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1 PROCESS FOR PRODUCTION OF 4-(SUBSTITUTED PHENYL)
HEXAHYDROPYRIDO[2,1-C] [ 1,4] OXAZIN-6-ONE TECHNICAL FIELD
[0001] The present invention relates to a process for production of
4-(substituted phenyl)hexahydropyrido[2,1-c][ 1,4]oxazin-6-one that is an
intermediate product of a compound 5 u%eful as an amyloid beta
(hereinafter, referred to as A(3) production inhibitor effective for treating
neurodegenerative diseases such as Alzheimer's disease and Down
syndrome WARD@EESS dR &R OB IO reptafRrddsly ] ThE pReBEmNMIontion
also relates to a ng eRIPBHITHYIAR ) e RIOHIBIRMRIQCERE:
BACKGROUND ART 10 [0002] A bicyclic cinnamide compound represented
by the following formula is known as an A(3 production inhibitor: [Formula 1]
TEANIMa0, NN RR2 Zi N //'N 9r Me 15 wherein - represents a single bond
[0?2]6 double bond; At, represents a phenyl group or a pyridinyl group which
ay be substituted with 1 to 3 substituents; R1 and R2 represent a CI-6 alkyl
group, a hydlhexytgnauipyamidithddiketoZilprepresents@medhylesdsgbougpted a
pﬁéﬂyfﬁ{é%ﬂ&‘a}{%y‘f‘{%‘fﬂfekgﬁ,q oﬁhlﬂﬁig%ﬁ?edml@{‘i%}' ﬂﬁé}xﬁ&a{&ue%r@&ﬁmf‘&’ RBRind

which may be substituted with a C1-6 alkyl group or a CI-6 acyl group; an
ussfie aamd smelrid st Gariretier sromws! 2 (PAPENPHROI@ODINEKffeatve for
trgdﬁﬂ-mlr% WMEN TilediselRes esaARUAsSse and Down syndrome which are

phenyl)hexa ydropyridoLZ,1-c][1,4]oxazin-6-one compound represented by a
cred NG offigee preferably, the present invention also relates to a new compound used in

the production process.

BACKGROUND ART
[0002]

A bicyclic cinnamide compound represented by the following formula is known
as an AP production inhibitor:

[Formula 1]

0 AI'1

MeO \1\ N~ )p
R_
7N RZLWL
N, q V'
Me

wherein — represents a single bond or a double bond; Ar; represents a phenyl group or a
pyridinyl group which may be substituted with 1 to 3 substituents; R' and R? represent a C1-6
alkyl group, a hydroxyl group, and the like; Z; represents a methylene group or a vinylene group
which may be substituted, an oxygen atom, or an imino group which may be substituted with a
C1-6 alkyl group or a C1-6 acyl group; and p, q, and r represent an integer of O to 2] (PATENT
DOCUMENT 1). PATENT DOCUMENT 1 discloses a 4-(substituted
phenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one compound represented by a compound of the
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following formula (I) as an intermediate product of the Example compound:
[Formula2]F FF O N O [0003] 5 PATENT DOCUMENT 1: International
Publication WO07/060821 DISCLOSURE OF THE INVENTION PROBLEMS
TO BE SOLVED BY THE INVENTION [0004] However, a process for
production of such compounds has not béen necessarily a 10 sufficient

industrial produgtion process pecause it uses expensive reagents, requires
Fol A L G A R e s R RS R 8 High, and
[Hoawhite 2he environment is not small. MEANS FOR SOLVING THE

PROBLEMS [0005] 15 In such circumstances, the present inventors have

copductd intensive studies and have found the present invention. The

press vention relates to the followings. (1) A process for production of
ed phenyl)hexahydropyrido[2,1- c][1,4]oxazin-6-one or a salt
thereofyy subje(cl:ting a compound represented by the following 20 formula
(11-a): 3| [Formula 3] Ra \Rb OH ~\J

[0003]
PATENT DOCUMENT 1: International Publication WO07/060821

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]

However, a process for production of such compounds has not been necessarily a
sufficient industrial production process because it uses expensive reagents, requires column
purification and many steps so that the yield is not so high, and a load to the environment is not

small.

MEANS FOR SOLVING THE PROBLEMS
[0005]

In such circumstances, the present inventors have conducted intensive studies and
have found the present invention.

The present invention relates to the followings.

(1) A process for production of 4-(substituted phenyl)hexahydropyrido[2,1-
c][1,4]oxazin-6-one or a salt thereof by subjecting a compound represented by the following

formula (II-a):
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R™ (Il-a) O HN O wherein Ra, Rb and R™ each independently represent a
hydrogen atom, a halogen atom, a cyano group, an amino group, a nitro
group, a CI-6 alkyl group or a CI-6 alkoxy group] or a salt 5 thereof to an
intramolecular condensation reaction, thereby producing a compound
represented by the following formula (I-a%: [Formula 4] RRa VIRb O R (I-a)

1J\l O %Ncﬂerein Ra, Rb and R are as defined above] or a salt thereof. 10 (2)

[ ‘PHSLB uction process described in (1), wherein Ra, Rb and R are each
independently a hygogen atom or a halogen atom. (3) A process for
production o A 5-trifluorophenyl)hexahydropyrido[2,1-
c][1,4]oxazin 6-on§—mR5 salt thereof by subjecting a compound represented
byghe followin rmula (I1): 15 [Formula 5] F F F (I) O OH HN O or a salt
thdreof to an inttarfiolecukaragondensation reaction, thereby producing a

ound A FeEP sented by the following formula (1): [Formula 6]

wherein R*, R” and R¢ each independently represent a hydrogen atom, a halogen atom, a cyano
group, an amino group, a nitro group, a C1-6 alkyl group or a C1-6 alkoxy group] or a salt
thereof to an intramolecular condensation reaction, thereby producing a compound represented
by the following formula (I-a):

[Formula 4]

[wherein R?, R and R° are as defined above] or a salt thereof.

(2) The production process described in (1), wherein R?, R and R® are each
independently a hydrogen atom or a halogen atom.

