sodium hydrogen carbonate solution (264 ml) and ethyl
acetate (80 ml) were added to the organic layer to wash

25 the layer, followed by further washing with an aqueous
saturated sodlium bicarbonate solution (264 ml). After
washed with brine (264 ml) twice, the solvent was
distilled off under reduced pressure, and the residue was
purified by silica gel column chromatography to give 4-

30 nitrophenylacetone (48.96 g, 0.273 mol, 75 %).

Reference Example 2

Preparation of 4-nitrophenylacetone

38



Nucl ear magnetic resonance spectrum (' HNWR) is neasured with Brucker
DPX-300 using tetranethylsilane as an internal standard, and the whole S
value is shown in 15 ppm Unless indicated othermﬁse % denot es % by

wei ght, rovide denotes_nol / in Exa | es have

Qegf ol | O\FI)VI ng me nba]sdrgl'getlé"i"?@l g% Hl)déﬂ?@? Y% “Eal"t’rF"i‘B?ef Bul tipl et
s: broad @.ndg eﬁm&l)cwﬁél aadean%af&tlurd!%nm?t»fwioﬁaét 1et1'6y' Bsarﬂ%! es
Ref erence Exanple 1 Preparation of 4-nitrophenyl acetone -bdt'yl” ‘net hyl

et her (290mm91)eﬁhﬂﬂﬁdn@ﬂﬁeni)ahbwewmdnddlﬁ%(ﬂnaumiaﬂ 94 g Tﬁiéﬁilnnl)

wer e added n un1ethOX|de (50.00 g, 0.437 nol), which was heated
to ref qu%ﬁioégﬁ)' t28 gnd ?e?érm&9%h)W4ﬁnﬁ4@ﬁ%eF%tﬁre 37 (herelnafter

bb [ T I g 875 was
Sed 1o ahutoptelly Dlodtic THEORY 0 DR O, B AL Hob] SeofaBiRalRy T e
at 70-75C fsttru%mgrw&em 75?@nﬂérci‘50ﬁllﬁﬁt\é@5 5THEL%Tn'y|1' %f&fﬁid@dﬁs

reduced pressure foll owed by azeotropy with toluene (6 two t1nes.
t-butyl me@iyAtildefrofsunger meéuaedewnﬁﬁquneaz@@il@wed bUS|due to

di ssol ve '% éMyﬁquf§§€@d€glge88m%%enhs %%fgé(N1ﬁichfg£§me ﬁlrre?3at 65C

for 30 m nutes ré was
ml) was added to the azeotropic residue to dissolve the

10 residue, which was added to Solution B dropwise. After
stirred for 7 hours under reflux, the reaction solution
was cooled to room temperature and poured into water (10
ml). The layers were separated, and the aqueous layer was
extracted with dichloromethane (3 ml). The organic layers

15 were combined, and the solvent was distilled off under
reduced pressure. After the solvent was distilled off,
acetic acid (1.7 ml), water (1.1 ml) and concentrated
sulfuric acid (0.21 ml) were added thereto, which was
refluxed at an external temperature of 125°C for 4 hours

20 while stirring vigorously. After completion of the
reaction, the mixture was ice-cooled, returned to room
temperature, and t-butyl methyl ether (6 ml) and water (6
ml) were added thereto, followed by extraction. After the
organic layer was washed with an aqueous saturated sodium

25 hydrogen carbonate solution (6 ml) twice and brine (6 ml)
twice, the solvent was distilled off under reduced
pressure, and the residue was purified by silica gel
column chromatography to give 4-nitrophenylacetone (0.51 g,

» 2.87 mmol, 52 %).

30
Reference Example 3
Preparation of ethyl 2-amino-4-methyl-5-(4-
nitrophenyl)thiophene-3-carboxylate
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10 cooled to roomtenperature, and 2N hydrochloric acid (264 m) was added
thereto dropwi se under cooling. The organic |ayer was separated, the
aqueous | ayer was reverse- extracted with t-butyl nethyl ether (132 m),

the organic |lay wer i ped, and the salvent was distilled off 15
der reduced pr%&&ﬁﬁfngggP@EiciB°Ufffﬂﬂ%§lﬁ%ﬁe?5(¢% Ini §-484 mol),
oncent r at gk fevaRodEh 4 (Blg) Swer degh t he. GO r resi due;
and the nixtd?%iﬁgg r%flugg Laé Ogﬁwgu'e?ptenpéﬁ%%zrgngfB%%%Ea@éﬁﬂ% hour s
while stirrilid.3Vigorouidg. mél)ewerenaddiedntof 4 thetrophengladet®dd Xt ure

20 was ice-cqaéfd, returned to roomtenperature, and t-butyl nethyl ether
(264 ) arddwherd(28416P) medle addedhe Helstere f¥asoabdrBederat &mdmn. An
aqueousysat [ hyd ca te,sol ution (264 and_ et hyl
acetate5(&§€ﬁ§éﬁé§€9§dg§% ?oh?%%%drgé%$%§i§ﬁ§'E??ﬁﬁé n2%°¥%£ipﬁygpf

fol  owed bystfirtdierfodshi Rguri Uhdet aAdeLBo 1 5@¢ U hedcsgdituMsbiveaidonat e
solution (264 m). After washed with brine (264 m) tw ce, the solvent was

distilled &Ffliarrd arduvaghpfewdihe codii atleaneli (126 ma3 thoreief itdohes).
silica gel ,golum chromat ography to give 4 30 nitrophenyl acetone (48.96 g,
0. 273 mol , TP HEYTERLT HeEeERaT A Uhdet. FACHTBA 50-Gi £¢ BhERy PAB¥LoNe
38 Di chl or veiniaie- { Inéthy 206 - @byl tFipHat 83l

added to aluniniun1chlori%e (1?10 g, 8.28 %%éﬁ% ( g?g?ngf?gggggég%§$fated
as Sol ufi orf 3%).85T9.0rQ4 114hmoli,d69( 2)58 g, 13.25 nmol) was added to 4 5

ni trophenylacetic acid (1.00 g, 5.52 nol followed by stirring at 70-75C
for 45 minu égﬁRfﬁiOWz'cmW(?b%)waﬁs 1-03%@?4 | &, of f =u\ﬁldér Hzddu@edlessur e,

followed bwH), 4.24(q, 2H, J = 7.1 Hz), 7.59(d, 2H, J = 8.9 Hz),
7.67(bs, 2H), 8.23(d, 2H, J = 8.9 Hz)

15 Reference Example 4
Preparation'of ethyl 2-amino-4-methyl-5-(4-
nitrophenyl)thiophene-3-carboxylate

Ethanol (4 ml), powdery sulfur (0.22 g, 6.70 mmol),

ethyl cyanoacetate (0.757 g, 6.70 mmol) and butylamine

20 (81.6 mg, 1.12 mmol) were added to 4-nitrophenylacetone
(1.00 g, 5.58 mmol), and the mixture was stirred at room
temperature for 15 hours. After the reaction mixture was
stirred for 1 hour under ice-cooling, the crystals were
filtered and washed with cold ethanol (1.5 ml) three times.

25 The crystals were dried under vacuum at 50°C to give ethyl
2-amino-4-methyl-5-(4-nitrophenyl)thiophene-3-carboxylate
(1.36 g, 4.45 mmol, 80 %).
1H-NMR(300MHZ, DMSO-d¢) & 1.29(t, 3H, J = 7.1 Hz), 2.36(s,
3H), 4.24(q, 2H, J = 7.1 Hz), 7.59(d, 2H, J = 8.9 Hz),

30 7.67(bs, 2H), 8.23(d, 2H, J = 8.9 Hz)

Reference Example 5-1

Preparation of ethyl 2-amino-5-(4-methoxyphenyl)-4-
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azeotropy with toluene (3 m) twice. D chloronethane (3 m) was added to
the azeotropic residue to dissolve the 10 residue, which was added to
Solution B dropwi se. After stirred for 7 hours under ref |ux, the reaction
solution was cooled to roomtenperature and poured into water (10 m).
!‘ne | ayer s MY Ldpiophere - ngarkexyd@dsus | ayer was extracted with

|

'chl or onet hane ﬁﬁ%gﬁo -ngéwﬂfylcahgégr%Fé%6g%é%é§?t{f$%é4a d Ehﬁl

sol vent was di st off under “re ssure. sof vent “was

distilled ofdl) amdtbenzgidmihe? (1.8, grateerold.fol) )wend aaaeantoatsed
sul furic acid (0.21 m ) were added thereto, which was refluxed at an
ext ernal t &RidYpherylacetongr (1993 9.20 vhimel ki i apdnghei pdaswsiey .

