DESCRI PTI ON  METHOD FOR MANUFACTURI NG 1, 5- BENZODI AZEPI NE DERI VATI VE
[ TECHNI CAL FIELD] [ O 0 01] The present invention relates to
an industrially advantageous nethod for manufacturing a
1, 5- benzodi azepi ne derivative which is useful as a nedicine.
[ BACKGROUND ART] [0002] Anong 1, 5- benzodi azepi ne conpounds, a
conpound represented by the following formula (A): [0003] Re NHCONH
Y- COOH

DESCRIPTION

METHOD FOR MANUFACTURING 1,5-BENZODIAZEPINE DERIVATIVE

[TECHNICAIL FIELD]
[0001]

The present invention relates to an industrially
advantageous method for manufacturing a 1,5-benzodiazepine

derivative which is useful as a medicine.

[BACKGROUND ART]
{0002]

Among 1,5-benzodiazepine compounds, a compound
represented by the following formula (a):

[0003]

!
[::j: :j;—NHCONH )
Y—COOH

[0004]

(wherein R' represents a linear, branched, or cyclic alkyl
group; R® represents an alkyl group or an acylalkyl group; and
Y represents a single bond or an alkylidene group)
and salts thereof have excellent gastrin/CCK-B receptor
antagonist action and excellent gastric acid secretion

inhibitory action, and are known to be useful as prophylactic



[ 0004] (wherei nRIrepresentsal i near, branched, or cyclic alkyl
group; R6 represents an al kyl group or an acyl al kyl group; and Y
represents a single bond or an al kylidene group) and salts thereof
have excel |l ent gastrin/ CCK-B receptor antagoni st action and excel |l ent
gastric acid secretion inhibitory action, and are known to be usef ul
as prophylactic and therapeutic drugs not only for peptic ulcer, but
al so for gastrointestinal cancer, |eukema, pituitary tunor, smal

cell lun r:Q c c e [
and the L tPEragiRT, BrSRRCRbe, BRLY Mo A1 W% SBUESL Y
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subjecting 2-nitroaniline to eight steps to obtain’a
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an internmediate to formdesired substituents at the nitrogen atons of
t he 1- posirtd atheandi Ke psitidron mohindntdel agp re) group of the
3-position on the benzodi azepi ne skel eton, as described in Patent
Docunent [OOodddwever, this nethod has a | arge nunber of steps to
obtain the 3-am no-1, 5-benzodi azepi n- 2-one skel eton, and therefore,
the method is Astagg@thas Eorpraduding the aonpowiddbls itHpreet Rdthown

[ 0006] Furthernore, Patent Document 2 describes a method of
obt ai ni ng BE&RPACD - SUBAHABPHHRFFRRPASPNSPF B rft ke iS¢ S0P e i1 ¢
acid as a starting raw nmaterjal via
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sequenti al roduacrng a cyclohexane skel'eton,” pinacol'ic acl (
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there is@ddisio i9eaeeatinkiidiaoen fldide, twhkehtrbahas Bflrge
substance, so that the nethod is not suitable for synthesis in | arge
quanti ti esimddRebat £€ep¥ t- Dobu AR At She [Fatntito DoaHBIH AJd {1 In -2 -one
skeleton, and therefore, the method is not suitable as an
industrial manﬁfacturing method.

[0006]

Furthermore, Patent Document 2 describes a method of
obtaining 3-amino-2-t-butoxycarbonylaminopropionic acid from
aspartic acid as a starting raw material via
2-amino-3-benzyloxycarbonylaminopropionic acid as an
intermediate, allowing the obtained product to react with
2-fluoronitrobenzene, further subjecting the reaction product
to reduction and ring-closure reactions to form a
3-amino-1,5-benzodiazepine skeleton, and sequentially
introducing a cyclohexane skeleton, pinacolic acid and the 1like

into the 3-amino-1,5-benzodiazepine skeleton. However, this

method has a large number of steps, and also has a problem that



Pat ent Docunent 1: WO 1998/025911 Patent Docunent 2: WD 1999/064403
Pat ent Docunent 3: WO 2001/040197 Patent Docunent 4: WO 2006/ 077793

thereisariskof generatinghydrogen fluoride, whichisaharmful

substance, so that the method is not suitable for synthesis in

large quantities.

[Related Art Documents]

[Patent Documents]
[0007]
Patent Document
Patent Document
Patent Document
Patent Document
Patent Document

2008-12873

WO 1998/025911
WO 1999/064403
WO 2001/040197
WO 2006/077793

Japanese Patent Application No.

[DISCLOSURE OF THE INVENTION]

[0008]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

An object of the present invention is to provide an

industrially advantageous method for manufacturing a

1,5-benzodiazepine compound of the formula (A), which is useful

as a medicine.

[MEANS FOR SOLVING THE PROBLEMS]

[0009]

Thus, the inventor of the present invention conducted an

investigation on a new method for forming a

3-amino-1,5-benzodiazepin-2-one skeleton, and the inventor

found that when an N-alkylaniline derivative to which an alkyl



Pat ent Docunent 5: Japanese Patent Application No. 2008-12873

[ DI SCLOSURE OF THE | NVENTI ON] [ PROBLEMS TO BE SOLVED BY THE

| NVENTI ON] [ 0008] An object of the present inventionis to
provi de an industrially advantageous nmethod for manufacturing a 1, 5
- benzodi azepi ne conmpound of the fornmula (A), which is useful as a
medi ci ne. [ MEANS FOR SOLVI NG THE PROBLEMS] [ 0009] Thus, the

i nventor of the present invention conducted an investigation on a new
met hod f or &§f MY 13 FHRAhAPEREIYRZRR Ineo0PReSkRLALO d
the i nve(r%‘]{rorﬁ%]E ound t hat g\/\%_en an Iﬁ_)a%yl g?llﬁ [ _nen 8r ?vgt %@'léﬁ%ogﬁﬁ?%hogn
al kyl  grioup fHas eenidrawdousd vy 1 ataotieed dhtadhe ammpo group of

the aniline derivative, is allowed to react with

N-acyl aziN-atyler Z-eiad 110xyd | €a 8861 Bo Sed BT] | ¥ &1 410 BRE N 119y F SHGH 119
at the O-position of aziridine occurs so that

N al kyl amiddato-cty aati ndpr dpipors ic- Jami ofi saxbtialined dpearssiswlthst ep
reaction. The inventor also found that when this product is subjected
to ring-él-esikwlard lino-2-aminopropionic acid is obtained by a

5-al kyl - subst it ut ed- 3-am no- 1, 5- benzodi azepi n- 2-one skeleton is

for med wiging esidlgle reqgivieon -of Theepavemdonialschifging that whenttais
when this internediate js involved in the production process, the
conpound BFCAHE: fist s qet &P Bl F sthRBHS n @&n industrially

?ﬂxgﬂifgﬁﬁgﬁéar”@%ﬁeé@%ﬁ%a&fgiédyﬁgﬁf¥5fﬁﬁﬁﬁé§f§£é§¥if§5§§§t
skeleton is formed with a smaller number of steps and with high
yvield, and that when this intermediate is involved in the
production process, the compound of the formula (A) can be
produced in an industrially advantageous manner. Thus, the
inventor completed the present invention.

[0010]

Specifically, the present invention provides a method for

producing a compound representedby formula (3) orasalt thereof:

[0011]
RZ
@ COOR®
l*ll/\( 3
R’ NHA
[(0012]

(wherein R' represents a linear, branched, or cyclic alkyl
group; R®? represents a group producing an amino group, an
alkylamino group, or an acylalkylamino group througha reduction
reactionorahydrolysisreaction; R* representsanesterresidue;

and A represents a protective group containing a sulfonyl group



Specifically, the present invention provides a nethod for producing a
conpound represented by f ormula (3) or a salt thereof : [0011]

COOR3 NHA [0012] (wherein re represents a |inear, branched,

or cyclic alkyl group; R2 represents a group producing an am no
group, an al kyl am no group, or an acyl al kyl am no group through a
reduction react ion or a hydrolysis reaction; R3 representsan ester
residue ; and A represents a protective group containing a sulfonyl

group org A £af %Hﬂl t he net hod including reacting an
ani line d%rlvatlve repr seﬁ%ed by formula (1): [0013] [ 0014]

(wherein 122 ang Radt@SReCid Maldi e A8 RN, Bani 19S @ﬁ%{ﬂﬂ@

above) , with an aziridine derivative represented by formula (2) : |
0 0 15 represented by formula (1):

[0013]
‘RZ
@[ Ry
NH

[0014]

(wherein R' and R® respectively have the same meanings

as defined above),

with an aziridine derivative represented by formula (2):

[0015]

Z2—>

(2}
COOR?

[0016]

(wherein R® and 2 respectively have the same meanings as
defined above}.
[0017]

The present invention also provides amethod for producing
a 1,5-benzodiazepine derivative represented by formula (5):

[0018]



A/ (2) COOR3 [ 00 16 ] (wherein R3 and A respectively have
t he sane neani ngs as defined above). [0017] The present

i nvention also provides a nethod for producing a 1,5-benzodi azepi ne
derivative represented by fornmula (5): [0018] R5 [ 0019]

(wherein R2 represents a |linear, branched, or cyclic alkyl group; R5
represents a hydrogen atom an al kyl group or an acyl al kyl group; and
A represents a protective group containing a sulfonyl group or a

car bonyl group) , R® the nmethod including reacting an aniline
derivative represente@ b¥)fornula (1) : [0020]
N
[::]: NHA (5)
N
4
[0019]

(wherein R? represents a linear, branched, or cyclic alkyl
group; R® represents a hydrogen atom, an alkyl group or an
acylalkyl group; and A represents a protective group containing
a sulfonyl group or a carbonyl group),

the method including reacting an aniline derxivative
represented by formula (1):

[0020]
_— R?
@NH (1)
& |

[0021]

(wherein R? represents a group producing an amino group,
an alkylamino group, or an acylalkylamino group through a
reduction reaction or a hydrolysis reaction; and R' has the same
meaning as defined above),

with an aziridine derivative represented by formula (2) :

[0022]



[ 0021] (wherein R2 represents a group produci ng an am no
group, an al kyl am no group, or an acyl al kyl am no group through a
reduction reaction or a hydrolysis reaction; and R has the sane
nmeani ng as defined above) , with an aziridine derivative represented
by forrmula (2) : [0022] [0023] (wherein R3 represents an
ester residue; and A has the same neaning as defined above), to
obtain a conpound represented by fornmula (3): [0024] [0025]
(wherein R2, R2,,R3, and A respectively have the sane neani ngs as
defi ned above), %ubjecting t he conpound thus obtained to a reduction
reaction or a hyNrolysis rea&;ion to obtain a conmpound represented by
formula (4): [082§]
COOR?

[0023]

(wherein R*® represents an ester residue; and A has the
same meaning as defined above),

to obtain a compound represented by formula (3):

[0024]
R2
[::I: COOR?
N (3)

[0025]

(wherein R', R*, R?, and A respectively have the same
meanings as defined above),

subjecting the compound thus obtained to a reduction
reaction or a hydrolysis reaction to obtain a compound
represented by formula (4):

[0026]

(4)

[0027]



[ A , (UNDR3 (4) I'INHA R [0027] (wher ei nR4
represents an am no group , an al kylam no group, or an acyl al kyl am no
group; and R3, R3, and A respectively have the sane neani ngs as

defi ned above) , and then subjecting the conpound thus
obtained to a ring-closure reaction. [0028] The present
invention also provides a nmethod for producing a conpound represented
by formula (A) or a salt thereof : [0029] [0030] (mherein

123-represents gd.nealg: pLapched, < ah HUGd b1 e
represents an aﬁ(ﬁ! group o}?Pan ac?%g’ﬁakyﬁ g%?r aﬂ%{ repr esetit
singl e bond ey aé—?lé‘iﬁ%hhﬁl?ﬂ@ HFOWP) and R, R, ti}?d '35!35:@9 ebEEijidLyntgave
reacting an aniline derivative represented by formula (1)
the same meanings as defined above),
and then subjecting the compound thus obtained to a
ring-closure reactiomn.
[0028]
The present invention also provides a method for producing

a compound represented by formula (A) or a salt thereof:

[0029]

Q..
[::]: NHCONH Y—COOH
1

R

[0030]

(wherein R! represents a 1inear, branched, or cyclic alkyl
group; R° represents an alkyl group or an acylalkyl group; and
Y represents a single bond or an alkylidene group),

the method including reacting an aniline derivative
represented by formula (1):

[6031]
R2
C[ (1)
TH
R1

[0032]



[ 0031] [ 0032] (wherein R2 represents a group producing an
am no group, an al kyl am no group, or an acyl al kyl am no group through
a reduction reaction or a hydrolysis reaction; and R has the sane
nmeani ng as defined above) , with an aziridine derivative represented
by formula (2) : [0033] [ 0034] (wherein R3 represents an
ester residue; and A represents a protective group containing a

sul fonyl group or a carbonyl group) , to obtain a conpound

represented by (fnﬁ{éggiah ﬁg)répié)ge?iﬁls a group producing an amino group,

an alkylamino group, or an acylalkylamino group through a
reduction reaction or a hydrolysis reaction; and R' has the same
meaning as defined above},
with an aziridine derivative represented by formula (2):

[0033]

0

N @
COOR®

[0034]

{(wherein R? represents an ester residue; and A represents

a protective group containing a sulfonyl group or a carbonyl

group) ,
to obtain a compound represented by formula (3):
[C035]
R2
C[ COOR?
R’ NHA
[0036]

(wherein R*, R®*, R*?, and A respectively have the same
meanings as defined above),

subjecting the compound thus obtained to a reduction
reaction or a hydrolysis reaction to obtain a compound

represented by formula (4):



N..... -ThAOO R3 (3) N HA [0036] (wherein RI, R2,and A respectively
have t he sanme neani ngs as defined above), subj ecting the
conpound thus obtained to a reduction reaction or a hydrolysis
reaction to obtain a conpound represented by formula (4): [0037]

[ 0038] (wherein R4 represents an am no group, an al kyl am no
group, or an acylal kylam no group; and R, R5, and A respectively
have the sane neani ngs as defi ned above), subsequently
subjectinﬁnypﬁ conmpound thus obtained to a ring-closure reaction to
obtain a 1, 5 -benzodi azepi ne derivative represented by forrmula (5):
[ 0039]

R4

©: COOR®
N/Y (4)
||21 NHA
[0038]

(whereinR® represents anaminogroup, analkylamino group,
or an acylalkylamino group; and R', R*?, and A respectively have
the same meanings as defined above),

subsequently subjecting the compound thus obtained to a
ring-closure reactiontoobtainal,5-benzodiazepine derivative

represented by formula (5):

[0039]
R5
| o
N
o
N
'
[0040]

(wherein R’ represents a hydrogen atom, an alkyl group,
or an acylalkyl group; and R' and A respectively have the same
meanings as defined above),

allowing the 1,5-benzodiazepine derivative, when R® is
a hydrogen atom, to react with an alkyl halide ox an acylalkyl

halide, subsequently detaching the protective group A to obtain

10



[ 0040] (wherein R5 represents a hydrogen atom an al kyl group,
or an acyl al kyl group; and R and A respectively have the sane

nmeani ngs as defi ned above), all owi ng the 1, 5-benzodi azepi ne
derivative, when R5 is a hydrogen atom to react with an al kyl halide
or an acyl al kyl halide, subsequently detaching the protective group A
to obtain a conpound represented by fornmula (6): [0041] R6 [ 0042]
(wherein RL and R6 respectively have the sane neani ngs as defined

opt chentod WP TE I P Ghig o AATREUNE £0) Wi @ compound

[0041]
RE
| o
N
@ ijHz (6)
N
4
[0042]

(wherein R* and R® respectively have the same meanings
as defined above), and

(a) reacting the compound (6) with a compound represented
by formula (7):

[0043]

R/QCOHN

Y-COOH

[0044]

(wherein R’ represents an aryl group which may be
substituted; and Y has the same meaning as defined above), or
(b) reacting the compound (6) with a halogenoformic acid aryl
ester, and then reacting the resulting product with a compound

represented by formula (8):

ISV
H,N

Y—-COOH

[0045]

11



[ 0044] (wherein R7 represents an aryl group which may be
substituted; and Y has the same neani ng as defined above), or (b)
reacting the conpound (6) wth a hal ogenoformc acid aryl ester, and
then reacting the resulting product with a conpound represented by
formula (8): [0045] H2N (8) [0046] (wherein Y has the sanme neaning

as defined above). [0047]
Thepr esenti nventi onal soprovi desaconpoundr epresented by fornmula (3a)
or a salt thereof: [0048] COCe Etj NHCOCX3

[0046]

(wherein Y has the same meaning as defined above).

[0047]

The present inventionalsoprovides a compound represented

by formula (3a) or a salt thereof:

NHR?
©: COOR®?

N (3a)

© NHCOCX,

{wherein R® represents a hydrogen atom or a

[0048]

[0049]

benzyloxycarbonyl group; R’® represents a hydrogen atom or a
benzyl group; and X represents a halogen atom).

The present inventionalsoprovides a compound represented
by formula (5a) or a salt thereof:

[0050]
RSa

| o
N

©: NHCOCX,  (5a)
N

[0051]

12



[ 0049] (wherein Ra represents a hydrogen atomor a

benzyl oxycar bonyl group; R3a represents a hydrogen atom or a benzyl
group; and X represents a hal ogen atom.