(3) A process for production of 4-(3,4,5-trifluorophenyl)hexahydropyrido[2,1-
c][1,4]oxazin-6-one or a salt thereof by subjecting a compound represented by the following
formula (II):

[Formula 5]

OH
y

)

or a salt thereof to an intramolecular condensation reaction, thereby producing a compound
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F FF ON O orasaltthereof. 5 (4) A process for production of
(4S,9aR)-4-(3,4,5- trifluorophenyl)hexahydropyrido[2, 1-c][ 1,4]oxazin-6-one
or a salt thereof by subjecting a compound represented by the following
formula (II-b): [Formula 7] F FF OH (ll-b) O /00 10 or a salt thereof to an
intramolecular condensation reaction, theAreby producing a compound
prese e follo 1for ula (I-b): [Formula 8] F FF O (1-b) NO
regF &%ﬁf? %W ‘3§ %rﬁﬁd for production of
[HaiR@a8)-4- (3 4 5-trifluorophenyl) hexahydropyrido[2,1-c][1,4]oxazin-6-one
or a saltghereof by subjecting a compound represented 5 by a formula (II-c):

F F

o @

o)

or a salt thereof.

(4) A process for production of (4S,9aR)-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][ 1,4]oxazin-6-one or a salt thereof by subjecting a
compound represented by the following formula (II-b):

[Formula 7]

OH
(1I-b)
O HN
O

or a salt thereof to an intramolecular condensation reaction, thereby producing a compound
represented by the following formula (I-b):
[Formula 8]

F
F F
o (1-b)
N
0

or a salt thereof.

(5) A process for production of (4R,9aS)-4-(3,4,5-trifluorophenyl)

hexahydropyrido[2,1-c][1,4]oxazin-6-one or a salt thereof by subjecting a compound represented
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[Formula9]F FI1/F OH (ll-c) O HN", 10 or a salt thereof to an
intramolecular condensation reaction, thereby producing a compound 5
represented by the following formula (I-c): [Formula 10] F F F 0-c) O /M~
N IO or a salt thereof. (6) A compound represented by the following formula
(II a): 10 [Formula 11] Ra Rb OH Rc (II-%l) HN O wherein Ra, Rb and R

ach mc.iﬁ %ently represent a hydrogen atom, a halogen atom, a cyano

OBH% @in 0 group, a nitro group, a CI-6 alkyl group or a CI-6 alkoxy
[FKproupd BF a salt thereof.

(II-¢)

or a salt thereof to an intramolecular condensation reaction, thereby producing a compound
represented by the following formula (I-c):

[Formula 10]
F

(I-0)

o 3

or a salt thereof.
(6) A compound represented by the following formula (II-a):
[Formula 11]

J
OH X

wherein R?, R” and R® each independently represent a hydrogen atom, a halogen atom, a cyano
group, an amino group, a nitro group, a C1-6 alkyl group or a C1-6 alkoxy group] or a salt
thereof.

(7) A compound represented by the following formula (I1):
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15 (7) A compound represented by the following formula (ll): 6 [Formula 12]
F FF OH (Il) OHN O or a salt thereof. (8) A compound represented by the
following formula (ll-b): 5 [Formula 13] F 4H F (u-b) O or a salt thereof. (9)
A compound represented by the following formula (lI-c): [Formula 14]F F/F
OH (lI-c) O HN~ 10 or a salt thereof. ADVANTAGES OF THE INVENTION
000 e present invention makes it possible to produce 4-(substituted 7

[ ﬁﬁlgﬁ )nexahydropyrido[2,1-c][1,4]oxazin-6-one useful as an intermediate

product of a bicyclic
F F
OH
(I
¢ HN
0]
or a salt thereof.

(8) A compound represented by the following formula (II-b):
[Formula 13]

F
F F
OH
(II-b)
HN

or a salt thereof.

-

(9) A compound represented by the following formula (II-c):
[Formula 14]

OH

or a salt thereof.

ADVANTAGES OF THE INVENTION
[0006]

The present invention makes it possible to produce 4-(substituted
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cinnamide compound that is an A0 production inhibitor industrially
advantageously. Furthermore, the present invention also provides a new
compound used in the production. BEST MODE FOR CARRYING OUT THE
INVENTION 5 [0007] Hereinafter, a production process of the present
invention is described in detail. In the abbve-mentioned formulae: (ll-a) and

I-a) according to.the production praocess of the present invention, the terms .
O o2 R et Ry S R ig oF ¥ BRveti
cifoliovide g ampanidgbatli®) {0038}rdde dermnhiitatog@idatanity represarisigdfluorine

atom. a chlorine atom, a bromine atom, an iodine atom. and the like, and
it R e R e S

The term "C1-6 alkyl group" represents an alkyl group having 1 to 6 carbon

BRPMIODE IRHRNER@MRIE S O herg upSNAghide linear or branched alkyl

%roups, for example, a methyl group, an ethyl group, a n-propyl group, an
[Q-B%pyl group, a n-butyl group, an i-butyl group, a tert-butyl group, a n-pentyl
group, an i-Herdlyhgeauppradienmepiytgraiiphaphes@x yhvemaoipisadescribed in detail.
1-methylpr roup, a 1.2-dimethylpropyl group, an 1-ethylpropyl group, a
ety 20 AR B oD RN T ) e PN o
proces3-efithethgipnopylegrionptha termaetidigemydtgno ipC & © athstigyivatydngrdapdanlkoxy
orbup~ GUDE Y UK, SiOKRa A2 -dimethylbutyl group, a 2-ethylbutyl group, a
1,3-dimethylbutyl group, a 2-methylpentyl group, a 3- methylpentyl group,
[99R8 the like. [0010] 25 The term "C1-6 alkoxy group" represents a group in
which an alkyegeauphadagatbio fpatben aafmmp'tsmbsaimnadwiﬂman a bromine
SRRl telsrARle examplcs of.fie Soup, Inglide 3 melhoxy groupy Ak ine
ethoxy group, a N-propoxy grourf an |-p|yopoxy group, a n- u{oxy group, an
atpfutoxy group, a sec-butoxy group, a tert-butoxy group, a n-pentyloxy group,
[(@0g7 Pentyloxy group, a sec-pentyloxy group, a tert-pentyloxy group, a
n-hexyloxy group, an i 30 hexyloxy group, a 1,2-dimethylpropoxy group, an
2-ethylprop§§9 tﬁ{;gu& ]aq_@}lﬁgtﬁsﬂgg'_ represents an alkyl group having 1 to 6 carbon

atoms. Preferable examples of the groups include linear or branched alkyl groups, for example,
a methyl group, an ethyl group, a n-propyl group, an i-propyl group, a n-butyl group, an i-butyl
group, a tert-butyl group, a n-pentyl group, an i-pentyl group, a neopentyl group, a n-hexyl
group, a 1-methylpropyl group, a 1,2-dimethylpropyl group, an 1-ethylpropyl group, a 1-methyl-
2-ethylpropyl group, an 1-ethyl-2-methylpropyl group, a 1,1,2-trimethylpropyl group, a 1-
methylbutyl group, a 2-methylbutyl group, a 1,1-dimethylbutyl group, a 2,2-dimethylbutyl
group, a 2-ethylbutyl group, a 1,3-dimethylbutyl group, a 2-methylpentyl group, a 3-
methylpentyl group, and the like.
[0010]