- After cenpl et e . [ the mxture i ce-coqgled, returned to
room tgrrpew%a %Eeg%én% ?1-: bﬁ?%’ %gmﬁrae'i eerlg%r \r,?)sh%ﬂﬁs\_?vat ]?ef(‘s m) were
added t her giowad®} | weguBy (88l bagli an2 M1y dd® mOFPROLEnkAY SR . Wag Washed
w th an aqueous saturated sodi um 25 hydrogen carbonate solution (6 m)

twi ce and Britnanqle) rworet smeceesshvedy wsidedvashelrato| | @addotheumdatureduced
pressure, and the residue masesyrified bK silica %gl col umm chr omat ogr aphy

to give 4-Ma% SherRAGcRt oRB-P8.G1T9F 62hgwursny| Theo mixtuze pereresrted
oo Sk Ml girp [oAMIO b R 1) BB g,
nmol ), 1@t hyl) csearmadded et ¢ 26h89reackibd? sullyttow bot ytaer aad,( thedl, g,
0.182 nDl)Qﬁgw%fggkittfgéégi%ggpggggfgﬁiﬁneAfter the organic layer
was dried over magnesium sulfate, the solvent was
distilled off under reduced pressure to give a red brown
oll (394 g). Diisopropyl ether: hexane (1:1, v/v, 400 ml)
15 was added thereto, and the mixture was stirred at room
temperature for 30 minutes, and for 1 hour under ice-
cooling. The precipitated crystals were filtered, and
washed with cold diisopropyl ether: hexane (1:1, v/v, 100
ml) twice. The crystals were dried under vacuum at 40°C to
20 give ethyl 2-amino-5-(4-methoxyphenyl)-4-methylthiophene-
3-carboxylate (239.3 g, 68.4 %).
'H-NMR(CDC1,, 300MHz) & 1.37(t, 3H, J = 7.1 Hz), 2.28(s,
3H), 3.83(s, 3H), 4.31(qgq, 2H, J = 7.1 H), 6.06(s, 2H),
6.91(d, 2H, J = 8.8 Hz), 7.26(d, 2H, J = 8.8 Hz)
25
Reference Example 5-2
Preparation of methyl 2-amino-5-(4-chlorophenyl)-4-
methylthiophene-3-carboxylate
The same procedures as those in Reference Example 3-
30 1 were performed using 4-chlorophenylacetone, to give
methyl 2-am1no-5-(4-chlorophenyl)—4-méthylthiophene-3-

carboxylate.
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(29.61 g, 0.165 nol), and the m xture was stirred at room5 tenperature for
2 hours. After the reaction solution was stirred for 1 hour under
fce-cooling, the crystals were filtered and washed with cold et hanol (20
m) three tjimes. The crystals were dried under vacuum at 50C to give ethyl

am no- 4- nBr APR(ENGLni S0 19 thi Bbhene3B. cdr BolylaHie) 1@ (IS5 g,
. 114 |, 0 ' 00 , d 29 3H, =z 7. .
> 36(s 3w SRy o Y A3 s s R0y O gv 3, ok T

2H), 8.23(®.%Hz)), =7838(8&z) 2H,13 Refsarsere) Exanpl e 4 Preparation of ethyl

2- am no- 4- et hyl - 5-(4- nitrophenyl) thiophene-3-carboxyl ate Ethanol (4 m),
powdery sul fur (0.22 g, 6.70 nmmol), ethyl cyanoacetate (0.757 g, 6.70

mol ) agd 0 6.y, 1.12 nmmol) were added to

4-ni tropheny 5%%%%%% E%iéﬁ%eg?n§.58 mml ), and the mixture was stirred at
room tenperdpratién 16f et Ay 1ARL QML 5 LELImOPh&kybHERYHGS 4 -Stirred for
1 hour under ice-cooling, the crystals were filtered and washed with cold

et hanol (1M@thyltihierheneed-casbokylatestal s were dried under vacuum at

50C i hyl
- am nooa. met hyl The A% RESRSGUTERi B5nLROSE. A REEATARCe (BXaBPe 2-45

|, 80 %. SEOMNE d ol 36(s,
3. 4. 24(/?11, Vﬁzﬁé\l e Sk 7.?9(@)&,'"%21:#,(’%%(5:11%%1?4‘%?15&30 ;‘.%%?(1%56, (2H),
8. 23(d 102Hmerhy13. 2- airin®e’ ef ¢ nme tBoxyphefr1l) % apetlayl dbhiopheny3 -

2- am no- 5- (4- net ho henyl )-4 40 net hyl t hi ophene- 3-car boxyl ate Et hanol
(500 nl), w°ﬁz§% ficetate (159.4 g, 1.41

'H-MR(CDC1;, 300MHz) & 2.27(s, 3H), & 3.83(s, 3H), 3.84(s,
3H), 6.05(s, 2H), 6.91(d, 2H, J = 8.6 Hz), 7.26(d4d, 2H, J
8.6 Hz)

15
Reference Example 5-4
Preparation of ethyl 2-amino-4-methyl-5-phenylthiophene-3-
carboxylate |
The same procedures as those in Reference Example 3-
20 1 were performed using phenylacetone, to give ethyl 2-
amine-4-methyl-5-phenylthiophene=-3-carboxylate.
1H-NMR(CDCl3, 300MHz) § 1,37(t, 3H, J = 7.1 Hz), 2.33(s,
3H), 4.33(g, 2H, J = 7.1 H), 6.09(s, 2H), 7.25-7.40(m, 5H)

26 Reference Example 5-5
Preparation of isopropyl 2-amino-5¥(4-methoxyphenyl)-4-
methylthiophene-3-carboxylate

The same procedures as those in Reference Example 3-

1 were performed using 4-methoxyphenylacetone, to give

30 - isopropyl 2-amino-5-(4-methoxyphenyl)-4-methylthiophene-3-
carboxylate. |
'H-NMR(CDC1,;, 300MHz) d 1.34(4, 6H, J = 6.3 Hz), 2;28(5,
3H), 3.82(s, 3H), 5.21(quint, 1H, J = 6.2 H), 6.10(s, 2H),
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mol) " and benzylanmine (1.3 g, 0.012 nol) were added to 4- _

nmet hoxyphenyl acetone (199.3 g, 1.2 nol), and the mxture 5 was stirred at

roomtenperature for 6 hours. Then, powdery sulfuad(38 ﬁ g,tl 2 ngl%hand

nor phol i ne : nDI succ | added thereto, an e
xltoure maés%que%lﬂat )&\Aﬁ?ﬁ 6 7hc?t§§d »nm¥xBuBe7wll&€)cool ed to room

Qarrperature, et hyl acetate (2.5 1) and brine (1.5 10 1) were added to the

reaction solution to stir and, then, the organic |ayer was separat ed.

After the dixmwple|hyécorwvasponditigovey Swgpesiamasal ighe, the sol vent was

distilled off under reduced Rressure to give ared brown oil (394 g).
[]isopropyl?ﬁ?ﬁﬁa IenafE ethyl Z-amipgy 4rimetlyha8-bhdded thereto, and the

m xt ur e swas, 1§t 6éﬁgh€%é£ hgggp%r 5¥b°{é§a £9 minutes, and for 1 hour

under ice- coo |p|tate crys %er e flltered and washed
with cold dllsopropyl ether hexane (1:1, v/v, 100 m) twce. The crystals

were dried under vacyumat 40C to 20 gijve ethyI COOEt

2- am no- 5- (4- met hoxypH nyI) hyIth| phene&t@Carboxyl atle (% .3 g, 68.4
% . 1H NVR(CDC13,-500 OSl E'e 3H [J = 7, o28( s, E& 3.83(s,
3H), 4.31(q,0,% O.NE- H.J =/8.8 Hz), 7.26(d,

2H, J = 8.8 Hz) eference %@% i on of nethyl
2- am no- 5- (4-chl or ophenyl ) - 4 Hl hene- 3- car boxyl at The sane
procedures as those in Reference Exanple*3 30 1 were perfoOrmed using
4-chl or ophenyl acetone, to give nethyl
2- am no- 5- (4-chl orophenyl - 4- net hyl t hi ophene- 3- carboxyl ate. 41

Me ' Me 0

o 4) NCCH,COOEt, -
S, BuN
S

NH,

t-butyl methyl ether (880 ml), ethanol (120 ml) and

ethyl malonate (212.23 g, 1.325 mol) were added to
magnesium ethoxide (151.62 g, 1.325 mol), and the mixture