Thepresenti nventi onal soprovi desaconpoundr epresented by formul a (5a)
or a salt thereof: [0050] R5a [ 0051] (wherein Rsa
represents a hydrogen atom or a 3, 3-di net hyl- 2- oxobutyl group;

andXr epr esent sahal ogenaton). [ EFFECTS OF THE | NVENTI ON] [ 0052]

According to thﬁ“ﬂgknﬂgé?ﬁi%gﬁrgégﬁggé?gﬁﬁggééﬁﬁ{%£Qﬁ 59 ound (A

which is useful as a ne can a snual I'er nunber

of steps and Wi Righ yéﬁﬂ*ﬁ%%ﬁf@ub,s ah@ ﬂf@ﬁfé’ééﬁf‘s 9fL Y, tom) .

conponents such as “hydr ogen Ide during the reaction process, gnd
the nethod is advantageous for the production in an industrial scale.
[ BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON] [ 0053] The

met hod of [HEFE@IrEeSENITHIVENIENIT @ epresented by a reaction schenme
is as follows. [0054]
[0052]

According to the method of the present invention, the
compound (A) which is useful as a medicine can be produced with
a smaller number of steps and with high yield. There is no
generationof harmful components suchas hydrogen fluoride during
the reaction process, and the method is advantageous for the

production in an industrial scale.

[BEST MODE (S) FOR CARRYING OUT THE INVENTION]

[0053]

The method of the present invention as represented by a
reaction scheme is as follows.

[0054]

13



(10) [0055] (wherein Z represents a hal ogen atom Ar
represents an aryl group; and R3, R2, R3, R4, R5, R6, R7, A and Y
respectively have the sane neani ngs as defined above. ) [0056] The
various substituents in the reaction schene shown above wll be
expl ai ned. 121 represents a linear, branched, or cyclic al kyl group;
however, Rl is preferably an al kyl group having 1 to 10 carbon atons,
nore preferably a |inear or branched al kyl group having 1 to 10
carbon atons, or agynocyclic,or bicyclic cyclgal kyl group havrng 3
to 10 carbon .m;E., and partigularly prefera a cycl ohexyl group.

L

[ 0057] ZZ A edent sﬁﬁ@gr oup whith m no group,
an al kyl am no group, or an acy %& am no group tnro a reduction
reaction or a hydrd®'ysis reacti o9 Anong t hese, eRhnples of the group
whi ch produces srgh an am no group or a substrtuted{anlno gr oup
t hrough a reductton reaction, ifcl ude a nitro group, ‘a nitroso group,
an azi de group, a hydroxyanino group, a benzyl g@gycar bonyl am no group,
an N-benzyl oxycar bopyl ﬁhkylanlno group, and an| 0
N-benzyl oxycar hon alkylanlno group. F N-ore, exanples of the
group which pr odu OONE No —g+eup o sub$tnipat ed am no group
t hrough a hydrol ysis r@act on, include a b ar bonyl am no group,
an N—butoxycarbonylalkgiaﬁ"ﬁb group, and an /
N- but oxycar bonyl acyl al kyl ami no group. Anong t Rése, %
benzyl oxycar bonyl am no" group, an N-benzyl oxycar bony %Ikylanino group,
and an N-benzyl oxycar bonyl acyl al kyl am.nho group are particularly
preferred. Here, the al kylam no gro ybe an al kyl am no group
having 1 to 6 carbongatons, aag. thereof i nclgsde a
met hyl am no group, ah eghyl am no™gr oup, ntO propyI ajr r’to group i
arg
" Y ~COOH

acyl al kyl am no ¢ ~u be a C2- Coeal kanoyl - .I<
and exanpl-es»t h gr o pgagm.,
group, and a pi group Anong these, a prn roup [IKS

particularly preferr d. [0058] Exanpl es of th ester residue
represented by R3 iRiclude an al kyl group, a benzyl d&'oup, a (A)
substituted benzyl gre@up, and a trial kylsilyl sggroup. More specific
exanpl es include a C1-C3 al kyl group, a ben group, a

--hal egenobenzyl grouj, %
th’L::j\Y—coou

(8)

~COOAr
(9

RS

| o
N

N

/

(10)

[0055]

(wherein Z represents a halogen atom; Ar represents an
aryl group; and R', R?, R?, R*, R®, R®, R7, A, and Y respectively
have the same meanings as defined above.)

[0056]

The various substituents inthe reaction scheme shown above

14



nitrobenzyl group, and a tri-Cl-C6 al kylsilyl group. [0059]
Arepresents aprotective group containinga sulfonyl group or a
carbonyl group, and exanples thereof include a carbanmate-based
protective group, an am de-based protective group, and a

sul f onam de- based protective group, which are conventionally used as
protective groups for an am no group. Mre specific exanples include
a substituted sulfonyl group such as a p-toluenesul fonyl group or a
et hanesul{%e SKOYDInaR. 38 KULOKNCALDUYL 1 0L SHEIEE, Br cyolic
benzyl oxycarbony roup; an al oxycarbonyl "grolp such as’ a

but oxycar I .; ngyl sgr S,an Y, r :

a trihal ogenoacet%’gr@%ﬂéﬁhqﬁslg ??lg%clég%tr% c%?y?ﬂgf%u r%ﬁﬁgﬂavﬁ‘ﬂg
trichloroaestyd AR atBREJ ndiesBre@etbbglpgeRRACSY brahRMR A alkyl
represented by -COCX3 (wherein X represents a hal ogen atom) is

parti cul artouphehehued becauseritie aespey nsr (3hoeaaye isebechi vedyic
obt ai ned, and the detachnent reaction of the protective group is
achi eved aydlvdiiigh girelg. héleing X trepd eseriten athalsggendapau idwtaxiy s
preferably a fluorine atomor a chlorine atom and particularly

pr ef er ablpref drnalply e Gtoimhexylegesants a hal ogen atom but Z is
preferabléa chlorine atomor a bromne atom [0060]

Exanpl es B¥0%He anmino group, al kyl ami no group, and acyl al kyl ami no
group represented by R4 include the sane groups listed as the

exanpl es of R2R AFSBTeERBCSFredapi i8S To PRRElUgISSy PRgRB PO aFEOUP, an

o o Rt o 0 B A e Bl om
al kanoyl -.Cl1- | Kyl . 1 : |l es, of the ar ro
whi ch )r/rayr%naé:%gt?%lst% t??é%'fﬁpra%[y%’g%r lé:s?gﬁtt:égnby%ggg nd The’ a‘?}){/ m%ireo%poyp

repr esemtﬁff!g g%fgﬁ% iﬂggtgﬂdﬁrédﬁggﬁyéu?ﬁO&fp’aﬂr%abggﬁgoggegyéuﬁ%tﬁ

al kyl pheny _ a ni trophenyl group. epresents a sin
bond, or AR &¥bhdeNs APHR r RREGHPLESc 1HeT a0k 1hle! 4168 8 osdRalS,
bond, a dimethyl nethylidene group, and a diethyl nethylidene group.
However, aarsidids kprhd s drarddicdd ardotdr ef ety@tbxld062) group, a
Anong the conpounds of fornmula (1) as the starting raw material, a
conpound Wemaglioxy cbdbdrsy laanciyed ahexy, grroup and R2 is a

----pbenzylexycar bonyl am no-group, is a novel conpound, and can be

pr oduced Noyperfarl ceyargdbeynyald 1duw Isgnihe gyymimphesnd aam noani line to
react with benzyl oxycarbonyl halide in the presence of a base. On the
ot her hadtbeamHprvea ranylé e aldipeunids efrfur nuFartprmore,
N-trifluoroacetyl aziridine-2-carboxylic_acid benzyl ester is a novel
conpound EXETP 1&an e tBRoETEBE BYLCh RTRUHR SUCh #8t BBANCOTLaHP oo iy
an aziridine ester fto react with_trihal oglrenoacet iC anh\édr,i de in the

pr esence SOPSL AEE9 FRLBP HIRPR SPERE I8’ SiGHAlord SoF eBEF EOn onidhR L usti
compount % DYCGRY CATEORIAY oS HRP @k A AR R TP Ao GOH T o
ror o pr ety B, H AR A O RS B G ) ol
r ot ¢ e 5 e R A S A T (gl ene i s more

preferreg_H08Abxycarbonylldl KllisirRAGH RIp Peineem the conpound (1)

and the conpound (5) , since a’ring-opéning reaction at the -position

of aziri gi-menzs 1e3y&ed oA SIedachiifR] rddp di%e Haferablarian

al kyl group, and particularly preferably a |linear alkyl group, a

br anched paldegrrgdaupHese , aheysllogl &yl nggoopp raydhaan e lprakeriakl grodp -

is an al kyl group having one hydrogen atom on the carbon atom which

i s bondedhatvinghd it rogenkatomtoitser efrol exaRipldss tireefearfablnelaidel -«C8

|l i near al kyl group, a C3-C8 branched al kyl group, or a C3-C6
methylamino group, an ethylamino group, and a propylamino group.

The acylalkylamino group may be a C>-Cs alkanoyl-C;-Cs alkylamino
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trifluoroacetyl group, in view of the selectivity of the ring-closure
reaction that will be described bel ow. [0065] The ring-opening
reaction of aziridine has been conventional | yknown (W97/05129;

JP- A-10-203987; and J. Chem Soc. Perkin Trans. 1, 1997, 3219).
However, it has never been known that a ring-opening reaction of
aziridine involving an aniline derivative and an N-acyl aziridi ne
conpound, particularly an N-trihal ogenoacetyl aziridi ne conpound, such

as the reaction 1%%“%51 1129 aRCEH cé 2l RS .8{1]p, a
6 Hel ror

ri ng- opering sele |ve nner

ti h |
from t he Bi e et e ey o ST T 2%29 2 E%\%?l‘éa?h@s@. K
when a stenenk SORETgud hes GopoLish 42)y i Srdsesr-&$, shown in the

fol l owi ng reacti'on schene a stere0|soner of conpound (3) nay be

sel ecti vejogoxdyt ai ned. [ 0067] (1)(2)(3) [0068] (wherein R,
R2, R3, and A respectively have the sane neani ngs as defi ned above.)
[ 0069] EMenefear @f vhenecatstereol dosreremie ddrec dnporAdi {@)uds

used, the follow ng stereoi soner of the conpound (A) maybe
sel ect i velry adbtyadi gredup | @0BOhzR6 group, a substituted benzyl group, and

a trialkylsilyl group. More specific examples include a C;-Cg

alkyl group, a benzyl group, a halogenocbenzyl group, a

nitrobenzyl group, and a tri-C;-Cs alkylsilyl group.

[0059]
Arepresentsaprotectivegroupcontaininga sulfonyl group

or a carbonyl group, and examples thereof include a

carbamate-based protective group, an amide-based protective

group, and a sulfonamide-based protective group, which are

conventionally used as protective groups for an amino group.
More specific examples include a substituted sulfonyl group such
as a p-toluenesulfonyl group or a methanesulfonyl group; an
aralkyloxycarbonyl group such as a benzyloxycarbonyl group; an
alkyloxycarbonyl group such as a butoxycarbonyl group; an
alkanoyl group such as an acetyl group; and a trihalogenocacetyl
group suchas a trifluorcacetyl group or atrichloroacetyl group.
Among these, a trihalogenocacetyl group represented by -COCX;
(wherein X represents a halogen atom) is particularly preferred
because the compound (3) can be selectively obtained, and the
detachment reaction of the protective group is achieved with
high yield.

Here, X represents a halogen atom, but X is preferably
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[ 0071] (wherein RI, R6, and Y respectively have the sane
meani ngs as defined above . ) [0072] When the conpound (3) is
subjected to a reduction reaction or a hydrolysis reaction, R3 in the
conmpound (3) is converted to R4. During this reaction, the reduction
reaction can be carried out, for exanple, using any of a nmethod of
performng a reaction with hydrogen in the presence of a catal yst
(catalytic reduction) and a nethod of using a reducing agent, but
catal yti Lan_ | ef enred.: T t

ol ach urh et EaatJuRte G 8 oRL ST bal R B By prs el

of the ca eiué&iggﬁlt%gﬁ Palle _el«y@n%@waaaoﬁ%'ag%%u@hatﬁg@t%ﬁfy

and pl ati num car . e reaction sol vent € a non-po

hydr ocar pn-thaseth s o Mehtor aNthadh BEL Bt 45, hydr ocar bon- based sol vent
such as toluene or hexane is particularly preferred. [0073]

When t he poogagund thus obtained is subjected to a ring-closure
reaction, a conpound (5) is obtained. This reaction may be carried
out at a tenpersdtame gsanrgi e raom o aedueTperlddvlram i 8HEnig, aand
hydr ocar bon- based sol vent such as descri bed above. [0074] The
r eact i onsactlaritigniiremgirvepcoapoendst ¢d)ba®d (1R)1ude dheasamehgroups
conpound (5) can use hydrocarbon-based sol vents as the reaction

sol vent, lditehipehaenaaplas ot nubledywiieotane sapptieg o the
product in the mddle of the reactions. Therefore, this process is
hi ghl y ad/dilagée® F8dancyhadsiii EFOHPOHQEFFﬁﬁnHﬁ@h}Eﬂd.R{@@?’SF , and

In the case ere R5 in the conpound is a hydrogen atom when the
conpound R Ealtlh(ﬁ?v'@djé& it ﬁ‘(lgéflaEKQPthFV B9t HA %Cﬁ%%l

halide, Ry can he gonver eda%EaRg. This Nﬁﬁ;‘ﬁ' ation reaction is
carried WS 5t SLeite e 0F RCBhs e Stic R A \pSEREEi um car bonat e,
sodium c te, or sodium hydroxide, and if necessary, in the
presence of aphase transfer catal yst such as tetrabutylamoni um

bromi de. Exanplgs i £l eAELL PP SPEAENLHRA mIBY LR HiSSE; LRELyde, an
et her-based sol verrlr{i;f such as tet?gh;s;éé%ofuranl or m(%?oxan%; toi'uléne,'

ethyl acelgfresddedopetNybhartmm=48:1 gooufi Faiivdestbd Xhdeinclude

Furthernore, the reaction can also be carried out in a two-phase
syst em sucbhasya wabep; tolHEheyEysdemyUsirdgpd RhasEkyIphehel group,

--cat-alyst such as tetrabutyl amoni um brom de. The reaction can be

carri ed eutd wsusEltdnorhery it eymeerrat ulVe reparsen8€ tosibhgCe bpPA@/6pr an
The protective group A of the conpound (5) is detached, and thereby a
conpound &y ldslerise gt nadd Thanplkeadimraol dactliugie fosinthee bond,
protective group Ais preferably carried out by detachnment through
hydr ol ysids dlmﬁﬁigl}’rl@&@ﬂﬂﬁ’éﬁdﬁﬁl? pEcERr r fe8 ddieY Hee Bkl deRmeFreP i n
conventignal hydrolysis reactions, for exanple, by adding an acid
such as WY& 0f S1AGE ROTBL it PRFUC By &S5 sol vent t hat
may be uz[g]%sgzgcl ude al cohol s such as ethanol; hal ogenated

hydr ocar uch as chloroform ethers such as di oxane and di et hyl

ether; and aropglie RYArOGALBAARSSYEN8Rnb OLUETF A0 AY! &NG-+ 1,090 .,

material, a compound in which R is a cyclohexyl group and R?
is a benzyloxycarbonylamino group, is a novel compound, and can
be produced by, for example, allowing 2-cyclohexylamincaniline
toreact withbenzyloxycarbonyl halide in the presence of a base.
On the other hand, among the aziridine compounds of formula (2),
N-trifluoroacetylaziridine-2-carboxylic acid benzyl ester is

a novel compound, and can be produced by, for example, a method
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The reaction starting fromthe conpound (6) to obtain a conpound (A)
is carried out by any of (a) a nethod of allow ng the conpound (6) to
react with a conpound (7) ; and (b) a nethod of allow ng the conpound
(6) to react with a hal ogenoformc acid aryl ester (9) to obtain a
conpound (10) , and then allowing this conpound to react with a
conpound (8) (see WD 2001/040197) . [0078] The reaction

bet ween the conpound (6) and the corrpound (7) is preferabl y carried

out, for grﬂgoﬁz’lpg"aﬁf%l@l S 85002 D3RG RUGE e 1{1& np%ér?cg%'eetfé

pot assi um c ona he rea Ion 1s carried ou

t he rang F ey
reacti on%lﬂf V%%dé[) ﬁ*ﬂﬁm;ﬁfelbe uieg(g?lsnc ud:a%| netﬁﬁ?gr mam e a dtlorls

di met hyl sulg0xi %ed_O@O% Jpn., 19®, reactinyy between the conpound
(6) and the conmpound (9) is preferably ‘carried out in the presence of

a base sugipexs potassi um carbonate or triethylam ne, and in a sol vent
such as tetrahydrofuran or dinethylformam de. The reaction

t enper at ur e i s eefrewmatyliyn0 Betackehhe ar ebhpyuhdnmpe) adndea ¢OABHOIna (2)
The reaction between the conpound (10) and the conmpound (8) is

pr ef er ablmpyc &er cedroetl duttim 51 epgnoprdfate badvesticht as potassitume
carbonate or triethylamne, and in a solvent such as tetrahydrofuran
or di met BATHNR AL IHen teaperatire $&t RePAGt omnd yndeptorafachly,
roomtenperature. [0081] The conpound éA) t hus obtai ned can be
conver t el rEACAIRR Makebal calgried éﬁltala{llalgpn it et afhe gl wnt

the |ike by a routjne nethod, _but eferaple to convert the |,
corrpound31 steﬁesalogmnn&a-tpolﬁﬁdhvﬁrpgagépfﬁ 1Yy GRCk _P aEna e
add aqueg,1 S._anmnni a i

| hl _
to obtai A8 ega&b&rﬂ 5 BT A 45, SR SRR e

|ownabgj & foll ow ng corrpounds (I a) (2a), (3a), and (5a), or
salts th reofe are novel and are useful as production internediates
for the comraynd (A). [0083] NHCbz NH COCF3 /  COOBn

In this reaction between the compound (1) and the compound
(2}, sincearing-opening reactionat the f-pogitionof aziridine
is caused to oc.cur selectively, R' is preferably aﬁ alkyl group,
and particularly preferably a linear alkyl group, a branched
alkyl group, or a cycloalkyl group, and more preferably, R' is
an alkyl group having one hydrogen atom on the carbon atom which
is bonded to the nitrogen atom. Therefore, R' is preferably
a C1-Cs linear alkyl group, a C3;-Cs branched alkyl group, or a
C3-C¢ cycloalkyl group, more preferably a C;-Cs; cycloalkyl group,
and particularly preferably a cyclohexyl group. Furthermore,
in order to make the ring-opening reaction at the B-position
of aziridine to occur efficiently, the substituent on the
nitrogen atom of the aziridine ring is particularly preferably
a trihalogenocacetyl group. The substituent A on the nitrogen

atom of this aziridine ring is particularly preferably a
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[ 0084] (wherein Cbz represents a benzyl oxycarbonyl group; and
Bn represents a benzyl group.) [0085] [ 0086] (wherein re
represents a hydrogen atom or a benzyl oxycarbonyl group; R3
represents a hydrogen atom or a benzyl group; and X represents a

hal ogen atom ) [0087] Anong conpounds represented by the
conpound (3a), a conpound in which Ra is a hydrogen atom R3' is a
hydrogen atom and X is a quorine aton1 and a conpound in which R

o beﬁ%&iﬁ%&gfgé%%9¥:lq%€ar y pre erre A?%%%%?H%%tfw¥%&léfathe

fluorine atom are par
ring-closure reaction that will be described below.