The term "C1-6 alkoxy group" represents a group in which an alkyl group having
1 to 6 carbon atoms is substituted with an oxygen atom. Preferable examples of the group
include a methoxy group, an ethoxy group, a n-propoxy group, an i-propoxy group, a n-butoxy
group, an i-butoxy group, a sec-butoxy group, a tert-butoxy group, a n-pentyloxy group, an i-
pentyloxy group, a sec-pentyloxy group, a tert-pentyloxy group, a n-hexyloxy group, an i-
hexyloxy group, a 1,2-dimethylpropoxy group, an 2-ethylpropoxy group, a 1-methyl-2-
ethylpropoxy group, an 1-ethyl-2-methylpropoxy group, a 1,1,2-trimethylpropoxy group, a 1,1,2-
trimethylpropoxy group, a 1,1-dimethylbutoxy group, a 2,2-dimethylbutoxy group, an 2-
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ethylpropoxy group, an 1-ethyl-2-methylpropoxy group, a
1,1,2-trimethylpropoxy group, a 1,1,2- trimethylpropoxy group, a 1, 1
-dimethylbutoxy group, a 2,2-dimethylbutoxy group, an 2 8 ethylbutoxy
group, a 1,3-dimethylbutoxy group, a 2-methylpentyloxy group, a 3-
methylpentyloxy group, a hexyloxy groupé,3 and the like. [0011] The
intramolecular congdensation reaction in the production process of the present
e R b COPTBUAEE T AHIBHP o AP SEUAE et s such
maghyliprogeoxarztowrgdexy e yeastipamckthddgearried out in the presence or
[ngmence of a solvent. The solvent to be used in the above-mentioned
reaction is not particularly limited as long as the solvent dissolves a starting
compound tBhediiaressshtaasenderssting s tehe BRIy Al SpBeRtesd the present

in¥aioRlem ok herralvents dTuds amidessueh @sfanemideich as nitrogen and

dimethylformamide, dimethylacetamide, hexamethylphosphoric triamide, and
arﬁfzﬂ‘uethyl pyrrolidone; aromatic hydrocarbons such as toluene, benzene,
xylene, andIimesitylems;asthecsrsudowsdiatipytetivenr dismpeapyl wilven;. The

sdREANYgolam foxpne- dmeshoxveinangs And datimane diveol dng tithe

ether; alcohols such as methanol, ethanol, n-propanol, isopropanol, »
SRRt diven] Ve b StdFBE cerPry LI FINCiSSER YndIdottolotidhiijidhreregten.  Specific
e@ﬂ%&%itw&@g@_h@gﬁ%@)@{li@és@{}?llﬁ_z&ﬁ}ﬁlaﬁﬁd@ﬂg&&hﬂiﬁﬁﬂﬁﬁrﬁi&% as .
acetonitrile, a Isobutyranjtrile; sulfoxides suc S dimet sulroxide, an
et o s R
hylleitwbaarbochatepbrewatenommixyling soldentsindceafeBeefevalble dxamidas:,

'i o b < catonTdle. 20 _
B S R 8 oty
ethe plsrkel e teth e ol 3otmeel anre g teARpEtaitls e DR thoL dtoBwaNghdert-

bURRSE, N&ferakleoKeRationy 8B REFEILE Y @NEE SoU@Ad 06 dR RAGnA NRIAGAGHON
time is not particularly limited, but preferable reaction time ranges from 10

CTRADEES PE A LSS AR NG PRt P AR TN AR YR TR ity 2
sihfaige,2in Q02 TH e o vec mentiahghreactj erhph ayebee cprsied @atain, thel diethyl

cz@ﬁ%ﬁ%@?gr%a?ep 8&5%1)391% solvent thereof. Preferable examples include nitriles, and a more
preferable example is acetonitrile.

The reaction temperature is not particularly limited, but the preferable reaction
temperature ranges from -30°C to a refluxing temperature of the solvent, and more preferable
reaction temperature ranges from 0°C to 30°C.

The reaction time is not particularly limited, but preferable reaction time ranges
from 10 minutes to 48 hours, and more preferable time ranges from 30 minutes to 2 hours.
[0012]

The above-mentioned reaction may be carried out in the presence of a base. The
base is not particularly limited as long as, for example, it can obtain a target compound and does
not produce non-separable byproducts. Specific examples of the base include inorganic bases
such as tripotassium phosphate, trisodium phosphate, cesium carbonate, potassium carbonate,
sodium carbonate, cesium hydrogencarbonate, potassium hydrogencarbonate, sodium
hydrogencarbonate, sodium acetate, barium hydroxide, potassium hydroxide, potassium fluoride,
and cesium fluoride; and organic bases such as metal alkoxides, for example, sodium ethoxide,

and sodium-tert-butoxide, acetates of alkali metals, for example, sodium acetate and potassium



10

15

20

25

30

base is not particularly limited as long as, for example, it can obtain a target
compound and does not produce non-separable byproducts. Specific
examples of the base include inorganic bases such as tripotassium
phosphate, trisodium phosphate, cesium carbonate, potassium carbonate, 30
sodium carbonate cesium hydrogencarb%nate potassium

dro enc nate S hydr. e sodi ma etate, barium

R e DAL P AT ST CHh e AR Qo M,

plafﬂnabtgamd)}msey&mhaasmetal alkoxides, for example, sodium ethoxide,
and sodiumgerihutoxide. aceiaigs.alalkal meials. é%h%&ﬂﬁ@%nﬁ%‘éﬁ%s ectto 1

acetate and potassium 9 acetate, or triethyl amine, and the like. Prefera

mple H4be Gererg il dpEsested iy %?éomﬂé?&wdtﬁéwgélkaﬂr@wwﬂw 0
rel R DasH %-%Ihﬁlobiﬁ@(:l]lfh)an aRAUEQf w2 10 &éﬁpﬂaﬁc@qegbvadanéa Witthe (ather

res t to moie e com presente ove entione
i 4R P s A A T S R AR R AR Tl e eame
Pisféral Yotlsobagou ndsirepne sented diyi tloe3 otlbir douivaltaty, a Sompewgnbhl(lihe amount
oFRTRRURA LI QL3 E 5@%%&’{;{{%1%&1&2a&fd%ﬁé‘éuba%%% HLeIG@AYoBE, -