10 was heated to reflux for 30 minutes and returned to room
temperature (hereinafter, abbreviated as Solution C).
Thionyl chloride (315.27 g, 2.650 mol) was added to 4-
nitrdphenylacetic acid (200.00 g, 1.104 mol), and the
mixture was stirred at 70-75°C for 45 minutes. Thionyl

15 chloride was distilled off under reduced pressure,
followed by azeotropy with toluene (200 ml) twice. t-
butyl methyl ether (400 ml) was added to the azeotropic
residue to dissolve the residue, which was added to
Solution C dropwise. The mixture was stirred at 65°C for

20 30 minutes, cooled to room temperature, and 2N
hydrochloric acid (800 ml) was added thereto dropwise
under ice-cooling. The organic layer was separated, the
aqueous layer was reverse-extracted with t-butyl methyl

ether (400 ml), the organic layers were combined and the
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1H NWMR(CDC13, 300MHz) 6 1.37(t, 3H, J 7.1 Hz), 2.30(s, 3H), 4.32(q, 2H,
J =7.1H), 6.12(s, 2H), 7.26(d, 2H, J 8.5 Hz), 7.34(d, 2H, J = 8.5 Hz) 5
Ref erence Exanple 5-3 Preparation of nethyl 2- anino-5-(ﬁ-nethoxyppenyl)-4-
met hyl t hi oph car bgx he ced res_as those in Reference
,@rr%l e 3- " %?Iét p‘éﬁoﬁﬁé&iﬁiﬁﬁg prRINFeLcPERESUES -gi HEetd Chet gyl
am no- 5- ( t enyl t t R C t CDC1
300M) 6 2&21[7?5@%&% Zyshggf v *Mgf{i{& é%ﬂ?éﬁgf%ékﬁ gi'ﬁ)% 91(d,
2H, J 8. tadixy , (4226 (w]l) 2Weré added tiz)tHe deheenveatbiatplsadued and
Preparatlon of ethg 2- am no- 4- et hyl - 5- phenyl t hi ophene- 3- carboxyl ate The
sane proceddt®ednix ‘Eﬁ%s\%aﬁnngﬂ-@P‘@r%@W’ét%rnQ temperagareoafed using
henyl aget i ve .eth
B no- 49 ﬁhrbfﬂ Cg%éﬁ’rﬁ %%h‘é%l?, ELAEERPOa Y 9oHQUGHY codifteBooMz) 6
1.37(t, 3H co}nﬁ-lgt:ﬂoﬂﬂzdf £hé3reacion 4 th¥ readdtidn=wislibe- RAYS t£H) .
7.25-7.40(m 5H) 25 Reference Exanple 5-5 Preparation of isopropyl
2- anm no- 5- (&%tW%@h?F?e4anﬂetthﬁqwlommiB %’ahQUx{(BQDeml'l)h@rshne

d th ference me erfqr in
o et hoxy P BCETehean L] o75FBe a4 ?’Z‘Sﬂ&e&aﬁ éoli’ogea E‘fr feibeson,
2-am no- 5- (Mr heayir t
303342) > 3%&65«%@ ga_h aﬂeaealaaiw Qatmﬁngﬁn E&r ?ﬁ& ) §015 £l it

1H, J H0s6. X890 gl ) Odnd Qﬁpyl acetate (240 ml) were added to the

organic layer to wash the layer, which was further washed
with an aqueous saturated sodium hydrogen carbonate
solution (800 ml). After washed with brine (800 ml) twice,
the solvent was distilled off under reduced pressure,

15 followed by azeotropy with toluene (200 ml) twicef Ethyl
cyanoacetate (137.33 g, 1.214 mol), ethanol (460 ml) and
powdery sulfur (38.92 g, 1.214 mol) and n-butylamine
(88.79 g, 1.214 mol) were added to the azeotropic residue,
and the mixture was stirred at room temperature for 2

20 hours. The reaction mixture was stirred for 1 hour under
ice-cooling, the crystals were filtered énd washed with
cold ethanol (400 ml). The crystals were dried under
vacuum at 50°C to give ethyl 2-amino-4-methyl-5-(4-
nitrophenyl)thiophene-3-carboxylaté (215.2 g, 0.702 mol,

25 63.6 %).

'H-NMR(300MHz, DMSO-d¢) & 1.29(t, 3H, J = 7.1 Hz), 2.36(s,
3H), 4.24(q, 2H, J = 7.1 Hz), 7.59(d, 2H, J = 8.9 Hz),
7.67(bs, 2H), 8.23(d, 2H, J = 8.9 Hz)

30 Example 2 (corresponding to step 2)

Preparation of ethyl 4-methyl-5-(4-nitrophenyl)-2-(3-
phenylureido)thiophene-3-carboxylate
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42 9°6.90(d, 2H, J =8.7 Hz), 7.26(d, 2H, J = 8.7 Hz) Exanple 1
(corresponding to Steps 1A and 1C) Preparation of ethyl
2-am no-4-net hyl -5-(4- 5 nitrophenyl)thi ophene- 3-carboxylate HO 1) SCOCl 2
COOEt 3) H CH2(O000Et)2 2) My(OEt)1, 4) NCCICOOEt, S, 8uNH, t-butyl nethyl
R her (880 nl), ethanol (120 m) and ethyl mal onatge(212923 g, 1.325 nol)
re added to ﬁagnes%%y1ethpxrde (151.62 g, 5 aqd the m xture 10
was heated to ref |ux 30 m nut es andon$t
(hereinafter, abpre | at gd Soktut ion C) 72T chlonjde (31527 g,
2.650 nol) W @ ni t rophenyl acetic acid (200. 00Ny, 4 ol ),
and the m xture“-iw ' t 70-75C for 45 m nutes. Tgﬂqpy hl ori de
was distilled off under reduced pressure, followed by Qzeogfop W th
toluene (200 mM) twice. t- butyl nmethyl ether (400 m) was added to the
azeotropic resi dedendli 6500 i1 ) hepyesiadue, (WY .oy s psislegst amo$q! Ution C
dropwi se.  The m xture was stirred at 65C for 20 30 mnutes, cooled to room
t enper at ur @ndarphenyl hsieoranatec (ddi.$8 00 ¥33 . 4bsmmdl¢dwelrer eddedt don se

under 1 ce- SO - THE 01 gaLERL IS S RSRAIRLSHH ) HifopRdugOYS | aver ves

l/

(o

rever se- ext
b carboxylate (25.00 g, 81.61 mmol), and the mixture was

stirred at 95-100°C for 4 hours. It was confirmed that
starting materials were almost disappeared. After the
\reaction solution was stirred for 2 hours under ice-
qobling, the crystals were isolated with a centrifuging

10 machine and washed with cold toluene (150 ml). The
crystals were dried under vacuum at 60°C for 8 hours to
give ethyl 4-methyl-5-(4-nitrophenyl)-2-(3-
phenylureido)thiophene-3-carboxylate (32.42 g, 76.20 mmol,
93.4 %) ‘

15 'H-NMR(300MHz, DMSO-d¢) & 1.37(t, 3H, J = 7.1 Hz), 2.41(s,
3H), 4.38(q, 2H, J = 7.1 Hz), 7.05(t, 1H, J = 7.4 Hz),
7.33(t, 2H, J = 7.9 Hz), 7.51(4, 2H, J = 7.6 Hz), 7.71(4,
2H, J = 8.9 Hz), 8.29(d4, 2H, J = 8.9 Hz), 10.36(s, 1lH),
10.83(s, 1H)

20
Example 3 (corresponding to Step 3)

Preparation of 1-(2,6-difluorobenzyl)-5-methyl-6-(4-
- nitrophenyl)-3-phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-

dione
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ether (400 m), the organic |ayers were conbined and the 43 S sol vent was
distilled off under reduced pressure. Acetic acid (336 m), water (224 m)
and concentrated sulfuric acid (42.4 nl) were added to the concentrated

resi due,

q:r 5 hours while sthelng v
e reaction wa e

and the mxture was refluxed at an external tenperature of 5 125C
I gorously. AffTer conpletlon of the reagtion,
roomtenygerature, ﬂ. Ny ether
f ol