[0065]

The ring-opening reaction of aziridine has been
conventionally known (WO 97/05129; JP-A-10-203987; and J. Chem.
Soc. Perkin Trans. 1, 1997, 3219). However, it has never been
k¥nown that a ring-opening reaction of aziridine involving an
aniline derivative and an N-acylaziridine compound,
particularly anN-trihalogenoacetylaziridine compound, suchas
the reaction of the present invention, occurs in a B-position
ring-opening selective manner.

[0066]

Furthermore, the reaction of the compound (1) and the
compound (2) ispreferable also fromthe viewpoint of selectively
obtaining a stereoisomer; That is, when a stereoisbmer of thé
compound {(2) is used as shown in the following reaction scheme,

a stereoisomer of compound (3} may be selectively obtained.

[0067]
S “z
+ N — COOR?®
NH {AacooR? N/\?/
[ A1 NHA
(1) (2) (3)
[0068]

(wherein R*, R?, R’, and A respectively have the same

meanings as defined above.)
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[ 00891 (wherein Rsa represents a hydrogen atom or a 3, 3

-di net hyl- 2- oxobutyl group ; andX represents a hal ogen atom. )

Anong conpounds represented by the conpound (5a), a conpound in which
Asa is a hydrogen atom and X is a fluorine atom and a conmpound in
whi ch Rsais a 3, 3-di net hyl-2-oxobutyl group (a pinacolyl group), and
Xis a fluorine atom are particularly preferred. [EXAMPLES] [0090]
Hereinafter, the present invention will be described in nore detai

by way of“ﬁ%ﬁﬁples. [ 0091] Exanple 1 [0092] O NHCbz Br?,)ci< O
NaHNCbz

Therefore, when a stereocisomer of the compound (3) is used,
the following stereoisomer of the compound (A) may be selectively
obtained.

[0070]
RG
| o

N 1L
@ j--'INHCONH Y—COOH

R/1 (A)

[0071]
(wherein R, R®, and Y respectively have the same meanings
as defined above.)

[0072]

When the compound (3} is subjected to a reduction reaction
or a hydrolysis reaction, R® in the compound (3) is converted
to R'. During this reaction, the reduction reaction can be
carried out, for example, using any of a method of performing
areacticnwithhydrogen in the presence of a catalyst (catalytic
reduction) and a method of using a reducing agent, but catalytic
reduction is preferred. The catalyst may be a palladium-based
catalyst or a platinum-based catalyst, and examples of the
catalyst include palladium-carbon, palladium, platinum oxide,
and platinum-carbon. The reaction solvent may be a non-polar
hydrocarbon-based solvent, and an aromatic hydrocarbon-based
solvent such as toluene or hexane is particularly preferred.

[0073]
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[ 0093] Producti on of benzyl

2- (cycl ohexyl am no) pheny1( 3, 3-di net hy1- 2- oxobutyl ) carbamate Step 1
Production of benzyl 2- (cyclohexylam no) phenyl carbamate

5.7 g of N-cycl ohexyl benzene- 1, 2-di am ne produced according to a
known nethod (J. Chem Soc., 1957, 4559) was dissolved in 57 nL of
N, N- di met hyl f ormam de, and 3.34 g of triethylam ne and 5.63 g of
benzyl chl orocarbonate were added to the solution at room

&S?E?ritnﬁri'oo%é‘i“ﬁiﬁ*@%%@#éf%fﬁ%ﬁ%%‘ R o,

and the r 3 XL S0 MBS Pat tddd Tégﬁ Pé 9&‘6‘&& ﬁﬁder ™R
rat ed e

washed sequent aI yw th water and sat rine, n was

concent r%&@b%ﬁnaﬁﬁgéc@ﬁrpiéésdﬁte atTéJecénﬁ%@@lﬂ@sraMMg edoRYroom

silica gel columm chromat ography (n-hexane : ethyl acetate =

10: 15: 1) ,t enpskwssufairideg 0w yst al hygeddaremsnl-BA/ses eol16Rnt) subluss

8.5 g of the title conpound was obtained. Yield: 87-6. 1H NVR(400VHZ,

DVSO- d6) Gk B5ide Y@K . M, 1.27-1.39 (2H, m, 1.54-1.62 (1H m,

1.64-1.73(2H, m), 1.87-1.94 (2H, m), 3.20-3.33 (1H, M), 4.56 (1H, d,

J= 6.8 Hz)QO'®I12 (2H, s), 6.53 (1H, t, J = 7.5 Hz), 6.63 (1H, d, J =

8.2 Hz), 6.96 (1H, t, J = 7.7 Hz), 7.18 (1H, d, J—58Hz)

7 31-7. 46 (5H, The reagiicms, Sb@@’slnEH/EfI(qHAB}lenﬂ!QmBQBnPﬁ/H—H P@@Q&PS‘:‘@p
Production of benzy

2 (cycl OWJ&?‘H% Eﬁ‘@ﬁ?’!&(@ é%l?\%?ﬁ&ﬁf bygxepatryrrcRPpsfatelvents as

In an ar at m)s her e

2" (eyel o%&&&?%ﬁ RGBS o R it 9 SoREigpuagy without

tetrahydrof anddra J.er t.he .sol ut|
e

d
sodi um hydg c?e l\/\%aap d“ft l{lhthe d’[d(iS:nO 'F‘Ir%feeeﬁggg ggha/asgg?%‘?éodr? ‘or
15 f {d_c| ng hy
add?dng; g%lvﬁsgéz?o tﬁce}'smﬂli'?%?gnadéﬁ% reséﬁélgghﬁlﬂg(?g%\éﬁ S %%lroe%

for anot hglr13y mnutes. 100 nL of water and 100 nL of ethyl acetate
were added to the reaction liquid, and the resulting m xture was
partitiongh7sihe organic | ayer was washed sequentially with water and
saturated brine, and then was concentrated under reduced pressure.

The residue wagrpuhief icedebwhaidd R4 grl tle! evmpehidnes pof @phyhydrogen

-{n-hexane : ethyl acetate = 10:1), and was crystallized from MeOH.

Thus, 1. Sigpmof wihiee thel eonpopodnds waks @dtlaiwesd toYrebdt: #8%h an alkyl

1H NVR(400MHz, DMSO-d6)6:0.99 (1.8H, S) 1.04-1.24 (10.2H, r’r)

1. 24-1. 391a(]2,ld,e @, an acylalkyl halide, R® can be converted to R® This
N-alkylation reaction is carried out in the presence of a base
such as potassium carbonate, sodium carbonate, or sodium
hydroxide, and if necessary, in the presence of a phase transfer
catalyst such as tetrabutylammonium bromide. Examples of the
reaction solvent that may be used include an ether-based solvent
such as tetrahydrofuran or dioxane; toluene, ethyl acetate,
N,N-dimethylformamide, and dimethyl sulfoxide. Furthermore,
the reaction can also be carried out in a two-phase system such
as a water-toluene system, using a phase transfer catalyst such

as tetrabutylammonium bromide. The reaction can be carried out

usually in a temperature from -78°C to 150°C.
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1.53-1.62 (1H, n), 1.64-1.73 (2H, ), 1.81-1.94 (2H, n), 3.21-3.32

(1H m,

4.07-4.32 (0.8H 1), 4.63-4.72 (1H, ), 4.95-5.12 (1.6H, ),

5.26 (0.2H, d, J= 7.9 Hz), 5.48 (0.4H, d, J = 7.9Hz), 6.47-6.53
(0.8H n), 6.60-6.66 (1H, m), 6.79 (0.2H, d, J = 4.4Hz), 7.02-7.09

(2H, m,

7.17-7.40 (5H, m). M5 (FAB) nfz 423 [M+H] [0095]

[0076]

The protective group A of the compound (5) is detached,
and thereby a compound (6) can be obtained. The detachment
reaction for the protective group A is preferably carried out
by detachment through hydrolysis. This reaction may be carried
out in the same manner as in conventional hydrolysis reactions,
for example, by adding an acid such as hydrochloric acid at 0°C
to 100°C. Examples of the solvent that may be used include
alcohols such as ethanol; halogenated hydrocarbons such as
chloroform; ethers such as dioxane and diethyl ether; and
aromatic hydrocarbons such as toluene and xylene.

[0077]

The reaction starting from the compound (6) to obtain a
compound (A) is carried out by any of (a) a method of allowing
the coﬁpound.(S) to react with a compound (7); and (b) a.method.
of allowing the compound (6) to react with a halogenoformic acid
aryl ester (9) to obtain a compound (10), and then allowing this
compound to react with a compound (8) (see WO 2001/040197).
[0078]

The reaction between the compound (6) and the compound
(7) is preferably carried out, for example, in the presence of
a base such as triethylamine or potassium carbonate. The
reaction is carried out at a temperature in the range of 0°C
to the reflux temperature, and examples of the reaction sclvent
that may be used include dimethylformamide and dimethyl
sulfoxide.

[0079]
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Exanple 2 [0096] / N\ ACO2Bn TFAA K2CQO3 tol uene Lx, CO2Bn [ 0097]
Production of (R)-benzyl
1-(2,2,2-trifluoroacetyl)aziridine-2-carboxyl ate In an argo
at nosphere, 1.8 g of (R)-benzyl aziridine-2-carboxylate produced
according to a known nmethod (Bull. Chem Soc. Jpn., 1978, 51, 1577)
was dissolved in 18 nL of toluene, and the solution was cooled in a
dry ice-acetone bath. 1.7 g of potassium carbonate and 2 . 5 g of

n

was directly sCTPraSTeroR Sensare: <y pPEPSRA Kb and il (ol ©

reaction {4,qyigd r@%ﬂaﬁg eSh bR oleX b Hr enves-RaLhLL 892 -base such

Subsequent |y, tﬁe or ga | ayer was concentrated under reduced

pressur e.asTRethast dheciBSondt & fded B tehhbrdnge! asQl 4 solvent such
chromat ogr aphy (n-hexane : ethyl acetate = 10:1), and thus 1.2 g of

the titl e s, vast 1ol de diimé eyl £ hdfam i dd NivRe4 @RMdZ.1i on
DMSO- d6) 45: 2.78 (1H, d, J = 3.3 Hz), 2.93 (1H, d, J = 5.9 Hz), 3.87
(1H, dd, tkmpexaiure 9sHPreferdbliH°Cdtol the7 refink, téndératkred, J
7.0 Hz), 7.36-7.40 (5H m. M5 (FAB) niz 274 [M+H [0098] Exanple 3
[ 0099] (0080] Production of calcium

(R)-3-(3-(5-cycl ohexyl-1-(3, 3-di net hyl- 2- oxobutyl) - 2- oxo- 2,

3, 4, 5-t et r ahyd&el Feperzenbpefvean di e asimpaamd )(d0di avfbelg srompound

(8) is preferably carried out in the presence of a base such
as potassium carbonate or triethylamine, and in a solvent such
as tetrahydrofuran or dimethylformamide. The reaction is
satisfactorily kept at 0°C to room temperature.
[0081]
The compound {A) thus obtained canbe convertedtocanalkall
metal salt, an alkaline earth metal salt or the like by a routine
- fnethod, bu.t itispreferableto convért the compound intoa calcium
salt, and it is particularly preferable to add agueous ammonia
and a calcium chloride solution in sequence so as to obtain a
calcium salt.
[0082]
Inthereactionscheme shownabove, the following compounds
{(l1a), (2a), {3a}, and (5a), or salts thereof, are novel and are

useful as production intermediates for the compound (A).

[0083]
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ate Step 1 Pr oducti on of
(R -N-(1-cycl ohexyl-4-oxo-2, 3,4, 5-tetrahydro-1H benzo[b] [1,
4] di azepi n-3-yl1)-2,2,2-trifluoroacetam de 324 ng of benzyl
2- (cycl ohexyl am no) phenyl car bamat e obt ai ned according to the nethod
described in Exanple 1 and 273 ng of (R)-benzyl
1-(2,2,2-trifluoroacetyl)aziridine-2-carboxyl ate obtai ned accordi ng
to the nmethod described in Exanple 2 were dissolved in 1.45 nL of
tol uene, and th sok¥éy££ was heated to reflux for 2 hours. Thus, a
t ol uene sol uti -benzyl
3-((2-(benzoyl ar bonyl am no) phenyl ) (cycl ohexyl ) am no) - 2-
(2,2,2-trifluorvac Nﬁnide)prQQionate was obt ai ned.
Furthernore, a portijon of th Peact i on liquid was taken and purified
by col umm chronmat hy (n-hexane : ethyl acetate =10:1). Thus, it
was confirnmed tha product was (R)-benzyl
3-((2- (benzoyl oxycarbonyl am no) phenyl ) (cycl ohexyl ) am no) - 2-
(2,2,2-trifluoroacetam do) propi onate. 1H NVR(400MHZ,
DVSO- d6) 5: 0. 88- .%g (5H, m,1.46-1.53(1H, nm), 1.60-1.68 (2H m,
1.70-1.78 (2H, %‘P P2 52-2.61(1H ), 3.42 (1H, dd,

N

(2a)
COOBnN

[0084]
{(wherein Cbz represents a benzyloxycarbonyl group; and
Bn represents a benzyl group.)

[0085]

@ COOR®?

N (3a)
NHCOCX,

[0086]
(wherein R* represents a hydrogen atom or a

benzyloxycarbonyl group; R®

represents a hydrogen atom or a
benzyl group; and X represents a halogen atom.)
[0087]

Among compounds represented by the compound (3a), a

compound in which R* is a hydrogen atom, R*® is a hydrogen atom,

and X is a fluorine atom; and a compound in which R* is a
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J =8.9 13.3 Hz), 3.58 (1H,dd,J = 5.8,13.3 Hz), 4.09-4.15 (1H,m,
5.02-5.21(4H, n), 7.01-7.06(1H ), 7.12-7.19 (2H, n), 7.22-7.46 (11H,
m, 7.91(1H, d, J = 8.0 Hz), 9.92(1H d,J =7.6 Hz).

benzyloxycarbonyl group, R** is abenzyl group, andX isa fluorine

atom, are particularly preferred.

f0088]
RSa
| o
N
O: NHCOCX,  (5a)
N
[0089]

(wherein R°® represents a hydrogen atom, or a
3,3-dimethyl-2-oxobutyl group; andXrepresentsahalogenatom.)
- Amoﬁg éompounds represented by the compound (5a), a
compound in which R*®* is a hydrogen atom, and X is a fluorine
atom; and a compound in which R°? is a 3, 3-dimethyl-2-oxobutyl

group (a pinacolyl group), and X is a fluorine atom, are

particularly preferred.