base Is used in an amoun molar equivalents. Note here that the
eiYalshts BerpdBgses BaRYE At IsEApivbpHEaely increased or decreased
[0pthe range of 0.5 to 2 equivalents depending upon salts as raw materials to

be used. 10 {&gBé}Furthermore the above- mentlone%reac;tl n may be "

carried out WLl e AT S BB AT YYBAY. A e%“bf%*ée presence 0

a comthensaticzagenEnacipits sobuityhdbhsaotoragate jndicicisivexyl chkirotlimide
d&%ﬁ% %’r@&%o%f? big @33%3%@%9 SR E H{?&‘é/ WseIxyRabhay!-

oqumo trlazo e -1-yl-oxy- trls

ewﬁé&rﬁﬂwhuha)ﬁhﬁé@ﬁm@m%bmwﬁobﬁhaw {BOP), diethyl

(@a@mﬁam%yéﬁ&pmmmwmﬂbmsﬂﬁwm@panﬁahgmlaeﬁ«a;so@ﬁl%c),
diphenylphosphoryl azide (DPPA), Bromotti (g}yrrohdm phosphonium

t“r?é‘%%ﬁ? By BXapBRoRARRS AT Dls BB Bh RA9Rildirgh (PPPA:

BphospgipyriolahitentespB@RGI hexafluorophosphate (PyBrop [trademark]), bis(2-oxo-3-

%‘%”EQ’SQ?@&&}}H’ engo%uggoﬂ tg? B’Ql%ﬂha%” 141 1&%}5w0 SQPJT%%PJ‘Sﬁ%sphomum

1,1,3,3,-tetra
hﬁ@ﬂaﬂ%@ph@@ph%x&@%iwb,W@M@mfdnﬂétblérﬁm@mm@mémrmme

hdcBMIopiRRpHe (likah, Ripferalip LRPRARNSAVIRLLRSIS-HaBUICDMT), and the

_chloroformate. ) ..
like. A preferable condensation agent is isobutyl chloroformate.

The condensation agent may be used in an amount of 0.5 to 5 molar equivalents
with respect to one molar equivalent of the compound (II-a), the compound (II), compound (II-
b), or the compound (II-c). A preferable amount is 1 to 3 molar equivalents.

A dehydrating agent such as a molecular sieve may be added if necessary.
[0014]

All of the compound (II-a), the compound (II), the compound (II-b), and the
compound (II-c) are new compounds and can be synthesized according to Examples below or
processes similar to Examples below.

Furthermore, the compound (II-a), the compound (II), the compound (II-b) and
the compound (II-c) as well as the compound (I-a), the compound (I), the compound (I-b) and
the compound (I-c) may be a salt. Specific examples of the salt include hydrohalides (for

example, hydrofluoride, hydrochloride, hydrobromide, hydroiodide, and the like); inorganic acid
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The condensation agent may be used in an amount of 0.5 to 5 molar
equivalents with respect to one molar equivalent of the compound (ll-a), the
compound (II), compound (11- b), or the compound (ll-c). A preferable
amount is 1 to 3 molar equivalents. 25 A dehydrating agent such as a
molecular sieve may be added if necessé‘l)y. [0014] All of the compound

11-a), th d (11), th d (11-b), and th d (ll- )
s R T e e R e o o SRR, Wb b
ogrogessesxsiialto Earplolesdmetows BOd-urikermareathdwompo witch(¢-ald the
0 SEIROHIE AR 16, SATRAUNAH-E) A0 1 SADRAURL, b s el 2

the compound (I-a), the compound (I), the compound (I-b)

cBaRApBIReEI R Visay Beenaisk objsaeifidienaim SREPBP THEeBTrId dee Tike), amino
adiydsnbalides fone expanle, Audiafieosidenbydechladdryambremidar alkali

hydrojodide, and the like); ingrganic acid 10 salts (for example, sulfate,
R P HEVALE: SOl PR Oita 0o AT, S s B sl (For
cxangpleiorcariosinyates ¢fdeiexaniple)dibetite), oxaldtelimaldatdetatratemples include
hJHfBﬁJﬁ‘&@s,‘iHB?éSm@QQi&Qﬁltl'}%?)d 8&%‘&%&%%@?%4?8&%@@?8&& examples include

methanesulfonate, trifluoromethanesulfonate, ethanesulfonate, benzene
hydireatileianddnersbirsridte, camphorsulfonate, and the like), amino 5 acid

sa:ts (:‘lt()r I@W@%em?ﬁ@?ﬁ&aé&nw@ﬁt% m&rq)ﬁkﬂd.(ﬁyﬁt@f&?&s&{gmm Hhd

salt; alkall, metal salt: or example, | salt, potassi salt, and t

G R DDA BT} SR ROTPRTA . MR LrinE TR B

ththeplikeyraind-thendikén dRréferabbesexaimples ipclut sohydrohdlidese drorganichich
' , j f 3 e | inc

B B S D U e

1SeEBMIPOLIATRY dUESmpound (11-b) and the compound (11-c) as well as the

[oeaspound (I-a), the compound (1), the compound (I-b) and the compound
(I-c) may include i omﬁrs such%s an optical isomers and a;!%ereoisomer
fi"a

which are 5484 XA B8R RN R Rt VRIS WCHCHLy

Hinchucle tanprosuatch thetiiadmensierasariiglimixidire shekb RO plpHerkitafter,
spel OSSN RISSEALINERIAN A, HE3RIBEH (RS A8%8hoec to 30°C, and
preferably about 25°C.
[0016]

Furthermore, HPLC conditions are as follows.

HPLC conditions:

Analysis Example 1: Analysis Example 1 was used in analysis in each step of
Example 1.