(800 M) anojN-—wé ) re added tlhereto, HCi i on.
An aqueous satunatéd s v hydrggem—carbonate uti g ) )| and
ethyl acetate (240 m) were| ado o the| @Nga sh the| | ayer,

whi ch was further washed g
carbonate

agueous sat urs . ogen
ﬁﬁter wash with brine (800"nm) twiee, the

solution (800 m)

solvent was distilled off under reduced pressure, 15 followed by azeotropy
with toluene (200 m) tw ce. Ethyl cyanoizetate (137.33 g, 1.214 nol),

et hanol (460 nm) and powdery d

(88.79 g,

was stirred—at—roomD ¢
stirred for 1 hour under

washed w

at 50C to give ethyl 2-am no-4-nethyl-5-
ni trophenyl )t hi ophene- 3-car boxyl ate (
1H NVR(300MHz, DWVBO-d6) S 1.29(t, 3H,

7(38 , .1.214 nol) and n-butyl am ne

, opi ¢ residue, and the m xture

2/22 hours. The reaction m xture was
de crystals were filtered and

he grystals were dried under vacuum

1.214 nol) wer e/ &€

th cold ethanol (400 n).

g, 0.702 nmol, 25 63.6 9% .
.1 Hz), 2.36(s, 3H), 4.24(q,

2H, J = 7.1 Hz), 7.59(d, 2H, J = 8. FHz)¥ 7.67(bs, 2H), 8.23(d, 2H J =

8.9 Hz)

10

15

20

Acetonitrile (240 ml), methanol (150 ml) and 28%
sodium methoxide (15.24 g, 78.97 mmol) were added to ethyl
4-methy1-5-(4-nitrophenyl)-2-(3-phenylure1do)thiophene-3-
carboxylate (30.00 g, 70.51 mmol), and the mixture was
stirred for 1 hour while refluxing under heating. 2,6-
difluorobenzyl bromide (17.52 g, 84.61 mmol) was dissolved
in acetonitrile (60 ml), and the solution was added to the
previous reaction mixture under refluxing. After
refluxing under heating for 5 hours, 28% sodium methoxide
(1.36 g, 7.05 mmol) was added thereto under reflux, and
the mixture was stirred for 1 hour. The reaction mixture
was cooled to room temperature, water (150 ml) was added
dropwise, which was stirred at room temperature for 1 hour.
The crystals were filtered and washed with water (240 ml)
and diisopropyl ether/ethanol=9/1 (240 ml). The resulting
crystals were suspended in ethyl acetate (600 ml), and the
suspension was stirred for 1 hour under reflux. The
mixture was cooled to room temperature and, after stirred
for 1 hour, the crystals were filtered, washed with ethyl
acetate (60 ml) and dried under vacuum at 60°C to give 1-
(2,6-difluorobenzyl)-5-methyl-6-(4-nitrophenyl)-3-
phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-dione (31.4 g,
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30 Exanple 2 (corresponding to step 2) Preparation of ethyl
4- met hyl - 5- (4-ni trophenyl)-2-(3- phenyl urei do) thiophene-3-carboxylate 44 0
H Toluene (500 m), pyridine (12.27 g, 155.06 mml) and phenyl isocyanate

(14.58 g, 122.41 mol) r ded to ethyl ,
anino 4- ﬁé%h&% %m?i npﬁrgp ryl ) t hi ophene-3 5 carboxyl ate (25 00 g, 81.61
and NqMH o4 S [ d 00 fLor
confl rmed t hat (taﬁ%%va 2 %EI’)I af g é\s/vg&t?egé'?l % al s;prsjregar e?s A’I‘t e
reacti on sol ul4 bd, WaH, SUIPFGdemm)Z|EMH$(&ﬂdEH,IUe- 8Qal 29, the crystals
were isolated wth a centrifuging 10 nmachi ne and washed wth cold tol uene
(150 mM). The <crystals were dried under vacuum at 60C for 8 hours to give

thyl 4met ' 2 2- (3 | yr ei do) t hi ophene- 3- car boxyl at
ETAE I R E e RN ey AU S gt s
7.1 Hz), 2.PHdparaBihn S£38(qN ﬂénz&l—-ﬁ-rﬂeﬂi 1arﬂlﬁéﬁlteth¥1|)-31-1 2/ éL Hz) ,
7.33(t, 2H,_J = 7.9 Hz), 7.51(d, 2H J = 7.6 Hz), 2H, J = 8.9 Hz),

8.29(d, 2HdLfLugrapepzyl)o53meshyilid6 - (41'012813(‘@pheh{)(1263Exanpl e 3
(correspon ar at.i
1-(2, 6- d|fluord%g%§%$§ gaﬁgtﬁg %%ine 2,4(1H, 3H)-dione

ni trophenyl) - 3- phenyl-t hi eno[ 2, 3- d]pyrlnldTne 2,4(1H, 3H) - dione 454?

Me . Br /@
_< H/ I N /. N .
O,N o,N
S ’Lb S | N/L§O .
~ F

10 Acetonitrile (75 ml), N-bromosuccinimide (2.11 g,
11.87 mmol) and 2,2'-azobis(isobutyronitrile)(0.195 g.
1.19 mmol) were added to 1-(2,6-difluorobenzyl)-5-methyl-
6-(4-nitrophenyl)-2,4(1H, 3H)-dioxo-3-phenylthieno[2,3-
dlpyrimidine (5.00 g, 9.89 mmol), the mixture was heated

15 to reflux for 20 minutes, a solution obtained by
dissolving bromine (0.079 g, 0.49 mmol) in acetonitrile (3
ml) was added thereto, which was further heated to reflux

for 1 hour. The reaction solution was allowed to cool to
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Acetonitrile (240 m ), nmethanol (150 m) and 28% sodi um net hoxi de (15. 24
g, 78.97 mpl) were added to ethyl

4- et hyl - 5- (4-ni trophenyl ) - 2- ( 3- phenyl ur ei do) t hi ophene-3 5 car boxyl ate
(30.00 g, 70.51 mmol), and the m xture was stirred for 1 hour while

%fl uxi ng UHE&r r?éé'ﬁqnfowlaetaﬂﬁmépsbéﬂzw I$.orfi e3 T 1mmMe2) gand4N61 nmol )

s di SOl itz Théehy Pahibb! $1059 1§ ) 1 A%h ifo SPLULERN AR Added to the

previ ous reacti'on m xture under refluxing.” Af re X1 Ng under heating

for 5 hour sucads sbeie Lyn, nehlioxhee mikkule was . 961 FP0H) £8@S 126G HERd o
under ref ltux, and- the m xture was stirred for 1 hour. The reaction

mi xture Ms”c%#fé@i t® Feeit e%érﬁ?épéiommll(tli%i W3S waenadttdated

wer o 11 orton S 25 10, e, k8RR I o hn pedfrppged T OV

et her/ et harotilsd Ml@iﬂé)healﬂinbe&'éf tﬁéﬂu;@r Y3 SniieE@ré UgRENEed ol get hy!
acetate (600 m), and the suspension was stirred for 1 hour under ref | ux.

The n1xtur¢QM£¢Q1xﬁ@dr00mrbempeeamamulanﬂeﬂutthérest$rreﬂedt 20cf gorl

hour, the crystals re fllter mnth eto acetate (60 mM) and
dried undeﬁ Mm s FEYRt %f%ew?re ltered, &nd washed with cold

2, 6-di fl ugychasz h
éhenylihlgﬁg[Z13%ﬁ%§£?gfglﬁgj &?Tﬁktgaghgngnel%%l 4 g,aﬁezgn&tgglfb nmo

88.1 wll Ha\lwﬂ(x;mtzesmya) Bhé. 88fstalld) weke)dri&d(vhd8t) yadudh(d,
2H, J = rg 8.32(d, 2H, J = 8.8 Ftﬁr5 Exanple 4 (corresponding to Step
4) Preparaﬁto GE & lﬂ%z%n(wmhﬂ-a ngﬁbmﬂ.ym):l_qon(egttazl) -1-(2,6-

di f 1 uor ober@ hiordBdNY 1 §- §ngEEQQerQWth%rophenyl)-3-
phenylthieno([2,3-d]lpyrimidine-2,4(1H, 3H)-dione (5.29 g,
8.47 mmol, 85.6 %).
15 1H-NMR(3OOMHZ, DMSO-d¢) & 2.01(s, 3H), 3.49(s, 2H), 3.94(s,
2H), 5.30(s, 2H), 7.09-7.33(m, 9H), 7.41-7.57(m, 4H),
8.03(d, 2H, J = 8.9 Hz), 8.30(d, 2H, J =.8.9 Hz)

Example 5 (corresponding to Step 5-1)
20 Preparation of 6-(4-aminophenyl)-5-(N-benzyl-N-

methylaminomethyl)-1-(2,6-difluorobenzyl)-3-
phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-dione