[EXAMPLES]

[0090]

Hereinafter, the present invention will be described in
more detail by way of Examples.
[00391]
Example 1

[0092]
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MS(FAB) mlz 598 MWH] + The tol uene solution of (R)-benzyl
3-((2- (benzoyl oxycar bonyl am no) phenyl ) (cycl ohexyl )am no)-2- (2 , 2 ,
2 -trifluoroacetam do) propionate was allowed to cool, and 60 nygof
10% pal | adi um carbon (water content 53% was added thereto .
Subsequently, the m xture was stirred for 13 hours at room
tenperature in a hydrogen atnosphere. The reaction liquid was
filtered and concentrated under reduced pressure, and then the

resi due was purified by colum chronat ography (n-hexane : ethyl

acetate = 10 : 1) . Thus, 312 ng of the title conpoupdwas obt atned.
Yield: 88% N H 400NHZ DNBC>d6)6 L LONHCHZ ( ,.1.49-1,68
(4H m, , 3197337 (1 m

(1H

m,

9.86 (1H, MS (FABbmKH z 356 [ Mk

1(1H
3.34 (1H, d¥ 9, 10.3 Hz), 4.31-Me
,( 7.00-7. (211&311720(‘1m} g-é!g-g)ﬁc%ql

Hz) ,

NH

[0093]

Production of benzyl
2-{cyclohexylamino) phenyl (3, 3-dimethyl~2-oxocbutyl) carbamate

Step 1

Production cof benzyl 2- {(cyclohexylaminoe) phenylcarbamate

5.7 g of N-cyclohexylbenzene-1,2-diamine produced
according to a known method (J. Chem. Soc., 1957, 4559} was
dissolved in 57 mL of N,N-dimethylformamide, and 3.34 g of
triethylamine and 5.63 g of benzyl chlorocarbonate were added
to the solution at room temperature. The mixture was stirred
for 3 hours at 40°C. 100 mL of water and 100 mL of ethyl acetate
were added to the reaction liguid, and the resulting mixture
was partitioned. Theorganic layer was washedsequentiallywith
water and saturated brine, and then was concentrated under
reduced pressure. Theresiduewaspurifiedbysilicagel column
chromatography (n-hexane : ethyl acetate = 10:1 — 5:1), and
was further crystallized from IPA/water (5/1). Thus, 8.5 g of
the title compound was obtained. Yield: B87%.
"H-NMR (400MHZ, DMSO-dg)5:0.85-1.26 (3H, m), 1.27-1.39 (2H, m),

1.54-1.62 (1H, m), 1.64-1.73 (2H, m), 1.87-1.94 (2H, m),
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[ 0101] Furt hernore, when the reaction is conpleted in 2 hours,
and the reaction liquid is purified by colum chromatography
(met hanol : chloroform= 1:10),

(R) -3-((2-am nophenyl ) (cycl ohexyl)am no)-2-(2,2,2-trifluoro

acet am do) propionic acid can be obtained. 1H NVR(400MHZ,

DVSO- d6) 6: 0. 97-1.43 (5H, m, 2.63-2.72(1H m,3.36(1H,dd,J = 8.1,
147201(5H n, 136Hz) 3.55(1H, dd,J = 0136Hz) 410418

5.
(b 1%%‘{%@% af, M, 8 %fﬁ%dﬁ s bba)) £18 B3R, 3% 53

(1, t, J = 7.5 Hz), 6.63 (1H, d, J = 8.2 Hz), 6.96 (1H, t, J
= 7.7 Hz), 7.18 (1H, 4, J = 5.8 Hz), 7.31-7.46 (5H, m), 8.31
(1H, brs).
MS (FAB) m/z 325 [M+H]"
[0094]

Step 2

Production of benzyl
2- {cyclohexylamino) phenyl (3, 3-dimethyl-2-oxobutyl) carbamate

In an argon atmosphere, 1.9 g of benzyl
- {cyclohexylamino)}phenylcarbamate was dissolved in 19 mL of
tetrahydrofuran, and after the solution is ice-cooled, 279 mg
of sodium hydride was added to the solution. The mixture was
stirred for 15 minutes. 867 uL of
1—bromb—3,3—diméthyl—2—butanone was slowly added dropwise to
the mixture, and the resulting mixture was stirred for another
30 minutes. 100 mL of water and 100 mL of ethyl acetate were
added to the reaction liquid, and the resulting mixture was
partitioned. The organic layer was washed sequentially with
water and saturated brine, and then was concentrated under
reduced pressure. The residue was purifiedbysilicagel column
chromatography (n-hexane : ethyl acetate = 10:1), and was
crystallized from MeOH. Thus, 1.9 g of the title compound was
obtained. Yield: 78%.
'H-NMR (400MHZ, DMSO-ds)35:0.99 (1.8H, s), 1.04-1.24 (10.2H, m),
1.24-1.39 (2H, m), 1.53-1.62 (1H, m), 1.64-1.73 (2H, m)},

1.81-1.%94 (2H, m), 3.21-3.32 (1H, m), 4.07-4.32 (0.8H, m},
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(1H, M5 (FAB) mz 374 [MtHr [0102] Step 2 Pr oduction of

(R) - N (5-cycl ohexyl-1- (3, 3-di net hyl- 2- oxobutyl)-2-o0x0-2, 3,4

, 5>-tetrahydro- 1H benzo[b] [1, 4] di azepin-3-y1)-2,2,2-trifluor

oacet am de 200 ng of

(R -N-(1-cycl ohexyl-4-o0xo0-2, 3, 4,5-tetrahydro-1H benzo[b] [1

41di azepin-3-y1)-2,2,2-trifluoroacetam de was dissolved in 2 nL of

tol uene, and 94 ng of potassium carbonate, 9 ng of tetrabutyl anmmoni um
brom de, a 91 f 1sbr =3, ~di net hyl-2 zpu e re_
sequent i 4 Irg} _a4dc#echi\L(tl(%’t %1%’ ng]n%? %)h%gﬁlénqlﬁt E‘ éwé‘szgt f@?ée)% or 75~ hout s
at roont gper at yge 40,41 of a'alFIonep, gdded d her hograngy the ¢ .66
resulting mxture was partitioned. e organic |ayer was washed wit
sat urat edfii ng), angh theppwas, goncentyAt ed pader osedyced) Pressire. 4o
The residue was purified by silica gel columm chromatography

(n- hexanegsy,ethyl acetate = 10:1), and thus 155 ng of the title
conpound was obtained. Yield: 61% 1H NVR(400MHZ, DMSO d6)6:1.10-1.41
(4H, m, Mk 1FAOHmM/®) 428 43+H]165 (3H, n), 1.66-1.83 (2H m,
1.98-2.16 (1H, m, 3.16-3.27 (2H, m, 3.70 (1H, dd, J = 9.5, 11.6
Hz), 4.4400881 dd, J = 7.2, 11.6 Hz), 4.51 (1H, d, J = 8.2Hz), 4.99
(1H, d, J =8.2 Hz), 7.05-7.14 (2H, m, 7.18-7.30 (2H, m, 9.71 (1H,

s). M5 (ExBypHez 2454 [MrH] [0103] Step 3 Producti on of
(R) - 3-am no-5-cycl ohexyl-1- (3, 3-di net hyl- 2- oxobutyl) -4, 5-di
hydr o- 1H-8&9£d[ b] [1, 4] di azepi n- 2(3H) - one 155 ng of

(R) - N-(5-cycl ohexyl-1- @®aA di net hyl- 2- oxobutyl)-2-o0x0-2, 3,4
,5-tetrahdeo-lH—benonqpcgl,4]d?éﬁegrh-s-yl)-Z,2,2-trif|uor

oacet am de cdﬁgﬁolvéﬁ_rﬁ*l.G nL,of toluene, and 1.6 nL of
concent r at édhydr ochl or iteluae¢ dwas @O0pBRr et 0. Subsequently, the

m xture was stirred for 3 hours at 60C. 10 nL of water was added to
the reaction liquid, and the resulting m xture was partitioned. The
organic |l ayer was further extracted with 10 nL of water. The aqueous
| ayer wa &g&?ined and ice-cool ed, and a 25% aqueous sol ution of
sodiun1hj& ifde was added to adjust the aqueous |layer to pH 10. The

aqueous | ayer gg%dﬁé E@ﬁ{ﬁg % 'Q%égéyi 10 mL of ethyl acetate, and

the ethyl acetate Tayer us obtainéd was washed with 10 nL of

—saturated yi Be AR HeR MR AYI0ENILARG AINICR ERdYaRE P essure. The

resi due was purlfle& by silica“ge ronatograghy hl or of orm :

net hanol = 20: &}, aandrbbus atkdcpheel t e st it be qanpeurgmas obtai ned.
Yield: 98% 1H NVR(400MHZ, DMSO-d6)15:1.11-2.00 (12H, nj, 1.17 (9H,

s), 3.052%i23d(38 - 2MecardoRd 1332 prbbucel, adca8dial, t6, a kiowh Gidtzlod

5.10 (1H, d, J = 8.0 Hz), 6.93 (1H, d, J = 7.5 Hz), 7.01 (1H, dd, J =

2.2, 6.3 (Hall.7cB@m7.23c (2pn ) 1978, 51, 1577) was dissolved in 18 mL
of toluene, and the scolution was cooled in é dry ice-acetone
bath. 1.7 gof potassiumcarbonate and 2.5 g of trifluorocacetic
anhydride were added to the solution, and fhe mixturewasdirectly
stirred for 3.5 hours. 18 mL of water was added to the reaction
liguid, and the resulting mixture was partitioned.
Subsequently, the organic layer was concentrated under reduced
pressure. The residue was purified by silica gel column

chromatography {(n-hexane : ethyl acetate = 10:1), and thus 1.2

g of the title compound was obtained. Yield: 44%.
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M5 (FAB) mlz 358 [M+H] + [0104] Step 4 Production of (R) -3- (3- ( 5
- cyclohexyl -1 - (3,3 - dinethyl -2 - oxobutyl ) -2 -oxo0-2 ,
3,4,5-tetrahydro-1H benzo [b] [1,4] diazepin-3-yl) ureido) benzo ic
acid nonohydrate 740 ng of (R) -3 -amno-5 - cyclohexyl-1 - (3,3

-di met hyl-2 -oxobutyl) -4,5-di hydro-1H benzo [b] [1,4] diazepin-2
(3H) -one was dissolved in 4 nL of dinethyl sulf oxide, and 810 p.L
of triethylam ne and 532 ng of 3- (phenoxycar bonyl am do) benzoi ¢ acid
wer e adde lut i Lhes mxt & stlrre

60C. Unde?jI ?qgg gggﬁﬁ?lz b@(@g )95 Z)e(tﬂ}r%no 9 50{% )2 h‘?% aqﬁfeous
sol uti on pf j1)édl’50(§h|Her c3a%|7d \_Amr egaddgd_ tgegetg 9dﬁg th@ beskging

m xture was stirred ovérnight. A’solid preci pitate herefrom was

col l ectedy by £.id taAt,| ah,0oantasy Waphed; W tihy et hanpd Iwad er (£d/ ) .

Thus, 780 ng of the title corrpound was obt ai ned. Yield: 70%

1H NNR(4®/Q§VHZ?‘AE3|VW2d@)'ﬁ1 1M35)%. 28 (2H, m , 1.18 (9H, s), 1.31-1.42
(21-1, m, 1.47-1.70 (44, m, 1.72-1.80 (1H, m, 1.96-2.02 (1H m,
3.08-3. 4600381 m, 4.34-4.42 (2H, m, 5.12 (1H, d, J = 8.1 Hz), 6.61
(1H, d, J =7.4 Hz), 7.01 (1H, dd, J=1.0, 7.9 Hz), 7.06-7.12 (1H,
m, 7.23Exa@Ple&38, m, 7.46-7.50 (2H, m, 7.989(1H, t, J= 1.8 Hz),
9.03 (1H, s), 12.92 (1H, brs) . M5 (FAB) mz 521 [ MtH F [0105] Step 5
Product i d9lcal ci um

(R) -3-(3-(5-cycl ohexyl-1-(3, 3-di net hyl- 2- oxobutyl) - 2- oxo- 2,
3,4,5-tetrahydro-1H benzo[b] [1, 4] di azepi n-3-yl ) urei do)benzo ate 220

of
g @NHCBZ' NHChz ﬁ o)
Ox-CFs ©: co,Bn| H2 E:I j"'NHTFA
NH T - N Pd/C .
CO.Bn toluene | NHTFA
ShE et N ChENNG

(0]
Br\)\K O
0 PhORN CO:H
K.sCO, N O
—_— TBAB cHCI
_— - UINHTFA —— ©: *'"NH,
toluene DMSO

:K\Nf ”E?oﬂHﬂo :X\\N i
SO Yy Q
0

o o 7

[0100]
Production of calcium
(R)-3-(3-(5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl)-2-ox0-2,

3,4,5-tetrahydro-iH-benzo[b] [1,4]diazepin-3-yl)ureido)benzo
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(R -3- (3- (5-cyclohexyl-1- (3, 3-dinethyl-2-oxobutyl) -2-o0xo0-2 ,
3,4,5-tetrahydro-1H benzo[b] [1, 4] di azepi n-3-yl)ureido)benzo ic acid
nonohydrat e was suspended in 2.2 nL of ethanol, and dissol ved by
addi ng 264 pi of concentrated agueous amoni a under ice cooling. 220
I'AL of an aqueous solution of 30.5 ng of cal ciumchloride was added
to the reaction liquid, and the m xture was stirred for 30 m nutes.
Wat er was added to the m xture, and a powder precipitated therefrom
was col | ccteed by filtration. The powder coll ectedby filtrati onwas
washedw t'h"am xed sol vent of water : ethanol = 2:1, and thus 210 ng
of the title c%ﬁggpgg was obtained. Yield: 9296. 1H NVR(400MHZ

DMSO- d6) 5:0.94-1. (38H, m, 3.21-3.44 (6H, n), 4.36-4.43(4H, m,
m,7.52-7. 56( 4L MoRAR) Mg 1079 5.12 m), [MtH (211, 7.90
d),6.77(211,d),7.00-7.29 (2H,s),9.16(211,s). (1011, [0106] Exanpl e
4 [0107] (R)-N-(1-cyclohexyl-4-oxo-2,3,4,5-tetrahydro-14-benzo [b] [1,

4]diazepin-3-yl)-2,2,2-trifluorcacetamide

324 mg of benzyl 2- (cyclohexylamino)phenylcarbamate
obtained according to the method described in Example 1 and 273
mg of (R)-benzyl
1-{(2,2,2-trifluorcacetyl)aziridine-2-carboxylate obtained
according to the method described in Example 2 were dissolved
in 1.45 mL of toluene, and the solution was heated to reflux
for 2 hours. Thus, a toluene solution of (R)-benzyl
3-({2- (benzoyloxycarbonylamino)phenyl) (cyclcochexyl)amino) -2-
(2,2,2-trifluorcacetamide)propionate was obtained.

Furthermore, a portion of the reaction liquid was taken
and purified by column chromatography (n-hexane : ethyl acetate
=10:1). Thus, it was confirmed that the product was (R} -benzyl
3-{{(2-{benzoyloxycarbonylamino)phenyl) (cyclohexyl)amino) -2-
{2,2,2-trifluorcacetamido) propionate.
"H-NMR (4 00MHZ, DMSO-d;)6:0.88~1.17 (5H, m), 1.46-1.53 (1H, m),
1.60-1.68 (2H, m), 1.70-1.78 (2H, m), 2.52-2.61 (1H, m}, 3.42
(1, dd, J = 8.9, 13.3 Hz), 3.58 (1H, dd, J = 5.8, 13.3 Hz),
4.09-4.15 (1H, m), 5.02-5.21 (4H, m), 7.01-7.06 (1H, m},
7.12-7.1% (2H, m), 7.22-7.46 (11H, m), 7.91 (1H, d, J = 8.0 Hz),
9.92 (1H, d, J = 7.6 Hz).
MS (FAB) m/z 598 [M+H]"

The toluene solution of (R)-benzyl
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[ 0108] Pr oduction of

(R) - 3-am no- 5-cycl ohexyl1-1- (3, 3-di net hyl- 2- oxobutyl) -4, 5-di

hydr o- 1H benzo[ b] [1, 4] di azepi n-2(3H) - one 800 ng of benzyl

2- (cycl ohexyl am no) phenyl (3, 3-di net hyl-2- oxobutyl ) carbamat e obt ai ned
according to the nethod described in Exanple 1, and 517 ny of

(R) -benzyl 1-(2,2,2-trifluoroacetyl)aziridine-2-carboxyl ate obtai ned
according to the nethod described in Exanple 2 were dissolved in 2.74

g1r_1 2\]; ;?Lnsgﬁzer@%‘{}ﬁ&@ég% r?\éﬁgn#l%ﬁ on %‘& %}%ﬁj é)}{yf) Aot 12

3- ((2-((h sz)ﬂ-oe&ylcﬁmyal&ét?ar&cﬂd) {?ﬁ%%%&t&%iéﬂé@%@colﬁ”yﬁd

(cycl ohexyl "y ‘ami no) (2,2,2 -tri oroacetam do) propi 0 nate was

obt ai ned.gomg of 10&541@am@ea9b@ﬁr @R rHortht S8L 1,88 dddad ﬂ'lé’@éto
taken and purified by colum chromat ography (n- hexane : ethyl

acet at e Tukkeghent IFUSshe tmwasuwORfdd nedh #hed e 19 adiicts VWS £ddm
-benzyl 3- ( (2 - ( (benzoyl oxycarbonyl ) (3,3 -dinethyl -2 -

oxobut yl Yermparauye hany lhydrogesl ahapgphiram mie «x2actd . 2iguid was
-trifluoroacetam do) propio nate . 1H NWR (400MHZ, DVsO-d6) 6 : O .
51-1 . 7&i(ltetedpnd @oBdet dtéd Hndygr 8e80¢8A59(ddtuye 3270 8had i,
m, 4.05-4.23 (1H, m, 4.67-5.20(6H m ,6.98-7.41 (14H,
re51dmawaspurlfledlnfcolumnchromatography(n—hexane : ethyl
acetate=10:1). Thus, 312mgof thetitle compoundwas ocbtained.
Yield: 88%.
'H-NMR (4 0OMHZ, DMSO-dg)5:1.10-1.42 (4H, m), 1.49-1.68 (4H, m),
1.72-1.81 (1H, m), 1.94-2.02 (1H, m), 3.19-3.27 (1H, m), 3.34
(1H, dd, J=6.9, 10.3 Hz), 3.62 (1H, t, J=10.3 Hz), 4.31-4.39
(1H, m), 7.00-7.03 (2H, m), 7.11-7.20 (2H, m), 9.69 (1H, 4, J
= 8.1 Hz), 9.86 (1lH, s).
MS (FAB) m/z 356 [M+H]®
[0101]

Furthermore, when the reaction is completed in 2 hours,

and the reaction liquid is purified by column chromatography
{(methanol : chloroform = 1:10),
(R)—3—((2—aminophenyl)(cyclohexfl)amino)—z—(2,2,2—trifluoro
acetamido)propionic acid can be cbtained.
'H-NMR (400MHZ, DMSO-dg)5:0.97-1.43 (5H, m), 1.47-2.01 (5H, m),
2.63-2.72 (14, m}), 3.36 (1H, dd, J = 8.1, 13.6 Hz), 3.55 (1H,
dd, § =5.0, 13.6 Hz), 4.10-4.18 (1H, m), 6.50-6.58 (1H, m),
6.68 (1H, dd, J = 1.4, 7.8 Hz), 6.81-6.86 (1H, m), 7.00 (1H,
d, Jd = 7.8 Hz), 9.56 (1lH, brs).