Column: L-column (Trade mark) (150 X 4.6 mm L.D., ODS 5 pum, Chemicals
Evaluation and Research Institute)

Mobile phase:

Solution A: HyO/MeCN/70%HC104 = 990/10/1 (v/v/v)

Solution B: H,O/MeCN/70%HC104 = 100/900/1 (v/v/v)

Gradient (time (min)/Bconc. (%)):

0.01/40 — 5/40 — 18/100 — 25/100 — 25.01/40 — 30/stop

Flow rate (mL/min): 1.0 mL/min

Oven temp: 35°C
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However, the present invention is not necessarily limited to these examples.
In the specification, room temperature represents temperatures in the range
from 20C to 30C, and preferably about 25C. 20 [0016] Furthermore, HPLC
conditions are as follows. HPLC conditions: Analysis Example 1: Analysis
Example 1 was used in analysis in each 1s‘tep of Example 1. 25 Column:

L-column (Tyade mark) (150 x 4.6 .D,, ODS 5.m, Chemicals . Evaluati :
e Roses AT RIS R ok A SRR A G min
(®90]10/1 (v/viv) Solution B: H20/MeCN/70%HC104 = 100/900/1 (v/viv) 30
Gradient (time, (PInHBEARE (RN AR ML R/4Qvad BP0 AANAIR ¢4 h step of

25.01/40 -4 30/stop Flow rate (mL/min): 1.% mL/min Oven temp: 35C
Exstelstion time of compound (Ib) : Rt = 7.4 min, raw material (Ilb) : Rt = 2.9

min. [0017:0nalsis Exammiersd MANSIS I%empIam RSHISSS iharalysiRdR
each step of Example 2. 5 Column: L-column (Trade Mark) (150 x 4.6 mm

Eygpaiiop and Reseaprdfeiieetvaluation and Research Institute) Mobile phase:
Solution A: M2eugaN/70%HC104 = 990/100/1 (v/v/v) Solution B:

oM AS IR B e e
Solution B: HyO/MeCN/70%HC104 = 100/900/1(v/v/v)
Gradient (time (min)/Bconc. (%)):
0/40 — 20/40 — 40/100 — 45/100 — 45.01/40 — 60/stop
Flow rate (mL/min): 1.0 mL/min
Oven temp: 40°C
Retention time of compound (Ic): Rt = 5.1 + 0.5 min, raw material (Ilc): Rt =2.3
+ 0.5 min.
[0018]
Note here that abbreviations shown in the structural formulae in Examples below
are as follows.
Boc: tert-butoxycarbonyl group
Me: methyl group
Bn: benzyl group
Ph: phenyl group
[0019]
Example 1
1) Synthesis of methyl (2R)-2-[(tert-butoxycarbonyl)amino]hexanedioiate
[Formula 15]

NHBoc

MeOZC\/\/'\COQMe

(2R)-2-Aminohexanedioic acid (100 g, 0.62 mol) was dissolved in methanol
(1000 mL) with stirring under a stream of nitrogen, and the reaction solution was cooled to -

20°C. After thionyl chloride (100 mL, 1.37 mol) was added dropwise to the reaction solution,
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Flow rate (mL/min): 1.0 mL/min Oven temp: 40C Retention time of compound
(Ic): Rt=5.1 0.5 min, raw material (lic): Rt =2.3 15 0.5 min. [0018] Note
here that abbreviations shown in the structural formulae in Examples below
are as follows. Boc: tert-butoxycarbonylgroup 20 Me: methyl group Bn:
benzyl group Ph: phenyl group [0019] )%ample 1 25 1) Synthesis of methyl
(2R)-2-[(tert-butoxycarbonyl)aminolhexanedioiate [Formula 15] NHBoc

REAFHOEOAUR PR S5 SHEX SHd SR Beid A6 &S MSH WigQ was cooled so
thdisgeiviaek irmpethanrot (1 0QF) mla);wabasIblingnuTgRtasaihe abohNHeg e, and

e reacfi olution was cooled to .30 20C, After.thionyl chloride (100 L,
A T3 TR VA S SR ST R PG 0 &
0§¢Iummasddﬁdré@rat02@® foe &@dﬁbumaﬁﬂ@hﬂdewidam@dmmdl(ﬁi_bml\tvas An aqueous
s BP0 RAL I RORLIETRLABHE WESS A AR FSPWAUOR Ue reaction

potassium carbonate (36.4%, 430 mL) was added dropwise to the reaction

scdpligiomndrthe reagtiearepuiign dieasboisam 2076 fergd- hgarmolValeis ddbiad) was
adBIeian@nddiieh selution yasweashed withonetarel 648 Miten i @EHEPHS AL).

solution of potassium carbonate (36.4%, 270 mL) was further added

Thiropsde i tha teat woiltioh baing (0 raketion TR WasTSRd &
20 fo6Bun ded ursudAlapers R0 aml ) aasorad ded dadtie nesich oslealbiancarried out

B B g A e AT T g 5
(HPLC quantification).

'H-NMR (CDCl3) & (ppm): 1.45 (9H, s), 1.60-1.75 (3H, m), 1.80-1.90 (1H, m), 2.30-2.40 (2H,
m), 3.67 (3H, s), 3.75 (3H, s), 4.30-4.35 (1H, br-m), 5.00-5.10 (1H, br-d).

[0020]

2) Synthesis of tert-butyl [(1R)-5-hydroxy-1-(hydroxymethyl)pentyl|carbamate

[Formula 16]

NHBoc

Ho/\/\/k/OH

A Red-Al (Trade Mark) (Aldrich) toluene solution (65%, 806 g, 2.59 mol) was
dissolved in tetrahydrofuran (1050 mL) under a stream of nitrogen. The reaction solution was
cooled with stirring so that the inner temperature was -15.8°C. A solution of methyl (2R)-2-
[(tert-butoxycarbonyl)amino]hexanedioiate in tetrahydrofuran (417 g, content: 36.0%, 0.518
mol) was added dropwise to the reaction solution (inner temperature: not higher than -5.7°C),
and the reaction solution was stirred at 25°C for 18 hours. The reaction solution was fed to a 5
N aqueous solution of sodium hydroxide (2074 mL) that had been cooled to 8.4°C with stirring.
After the reaction solution was rinsed with THF (66.7 g), tert-butyl methyl ether (1119 g) was
put thereto. The aqueous layer was separated at 25°C, and then the organic layer was washed
sequentially with a 20% ammonium chloride solution (750 mL) and a 20% brine (750 mL).
The solvent was removed by evaporation under reduced pressure, and azeotropic concentration

with toluene was carried out under reduced pressure to give a crude product of the title



10

15

20

evaporation under reduced pressure, and azeotropic concentration with
toluene was carried out 10 under reduced pressure to give a crude product of
the title compound (191.3 g). Yield: 94.5% (HPLC quantification). 1H-NMR
(CDC13) S (ppm): 1.45 (9H, s), 1.60-1.75 (3H, m), 1.80-1.90 (1H, m),
2.30-2.40 (2H, m), 3.67 (3H, s), 3.75 (3H3s), 4.30-4.35 (1H, br-m), 5.00-5.10