N 0
:Me’ L Jt @
N
O,N / ' . H,N
S N/‘RO S

F

e

o

Z

5-(N-benzyl-N-methylaminomethyl)-1-(2,6-
25 difluorobenzyl)-5-methyl-6-(4-nitrophenyl)-3-
phenylthieno[z,3—d]py:imidine-2,4(1H, 3H)-dione (3.00 g.
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phenyl t hi eno[ 2, 3-dl pyrim di ne-2,4(lH 3H)-dione 10 Acetonitrile (75 m),
N- br omosuccinimde (2.11 g, 11.87 mmol) and
2,2 -azobis(isobutyronitrile)(0.195 g, -1.19 mvl) were added to

@) oo FHLHER) e T Sbanpd RlioR R oheda R0 e acure
S

heat ed f ,' , | Uh 4 t abgeg by Aisspl i ng
eat ed g diLudf { #X1) OEn20ralel sty P ?J%i 082 9§¢ 25854 20 fmofi)= o

brom ne (0.079 g, O. nmol ) i'n acetonitrile ) Was  a

whi ch was fafilddttrtihernebd, t andethex mifxdurle hwas . sfheredaati eposol uti on was

all owed to cool to 47 S_70C, diisopropylethylamne (1.47 11.37 mol ) and
N- benzyl ntSHRSHA LS 1£95 | hoyrad shight pxet c)suc8§§§#9eﬁ9?dand t he

. . 3 . P
ol ut1 o wasHIiy B! (- 07 )R AR DS F8Rr10R pp TR ia

added dropldissoIne | £t heahdngaterr €300 wl) Hid M xbut&nvne 3600WA0 et 00!
to roomtenperature and further stirred at OC for 1 hour. The crystals
were filteldfedrichertted wtamippgthanedodils imld (vwasigddedt thegetoni ) and

T i : i ed und
Vacuum - at ML H13° teuBore BUREUBE KRS inn i v Ay e TnEalped’ elcy
difIuorobembvbl‘énmp&mﬁ'ﬁ&ﬁfhf@t&Qthﬂikkgﬁ'at f§?ﬂaﬁfmp%535“ﬁﬁnf°r85_e

phenyl t hi eno[ 2, 3-d] pyri m di ne-2, 4(1H, 3H)-di one
% . 1518H RORMEgOMES . DVB® deygan2colayer3Wps et ratat) aBdothe, 2H),

5 305 el 3ot it s S a5 O
Preparati om1of, 6 IPFHRPIENWayars (Neb8Ne¥ibNned, which was washed

by addition of an aqueous saturated sodium hydrogen

carbonate solution (40 ml) and sodium chloride (7.00 g).

15 Active carbon (0.3 g) was added to the organic layer, and
the mixture was stirred at room temperature for 10 minutes.
After active carbon was filtered, the organic solvent was
distilled off under reduced pressure, acetonitrile (15 ml)
was added thereto, and the mixture was heated to reflux

20 for 40 minutes. The mixture was allowed to cool to room
temperature for 1 hour, and water (9 ml) was slowly added -
dropwise. The mixture was stirred at room temperature for
30 minutes, and stirred at 0°C for 30 minutes. The
crystals were filtered and washed with cold

25 acetonitrile/water=5/3(5 ml). The resulting crystals were
dried under vacuum at 50°C to give 6-(4-aminophényl)-5-(N-
benzyl-N-methylaminomethyl)-1-(2,6-difluorobenzyl)-3-
phenylthieno[2,3-d]lpyrimidine-2,4(1H, 3H)-dione (2.51 g,
4.23 mmol, 88.1 %).

30 'H-NMR(300MHz, DMSO-d¢) & 1.93(s, 3H), 3.44(s, 2H), 3.77(s,
2H), 5.27(s, 2H), 5.41(bs, 2H), 6.63(d,>2H, J = 8.5 Hz),
7.09-7.56(m, 15H)
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nethylaninoﬁe%hyl)-l-(Z,G-difluorobenzyl)-3- phenyl t hi eno[ 2,

3-d] pyri mdine-2,4(1H, 3H)-dione 5-(N-benzyl-N nethylam nonet hyl)-1-(2, 6-
25 difIuorobenzyl)-5-nethy|-6-(4-nitrophenél)-3- 3 00 E 48 0 4’80 N
henyl t hi e 2, 3-d] pyrimdine-2,4(1H, 3H)-dione . g, .80 mmm

s {§§F¢9}%c€t{€°5595P999$99ﬂﬁq %@9§'%$taniun1(lll) chl ori de

s di ssol

‘ Qlution( 8 Ol ) _ [T Fel hg_m xture was

. stirred at%%ﬁgﬁﬁﬁgﬁggréfg?g(?og$%q§§§gﬁkﬁ?g tngggﬁgY%ig). Ctric acid 5
nmonohydr at engthyllamjnomasthgdgd 1t-¢ 2t, 66 diFIid vsbentyL)op-t o  dissolve it,
and water (30 nﬂé and 2-butanone (50 m) were added thereto.
2- anmi noet hANANYHER}e50 (A3 18d ey rimdadne - 2ud (B, t 3B) rdkpBeat ure of the

[ uti I it gl ' t he m.Xtur tirred at room
Cerperafure for 2000 Say S- 4R Eny A neRe R A B G i ed. and the
aqueous |@ﬂﬂfhﬁﬁrdﬁyﬁﬁ%gjestmthgqA@Jdﬁfﬁfﬁﬁfﬁ?ﬁﬁyi 03.m ). The organic

y addi

| ayers were conbi ned, i ch was washed of an aqueous saturated
sodi um hydrdgny kthiemal 2. 3ofldpyrdmiddne )2 ah(lEpd3Hin dhboei d6.0D. @D, ) .

Acti dded tq th nic layer, and the m xture
\%/gs gt:Y?e%qg{bopﬂé%fe‘g%%\r,\aiﬁ%%e@ﬁ %5‘ rﬂeqﬁ??{jgé.écqﬂ\?t i"oa@gl-i)ve £BPBon was
fil d, ' 1St i u u r us,e,
heet ont 7 PORCRIIN 76 00y C0E MO0 bl e (lea LEREESEGUL ARG B BRAITS,

| ux 20 1for Meindghikassic Theidi X6ube mad Jalwan\eslldwly calidéd themetioenper ature

for 1 hour, and water (9 m) was slowy added _dropw se. The m xture was
stirred at #&M%%eﬁtﬁ%)%? tepraratice, ofdhea iTeastienogoivtign

mnutes. ThYcame below 80°C, the reaction solution was further

heated and stirred at 80°C for 30 minutes. Citric acid
monohydrate (12.00 g) was added to the reaction solution

15 to dissolve it, water (50 ml), 2-butanone (80 ml) and 2-
amihoethanol‘(ls.o ml) were added thereto, and the mixture
was stirred at room temperature for 20 minutes. The
aqueous layer was separated, and reverse-extracted with 2-
butanone (50 ml). The organic layers were combined, the

20 insolubles were filtered with Hyflo Super-Cell, and the
filtrate was washed with 2-butanone (20 ml). After the
aqueous layer mixed in the filtrate was removed, the
mixture was washed by addition of an aqueous saturated
sodium hydrogen carbonate solution (40 ml) and sodium

25 chloride (7.00 g). The same procedures were further
repeated two times. Active carbon (0.5 g) was added
thereto, and the mixture was stirred at room temperature
for 30 minutes. Active carbon was filtered, and the
organic solvent was distilled off under reduced pressure.