MS (FAB) m/z 374 [M+H]"
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m , 9.80-9.91 (1H, n) . MS(FAB) niz 696[ MtH] [0109] The

t ol uene solution of (R) -benzyl 3- ( (2 - ( (benzoyl oxycarbonyl )
(3,3 - dinmethyl -2 - oxobutyl ) amno) p henyl) (cycl ohexyl) am no)
-2- (2,2,2 - tri f luoroacetam do) propio nate was |left to cool, and
260 ng of 10% pal | adi um carbon (water content 53% was added to the
sol ution. Subsequently, the m xture was stirred for 4 hours at room
tenperature in a hydrogen atnosphere, and thus a toluene sol ution of
(R -3- (@yfdéz)lhexyl- (2- ( 3,3 - dinethyl-2 - oxobutylam no) phenyl)
a mno) -2-(2,2,2 -trifluoroacetam do) propionic acid was obtai ned.
Furthernore, afuti-on of the reaction liquid was taken and purified
by colum chromat 6graphy (chloroform: nmethanol = 10:1) . Thus, it

was confirmed thalagddie gy educt was (R) -3- (cyclohexyl- (2- ( 3,3 -
di rethyl -2 - oxobutyl am no) phenyl) a
(R) -N- (5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl) -2-0x0-2,3,4
, 5-tetrahydro-1H-benzo[b] [1,4]ldiazepin-3-yl1)-2,2,2-trifluor
cacetamide

200 mg of
(R} -N~ (1l-cyclohexyl-4-0x0-2,3,4,5-tetrahydro-1H-benzo[b] [1,
4]diazepin-3-yl)-2,2,2-trifluorcacetamide was dissolved in 2
mL of toluene, and 94 mg of potassium carbonate, 9 mg of
tetrabutylammonium bromide, and 91 uL of
l1-bromo-3,3-dimethyl-2-butanone were sequentially added to the
solution. Themixturewasstirredfor5hoursatroomtemperature,
10 mL of water was added thereto, and the resulting mixture was
partitioned. Thebiganiclayerwaswashedwithsaturatedbrine,
and then was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (n-hexane :
ethyl acetate = 10:1), and thus 155 mg of the title compound
was obtained. Yield: 61%.
'H-NMR (400MHZ, DMSO-ds)85:1.10-1.41 (4H, m), 1.15 (9H, s},
1.43-1.65 (3H, m), 1.66-1.83 (2H, m), 1.%98-2.16 (1H, m),
3.16-3.27 (2H, m), 3.70 (1H, dd, J = 9.5, 11.6 Hz), 4.44 (1H,
dd, J = 7.2, 11.6 Hz}, 4.51 (1H, d, J = 8.2Hz), 4.99 (1H, 4,
J =8.2 Hz), 7.05-7.14 (2H, m), 7.18-7.30 (2H, m), 92.71 (1H,
s) .
MS (FAB) m/z 454 [M+H]"

[0103]
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m no)-2-(2,2,2-trifluoroacetam do)propionic acid. 3-11-NVR(400VHZ,
DVSO- d6) 5: 0. 84-1.98 (19H, n), 2.51-2.64 (1H, nm), 3.23-4.33 (5H, m,
5.46 (1H, brs), 6.55-6.67 (2H, m, 6.97 (1H t, J = 7.4 Hz), 7.10
(1H, d, J = 7.8 Hz), 9.39 (1H, d, J = 8.2 Hz), 12-88-13.44 (1H, brs).
M5 (FAB) mlz 472 [WMH] [0110] The tol uene sol ution of

(R) - 3-(cycl ohexyl - (2- (3, 3-di net hyl- 2- oxobut yl am no) phenyl )a m na) -2-
(2, 2, 2 -trifluoroacetam do) propionic acid was directly heated to
80C, and the s@tléﬁj% was stirred for 4 hours. After being left to
cool, the reactionr ITquid was filtered, and thus a toluene solution

of (R)-N-(5- cy@%&%ﬁﬁ (O% 3-di nmet hyl- 2- oxobutyl) - 2- oxo-2, 3,4
5-tetrahydro- 1H benzo [1, 4] di azepin-3-y1)-2,2,2-trifluor

oacet am d@)@&r@rﬁ!%yclohexy’l’:—ﬂr—? her Iy fne thPOIE 1 QR JNE 4 561
reaction liquid was takén and purified by col urm chromat ography
(n-gexanmydﬁm_megcag@ A, 10 diazeldius,2 (3umasneonfirmed that the
product was

(R) - N-(5-cycl ohesy Inql (£3, 3- di net hy1- 2- oxobut y1) - 2- oxo0- 2, 3, 4
5-tetrahydro- 1H benzo[b] [1, 4]di azepin-3-y1)-2,2,2-trifluor

oacet am d&) {NG1(BHcyclohexy2. -M4 (H, ofdiowrideritr2atediuwdrioctd -arsia- 2,0 d
was added to the toluene solution of

(R) - N- ( 5-Gydlediatypre (13 -hatiavetyl Al chenapin -~2-X0-2,23, 2 trifluor
5-tetrahydro-1H benzo[ b] [1, 4] diazepin-3-y1)-2,2,2-trifluor

oacet ani P&CeARPidfe WSk CdEENS S iPr el 'I“groﬁ belnengt &uk, 1 Thenl of

m xture was |l eft to cool, subsequently 50 pL of water was _added
Cher et o, AR TIE RO BFE AL Par RET OHad 2oHRe bREBRTG - | Apksqmiently,

f h dwith 50 nL of . .Th | i ned
bnd oo 58 B ks B5IE R dBror BPUCSIRI R oA R ARHAE
t dj h | H.10.. -Th t ted
i ce i (oo Tty et Pl § i o' Ra 8RS P e SR RES B T
obt ai nedg‘tﬁgﬁti A W £120, g, pf %ﬁyér*{]%‘asdfg LRga0d yas edd%jyth 10

concentr under reduced pressur e resiaue was puritie

silica gl olfr QERESAr 2PhY 4§eenof piyRr wEBl ha@ire2Arl 1 andddies,
419 ny of the title conpound was obtained. Yield: 62% [0112] Exanple

5 and a 25% aqueous solution of sodiumhydroxide was added to adjust

the aquebus layer to pH 10. The aqueous layer was extracted
twice with 10 mL of ethyl acetate, and the ethyl acetate layer
thus obtained was washed with 10 mL of saturated brine and then
was concentrated under reduced pressure. The residue was
purified by silica gel chromatography (chloroform : methanol
= 20:1), and thus 119 mg of the title compound was obtained.
Yield: 98%.

1H—NMR(4OOMHZ, DMSO-dg) $:1.11-2.00 (12H, m), 1.17 {(9H, s),
3.05-3.23 (3H, m), 3.27-3.32 (1H, m), 4.28 (1H, d, J = 8.0 Hz),
5.10 (1H, 4, J = 8.0 Hz), 6.93 (1H, 4, J = 7.5 Hz), 7.01 (1H,
dd, J = 2.2, 6.3 Hz), 7.02-7.23 (2H, m).

MS (FAB) m/z 358 [M+H]®

[0104]
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[0113] [ 0114] Production of tert-butyl

2- (cycl ohexyl am no) phenyl car bamat e Reactions were carried out
I n the sane manner except that di-tert-butyl dicarbonate was used in
pl ace of benzyl chlorocarbonate of Exanple 1, and thus the title
conmpound was obtained. Yield: 86% 1H NVR(400MHZ,

DVSO-d6) 5:1.11-1.25 (3H, m, 1.28-1.40 (2H, m, 1.45 (911,
s),1.55-1.63 (1H, m, 1.67-1.74(2H,m,1.88-1.96 (211, m,

Step 4

Production of
(R)-3-(3-(5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl}-2-o0oxo0-2,
3,4,5-tetrahydro-1H-benzo[b] [1,4]diazepin-3-yl)ureido) benzo
ic acid monohydrate

740 mg of
(R} -3-amino-5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl)-4,5-di
hydro-1H-benzo [b] [1,4]diazepin-2 (3H) -one was dissolved in 4 mL
of dimethyl sulfoxide, and 810 pL of triethylamine and 532 mg
of 3- (phenoxycarbonylamido)benzoic acid were added to the
solution. The mixture was stirred for 2 hours at 60°C. Under
ice cooling, 7.4 mL of ethanol and 7.4 mL of a 1 N agqueous solution
of hydrochloric acid were added thereto, and the resulting
mixture was stirred overnight. A solid precipitated therefrom
was collected by filtration, and was washed with ethanol /water
(1/1) . Thus, 780 mg of the title compound was obtained. Yield:
70%.
'H-NMR (400MHZ, DMSO-dg)5:1.13-1.28 (2H, m), 1.18 (9H, s),
1.31-1.42 (2H, m), 1.47-1.70 (4H, m), 1.72-1.80 (1H, m),
1.96-2.02 (1H, m), 3.08-3.46 (3H, m), 4.34-4.42 (2H, m), 5.12
(1§, d, J = 8.1 Hz), 6.61 (1H, d, T = 7.4 Hz), 7.01 (1H, 44,
J=1.0, 7.9Hz), 7.06-7.12 (1H, m}, 7.23-7.34 (3H, m}, 7.46-7.50
(2H, m), 7.989(1H, t, J=1.8Hz), 9.03 (1H, s), 12.92 (1H, brs).
MS (FAB) m/z 521 [M+H]"*
[0105]

Step 5

Production of calcium
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10-3.2
J - 8
H s).
[0117]

(R-N(1
4] di azep

3.
d,
(1

1(1H, m), 4.55 (111, brs),6.51(1H,t,J = 7.5 Hz), 6.61 (1H,
.2 Hz), 6.91-6.96 (111, m, 7.13 (111, d, J = 7.5 Hz), 8.35
MS (FAB) mz 291 {M+H [0115] Exanple 6 [0116] 13h
Producti on of
-cycl ohexyl- 4- oxo- 2, 3, 4, 5-tetrahydro- 1H benzo[ b] [1,
In-3-yl1l)-2,2,2-trifluoroacetam de Step 1

(R} -3-(3-(5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl) -2-o0x0-2,
3,4,5-tetrahydro-1H-benzo([b] [1,4]diazepin-3-yl)ureido}benzo
ate
220 mg of

(R)-3-(3-(5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl)-2-ox0-2,
3,4,5—tetrahydro—1H—benzo[b][1,4]diazepin—B—yl)ureido)benzo
ic acid monohydrate was suspended in 2.2 mL of ethanol, and
dissolved by adding 264 ML of concentrated aqueous ammonia undex
ice cooling. 220 ulL of an aqueous solution of 30.5 mg of calcium
chloride was added to the reaction liquid, and the mixture was
stirred for 30 minutes. Water was added to the mixture, and
a powder precipitated therefrom was collected by filtration.
The powder collectedby filtrationwas washedwithamixed solvent

of water : ethanol = 2:1, and thus 210 mg of the title compound

was obtained. Yield: 92%.

"H-NMR (400MHZ, DMSO-3g) 5:0.94-1.96 (38H, m}, 23.21-3.44 (6H, m),
4.36-4.43 (4H, m), 5.12 (2H, d), 6.77 (2H, d), 7.00-7.29 (10H,
m), 7.52-7.56 (4H, m), 7.90 (2H, s), 9.16 (2H, s}.

MS (FAB) m/z 1079 [M+H]~

folos]

Example 4

[0107]
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Production of (R)-benzyl
3- ((2-am nophenyl ) (cycl ohexyl )am no)-2-(2,2,2-trifl uoroacet
Reactions were carried out

in the sane

am do) pr opi onat e

manner excep

t that tert-butyl 2-

(cycl ohexyl am no) phenyl car banat e

produced by the nethod described in Exanple 5 was used in place of

benzyl
t ol uene sol u

tion of (R)-benzyl

2- (cycl ohexyl am no) phenyl car bamate of Exanple 3. Thus, a

3-((2-(tert-butoxycarbonyl am no) phenyl) (cycl ohexyl)am no)-2

(2,2,2-trifl acet am de) pr opi onat ¢ t ai ned.

FurthernDre al portion of the reaction I[quid was taken and puffified

by col um cho tography (n- hexane e acetate =10: T% ~ It

was confirmeg 2t pduct was (R)- beq&%

3-((2- (tert y oxycarb nyl am na)ypheny 5hexy|)a ' 24!; NH
(2,2,2-tr|f oroacet a OJEAPIcARAL €- , d6 0. 87

(5H, m, 1.43 (98 s), .4-1.5ﬁu£ﬁﬁ-| m, N16 1.81 (4H, M), N’B\i’coz"'
2.51-2.62 (1H, 3.42 (1H, ddh J £ 9.4 .BHHA | 3. 1H, JRHTFA
5.4, 13.2 Hz), p7-4.14 (1H, m, 5]09 ( d, J = : ), 5

(1H, d, J = 12. 7 Hz), 6.98-7.07 (1H-m, .10-7 20 7. . 28
(1H, n), 7.30-7.43 (5H, m, 7.88 (1H d, J 8.1 Hz), 9. 92 (1H, d, J

= 7.8 Hz). M5 (FAB) niz 564 [ M-H] 1. 6 nm. of concentrated

hydrochl oric aci d_was added to the toluene solution of (R)-benzyl

3-((2 (tert-butoxy onylanlno)p1enyl)(cy | ohexyl ) am no) - 2
(2,2,2-trifluoroacetam do) propi onate, and e mxture was stirred for
4.5 hours at 65C. AkTen the mxture was le to cool, a saturated

aqueous sol ut hon|of ~goN-wn bi car bpnat e wa® adgedPt o adj ust the pH of
ii—q @' 10). fpgeA hen HEE 6Rgdni 6 | al_éer was separ at ed.
s sat ur atle

t he reaction
The organic
resi due was
acetate = 8:
Yield: 56%

| &y e

purif/i
1). Thus,
1H NVR( 48

ne

[0108]

(R)

hydro-1H-benzo [b] [1,4]diazepin-2(3H)

Production of

-3-amino-5-cyclohexyl-1-

800 mg of benzyl 2-

romat ogr aphyN(n- hexane :

Dr i nd then the

et hyl

title cppapound was obt ai ned.
. DVBO- dF) 6: 0. 91- (511, M, 1. 45-1. 90

(3,3-dimethyl-2-oxocbutyl) -4,5-di

-one

(cyclohexylamino) phenyl

(3,3-dimethyl-2-oxobutyl) carbamate obtained according to the

method described in Example 1,

and 517 mg of (R}-benzyl

1-(2,2,2-trifluorcacetyl)aziridine-2-carboxylate obtained

according to the method described in Example 2 were dissolved

in 2.

for 4 hours in an Ar atmosphere.

(R)
3-((

74 mL of toluene,

-benzyl

2- ( (benzoyloxycarbonyl)

and the solution was heated to reflux

Thus, a toluene solution of

(3,3-dimethyl-2-oxobutyl)amino)p
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(511, m,

2.59-2.70(111, M), 3.47-3.71 (211, n), 4.20-4.39 (111, m,

4.68-5.12(311,n),7.05-7.40 (911, m), 9.81-9.90 (111, brs). MS(FAB)

m z 464[ MtHr

henyl) (cyclchexyl)amino) -2-(2,2,2-trifluorcacetamido) propio
nate was obtained.

Furthermore, a portion of the reaction liguid was taken
and purified by column chromatography (n-hexane : ethyl acetate
=10:1). Thus, it was confirmed that the product was (R) -benzyl
3-{(2-((benzoyloxycarbonyl) (3,3-dimethyl-2-oxobutyl)amino)p
henyl) (cyclohexyl)amino) -2-(2,2,2-trifluoroacetamido) propio
nate.

'"H-NMR (400MHZ, DMSO-dg)5:0.51-1.78 (19H, m), 2.80-3.01 (1H, m),
3.39-3.59 (1H, m), 3.70-3.80 (1H, m), 4.05-4.23 (1H, m},
4.67-5.20 (6H, m), 6.98-7.41 (14H, m), 9.80-9.91 (1H, m).
MS (FAB) m/z 696 [M+H]"

[0109]

The toluene solution of (R)-benzyl
3—((2—((benzoyloxycarbonyl)(3,3-dimethyl~2-oxobﬁtyl)amino)p
henyl) {(cyclohexyl)amino) -2~ (2, 2, 2-trifluorocacetamido) propio
nate was left to cool, and 260 mg of 10% palladium-caxrbon (water
content 53%) was added to the solution. Subsequently, the
mixture was stirred for 4 hours at room temperature in a hydrogen
atmosphere, and thus a toluene sclution of
(R) -3- (cyclohexyl-{2-(3,3-dimethyl-2-oxobutylamino) phenyl)a
mino) -2-(2,2,2-trifluorocacetamido)propionic acid was
obtained.

Furthermore, a portion of the reaction liquid was taken
and purified by column chromatography (chloroform : methanol
= 10:1). Thus, it was confirmed that the product was

(R} -3-({cyclohexyl-(2-(3,3~-dimethyl-2-oxobutylamino)phenyl)a
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[0118] Step 2 Pr oducti on of

(R -N-(1-cycl ohexyl-4-oxo-2, 3,4, 5-tetrahydro-1H benzo[b] [1,

4] di azepi n-3-yl1)-2,2,2-trifluoroacetam de 400 ng of
(R) - benzyl

3-((2-am nophenyl ) (cycl ohexyl )am no)-2-(2,2,2-trifl uoroacet

am do) propi onate was dissolved in 4 nL of toluene, and 260 ng of 10%
pal | adi um carbon (water content 53% was added to the sol ution.

Subsequentd v, ;gw_eig%tﬂ&ffﬁéuéee@a%%oﬂrpg% S Al d Opm

tenperature 1'n a

‘ogen "at’'nospher e. ron Tiqurd was

filterediapirne OMH'zlt, rﬁ«ﬁé‘ol’%ﬁ SO:TLHHLS’;J ad oy (£l UM ,CHI 911BS 0L JRRY, m)

(chl orof orm: nethano

(R) - 3- (cyclohexyds ((Bu( 3nB; & .mRt hyhk- expbut ¥lsaki 2a) phe

= 10:1).
N¥)),a6.97 (1H,

m no)-2-(2,2,2-trifluoroacetam do) propionic acid was obt ai'ned. [0119]
Exanpl e & [ Q1207 .4NeBpe NO2o MerrcHE, NHEFAL ol menge o [ 2%, Pagducti om

of

Hz), 12-88-13.44 (1H, brs).
MS (FAB) m/z 472 [M+H]"
[0110]

The toluene solution of
(R) -3~ (cyclohexyl- (2-(3,3-dimethyl-2-oxobutylamino)phenyl)a
mino) -2-(2,2,2~-trifluorcacetamido)propionicacidwas directly
heated to 80°C, and the solution was stirred for 4 hours. After
being left to cool, the reaction liquid was filtered, and thus
a toluene solution of

(R} -N- (5-cyclohexyl-1-(3,3-dimethyl-2-oxcbutyl) -2-ox0-2,3,4

,5-tetrahydro-1H-benzo[b] [1,4]diazepin-3-yl)-2,2,2-trifluor

oacetamide was obtained.