1H, br-d). [0020] 15 2) esis. qf tert-putyl
¢ %ﬂ%@ﬂbﬁf@-‘%ﬁ%ﬁ‘gﬁﬁeﬂhy'gb%llit%ﬂbg%bamate [Formula 16] N H Boc
' HHOMIH QDR &0 Ipphades M) AIdzich) oleenens Adiich6(6E%, 806, §,45.3%0 (2H,
mol) was, di dint Ug N (1050 mL) under a stream of nitrogen.
br'Ilﬁje’ ?g@iﬁgﬁs i%ﬁéﬁn ’2;662 ?:go?é:ée{’gb\l;wt “stirring so that the inner
[G&hhperature was -15.8C. A solution of methyl (2R)-2
3] Geridesioxyearpeny baminelnexanedigiateon ieHaiydroiuran, (fitd 9..5eBig Nt
36.0%, 0.518 mol) was added dropwise to the reaction solution (inner
W%‘i’i‘fﬂ@ré@:re: not higher than -5.7C), and the reaction solution was stirred at
25C for 18 hours. The reaction solution was fed to a 5 N aqueous solution of
sodium hydroxide (2074 mL) that had been cooled to 8.4C with stirring. 25
After the reaction sol%wﬁ ised with THE (66.7 g), tert-butyl methyl
ether (1119 g) was put thergto. Thesaqueous layer was separated at 25C,
and then_the organic layer was Was@ sequentially with a 20% ammonium
Fﬂ‘ ide sottjort (7 % brine (750 mL). The solvent was
r ved by evaporation under reduced pressure, and azeotropic
concentrati ith & | | ce yre to give a
crude prodl?c'g;tﬁ%ﬁgﬁﬁgﬁwﬁn@gﬁgﬁﬁg[ﬁl}?[gg&ﬁ?%%@;i. Yield:

p ,
(hygresymeimRFREBEABYS (Hishe) comie(gh; s, 1. Xdmoban@siary A enbled?-
difhéth ey S0P A6 3 BB H.00miB)), sh&0LS) 14)-(Ahpbsrin)fhH0¢4878 (U nisWere
021]_5 3) Synthesis of tert-butyl . .
2 RO, By s Sl LS R o

19Kdurs.  After the solution was cooled so that the inner temperature was -14°C, water (840

mL) was added dropwise, and the solution was stirred for 40 minutes. To the solution, 5%
sodium bicarbonate water (840 mL) was added, followed by extraction with tert-butyl methyl
ether (3200 mL). The aqueous layer was further extracted with tert-butyl methyl ether (1400
mL). The combined organic layers were washed with 20% brine (840 mL). Then, the solvent
was removed by evaporation under reduced pressure to give a crude product of the title
compound (297.2 g, content: 85.8%). Yield: 93.0%.

'H-NMR (CDCl3) & (ppm): 1.30-1.42 (2H, m), 1.45 (9H, s), 1.58 (6H, brs), 1.42-1.75 (4H, m),
1.75-1.80 (1H, m), 3.70-3.95 (1H, br), 3.60-3.70 (2H, brd-like), 3.74 (1H, d-like, Jav. = 7.6 Hz),
3.93 (1H, dd, J =4.6, 8.6 Hz).

[0022]
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BocN HO O To a solution of a crude product of tert-butyl [(1R)-5-hydroxy-1-
(hydroxymethyl)pentyl]carbamate (280 g, content: 83.3%, 1.20 mol) in
acetone (840 mL), 2,2- 10 dimethoxy propane (738 mL, 6.00 mol) and
(1S)-10-camphorsulfonate (28 g, 0.12 mol) were added at 22C under
nitrogen atmosphere. The solution was stifred at the same temperature for

19 hours. After the sojutio as cooled so that the inner temperature was
4) Synthe q textzbutyl (4R)-4-T4-(henzvy]ox l?t -2.2rdimeth —-—g 2 -- -garboxylate
-1 vwdalce OHU V'V AUUTCTU UTUPW > cl Ul C UITU U VWWda cU U

[Ebonminutds. To the solution, 5% sodium bicarbonate water (840 mL) was
added, followed by extraction with tert-butyl methyl 15 ether (3200 mL). The
aqueous layer was further extracted\with tert-butyl methyl ether (1400 mL).
The combined organic Bers e ed with 20% brine (840 mL). Then,
the solvent was remov porafon under reduced pressure to give a

crude product of the title comgiound (29Y.2 g, content: 85.8%). Yield: 93.0%.
@—II\@ﬁ7 13 m)A736<1. H, m), 1.45 (9H, s), 1.58 (6H, brs),
AI)75 (4H, ™), 20 1.75-1.80 (IH, m), 3.70-3.95 (1H, br), 3.60-3.70 (2H,

brd-like), 3.74 (1H, d-like, Jav. = 7.6 HZ?, 3.93 (1H, dd, J = 4.6, 8.6 Hz).
[0022] 14 @fﬁ;ﬁtﬁgg@smn of potassium tert-butoxide (3.5 g, 31.0 mmol) in

te@riRytHoBiAAR)-A[4(he bavikaxie) brssd] vhdedimetil lndrprrze lineidtearboxytade

te, [F la 18 0.0 ensj tassium tert-b i
SIS L SG0.0 R Rt sl et
coniteog OA. 2t osphehedeBolnti8mdf) averadéedutomhwasothereto.  The solution was
stl(ﬁ%tdbaﬂ){k(éﬁﬁé‘bgﬂgg%%m WNDrge? - DIBGHY bl a% 33 9N $ A RIS pwise to

6.00 g, content: 94.2%) in tetrahydrofuran (8 mL) was added dropwise '
thgheretipnT pied SegsobHI vasasstirend at tHE Gapnd TdmperatirertartOfietingys solution

oREMHREARIAE G320 wak-hyed RAde AHamSEdon R RAUNAORRRANS:s stirred

solution was stirred at -20C for 17 hours. After a 40% aqueous solution 10 of
foiMRetrigsmive 2 3y honied auHaths tRRerERRTANBINNSN the rddetigRrtion

scielisiamWas Rlreehat the inner temperature was 9°C, and then water (28 mL) and n-

heptane (28 mL) were added, followed by extraction. The organic layer was washed
sequentially with 10% aqueous solution of potassium hydrogen sulfate (28 g), 5% sodium
bicarbonate water (28 g), and water (17 mL). Then, the solvent was removed by evaporation
under reduced pressure to give a crude product of the title compound (7.93 g, content: 98.7%).
Yield: >99%.

'H-NMR (CDCl3) & (ppm): 1.46 (9H, s), 1.48 (3H, s), 1.61 (3H, s), 1.20-1.90 (6H, m), 3.47 (2H,
t,J = 6.6 Hz), 3.70-3.95 (1H, br-m), 3.73 (1H, d-like, Jav. = 7.6 Hz), 3.91 (1H, dd, J =5.2, 8.4
Hz), 4.50 (2H, br-s), 7.20-7.40 (5H, m).