30 Acetonitrile (25 ml) was added thereto, and the mixture
was heated to reflux for 40 minutes. The mixture was |
allowed to cool to room temperature for 1 hour, water (15

ml) was slowly added dropwlise, and the mixture was stirred
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crystals were filtered and washed with cold 25 acetonitrile/water=5/3(5
m). The resulting crystals were dried under. vacuum at 50C to give

6- (4- am nophenyl ) -5- (N

benzyl - N- net hyl am nonet hyl ) - 1- (2, 6-di f| uor obenzyl ) - 3-

%*uenyl t hi el zr%mm]WPﬂra H€92f4>(rl|310 nukene (BLar gstizred ato0’C8s. 1

. 30 1H O ( 2 L :
5 27(s, 21 b Al BhesPaT ALY, e ffoTeq ha kbl aitll g
Exanple 6 (axokd ea;cpmmlm:hgrn.me$Wap1e&~=15)/3 Rraepﬂpl | ®rying under vacuum
6- (4- am nophe - (N-benzyl - N-
met hyl ani nétfet %m afforded| ¢rude obe ity Rnidophiearyd X +h i Penzyl-N-

ai 11 uor Soe ST e oupt sl 122, SO s AR Y g8 noret VD) T (2, &

phenylthuemﬂéhj&tﬂxym¢nzdBndiayé&hmdﬂﬂé -Aj oen  S389-81on8- 8@ FEplg, vas
di ssolved in acetic acid (10 m). Iron powder (1.79 g, 32.0 nnDI) was

added ther &-@5 a#PE, nbP /T %0- hyﬂ¢9§hhéftrd-l&0|(c18( &) s ) addedstowtheadded
thereto dro After n solutlon becane

h t
bel ow 80C, rejarﬁl%wgg?gfl OW ture &tﬁt ??ﬂe;’fe@ﬁréﬁaug& fPFedOat 80C for
30 m nutes mi@dﬁéé? aaib rﬁ@i@ﬂ:mia’&ﬁs(&?.lg@e@ R Otﬁ?éﬂe reaction

solution 15 to dissolve it, water (50 , 2-butanone ( d 2-
anlnoetﬂanmempﬁrdtuwe fer elatdad, thaﬂemminraﬂt$e noamutemperatulrie red at

t ture for nutes. The aquequs | ayer was separated, and
over se. xR Todi T FRG GERBHALE sHe )fiiw@rédgm% Yageed itk

cpnbined 1&3&&2 é i*%gfgmfﬁemi Iteéggﬁﬁh ipﬁgu &m-é@lgo @nd t he
filtrate was was t anon i
afforded 6-(4-aminophenyl)-5-(N-benzyl-N-
methylaminomethyl)-1-(2,6-difluorobenzyl)-3-
15 phenylthieno[2,3-d]lpyrimidine-2,4(1H, 3H)-dione (3.10 g,

5.21 mmol, 65.2 %).

Example 7 (corresponding to Step 6-1)
Preparation of 5-(N-benzyl-N-methylaminomethyl)-1-(2,6-
20 difluorobenzyl)-6-[4-(3-methoxyureido)phenyl]-3-
~ phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-dione
6-(4-aminophenyl)-5-(N-benzyl-N-methylaminomethyl) -
1-(2,6-difluorobenzyl)—3-phenylthieno[2,3-d]pyrimidine-
2,4(1H, 3H)-dione (0.50 g, 0.84 mmol) was dissolved in
26 dimethyl acetamide (2 ml), pyridine (82 pl, 1.0l mmol) was
added thereto, and the mixture was stirred. Phenyl
chloroformate (phenyl chlorocarbonate)(126 ul, 1.01 mmol)
was added thereto dropwise under ice-cooling, and the
mixture was stirred at room temperature for 2 hours. O-
30 methylhydroxylamine hydrochloride (77.2 mg, 92.4 umol) and
triethylamine (336 pl, 2.77 mmol) were added thereto, and
the mixture was stirred at 50°C for 12 hours. Water (30

ml) was added thereto, and the mixture was vigorouslj

51



aqueous |ayer mxed in the filtrate was renoved, the m xture was washed by
addi tion of an aqueous saturated sodium hydrogen carbonate solution (40
M) and sodi um 25 chloride (7.00 g) The same procedures were further
repeated t wo tlnei Actlve car bon %) was added _thereto, and the

d

. ure wasSTTedy PSRV EEADE! FEPe W@m%e@riﬁét Pgéeé‘ar bon was
| d, f
oo YL ol IR LS IR O SOOI RIS

heated to masfthymammmetnymut-es(zTrsedmﬁqtumﬁomzyal)Leu@d-t(cz-cool to room
tenperature for 1 hour, water (15 m) was sIomAE added dropwi se, and the
n1xture w&@Qﬁh?¥¥RFﬁéaaﬂPPSB dedr@hanilthienab2 ndndd pyrimlddmest i rred at

f ok r’g i€ %‘}g %S%)t(% V\K% Jdl,‘;e{ d and washed with cold

acetonltrlle/ under cuun1 at 500C afforded crude

6- (4- am nopRenMR(-FodMiEDerneytIN B 2. 033 o 3H), 3.54(s, 2H), 3.80(s,

nmet hyl am nonet hyl -1 - (2, 6- dlfluorobenzyl
phenyl t hi erddiR, 3B B9 $m21:l|)me52345((3|-.l 23H) - b oM( ¢ 3. BH.gJ =680%2 Mwl, 75.7

(oot un (a7 el hearRa (R bl [ Sochi oo "t ka0

tenperaturggfpr 1 hour, and stlrred at roomtenperature for 1 hour. The
crystals were f||tered and washed with <cold acetonitrile (2 n1) Drying
under J8cuum at 500C afforded 6-(4- an1nopheny|) 5- (N-benzyl -

gﬁi%l ?m Q%gie &%@ﬁéﬂ?ﬁ?hé@"&?ﬂi%ﬁtw dells3. 10 g, 5.21 mmol, 65.2
%(N%gggﬁﬂeﬁﬁifﬁoﬁgke?@Qb%ﬁ%fg@)mé’{%rﬁihBHe%yl) -1-(2,6-

difluorobenzyl)-6-[4-(3-methoxyureido)phenyl]-3-
phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-dione

15 O-methylhydroxylamine hydrochloride (351 mg, 4.20
mmol) was dissolved in dimethylacetamide (2 ml), pyridine
(340 pl, 4.20 mmol) and phenyl chloroformate (phenyl
chlorocarbonate) (527 pl, 4.20 mmol) were added thereto
successively dropwise, and the mixture was stirred at room

20 temperature for 20 minutes. 6-(4-aminophenyl)-5-(N-
benzyl-N-methylaminomethyl)-1-(2,6-difluorobenzyl)-3-
phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-dione (500 mg,
0.84 pmol) and triethylamine (1.29 ml, 9.25 mmol) were
added thereto, and the mixture was stirred at 50°C for 18

25 hours. Water (40 ml) was added thereto, and the mixture
was stirred vigorously. The crystals were filtered, and
dried under vacuum at 40°C to give white crystals of 5-(N-
benzyl-N-methylaminomethyl)-1-(2,6-difluorobenzyl)-6-[4-

\ (3-methoxyureido)phenyl]-3-phenylthieno[2,3-d]pyrimidine-

30 2,4(1H, 3H)-dione (0.58 g) quantitatively.
'H-NMR(300MHz, CDCl;), & 2.03(s, 3H), 3.54(s, 2H), 3.80(s,
3H), 3.88(s, 2H), 5.35(s, 2H), 6.90(t, 2H, J = 8.2 Hz),
7.12-7.36(m, 9H), 7.41-7.63(m, 6H), 6.70(d, 2H, J = 8.7
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20 di fl uorobenzyl)-6-[4-(3-net hoxyurei do) phenyl | - 3-

phenyl t hi eno[ 2,

3-dl pyrimdine-2,4(lH, 3H)-dione

6- (4- am nophenyl ) - 5- (N- benzyl - N- et hyl am nomet hyl ) _
1-(2,6-difl oyobenzyl)-B-phenyIthieno[2,3-d|pyr|nldlne-_2,4(IH, 3H) - di one

). 50 g, 0?@% mmol ) was dissolved in 25 dinmethyl acetamde (2 m), pyridine
‘QELZFN, 1.01 mol ) was

added thereto, and the m xture was stirred. Phenyl

chl orof ormate (phenyl chlorocarbonate) (126 R, 1.01 nmpol) was added
thereto dr dxeampleindie(coreespohdigg awd Sthep 4 xjure was stirred at room
tenperatur%,for 2 hours. 0 30 nethyl hydroxyl am ne hydrochloride (77.2 ng,

92. 4 Rnol) &P

a3t LemyPEnP néNC B85 2YA - N-methydamingeethydded -t(Rorbet 0, and

' | 30 dded
hor ot ! and TR ErE Nad 11t Bty o FlneRdna"ary o2 S er o

t her et o,

filtered, aphbmrlitiemsp?,3vajpyiiaicdddcd uOiye v §eonbystal s of

5- (N- benzyl - N-

met hoxyur ei do nyl | - 3- phenyl t hi eno[ 2, 3-dl pyri

(0.55 g, 98-%izE§b%f«30CNPEL CDC13) 8 2.03(s,

3H), 3.88(s, ) 35(s,

7.41-7.63(m 6H), 6N .
M

Step 6-1) Prep
di f1 uor obenp
phenyl t hi eno[ 2,

pyrs
hydrochl oride (351 ng, 4

met hyl am nonet hyl ) -1-(2, 6-di fl uorobenzyl)-6-[4-(3-

idine 5 2,4(1IH 3H)-dione
3.54(s, 2H), 3.80(s,

), 7.12-7.36(m 9H),

H, 6.90(t, 2H J =

2
OH, 8.7 Hz). 10

e 8 (cprre ing to
J yl - N- et hyl am nowst hy\ ) -1 {|( 2,
xyur ei do) phenyl | H3- ~ N _
& 4(1 H 3H) i B8t il hydl oxyl ani ne
/ N~ o
MeO (o] F
F F