Furthermore, a portion of the reaction liquid was taken
and purified by column chromatography (n-hexane : ethyl acetate
= 10:1). Thus, it was confirmed that the product was
(R) -N- (5-cyclohexyl-1-(3,3-dimethyl-2-oxobutyl)-2-ox0-2,3,4
, 5-tetrahydro-1H-benzo[b] [1,4]diazepin-3-y1)-2,2,2-trifluor
ocacetamide.

[0111]

2.74 mL of concentrated hydrochloric acid was added to
the toluene solution of
(R) -N- (5-cyclohexyl-1-(3,3-dimethyl-2-oxcbutyl)-2-ox0-2, 3,4

,5-tetrahydro-1iH-benzolb] [1,4]diazepin-3-yl)-2,2,2-trifluor
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(R -N- (1 -cycl ohexyl-4 -oxo-2,3,4,5- tetrahydro-1H benzo [o0] [1
41di azepin-3-yl) -2,2,2-trifluoroacetam de Step 1 Production of (R

- met hyl 3- ( (2- (tert -butoxycarbonylam no) phenyl)
(cycl ohexyl) amno) -2 - (2,2,2- trifluoroacetamn do) propionate
Reactions were carried out in the same manner except that tert-butyl
2- (cycl ohexyl am no) phenyl carbamate produced by the nethod descri bed
in Exanple 5 and (R) -nethyl 1- (2,2,2 - trif luoroacetyl ) az

e di .
Chem | ot A S PGt ‘JF‘%OE%% Totns, 857 Fosocc.
(cycl ohexyamiR@ fheRY ¢aFPapgt &&nd éﬁgse#HEH%Q %D ﬁ% 8fyater was

-trifluoroacetyl) az iridine -2 - carboxyl ate of Exanple 3. Thus, the

title corguuuy vars-y alaprd thél kgt ufaYeawatHpbBMRI 49BNEE, The organic
DVBO- d6) 6: 0. 91-1. 04 (1H, m), 1.06-1.25 (4H ), 1.44 (9H, b)Y,

1.48- 1. 56 dyidt wa)s, fhrGhel. 8Rtidbtel) wih426 16D H WHE ). ,Tﬁe%ﬂqdédnhs
dd, J = 9.1, 15.2 Hz), 3.56 (1H, dd, J = 5.8, 13.3 Hz), 3.64 (3H, s),
4.09- 4. 78 ayEt wals, c6mB8n2d0dnd e Mpooldd 13 A 2HY tgudoms7s@lhkz)on o881
(1H, dd, J =1.11 7.9 Hz), 7.66 (1H, s), 7.88 (1H, d, J = 7.9 Hz),

9. 89 (1Hss)iunvBydeaB)idy xas88dieHEo] 6d22ptSthp 2uPeodsciayar ofo ¥R)
-N- (1-cycl ohexyl-4-0ox0-2 , 3, 4 , 5-tetrahydro-1H benzo [b] [1
4] di azepilt-3- Jip- 2aveous r1gyip Madsc 8KhrpgEed w:Lcezm:ztwoomL(@; Q@YFS/I

3-((2-(tert- butoxycarbonylanlno hen cyclohexyllanlno -
2, 2, 2- B9FYATS0 80t RRPUBY Y %ﬁ%'ryeev&a?g/ soysvRRtRATEA RS Véﬁshed
tgluene 4&4019% f nc ﬁ%rated(¥ drochl ori.c cug S add
the sol utt A A BF PP AP BrS iR ot o B Brpesdiicd
b S A SR B UL A
. et hyl 21 th 5 t QHﬂ91¥ﬁ§
ob?alﬁed Ie fb A) Pﬁf%%ﬁ hhus ;339 § ”gaﬁﬁ Eﬂﬁs 4i§Qm§qu e
compound was obtained. Yield: 62%.
[0112]
Example 5

[0113]
NH, NHBoc
O™ me (X
NH Et;N NH

[0114]

Preoduction of tert-butyl
2- (cyclohexylamino)phenylcarbamate

Reactions were carried out in the same manner except that
di-tert-butyl dicarbonate was used in place of benzyl
chlorocarbonate of Example 1, and thus the title compound was

obtained. Yield: 86%.

39



Exanple 8 [0124] N2 0.),,CF2 itcogln tolueneKL NHTFA ref ux 15h
[0125] Production of (R) -benzyl 3- (cyclohexyl - (2-nitrophenyl)
amno) -2- (2,2,2 - trif luoroaceta m do) propionate

Reactions were carried out in the same manner except that N

cycl ohexyl-2 -nitroaniline produced by a known nethod (J. Chem Soc .
, 1957, 4559) was used in place of benzyl 2- (cyclohexylam no)

phenyl carbamate of Exanple 3, while the tinme of heating under ref | ux

Vieldr 105 MR AR ORS¢ 6 1786 Thon g s b4
(1H m 3 5% 1fddsy =8 8514 d3Hdu, %7164 H4= (21, wm), 1.88-1.96
(2H, m), 3.10-3.21 (1H, m), 4.55 (1H, brs), 6.51 (1H, t, J =
7.5 Hz), 6.61 (1H, d, J = 8.2 Hz), 6.91-6.96 (1H, m), 7.13 (1H,
d, J = 7.5 Hz), 8.35 (1H, s).
MS (FAB) m/z 291 [M+H]*
[0115]
Example 6

[0116]

NH.

©:NHBOO NHBoc
Oxy-CFs @ CO,Bn ©: A~ _LO:Bn
HCI 2
NH ﬁr —— N/\t/ 2 C N H
N _c0o,Bn toluene NHTFA NHTFA
reflux
2h

H 0
4 N
PAIC @ - INHTFA
e N
13 h (

[0117]
Production of
(R) -N- (1-cyclohexyl-4-0x0-2,3,4,5-tetrahydro-1H-benzo [b] [1,
4]diazepin-3-yl)-2,2,2-trifluorocacetamide
Step 1
Production of (R)-benzyl
3-{{(2-aminophenyl) (cyclohexyl)amino) -2~ (2,2, 2-trifluorocacet

amido)propionate
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~N 1 O1

.6, 14.1 Hz),4.32-4.42(1H,n),5.04(1H, d, J = 12.7 Hz), 5.13 (1H d,J
12.7 HZ),7.20-7.45(6H, M, 7.49 (1H,d,J = 7.2 Hz),
.55-7.60(1H m, 7.76(1H dd, J = 1.5, 8.1 Hz), 9.58 (1H,

Reactions were carried out in the same manner except that
tert-butyl 2- (cyclohexylamino)}phenylcarbamate produced by the
method described in Example 5 was used in place of benzyl
2-{cyclohexylamino)phenylcarbamate of Example 3. Thus, a
toluene soclution of (R)-benzyl
3-({2-(tert-butoxycarbonylamino)phenyl) (cyclohexyl)amino} -2
-(2,2,2-trifluorcacetamide) propionate was obtained.

Furthermore, a portion of the reaction liquid was taken
and purified by column chromatography {(n-hexane : ethyl acetate
=10:1). Thus, it was confirmed that the product was (R) -benzyl
3-((2-(tert-butoxycarbonylamino)phenyl) (cyclohexyl)amino) -2
-(2,2,2-trifluorcacetamido) propionate.

"H-NMR (4 00MHZ, DMSO-dg)35:0.87 (5H, m), 1.43 (9H, s), 1.47-1.55
{({1H, m), 1.63-1.81 (4H, m), 2.51-2.62 (1H, m), 3.42 (1lH, dd,
J=9.4, 13.2 Hz), 3.60 (lH; dd, J= 5.4, 13.2 Hz), 4.07-4.14
(1H, m), 5.09 (1H, 4, J = 12.7 Hz), 5.17 (1H, 4, J = 12.7 Hz),
6.98-7.07 {(1H, m), 7.10-7.20 (2H, m), 7.22-7.28 (1H, m),
7.30-7.43 (5H, m), 7.88 (1H, 4, J = 8.1 Hz), 9.92 (1H, 4, J =
7.8 Hz).

MS (FAB) m/z 564 [M+H]"

1.6 mL of concentrated hydrochloric acid was added to the
toluene solution of (R)-benzyl
3-((2-(tert-butoxycarbonylamino) phenyl) (cyclohexyl)amino) -2
-(2,2,2-trifluorcacetamido) propionate, and the mixture was
stirred for 4.5 hours at 65°C. After the mixture was left to
cool, a saturated aqueous solution of sodium bicarbonate was

added to adjust the pH of the reaction liquid to 10, and then
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d, J =8.0 Hz). M5 (FAB) niz 494 [MH [0126] Exanple 9 [0127]
NHBocNH2 4N HCO /AcOEt N.N... . .., (...002M + i NCO2Me tol ueneRHTsrt,
2h refluxa AHTs "I NHTs | C2CO3 TBAB tol uene 48% HBr JI NHTs. " NH2

the organic layer was separated. The organic layer was washed
with saturated brine, and then the residue was purified by column
chromatography (n-hexane : ethyl acetate = 8:1). Thus, 477 mg
of the title compound was obtained. Yield: 56%.
"H-NMR (400MHZ, DMSO-dg)5:0.91-1.24 (5H, m), 1.45-1.90 (5H, m),
2.59-2.70 {1H, m}, 3.47-3.71 (2H, m), 4.20-4.39 (1H, m),
4.68-5.12 (3H, m), 7.05-7.40 (9H, m), 9.81-9.90 (1H, brs).
MS (FAB) m/z 464 [M+H]*
[0118]

Step 2

Production of
(R) -N- (1-cyclohexyl-4-oxo-2,3,4,5-tetrahydro-1H-benzo [b] [1,
4]diazepin-3-v1)-2,2,2-trifluorcacetamide

400 mg of (R)-benzyl
3-((2-aminophenyl) {cyclohexyl) amino) -2- (2,2, 2-trifluorocacet
amido)propionate was dissolved in 4 mlL of toluene, and 260 mg
of 10% palladium-carbon (water content 53%) was added to the
solution. Subsequently, the mixture was stirred for 13 hours
at room temperature in a hydrogen atmosphere. The reaction
liquid was filtered, and the filtrate was purified by column
chromatography (chloroform : methanol = 10:1). Thus,
(R} -3-(cyclohexyl- (2-(3,3-dimethyl-2-oxobutylamino)phenyl)a
mino} -2-(2,2,2-trifluorcacetamido) propionic acid was
obtained.
[0119]
Example 7

[0120]

42



[0128] Production of (R - 3- amno - 5 - cyc lohexyl - 1 - (3
, 3 -dinmethyl -2 -oxobutyl ) -4, 5-di hydro-1H benzo [b] [1, 4]
di azepin-2 (3H) -one Step 1 Production of (R) -nethyl 3- ( (2-
(tert-butoxycarbonyl am no) phenyl) (cyclohexyl) amno) -2 - (4
- met hyl phenyl sul f onam do) propi onate Reactions were carried
out in the sane manner except that tert -butyl 2- ( cycl ohexyl am no)
phenyl car bamat e produced by the nethod described in Exanple 5 and (R
-met hyl 1-tosyl aziridi ne-2-carboxyl ate produced by a known nethod (J.
Chem Soc. Chem Commun. , 1987, 153) were used in place of benzyl 2-
(cyclohexylanlno phenylcarbanate and (R - benzyl 1- (2 , 2 1#? o tr
fol uoroacgf\’@ifj N#B9Y i di ne- 2 -car boxy NYBeExanpl e 3, whi i me
of heatin er refo s\Was change S, tit ‘@NHTFA
Y| el d:—88% % J;g'u

conpound was olfflained N

DVBO- d6) 6: 0. .14 ( ccnryle '1!*64!1 1. 59 HﬁiA 1. au:(neH s)
1.60-1.72 (3 , 2.49- E's"ﬁ brs) 10- 3. 21 (2H, m, -3.34
(1H, m, 3.36 (3H, s), 340347(1H , 6.89-6.95 (1H, m 01
(1H, d, J = 7.0 Hz), 7.05-7.12 (1H, m, 7.34 (2H, d, J = 7.1 Hz),
7.52 (2H, d, J =8.3 Hz), 7.79 (1H, d, J=7.9 Hz), 8.39 (1H, d, J =
8.0 Hz). M5 (FAB) mz 546 [ Mt1l1]+ [0129] Step 2 Producti on of

(R) - et hy
3-((2-am nopzhenyl ) (cycl ohexyl ) am no) - 2- (4- met hyl phenyl sul fo
nam dO) pr Opl On%’tx%ductlon of

(R) -N- (1-cyclohexyl-4-ox0-2,3,4,5-tetrahydro-1H-benzo [b] [1,
4]ldiazepin-3-y1)-2,2,2-trifluorcacetamide

Step 1

Production of (R)-methyl
3-{((2- (tert-butoxycarbonylamino)phenyl) (cyclchexyl)amino) -2

-(2,2,2-trifluorcacetamido) propionate

Reactions were carried out in the same manner except that
tert-butyl 2- (cyclohexylamino)phenylcarbamate produced by the
method described in Example 5 and (R)-methyl
1-(2,2,2-trifluorcacetyl)aziridine-2-carboxylate produced by
a known method (J. Chem. Soc. Chem. Commun., 1987, 153) were
used in place of benzyl 2- (cyclohexylamino) phenylcarbamate and
(R) -benzyl 1-(2,2,2-trifluorocacetyl)aziridine-2-carboxylate
of Example 3. Thus, the title compound was obtained. Yileld:
75%.

'H-NMR (4 00MHZ, DMS0-ds) 5:0.91-1.04 (1H, m), 1.06-1.25 (4H, m),
1.44 (9H, s), 1.48-1.56 (1H, m), 1.65-1.82 (4H, m), 2.42-2.63
(l1H, m), 3.39 (1H, dd, J =9.1, 15.2 Hz), 3.56 (1H, dd, J =5.8,

13.3 Hz), 3.64 (3H, s), 4.09-4.78 (1H, m), 6.98-7.03 (1H, m),
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320 ng of (R)-nethyl
3-((2-(tert-butoxycarbonyl am no) phenyl) (cycl ohexyl)am no) -2

- (4- met hyl phenyl sul f onam do) propi onate was dissolved in a 4 N
hydrochl ori c acid-ethyl acetate solution, and the resulting solution
was stirred for one hour at roomtenperature. 10 nL of a saturated
aqueous sol ution of sodium bi carbonate was added to the reaction
liquid, and the resulting mxture was partitioned. The aqueous | ayer

was extracted ¢ ce wyth 40, ms)of sethyl1acesat &y The 101 gasi g} ayeree
was comnbi ned and was washed with saturated brine. Subsequently, the

organi c | gper swas draed(ayerg sadium sulfat e angb wasy coficent rat ed
under reduced pressure. Thus, 270 ng of the title conpound was

obt ai ned.M&Yi E@aB) QP04 dd WM UO00MHZ, DVBSO d6) 6: 0.89-1.26 (5H, m,
1.46-1.69 (5H, m, 2.36-2.55 (4H, m, 3.07-3.19 (2H, m, 3.29 (3H,
s), 3.46-B1B=2] (1H, M, 4.56 (1H d,J = 11.0 Hz), 6.44 (1H, t,J = 7.0
Hz), 6.62(1H, d, J = 7.9 Hz), 6.67-6.72 (1H, n), 6.78(1Ht,J =

7. 3Hz), Step 2

Production of
(R) ~-N- (l-cyclohexyl-4-0x0-2,3,4,5-tetrahydro-1H-benzo[b] [1,
4]diazepin-3-yl)-2,2,2-trifluorcacetamide

242 mg of (R)-methyl
3-{(2- (tert-butoxycarbonylamino)phenyl) (cyclohexyl)amino) -2
-(2,2,2-trifluorcacetamido) propionate was dissolved in 2.4 mL
of toluene, and 484 plL of concentrated hydrochloric acid wasg
added to the solution. The mixture was stirred for one hour
at 50°C. The organic layer was separated and was concentrated
under reduced pressure. The residue was purified by column
chromatography (n-hexane : ethyl acetate = 10:1), and thus 158

mg of the title compound was obtained. Yield: 90%.

[0123]
Example 8
[0124]
Ox-CFs C[ CO,Bn
NH T N0
CO.Bn tcluene NHTFA
e reflux
15h
[0125]
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7.35 (2H,d,J =8.2 Hz), 7.54 (2H, d,J = 8.2 Hz). MS(FAB) m z 446[ MitH|
[0130] Step 3 Producti on of

(R -N-(1-cycl ohexyl-4-oxo-2, 3,4,5-tetrahydro-1H benzo[b] [1, 4]

di azepin-3 -yl) -4-nethyl benzenesul f onam de

Production of (R)-benzvyl
3-(cyclohexyl-(2-nitrophenyl)amino) -2-(2,2,2-trifluorocaceta
mido) propionate

Reactions were carried out in the same manner except that
N-cyclohexyl-2-nitroaniline producedbyaknownmethod (J. Chem.
Soc., 1957, 4559) was used in place of benzyl
2- (cyclohexylamino) phenylcarbamate of Example 3, while the time
of heating under reflux was changed to 15 hours. Thus, the title
compound was cbtained. Yield: 10%.