[0023]

5) Synthesis of tert-butyl [(1R)-5-(benzyloxy)-1-(hydroxymethyl)pentyl]carbamate

[Formula 19]

NHBoc

Bno/\/\)\/OH

Tert-butyl (4R)-4-[4-(benzyloxy)butyl]-2,2-dimethyl-1,3-oxazoline-3-carboxylate
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for 30 minutes while it was heated so that the inner temperature was 50C.
The reaction solution was cooled so that the inner temperature was 9C, and
then water (28 ml-) and n- heptane (28 mL) were added, followed by
extraction. The organic layer was washed_sequentially with 10% aqueous
solution of potassium hydrogen sulfate ( 33 0), 5% sodium 15 bicarbonate

d L). The
S s e g e R S G e of
nicogYpoUNH5( 8qugocontdnt08i7e)d (\mﬂ@ mDDYs LHINMR{@BCI BleSner
oL 9 4
teggé)egé%)[élgﬁ g)$ ;{8 S) 'g%ée (%a(c%t())ng ’lu]tégr} v(rgb ng) stgjjglgrg _t%l%b\[m; g’ ézl (glufe& at
thddapetGpegrOHA o550 @-qhq);eggthngglqtmg (85, princ[(TB3pI5)was added,

f(ﬁ)ﬂ@)@ﬁ%‘%%&@tﬁb@%ﬁ toluene (1066 mL). The organic layer was washe(i sgein entially

)/5 (benzvloxv)-1- (hydrox meth I)uentalg)carbamate [Formula HBoc
ngﬁé grBawfe water ( 33 mL) and 10% brine. Then, the solvent was removed

bﬂRz)pérﬁﬁﬂ(lbemeyl exdinledtytt2iizedingibylclydegradaling-Becaiboxiylpdantin99.4 g,
&@%689 %9?3 W‘éf’c{) %?sgﬂdlssolved in methanol (533 ml-) with stirring under a

stream of nitrogen, and 5 N aqueous hydrochloric acid (106.6 mL) was
'TROMB (PBISisS @btie Irtfe®Hemperati 66, 5. b 28adtibn twolutold s . J =
o WHMECIRIOMIPTPY s Apd SR A, 1R same ampgiatyye for 2

hours. To the reaction solution, 10% brine (533 mI -y was added, 5 followed by
[A8thction with toluene (1066 mL). The organic layer was washed
6ﬁ9ﬂuﬁé&ﬁ@wtew1%t5%{mdmn&wbwmerwr (533 mL) and 10% brine.
bThen the sIvent by evaporation under reduced pressure to

SHIRINEL Fthetitie compound (99.4 g, content: 89.3%). Yield:

[F98ari%e. 2DH-NMR (CDC13) S (ppm): 1.45 (9H, s), 1.20-2.90 (6H, m), 2.30-2.50

(1H, br-s), 3.48 (ﬁ@ﬂird 3 6. 4) I-Eéz) 2:1 50(3 80 (3H, m), 4.50 (2H, br-s),
m

4.62 (1H, br-s), 7
o X K

A crude product of tert-butyl [(1R)-5-(benzyloxy)-1-

BnO

(hydroxymethyl)pentyl]carbamate (98 g, content: 89.3%, 271 mmol) was dissolved in toluene
(788 mL) with stirring under a stream of nitrogen. To this solution, N,N,N,N-tetra(n-
butyl)ammonium hydrogen sulfate (18.4 g, 54.2 mmol) was added, and the solution was cooled
so that the inner temperature was 7.8°C.  After 25% aqueous solution of sodium hydroxide (315
mL) was added to the reaction solution, tert-butyl 2-bromoethanoate (120 mL, 818 mmol) was
added. The solution was stirred at the same temperature for 21 hours. After the reaction
solution was warmed so that the inner temperature was 20°C, a 50% aqueous solution of
dimethylamine (142.6 mL) was added thereto and the reaction solution was stirred at the same
temperature for one hour. To the reaction solution, a 10% aqueous solution of potassium
hydrogen sulfate (1401 mL) was added and mixed. Then, the aqueous layer was separated, and
the organic layer was washed sequentially with 5% sodium bicarbonate water (438 mL), and 5%
brine (438 mL). Then, the solvent was removed by evaporation under reduced pressure to give
a crude product of the title compound (139.8 g, content: 76.8%). Yield: 90.6%.

'H-NMR (CDCl3) & (ppm): 1.40-1.70 (6H, m), 1.44 (9H, s), 1.48 (9H, s), 3.47 2H, t, ] = 6.4
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6) Synthesis of text-butyl (1(2R)-6-(benzyloxy)-2-[(tert-
butoxycarbonyl)aminolhexylloxy)ethanoate [Formula 20] BocHN O 15 BnO
0O"~AQj< A crude product of tert-butyl [(1R)-5-(benzyloxy)-1-
(hydroxymethyl)pentyl]Jcarbamate (98 g, content: 89.3%, 271 mmol) was
dissolved in toluene (788 ml-) with stlrrlrté under a stream of nitrogen. To this

o i AR A DL < B e QB oD <3 BIAE e I 210430

(2Emperaturdiniasdy J8C ~AteH2E 728qu¢0 (disolution of sodium hydroxide (315
was added to the reaction solution, tert-butyl 2-bromoethanoate (120 mL,
818 mmol) was added The solutlon was stlrred at the same temperature for
hes ’ BEROX) Y& ARRARY DA xyhgay)ehtanoate
[}t@mﬂgﬁralqlre was 20C a 50% aqueous squtlon of dlmethylamlne (142.6 ml-)
was added thereto and the reaction solution was stirred at the same 25
temperature for one houNIFbB@GeactiofXolution, a 10% agueous solution

of potasswm hydrogen Ifate 401 mI was added and mixed. Then, the
layer was washed
ntially Wlth 5% sodlum blcarbonate water!' (138 mL), and 5% brine (438
mL). Then, fhegsRlyeativas t&@‘&ﬁ?ﬂ(ﬂm@)@ pERLADYNdaiteduced pressure
to give a crude product of the title comé)oun (139. 8 content: 76.8%).

buypdiragRe pdiammUbe iR el s {Bhths: i(’&fi“i 0681 667) 7 RIS s),
didsdB Ok, tSt)raBy@70fﬁllE‘I;l KBJO:nQﬁtmGetﬁzéu&AleBnﬁﬂ)gMﬂ maea@et(mus dd,)Ivas