To a solution obtained by dissolving N,N’'-

 carbonyldiimidazole (584.3 g, 3.53 mmol) in

10. dimethylformamide (1.75 L), was added triethylamine (360.9

g, 3

.57 mol) dropwise for 6 minutes under lce-cooling

while maintaining below 30°C. Then, while maintaining

below 30°C, a solution obtained by dissolving O-

methylhydroxylamine hydrochloride (304.0 g, 3.64 mol) in

15 dimethylformamide (1.75 L) was added dropwise thereto for

15 minutes. 6-(4-aminophenyl)-5-(N-benzyl-N-

methylaminomethyl)-1-(2,6-difluorobenzyl)-3-

phenylthieno[2,3-d]pyrimidine-2,4(1H, 3H)-dione (1400.0 g,

2.35

mol) was dissolved in dimethylformamide (3.5 L),

20 which was added dropwise to the reaction mixture for 4

minutes. The mixture was stirred at 20-30°C for 1 hour and

at_50°C for 1 hour. The mixture was cooled to 25°C, water

(7.5

L) was added thereto, and the mixture was stirred at

20-30°C for 15 hours. The crystals were filtered, and

25 washed with water (10 L) three times. Under vacuum, the
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mol) was di ssolved in dinmethylacetamde (2 m), pyridine (340 R, 4.20
nmol ) and phenyl chl orof ormate (phenyl chl orocarbonate) (527 R, 4.20 mol)
were added thereto successively dropwi se, and the m xture was stirred at
room 20 tenperature for 20 mnutes. G-(4-am nopheny

|)-5- (N
%nzyl - N mEtTRA ti fioReT Ry AF 1P 26 3@ Fl H8F0Be MY 3‘%0 9£Ve crystals
enyl t hie 18 PYLIRLELASE - i my. (,084 Rmol) and
triethyla%qﬁj%ﬁﬁgg %1Fﬁgaggg%%Dﬁ&ﬁ%ﬁé?ﬂiﬁhééﬁ?ﬁggggg? éﬁdﬁthe m xture was
stirred at GKIMdnobdBzP5)héuld- (Bamertholyuteldasphdded]t-Bereto, and the
m xture was stirred vi?grousl . The crystals were filtered, and dried

under vacudtheRyhgpterglgy Jadlpyrdmddidten %, 4¢1H. (jH)-dione (1532.7 g).

b | - | and < 6+ di - B[ 4-
(5 et oy s FERIEEERGY kgt hdsOuice MRIGRERYO1SLaL En o), L1
3H) - di one (& txfanydrefutrahai2sely). and MRz, THE1B) 1t BaBe0RaS, 3gl),2

3.54(s, 2H), 3.80(s, 3H), 3.88&3, 2H), 5.35(s, 2H), 6.90(t, 2H, J = 8.
Hz), 7.12°Prommgrargd voqabpup3dl Lompndes: megduced| pyessgre.52The) 0

Exanpl e 9 ( r{xe é) égg 8 51% a:e Pfde ar@ééggegfpressure while

5- (N- benzyl™=N ret hyl  ngREE yI)- ,q§ _

di f | uor oberwasHandi [ ¢1$3r, WE%BQX)é!éhQiiQ&)d'\i/ib%'}y[rﬂn FecPa&NYhENI e&a_ba,lg by
o]

3-d] pyri mdine-2,4(1H, 3Hdione H N a sol ution obtaine
di ssol \lng adjustedrbonys dLi m TheofdltFated wps Jt5rmed| 3ti 20100°C for

di met hy| forlr?rﬂc%ar 1arZé %6’m%§1t%%qedThrei %trh s.ltaa.@snew J.g’gof:l?ltered and
washed with ethanol (2 L). The crystals were dried under
vacuum at 50°C for 23 hours to give crystals of 5-(N-
benzyl-N-methylaminomethyl)-1-(2,6-difluorobenzyl)-6-[4-

15 (3-methoxyureido)phenyl]-3-phenylthieno[2,3-d]pyrimidine-
2,4(1H, 3H)-dione (1447.3 g, 2.17 mol, 92.2 %).
'H-NMR(300MHz, CDCl;), & 2.03 (s, 3H), 3.54(s, 2H), 3.80(s,
3H), 3.88(s, 2H), 5.35(s, 2H), 6.90(t, 2H, J = 8.2 Hz),
7.12-7.36(m, 9H), 7.41-7;63(m, 6H), 6.70(d, 2H, J = 8.7

20 Hz)

Industrial applicability
According to the process of production of the
present invention, thienopyrimidine derivatives having the
GnRH antagonistic activity (for example, Compound (XII))
25 can be produced effectively and at an industrial large

scale at a high yield and simple method.
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g, 3.57 nol) dropwi se for 6 m nutes under ice-cooling while maintaining

bel ow 30C. Then, while maintaining below 30C, a solution obtained by

di ssol vi ng O net hyl hydr oxyl am ne hydrochl oride (304.0 g, 3.64 nol) in 15

di et hyl formam de (1.75 L) was added drqgmﬁse thereto for 15 m nutes.
(4- ani nophenyl ) - 5- (N-benzyl - N CLAIMS

ot hyl ami nonet hyly) - 14( - g -
phenyl t hi eno[ 2, 3-])d] pg}r ?’r#’é‘fungeé Eﬁﬁgﬁgé{i&igpoﬁecfffﬁdm& g]feprfﬁ%n}-‘r%ﬁi) b%as
di ssol ved ithelifetrinyl&d OXDB)tde (3.5 L), 20 which was added dropwi se to the
reaction m xture for 4 mnutes. The m xture was stirred at 20-30C for 1
hour and at 50C for 1Hhgur. e m xture was cooled to 25C, water (7.5 L)
was added thereto, and fRe mixfure was stirred at 20-30C for 15 hours. The
crystals were fi/ ' @sfied with matef ;10 L) three tinmes. Under
vacuum theR \ ere dried at 50C for Q hours to give crystals
of crude 5-(N-be g i, nonet hyl ) -1- (2, 6-
di f | uorobenzyl)-6-[ 4-(3- et hoxy@r ei do) phenyl ] - 3-
phenyl t hi engol 2, 3-d] pyrimdine-2, 4(1H, -diqne (1532.7 . 5 The resulting
crystalg wg<aqéiqcﬁgéﬁﬁﬁg%v?nsyPgPﬁgh AGii é%@FLTeﬁﬁénBPIF§r&&°ﬁ%e
filtrate waescxIvsN bl &, t §raRo S i U r‘ﬁaﬂed .. The
filtrate was concentrgfégﬁunggrEr&%&%eéﬁbressu?e |$ecgé?ﬁ§%%%'(15 L) was
conti nuously inj subd@cdrichg fa nedmpoundd adpuwesethted oy LthdhEofmhlLaat e was
stirred at -30C for 15 hours and 30 m nutes. The crystals were filtered
and washed Mith et hanol (2 L). The crystals were dried under vacuum at

50C for 23 hours to gig crystals of 5-(N

benzyl - N- net hyl am_nonet Olf(2,6-difluorobenzyl)-6-[4-
R

Qwamyv,

1 ()

10 wherein R! denotes a hydrogen atom, nitro, halogen,
phthalimido, mono (alkylcarbonyl)amino,
di(alkylcarbonyl)amino or alkoxy, or a salt thereof, to an
acid halogenating reaction, which 1s successively reacted
with malonic acid ester and magnesium alkoxide and,

15 thereafter, treated with an acid and, then, reacted with

sulfur and a compound represented by the formula (II):

Né/\)Loﬂz ()

wherein R? denotes alkyl or aryl, or a salt thereof, in
the presence of primary amine.
20 2. The process according to claim 1, wherein R! is
nitro. |
3. The process according to claim 1, wherein the
primary amine i1s mono-Ci.g alkylamine.
4. A process for producing a compound represented by