'H-NMR (400MHZ, DMSO-dg)5:0.96-1.76 (10H, m), 3.06-3.15 (1H, m),
3.53 (1H, dd, J = 8.5, 14.1 Hz), 3.71 (1H, dd, J = 5.6, 14.1
Hz}, 4.32-4.42 (1H, m), 5.04 (1H, d, J = 12.7 Hz), 5.13 (1H,
d, J = 12.7 Hz), 7.20-7.45 (6H, m}), 7.49 (1H, 4, J = 7.2 Hz),
7.55-7.60 (1H, m), 7.76 (1H, dd, J = 1.5, 8.1 Hz), 9.58 (1H,

—_d, J = 8.0 Hz).
MS (FAB) m/z 494 [M+H]"
[0126]

Example 9

[0127]
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268 ng of (R)-nethyl

3- ((2-am nophenyl ) (cycl ohexyl ) am no) - 2- (4- et hyl phenyl sul f0

nam do) propi onate was dissolved in 2.5 nL of o-xylene, and the
solution was heated to reflux for 14 hours. The reaction liquid was
purified by col um chromatography (n-hexane : ethyl acetate =3:1) ,
andt hus 173 ngof the title conmpoundwas obtained. Yield: 71%
1|—|-N|\/R(400|\/|—|Z DMSO- d6) 6: 1. 03-1.39 (5H, m, 1.48- 1 62 (3H, m,

1.67-1.89 (2H, 2.36 (3H, s), 3.09-3. . 3.28 (1H, t, J =
10 1 H), ”gl’?fl (1H M. 6.91 ( ;"Z%& Hz) 6. 94 He 1H,
m. 780877(1H T¢. 33 (2H, d6 o gxz) ,HIJ);M? lza/ta\lﬁl?cuﬁgd'l‘jtéllél [ /\5,802Me
E—m‘z
[0131] Step 4 ductlgﬁ'of % :ffu,f\f- (1- @I g%ﬂ/fyl '3% X0- % NHTs
5-tetrahydro H-benzo [b] [1, 94 di aze 3 -yl) -4

- met hyl benzenesul f onam de Reactions were carried out in the
sanme manner except that (R) -N (1 -cycl ohexyl-4-o0xo0-2,3,4,5

-tetrahydro-1Hbenzo [b] [1, 4]qdia in-3 -yl) -4
- met hyl benzenesul f onadn waBr iniplace of (R -N1(1 -
o

cycl ohexyl-4 -ox > 5 -tetrahydr b@nzo [b] [1, o

di azepi n-3-y1) - -1 ugkoEice .« of Examiee 3~aMad<t hus the

title conpocrn‘d"vvas otN ai ned. Yierd: FNNR( 4 D ‘Bl 5
H1 IT), H1

14 h

1.07-1. 40( 5598 ®9H s) , tolueney.

[0128]

Production of
(R) -3-amino-5-cyclohexyl-1i-(3,3-dimethyl-2-oxobutyl) -4,5-di

... hydro-1H-benzol[b] [1,4]diazepin-2 (3H) -one

Step 1

Production of (R)-methyl
3-{{2- (tert-butoxycarbonylamino) phenyl) (cyclohexyl)amino) -2
- (4-methylphenylsulfonamido) propionate

Reactions were carried out in the same manner except that
tert-butyl 2- (cyclohexylamino)phenylcarbamate produced by the
method described in Example 5 and (R)-methyl
l-tosylaziridine-2-carboxylate produced by a known method (J.
Chem. Soc. Chem. Commun., 1987, 153) were used in place of benzyl
- (cyclohexylamino) phenylcarbamate and (R)-benzyl
1-(2,2,2-trifluorcacetyl)aziridine-2-carboxylate of Example 3,

while the time of heating under reflux was changed to 94 hours.

46



m, 1.88-1.94(1H, n), 2.36 (3H's), 3.04 (1H dd,J =7.1, 9.3
Hz),3.08-3.17 (1H, n), 3.28-3.35 (1H, n), 3.88-3.96(1H, m, 4.17(1H,
d, J= 18.0 Hz), 4.96

Thus, the title compound was obtained. Yield: 88%.
'H-NMR (400MHZ, DMSO-dg)}5:0.81-1.14 (5H, m), 1.41-1.59 (2H, m),
1.45 (9H, 8), 1.60-1.72 (3H, m), 2.49-2.52 (3H, brs), 3.10-3.21
(2H, m), 3.32-3.34 (1H, m}, 3.36 (3H, s), 3.40-3.47 (1H, m),
6.89-6.95 (1H, m), 7.01 (1H, d, J=7.0Hz), 7.05-7.12 {(1H, m),
7.34 (2H, d, J = 7.1 Hz), 7.52 (2H, d, J = 8.3 Hz), 7.79 (1H,
d, J= 7.9 Hz), 8.39 (1H, d, J = 8.0 Hz).
MS (FAB) m/z 546 [M+H]*
[0129]

Step 2

Production of (R)-methyl
3- ((2-aminophenyl) (cyclohexyl)amino) -2- (4-methylphenylsulfo
namido)propiconate

320 mg of (R)-methyl

3-((2- (tert-butoxycarbonylamino) phenyl) (cyclohexyl) amino) -2
- (4-methylphenylsul fonamido)propionate was dissolved ina 4 N
hydrochloric acid-ethyl acetate solution, and the resulting
solution was stirred for one hour at room temperature. 10 mL
of a saturated agueous solution of sodium bicarbonate was added
tothe reactionliquid, and the resultingmixture was partitioned.
The aqueous layer was extracted twicewith 10 mL of ethyl acetate.
The organic layer was combined and was washed with saturated
brinel Subsequently, the organic layer was dried over sodium
sulfate and was concentrated under reduced pressure. Thus, 270
mg of the title compound was obtained. Yield: 100%.

'H-NMR (400MHZ, DMSO-d¢)5:0.89-1.26 (5H, m), 1.46-1.69 (5H, m),

2.36-2.55 (4H, m), 3.07-3.19 (2H, m), 3.29 (3H, s), 3.46-3.53
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(1H,d,J = 18.0 Hz),7.02 (1H, d, J = 7.6 Hz), 7.08-7.13 (1H,
nm,7.20-7.24(2H, m,7.29 (2H, d, J = 8.2 Hz), 7.50(2H, d, J = 8.2
Hz), 8.10 (1H, d, J = 8.7 Hz). M5 (FAB) niz 512 [M+H [0132] Step 5
Pr oducti on of

(1H, m), 4.56 (1H, 4, J

11.0 Hz), 6.44 (1H, t, J = 7.0 Hz),
6.62 (1H, d, J = 7.9 Hz), 6.67-6.72 (1H, m), 6.78 (1H, t, J =

7.3 Hz), 7.35 (24, 4, J 8.2 Hz), 7.54 ( 2H, 4, J = 8.2 Hz).

MS (FAB) m/z 446 [M+H1"
[0130]

Step 3

Production of
{R)-N- (1-cyclohexyl-4-oxo-2,3,4,5-tetrahydro-1H-benzo [b] [1,
4]diazepin-3-yl)-4-methylbenzenesulfonamide

268 mg of (R}-methyl
3-((2~aminophenyl) (cyclohexyl)amino) -2- (4-methylphenylsulfo
namido)propionate was disseolved in 2.5 mL of o-xylene, and the
solution was heated to reflux for 14 hours. The reaction liquid
was purified by column chromatography (n-hexane : ethyl acetate
=3:1),andthus173mgofthetitlecompoundwasobtained. Yield:
71%.
H-NMR (400MHZ, DMSO-d¢)5:1.03-1.39 (5H, m), 1.48-1.62 (3H, m),
1.67-1.89 (2H, m), 2.36 (3H, s), 3.09-3.17 (2H, m), 3.28 (1H,
t, J=10.1 Hz), 3.72-3.81 (1H, m), 6.91 (1H, 4, J = 7.7 Hz),
6.94-7.00 (1H, m), 7.08-7.16 (2H, m), 7.33 (2H, d, J =8.2 Hz),
7.57 (2H, d, J = 8.2 Hz), 8.07 (1H, 4, J = 6.5 Hz), 9.66 (1H,
s) .
MS (FAB) m/z 414 [M+H]"*
[0131]

Step 4

Production of

(R) -N- {1-cyclohexyl-4-0ox0-2,3,4,5-tetrahydro-1H-benzo{b] [1,
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(R -3 - am no-5- cyclohexyl -1 - (3,3 - dinmethyl -2 - oxobutyl )
-4,5-di hydro-1H benzo [b] [1,4] diazepin-2 (3H) -one 100 ng of (R
-N- (1 -cycl ohexyl-4 -oxo0-2,3,4,5 -tetrahydro-1H benzo [b] [1, 4]
di azepi n-3-yl) -4-nmethyl benzenesul f onam de was di ssol ved in 48%
hydr obrom ¢ acid, and the solution was heated to ref |ux for one
hour. The reaction liquid was |left to cool, and then ethyl acetate
and a saturat ed aqueous sol ution of sodi um bi carbonate were

addedt her 'I;_tiﬁrﬂasju i nay x1.4r nilie organic |ayer

was vvashe sat ur d rine,” and t en t e organlc | ayer was dried

over sodium 5”'1@(@4&1%3% WegeCONCe d 3Ledi M RIRS s5REUGHthdYF %%%léb% tHde

resi due was purified by colum chromatography (n-hexane : ethyl
acetat e (R -k-A43 Jycladtbhuss 25cdip Of , 4 - tid thn FOrpoLnchavaso [b] [1,

obtained. Yield: 36% [0133] Exanple 10 [ 0134] NHBocNHBocNH2 9bz +4
t ol uene regfdiapeih4B-v1)[-0d3bdthylbenzenesul fonamide was used in place

of
(R) -N- (1-cyclohexyl-4-ox0-2,3,4,5-tetrahydro-1H-benzo [b] [1,
4]ldiazepin-3-yl}-2,2,2-trifluorcacetamide of Example 3, and
thus the title compound was obtained. Yield: 88%.
'H-NMR (400MHZ, DMSO-d¢)5:1.07-1.40 (5H, m), 1.11 (9H, s),
1.47-1.63 (3H, m), 1.67-1.75 (1H, m), 1.88-1.94 (1H, m), 2.36
(3H, s), 3.04 (1H, dd, J = 7.1, 9.3 Hz), 3.08-3.17 (1H, m;,
3.28-3.35 (1H, m), 3.88-3.96 (14, m), 4.17 (1H, d, J = 18.0 Hz),
4.96 (14, d, J = 18.0 Hz), 7.02 (1H, d, F = 7.6 Hz), 7.08-7.13
(1H, m), 7.20-7.24 (2H, m), 7.29 (2H, 4, J = 8.2 Hz)}, 7.50 (2H,
d, J =8.2 Hz}), 8.10 (1H, d, J = 8.7 Hz).
MS (FAB) m/z 512 [M+H]"
[0132]

Step 5

Production of
(R) -3-amino-5-cyclohexyl-1-(3,3-dimethyl-2-oxocbutyl}-4,5-di
hydro-1H-benzo [b] [1,4]diazepin-2 (3H) -one

100 mg of
(R} -N- (1-cyclohexyl-4-~ox0o-2,3,4,5-tetrahydro-1H-benzo [b] [1
4]diazepin-3-yl)-4-methylbenzenesulfonamide was dissolved in
48% hydrobromic acid, and the solution was heated to reflux for

one hour. The reaction liquid was left to cool, and then ethyl

acetate and a saturated agueous solution of sodium bicarbhonate
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Production of (R)-nethyl

3- ((2-am nophenyl ) (cycl ohexyl ) am no) - 2- (benzoyl oxycar bonyl a

m no) propi onate Step 1 Production of (R)-nethyl
3-((2-(tert-butoxycarbonyl am no) phenyl) (cycl ohexyl)am no) -2

- (4- et hyl phenyl sul f onam do) pr opi onat e Reactions were
carried out in the same manner except that tert-butyl 2-

(cycl ohexyl am no) phenyl carbamat e produced by the nethod described in
Exanpl e I i dine- | at

ot oduced i B HTSIA SRRk (Tt P sk vapal et BaTH. I

wer e Use%fg‘hxﬂcacleaycgr Wwa&é&mme@%ﬁaﬂw Al Calhanel s amﬁie

(R) - benzyl "1- , 2-trifluoroacetyl) aziridine-2-carboxyl ate of
Exanpl e ?org/aﬁlcela?ertwa@dgieawdmgo@ﬂdﬂrsurlezfatletesn@/a@smﬁ@@dtﬁ@t@a
hours. Thus, the title conpound was obtained. Yield: 40%

1H NVR( 40Hdd%; DR ) G e 21(HH, Mesiddd( Msspurified by column
1.45-1.55(11-1,m,1.63-1.82(4H m, 3. 24-3.39(6H, N,

3. 75- 3. 83(Hdmyt,ohrSHitA Indhéxahe. SHrhyd. D34t e =)7 1 12. 5H2),, and thus
6.91-7.02(1H, M, 7.09-7.13(1H n), 7.25-7.40(6H, m, 7.74-7.88 (3H,
m. M5 (RAB)manof 5316 [tMiHe [GAEBJwSE e¢fp obtained. Yield: 36%.

[0133]
Example 10
[0134]

j :NHBoc NHBoc NH.

' NH Chz ©:N/\/002Me 4N HCI/ACOEt N COMe

* N —> H e H
£ 3»sC0:Me  toluene NHCbz rt, 2h NHCbz
oih

xylene
150 °C
14 h

[0135]

Production of (R)-methyl
3-{{2-aminophenyl) (cyclohexyl) amino) -2- (benzoyloxycarbonyla
mino)propilonate

Step 1

Production of (R)-methyl
3-((2-{tert-butoxycarbonylamino)phenyl) (cyclohexyl)amino) -2

- (4-methylphenylsulfonamido) propiconate
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Production of (R)-nethyl

2- (benzoyl oxycar bonyl am no) - 3- ((2-(tert-but oxycarbonyl am no

) phenyl ) (cycl ohexyl ) am no) pr opi onat e

React i onswer ecar ri edout i nt hesanmemanner exceptt hat (R)-net hyl

3-((2-(tert-butoxycarbonyl am no) phenyl) (cycl ohexyl)am no) -2

(4- met hyl phenyl sul f onam do) propi onate was used in place of (R)-nethyl
3-((2-(tert-butoxycarbonyl am no) phenyl) (cycl ohexyl)am no)-2 (4

- met hyl pheny| syl @H@r@%e?é%%@oﬁ% B ampl §a1%e n?d?ﬂuéﬂ“é%ce&hechat
title conpound wa tained. Yield: 99% 1H NVR(4

DVBO- d6 5 s ed
3 50 3 Z%é(}zt%%ﬂtyzl 2(—5!5|ycm>1:1e1]£ ﬂgmlné5gﬁ$§'y1%rb%n,§32]p67 1.(77 ](og)ﬁhe

m, 4. 99 yedhod )dednBdbdd Hn tExalple’ .2 1) | (0. -66-Kektvidd, J = 1.3,
8.0 Hz), 6.79-6.83 (1H m, 7.00 (1H, d, J = 7.7 Hz), 7.32-7.43 (6H,
m . N5 ( PABjethyZ 426 idilid - 1 ,02-3¥d cStlepx8lat e prodReedingt & tnogh method
(R) -benzyl 1-cycl ohexyl-4-oxo0-2, 3,4, 5-tetrahydro-1H benzo[ b]

[ 1, 4] di azle@ .piChe8- yBoar bEine e Commun . ,RE4BI, ohS3 Wewere arsdcdednoplata ehe
same manner except that (R)-nethyl

2- ( benzowwhrm@mhﬁawl@m(@ Jabanyinpdepedio A aft rrdbearp%éhw )
(cycl ohexyl ) am no)progl onate was used in place of (R).-net

3- (( 2- anifmophemA ) lkﬂi@?ﬂ%"a}fﬁ rﬁﬁlrﬂwwm%ﬁgﬂr ‘P%gExf'ﬂﬂPle3
A o) D ONaLE O TR Dol s LAt SOOI o
S o S b e SRS Gy S e
Dt e YR o3 ol Rl s G A
394 [MrH 45-1.55 (18, m), 1.63-1.82 (4H, m), 3.24-3.39 (6H, m),
3.75-3.83 (1H, m), 4.97 (14, 4, J = 12.5 Hz), 5.03 (1H, 4, J
=12.5Hz), 6.91-7.02 (1H, m), 7.09-7.13 (1H, m), 7.25-7.40 (6H,
m), 7.74-7.88 (3H, m}.
MS (FAB) m/z 526 [M+H]"
[0136]

Step 2

Production of (R)-methyl

- {(benzoyloxycarbonylamino) -3-( (2- {tert-butoxycarbonylamino

) phenyl) (cyclohexyl)amino)propionate

Reactions were carried out in the same manner except that
(R) -methyl
3-{(2- (tert-butoxycarbonylamino)phenyl) (cyclohexyl)amino) -2
- {4-methylphenylsulfonamido)}propionate was used in place of
(R) -methyl
3-((2- (tert-butoxycarbonylamino)phenyl) (cyclchexyl)amino} ~2

- (4-methylphenylsulfonamido)propiocnate of Example 9, and thus
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[0138] Exanple 11 [0139] NHBocs NHBoc AcCO2Me 4N HC / AcOEt aCO2Me
tol ueneRHAcC60 C, 4h ref lux 94 h [0140] Production of (R -N (1-
cycl ohexyl -4 -oxo- 2,3,4,5 -tetrahydro- 1H benzo [b] [1, 4]

di azepi n-3-yl) acetam de Step 1 Production of (R) -nethyl 2
-acetamdo-3 - ( (2- ( tert -butoxycarbonyl ) phenyl ) (cyclohexyl) a
m no) propionate

the title compound was obtained. Yield: 99%.
'H-NMR (400MHZ, DMSO-dg) 5:0.92-1.25 (5H, m), 1.48-1.55 {1H, m),
1.63-1.78 (4H, m), 3.20-3.40 (2H, m), 3.50 (3H, s), 3.83-3.92
{1H, m), 4.67-4.77 (3H, m), 4.99 (2H, s), 6.52 (1H, t, J=17.2
Hz), 6.66 (1H, dd, J = 1.3, 8.0 Hz), 6.79-6.83 (1H, m), 7.00
(1H, 4, 0 = 7.7 Hz}, 7.32-7.43 (6H, m).
MS (FAB) m/z 426 [M+H]"
[0137]

Step 3

Production of (R}-benzyl
l-cyclohexyl-4-0xo-2,3,4,5-tetrahydro~1H-benzo[b] [1,4]diaze
pin-3-ylcarbamate

Reactlons were carried out in the same manner except that
(R) -methyl
2- (benzoyloxycarbonylamino)} -3- ( (2- (tert-butoxycarbonylamino
yphenyl) (cyclohexyl)amino)propionate was used in place of
(R) -methyl
3-{(2-aminophenyl) (cyclohexyl)amino) -2- (4-methylphenylsulfo
namido)propionate of Example 9, and thus the title compound was
obtained. Yield: 100%.
"H-NMR (400MHZ, DMSO-ds)3:1.09-1.42 (4H, m), 1.44-1.66 (4H, m),
1.72-1.81 (1H, m), 1.92-2.00 (1H, m), 3.16-3.24 (1H, m),
3.26-3.34 (1H, m), 3.43 (1H, t, J = 11.4 Hz), 4.04-4.13 (1H,
m), 4.99 {(2H, d, J=1.4 Hz), 6.95-7.01 (2H, m), 7.09-7.20 (2H,
m), 7.28-7.38 (5H, m), 7.52 (1H, 4, Jd = 8.7 Hz}, 2.68 (1lH, s}.
MS (FAB) m/z 394 [M+H]*

[0138]
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Reactions were carried out in the same manner except that tert-butyl
2- (cycl ohexyl am no) phenyl car bamat e produced according to the nethod
described in Exanple 5 and (R) -nethyl

1-acetyl aziridi ne-2-carboxyl ate produced by a known net hod
(TetrahedronAsymetry, 1993, 4, 903) were used inplace of benzyl 2-
(cycl ohexyl am no) phenyl carbamate and (R) -benzyl 1-
(2,2,2-trifluoroacetyl) az iridine-2 -carboxylate of Exanple 3, while
the ti maﬂanﬂ? iﬂg under ref lux was changed to 94 hours. Thus, the
title conpourid was obtai ned. Yield: 40% 1H NVR(400MHZ,

DVBO- d6) 6; Dy.4i)- 1. 31 (5H, m), 1.46 (911, s), 1.48-1.56 (111, m,
1.65-1.81 (413, m, 1.82 (311, s), 3.20-3.27 (1H m, 3.30-3.41 (2H,
m, 3.59 (3H, s), 3.92-3.99 (1H m, 6.97-7.02 (1H, m, 7.09-7.15
(1H, m, 7. HBec (1H, m, 7.76 (1 hNHBoe 7. 83-7. 78 (1H, 1
(1H, d, J @@NHHZ)-+N§=(FAB) m z 4%&/5&%1%%0% @[ +INHAC

Pr oduction o

N M E—— = N
(R - N (1- cycl y1-4- 63x0°2Y3, thivenet et r MN§A9 1 benBopb] [ 1,
4] di azepi n- 3- cet am de oan. 434 of (R)-nethyl

2-acetam do-3-((2-(tert-butoxycarbonyl ) phenyl) (cycl ohexyl)a

m no) pr opi onate was di ssolved in a 4 N hydrochl oric acid-ethyl
acetate solution, and the solution was stirred for 4 hours at 60C. 10
m. of a saturated aqueous solution of sodiunbi carbonate was added to
the reactjon liquid, and the resulting m xture was partitioned. The
aqueous | U%as extracted twice with 10 nL of et hyl acetate. The
organi c | ayer was £0 inedf and was washed with saturatedbrine .
Subsequent |y, e O alrﬂncqayer was dried over sodium sulfate and was

t d T 7 t i
ot A el AR S 2 iy o i Bddddor 11,
DMVEO- d6) 61131087k 1 1)oethrfidtel 69 (4H m,
1.72-1.81(1H M, 1.82(3H's), 1. 91- 1. 97(1H, ), 3. 15-3. 22 (1H,

m, 3.25- 3. 40( 2ditaP 14- 36 (1H, dd, J= 3.7, 7.8 Hz), 6.98 (2H d,J = 4.0
Hz),7.08-7.18
Production of (R)-methyl
-—— 2-acetamido-3- ({2~ (tert-butoxycarbonyl)phenyl) (cyclohexyl)a
mino) propicnate
Reactions were carried out in the gsame manner except that
tert-butyl 2- (cyclohexylamino)phenylcarbamate produced
according to the methed described in Example 5 and (R)-methyl
l-acetylaziridine-2-carboxylate produced by a known method
{TetrahedronAsymmetry, 1993, 4, 903) wereused inplaceof benzyl
2- {cyclohexylamino) phenylcarbamate and (R)-benzyl
1-(2,2,2-trifluorcacetyl)aziridine-2-carboxylate of Example 3,
while the time of heating under reflux was changed to 94 hours.
Thus, the title compound was obtained. Yield: 40%.

'H-NMR (400MHZ, DMSO-G8¢)&:0.79-1.31 (5H, m), 1.46 (9H, s),

1.48-1.56 (1H, m), 1.65-1.81 (4H, m), 1.82 (3H, s), 3.20-3.27
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(2H, m,8.14(1H,d,J = 8.2 Hz),9.68(1H, s). M5 (FAB) m z 302 [ MtH|
CLAI M5 1. A nethod for producing a conmpound represented by
formula (3) or a salt thereof : R2 COOR3 Ii NHA(3) (wherein
122 represents a linear, branched, or cyclic alkyl group; R2
represents a group producing an am no group, an al kylam no group, or
an acyl al kyl am no group through a reduction reaction or a hydrol ysis
reaction; R3 represents an ester residue ; and A represents a

Fro! ook e R, SO L 00N 9T TAR, o S0E0RYL O e
formula (gl)o7-7.02 (18, m), 7.09-7.15 (1H, m), 7.26-7.30 (1H, m), 7.76

(1H, brs), 7.83-7.78 (1H, m), 8.31 (1H, 4, J = 7.6 Hz).
MS (FAB) m/z 434 [M+H]"
[0141]

Step 2

Production of
(R) -N- {1-cyclohexyl-4-0ox0-2,3,4,5-tetrahydro-1H-benzo [b] [1,
4]diazepin-3-yl)acetamide

434 mg of (R)-methyl
2-acetamido-3- ((2- (tert-butoxycarbonyl)phenyl) (cyclohexyl)a
mineo) propionate was dissolved in a 4 N hydrochloric acid-ethyl
acetate solution, and the solution was stirred for 4 hours at
60°C. 1l0mLofasaturatedaqueocus solutionof sodiumbicarbonate
was added to the reaction liguid, and the resulting mixture was
partitioned. The aqueous layer was extracted twice with 10 mL
of ethyl acetate. The organic layer was combined, and was washed
with saturatedbrine. Subsequently, theorganic layerwasdried
over scdiumsulfate and was concentrated under reduced pressure.
Thus, 207 mg of the title compound was obtained. Yield: 62%
'H-NMR (4 00MHZ, DMS0O-dg)0:1.09-1.42 (4H, m), 1.43-1.69 (4H, m),
1.72-1.81 (1H, m), 1.82 (3H, s}, 1.91-1.97 (1H, m), 3.15-3.22
(1H, m), 3.25-3.40 (2H, m), 4.36 (1H, dd, J=3.7, 7.8 Hz), 6.98
(24, d, J = 4.0 Hz), 7.08-7.18 (2H, m), 8.14 (1H, 4, J = 8.2
Hz), 9.68 {(1H, s).

MS (FAB} m/z 302 [M+H]"

54



(wherein R1 and R2 respectively have the sanme neani ngs as defi ned
above) , with an aziridine derivative represented by formula (2)
(wherein R3 and A respectively have the sanme neani ngs as defi ned
above). 2. A nethod for producing a 1, 5-benzodi azepi ne
derivative represented by fornmula (5): R5 (wherein R3
represents a linear, branched, or cyclic alkyl group; le represents a
hydr ogen atom an al kyl group, or an acyl al kyl group; and A
represents a protective group contabghegsa sul fonyl group or a

car bonyl group) , t he net hod conprising reacting an aniline

derivative represept gdcR¥qaf eEPULachhtingRE EdhpDind represented by

formula (3) or a salt thereof:

R2
@:N /YCOOR3

é1 NHA

(3)

(whereinR?representsalinear,branched,orcyclicalkyl
group; R? represents a group producing an aminc group, an
alkylamino group, or an acylalkylamino group through a reduction
reactionorahydrolysisreaction;R3representsanesterresidue;
and A represents a protective group containing a sulfonyl group
or a carbonyl group),

the method comprising reacting an aniline derivative

represented by formula (1) :

' R2
L, o
NH
b

(wherein R' and R*® respectively have the same meanings

as defined above),

with an aziridine derivative represented by formula (2):
0
N @
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(wherein R2 represents a group produci ng an am no group, an

al kyl am no group, or an acyl al kyl am no group through a reduction
reaction or a hydrolysis reaction; and RlL has the sane neani ng as
defined above) , with an aziridine derivative represented by formul a

(2) : A\COOR3(2) (wherein 123 represents an ester residue;
and A has the sane neani ng as defined above) , to obtain a conpound
represented by fornmula (3) : R2 (3) |[INHA (wherein 121, R2,

123, and A respectively have the sane neani ngs as defi ned above) ,
subj ecting the conpound thus obtained to a reduction reaction or a

hydrolysis reac '}%éi‘}i %Ekﬁjlci‘ Aargggeg#}gsgggﬁ%és hed Sy f %Qﬂhﬁ%éﬁ%s :

R4 N "..-ThA 4 represents an a
group, agedKHAMMKHroup, or an acyl al kylam no group; and 122, R3,
and A respectively have the sanme meani ngs as defined above) ,

2. A method for producing a 1,5-benzodiazepine

derivative represented by formula (5):

R5

N
C[ j‘NHA (5)
N

(wherein R' represents a linear, branched, or cyclic alkyl
group; R® represents a hydrogen atom, an alkyl group, or an
- acylalkyl group; and A represents a protective group containing
a sulfonyl group or a carbonyl group),
the method comprising reacting an aniline derivative

represented by formula (1):

R2
L, o
NH

(wherein R® represents a group producing an amino group,
an alkylamino group, or an acylalkylamino group through a
reduction reaction or a hydrolysis reaction; and R* has the same
meaning as defined above),

with an aziridine derivative represented by formula (2):
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and then subjecting the conpound thus obtained to a ring-closure
reaction. 3 . A nethod for producing a conmpound represented
by formula (A) or a salt thereof : R6 (wherein R2
represents a |linear, branched, or a cyclic al kyl group; R6 represents

an al kyl

group or an acylal kyl group; and Y represents a single bond

or an al kyl i dene group) , t he nethod conprising reacting an
aniline derivative represented by formula (1) : R2 (1) NH, R
(wherein R2 represents a group produci ng an am no group, an

al kyl am no group, or an acyl al kyl am no group through a reduction
reaction or a hydrolysis reaction; and 122 has the sane neani ng as
defined above) ,'with an aziridine derivative represented by fornmul a

(2)

A

N (2)

LA\

COOR?®

(wherein R’ represents an ester residue; and A has the
same meaning as defined above),

to obtain a compound represented by formula (3):

R2
E,jw/\rcoma3

A1 NHA

3)

(wherein R, R?, R®, and A respectively have the same

- meanings as defined above},

subjecting the compound thus obtained to a reduction
reaction or a hydrolysis reaction to obtain a compound

represented by formula (4):

R4

(X :

N//\j/COOR
A1 NHA

(4)

(whereinR® represents anaminogroup, analkylamino group,

or an acylalkylamino group; and R*, R?

., and A respectively have
the same meanings as defined above),
and then subjecting the compound thus obtained to a

ring-closure reaction.

57



L\\ COOR3(2) (wherein 123 represents an ester residue; andA
represents a protective group containing a sulfonyl group or a
carbonyl group), to obtain a conpound represented by fornula (3):

NR3 1N HA (wherein 121, R2, R2, and A respectively have the
sanme neani ngs as defined above), subj ecting the conpound thus
obtained to a reduction reaction or a hydrolysis reaction to obtain a
conpound represented by forrmula (4): (wherei nR4 represents

an am no group, an, a{nl Veﬁﬁ”‘ ﬁ&%ggaugg ag é%)ﬁh%hﬁéﬁ' ?g%?gsgé%ggbgnd

Rl, R2, and A respec ave meani ngs as
subsequerﬁdﬁgﬂﬁl.ébj @otidg 4 rgealctorm{g%ﬁ hus obtained to a ring-closure
reaction to obtain a 1, 5 -benzodi azepi ne derivative represented by
formula (5): (wherein R6 represents a hydrogen atom an

al kyl group, or an acyl Ik | group; and RI and A respectively have

t he sane neani ngs as d above)/ﬂéz;l\ allomﬁng(

1, 5- benzodi azepi ne” 0% va ive, when hydr ogen Jtonl to react
@ BDAGONK] i dé7CQPHequent | y det achi ng

obtain a conmpound represented by fornula

wi th an al kyl hal
the protective gr
(6): R6

(wherein R' represents a linear, branched, or a cyclic
alkyl group; R® represents an alkyl group or an acylalkyl group;
and Y represents a single bond or an alkylidene group),

the method comprising reacting an aniline derivative

represented by formula (1):

Rz
o .
NH

iy

(wherein R? represents a group producing an amino group,
an alkylamino group, or an acylalkylamino group through a
reduction reaction or a hydrolysis reaction; and R! has the same
meaning as defined above),

with an aziridine derivative represented by formula (2) :

Z—>»

(2)
COOR®
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(wherein R and R6 respectively have the sanme neani ngs as defi ned
above), and (a) reacting the conmpound (6) with a conpound
represented by fornmula (7): R7OCOHN Y-COCH (7) (wherein R7
represents an aryl group which nay be substituted; and Y has the sane
meani ng as defined above), or (b) reacting the conpound (6) with a
hal ogenoform c acid aryl ester, and then reacting the resulting
product with a conpound represent ed by formula (8): H2N Y-CCCH (8)
(wherein Y has e same ﬁean d abo

oo hevona e TP aRfH AR 10 pREA PO e . and 2 ensliiangs
e %%&Ff“‘e%t §rRRE hRETRTRG L] roRE My fal ol % SR

formul a pr oduced. 5. A conpound represented by
fornmula ("3a) or a salt thereof:

to obtain a compound represented by formula (3):

R2
3
$1 NHA

{(wherein R', R®, R’, and A respectively have the same
meanings as defined above),

subjecting the compound thus obtained to a reduction
reaction or a hydrolysis reaction to obtain a compound

... represented by formula (4):

R4
@ COOR®
N/\r (4)

IL1 NHA

(whereinR® represents anamino group, analkylamino group,
or an acylalkylamino group; and R*, R*, and A respectively have
the szsame meanings as defined above),

subseguently subjecting the compound thus obtained to a
ring-closure reactiontoobtainal,S5-benzodiazepine derivative

represented by formula (5):
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(wherein Ra represents a hydrogen atom or a benzyl oxycar bonyl group;
R3a represents a hydrogen atom or a benzyl group; and X represents a

hal ogen at om. 6. A conpound represented by forrmula (5a) or a
salt thereof: |lea (wherein R5a represents a hydrogen atomor a 3,
3 -dinethyl-2 -oxobutyl group ; andX represents a hal ogen atom . 7.

A conpound represented by fornmula (la) or a salt thereof: (wherein

Cbz represents a benzyl oxycarbonyl group). 8. A conpound represented
by formula (2a) or agsalt thereof:

| o
N
O 5w
N
| /

R1

(wherein R’ represents a hydrogen atom, an alkyl group,
or an acylalkyl group; and R' and A respectively have the same
meanings as defined above),

allowing the 1,5-benzodiazepine derivative, when R® isg
a hydrogen atom, to react with an alkyl halide or an acylalkyl
halide, subsequently detaching the protective group & to obtain

a compound represented by formula (6):

(wherein R' and R® respectively have the same meanings
ag defined above), and
(a) reacting the compound (6) with a compound represented

by formula (7):

1
R/‘QCOHN

Y—COOH

60



COCF3 / \\ COOBn(2a) (wherein En represents a benzyl group).

(wherein R’ represents an aryl group which may be
substituted; and Y has the same meaning as defined above), or
{b) reacting the compound (6) with a halogenoformic acid aryl
ester, and then reacting the resulting product with a compound

represented by formula (8):

O s

Y—COOH

(wherein Y has the same meaning as defined above).

4. The method according to claim 3, wherein after the
compound represented by formula (A) is obtained, the compound
of formula (A) is converted to a calcium salt, and thereby a
calcium salt of the compound of formula (A) is produced.

5. A compound represented by formula (3a) or a salt

thereocf:

NHR?
[::I: COOR??

N (3a)
NHCOCX,

{wherein R®* represents a hydrogen atom or a
benzyloxycarbonyl group; R** represents a hydrogen atom or a
benzyl group; and X represents a halogen atom).

6. A compound represented by formula (5a) or a salt

thereof:
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RSa
| o

N
@ jfhmcocxa (5a)
N

(wherein R®®* represents a hydrogen atom or a
3,3-~dimethyl-2-oxobutyl group; and X represents ahalogenatom) .
7. A compound represented by formula (la) or a salt

thereof:

[::I:NHCbZ
NH

(1a)

(wherein Cbz represenis a benzyloxycarbonyl group).
8. A compound represented by formula (2a) or a salt

thereof:
?OCF3
N (2a)

L\.\

CO0OBn

(wherein Bn represents a benzyl group).
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