20 the formula(XII):
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15 (3- et hoxyur ei do) phenyl ] - 3- phenyl t hi eno[ 2, 3-d] pyri m di ne- 2, 4(1H,
3H)-dione (1447.3 g, 2.17 nol, 92.2 %. 'H NVR(300MHz, CDC13), S 2.03 (s,
3H), 3.54(s, 2H), 3.80(s, 3H), 3.88(s, 2H), 5.35(s, 2H), 6.90(t, 2H, J =
8.2 Hz), 7.12-7.36(m 9H), 7.41-7.63(m 6H), 6.70(d, 2H, J = 8.7 20 Hz)
dustrial applicability qcording to the process of production of the
resent invention, thienopydm dinecderivatives having the GiIRH
antagoni stic activity (fg? exaypl e, ||[Compoynd (XI1)) 25 can be produced
effectively and at, an sndustri 3l_lLarge Bcale at a high yield and sinple
net hod. 54 QLAI MBSy '

)r prioduci ng a conpqynq represented by
the formula(NI'): rein Ldgggctive synbol s have the sane
meani ngs as gNos descri bed bel ow, Nor salt thereof, which conprises:

denotes a hydrogen atom nitro, halo ,  phthalimdo,

nmono( al kyl car bonyl )am no, di (al kyl carbonyl)am no or al koxy, or a salt

t hereof , t@hereirivespeolivat sypbodscthiasre wike chame mesndpgisvelsy thems ed
W th nalomqézmﬂ e terland nggn§fiun1alkoxipe and, 15 thereafter, treated
with an acit®ERiPTReRCLPRACKHBACR COMPLHS]%: and a conpound represented by

the formula (I1):sdbjecting a compound represented by the formula(I®):
HO | '

subj ecting g conppund represented bi the formula HO (1) 10 wherein R1

i 0 09

wherein R'? denotes nitro, phthalimido,

mono(alkylcarbonyl)amino or di(alkylcarbonyl)amino, or a

salt thereof, to an acid halogenating reaction, which is

successively reacted with malonic acid ester and magnesium

10 alkoxide and, thereafter, treated with an acid and, then,
reacted with a sulfur and a compound represented by the
formula(IT):

0
Né?\\//uxoﬁz | (I

wherein R? denotes alkyl or aryl, or a salt thereof in the
15 presence of primary amine, to obtain a compound

represented by the formula (III):

HG 9

_1a
R
(1)
wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then, reacting the
20 compound (III) or a salt thereof with a compound

represented by the formula(IV):
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wherein R2 denotes alkyl or aryl, or a salt thereof, in the presence of
prinmary amne. 20 2. The process according to claim1, wherein RL is .
nitro. 3. The process according to claim1, wherein the prinmary amne is
nono- C3. 8 al kyl am ne. 4. A process for producing a conpound represented by
t he forr\®1=ac>¢l=|l\)*-F€5 0 R$(lwherein respective synbol; have the sane |

ani ngs a scy i bed bel conpri ses: subjecting a conpoun
represgnteiﬂgggiﬁ%dg 2 ?g)agwhb °P§ X]#@%F%%h%t%gbﬁ%ﬂFﬁent
pht hal i ni der é@ﬁp(abﬂbﬁ%flll%“maﬁﬂé‘oa Oguﬂb(tilt%%af tlﬁnyé)é&l@otn%

salt thereof, to an acid hal 6genating react ich 1s ©sUccessivar
reacted wittp mbomin actcdmpsuad am@naxpnfndwmﬁOthékﬁ&rdelandNWLhereafter
treated with an acid and, then, reacted with a sulfur and a conpound
represented by the for a(l1Q wherein R2 denotes alkyl or aryl, or a
salt thereof in the esena- of primary am ne, to obtain a conpound
represented b R2 NH2 wherein respective synbols have
the sane neRff uescrlbed above, or a salt thereof and, then,
~reacting the (V)

wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then, subjecting
the compound (V) or a salt thereof to a ring closing
reaction, which is reacted with a compound represented by

10 the formula(VI):

Rf‘/\ R5 . (V1)
wherein R* denotes a leaving group, and R® denotes aryl
optionally having a substituent, or a salt thereof, to

obtain a compound represented by the formula (VII):

HG  Q
3
N/
R /’f
vy
S NK/KO
15 R®

wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then, subjecting
the compound (VII) or a salt thereof to a brominating
reaction, which is successively reacted with a compound

20 represented by the formula (VIII):

R
o _NH (VII)

wherein R® and R’ denote alkyl optioﬁally having a
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20 conpound (I11) or a salt thereof with a conpound represented by the
formula(lV): 56 0 5 RR (V) 0= C=NR3 (IV) wherein R3 denotes al kyl

optionally
a salt the
3 wher ei
bave, or
t hereof to
represente
| eavi ng gr
salt there

having a substituent or aryl optionally having a substituent,

or

f ' d by the f | . ONR
Fapubdeth: Somud) SRR Beinach: Absad tusade. a0SORY boa
e dnd ey CRAVERE A '&%saﬁ&ﬁﬁf Pgaréfﬁggo\gpgﬁ.%%a(l or a salt

Ich I's react t

a ring closing reaction, a cormpound
chawdng Oat sebsbibueatVior aRHdtdrdofdlehgroup bptdomeias, a
R5 ggggtes aryl —optionally having a substituent, or

d
3’%"&%‘? BbtY tusRtourEF rfepidiskentkeregts htor ebkal® @1 1): (V1)

15 -N Rf Wsdnfdduk &SP s%%tgg?ﬁérag%ya{%@/eﬁiﬁﬁffg Iglgani ngs as those

descri bed

ting the conpound

above, or a subj

(M1) or a salt therg%é to a bromnating reaction, which is successivel

reacted w

10

15

20

th a compou 20 represented by the formula (VIII): R6

7/

R

wherein respective symbols have the same meanings as those
described above, or a salt thereof, and

(1) when R'* is nitro, subjecting the compound (IX)
or a salt thereof to a reducing reaction,

(2) when R is phthalimido, subjecting the compound
(IX) or a salt thereof to a deprotecting reaction, or

(3) when R'® is mono(alkylcarbonyl)amino or
di(alkylcarbonyl)amino, subjecting the compound (IX) or a
salt thereof to a hydrolyzing reaction, |

to obtain a compound represented by the formula (X):

A

R

wherein respective symbols have the same meanings as those
described above, or a salt thereof and, then,

(1) reacting the compound (X) or a salt thereof,
with halogenoformic acid ester and a compound represented

by the formula (XI):
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KIW{VIIl) R77 wherein R6 and R7 denote al kyl optionally having a 57 S
substituent, aryl optionally having a substituent, al koxy optionally
Ravi ng a substitutent, aral kyl optionally having a substituent or a
het erocycl e_group optionally having a substituent, or a salt thereof, to
tain a 5 @0 nd representegggy the formula (1X): R$ wherein respective
ynbol s havg®t’he sane neani ngs t hose described above, or a salt
thereof, and (1) when Rla is nitro, subjecting the conmpound (IX) 10 or a
salt thereofhevesnrBluandgrt etaniobe, a(BydnbgenRitdns, RIKGky b€ionally
subj ecti ng .t he, conpoun or a salt thereof to a deprotecting reaction,

g ﬁ' X) ( .
or (3) wher3 P9 s2nBHBELLEYRRL: S5 \A e RPBEonal iyl kavdagheny! ) ani no,

subj ecti ng d{¥os €0PRONED Lk r t hereof to a hydrolyzing
reaction, to obtain a‘éonpéén aﬁ%bﬁé%?%%%%’ﬁggthe formula (X): R6 R7/N (X)

wher ei ndr espect i Vel sy nbeast hagethbe comppuiRBENINP oA Sa t §25€ tHESebigPed
above, or a salt thereof and, then, 20 (i) reacting the conpound (X) or a
salt theredfith farbenyiginpidasiod eadns exteompoudnd teppesed tedhias cried

by the formgan () (xr§: |
8
29>NH (X1)
wherein respective symbols have the same meanings as those
10 described above or a salt thereof.
5. The process according to claim 4, wherein R is
nitro.
6. The process according to claim 4, wherein R® is
phenyl optionally having a substituent.
15 7. The process according to claim 4, wherein R° is
phenyl optionally having a substituent.
8. The process according to claim 4, wherein one of
R® and R’ is Ci.3 alkyl, and the other of them is benzyl
optionally having a substituent. |
20 . 9. The process according to claim 4, wherein one of
R® and R® is a hydrogen atom, and the other of them is Ci-3
alkoxy.
10. The process according to claim 4, wherein the
compound (VII) or a salt thereof is subjected to a
25 brominating reaction in the presence of bromine and a

radical initiator.
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