8 3.60-3.7 H, br-s), 3.95 (2 H,br-d,
c?fled t% a{ roo_}né%m}) J%t 1&) 5t ‘[88155] gtsé' y5 a% ouS S))llﬁlon of sodium™’
hﬁ(a(@&l@ilmeldzwﬁxy}tzﬂmémrmmwmnmémmoth@tyﬂeﬂy)@ttaﬂmtéioa

SJFAURY 2T MBI 01 BTN, R IS RENSE 1SR be 45°C. The
(((2R)-6-(benzyloxy)-2-[(tert-

reaction solution was cooled so that the inner temperature was 20°C, n-heptane (1740 mL) and

water (2900 mL) were added to the reaction solution, then the mixture was allowed to stand, and
the organic layer was separated. The aqueous layer was cooled so that the inner temperature
was 11°C, 5 N aqueous hydrochloric acid (377 mL) was added and neutralized, followed by
extraction with ethyl acetate (2900 mL). The organic layer was washed with 10% brine (870
mL) twice. Then, the solvent was removed by evaporation under reduced pressure to give a
crude product of the title compound (289.2 g, 89.6%). Yield: 98.9%.

'H-NMR (CDCl3) & (ppm): 1.40-1.70 (4H, m), 1.44 (9H, s), 1.56-1.70 (2H, m), 3.47 (2H, t, ] =
6.4 Hz), 3.53 (2H, d, ] = 4.8 Hz), 3.70-3.85 (1H, br-s), 4.10 (2H, s), 4.50 (2H, s), 4.67 (1H, br-s),
7.25-7.35 (5SH, m).

[0026]

8) Synthesis of ({(2R)-6-(benzyloxy)-2-[(tert-butoxycarbonyl)aminolhexyl}oxy)ethanoate

dicyclohexylamine (1:1) (seed crystal)
[Formula 22]

NHBoc O
@)

BnO/\/\/k/ OH N
Sh®
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butoxycarbonyl)amino]hexylloxy)ethanoate (363.0 g, content: 79.9%, 662.7

mmol) was dissolved in tetrahydrofuran (870 ml-) under a stream of nitrogen.

Methanol (145 ml-) was 10 added thereto at room temperature with stirring.

After 5 N aqueous solution of sodium hydroxide (290 ml-) was put into the

reaction solution at the same temperaturg, the reaction solution was stirred

for one hour after the inner t rature was orE med to be 45C. The

reaction solﬁtfgﬁc{\e/v%rg lb%féfo&rz})%i f@?@%%&éﬁ’g Sature was 20C,
butehgpianeDabeitiexandxyeten (2800 3hk)avengead )b, thddreamntiowas dissolved
SRR AReD B mixiue psARwadiR $13BH: é&%&;ﬁdﬁ%ﬁ&gm&d rwas

separated. The aqueous layer was cooled so that the inner temperature was
atmpephs IR adds dE rsiaks AR RG 037 vy armied dedd hidatiesiea solution,

thioHQwesh byluayH ackianwithathWaceiaip =800 i Rheoroaaigpamen wWasals
qed with 10% bfgine (870 mL ('L)?e. Théen the solven Wa%fremoved by

wa
A S NG S BPE e e A RO B ARENR rere o
giconmhp oitlaa (@POUALY( 189 §%0). Widdd >9878%. 20 1H-NMR (CDC13) S (ppm):
[0]3 -1.70 (4H, m), 1.44 (9H, s), 1.56-1.70 (2H, m), 3.47 (2H, t, J = 6.4 HZz),
3.53 (2H, d, J = 4.8 Hz), 3.70-3.85 (1H, br-s), 4.10 (2H, s), 4.50 (2H, s), 4.67
9)( i thgsis)of 7 {S2RY @ébemey loxy) 1ddoet-mt syl aminolhexyl foxy)ethanoate
dif6BRy nthenayigxy)-2-[(tert-butoxycarbonyl)aminolhexylloxy)ethanoate 25
Fdic&%}({?oh xylamine (1:1) (seed crystal) [Formula 22] NHBoc 0 BnO OOH N 17
(FRTERIEE Broduct of (((2R)-6-(benzyloxy)-2-[(tert
butoxycarbonyl)amHBjhexylla®y)ethanoate (555 mg, content: 92.0%, 1.34
mW@WMe (2.5 n]Ll) and n-heptane (5.0 mL) at
Ba®n temperatufe under nitrogerptmospheke. After dicyclohexylamine (265
mg, 1.46 mmol) was added to the red soluf] he reaction solution
was stirred at the same temperature 44 hour§, Precipitated crystals were
filtered out, washed with n-heptane (1.67 mL) 3 times, and dried under
reduced prefssude oroduct of ({(2R)-6-(benzyloxy)-2-[(tert-

butoxycarbonyl)amino]hexyl }oxy)ethanoate (267.9 g, content: 89.6%, 629 mmol) was dissolved

in ethyl acetate (2400 mL) under a stream of nitrogen, and n-heptane (1200 mL) was further
added thereto. Then, the solution was stirred at 23°C.  Dicyclohexylamine (138 mL, 692
mmol) was added to the solution, then the seed crystal (240 mg) obtained in Example 8 was
added thereto, and the solution was stirred at the same temperature for 21 hours. Precipitated
crystals were filtered out and washed with a 1:1 mixture solution (480 mL) of ethyl acetate : n-
heptane, and dried by ventilation to give the title compound (369 g).  Yield: >99%.

'H-NMR (ds-DMSO) & (ppm): 1.00-1.38 (6H, m), 1.35 (9H, s), 1.40-1.60 (SH, m), 1.68 (4H, br-
d,J =12.0 Hz), 1.86 (4H, br-d, J = 13.2 Hz), 2.72-2.88 (2H, br-s), 3.10-3.50 (13H, m), 3.38 (2H,
t,J = 6.4 Hz), 3.67 (2H, br-s), 4.12 (2H, s), 7.10-7.35 (5H, m).

[0028]
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give the title compound (1.61 g). Yield: >99%. [0027] 9) Synthesis
of(1(2R)-6-(benzyloxy)-2-[(tert-butoxycarbonyl)aminolhexylloxy)ethanoate 10
dicyclohexylamine (1:1) [Formula 23] NHBoc O ~ ~Bn0 O v OH N A crude
product of (((2R)-6-(benzyloxy)-2-[(tert-
butoxycarbonyl)amlno]hexylony)ethanozh% (267 9 g, content: 89.6%, 629

0

[FsmiUmikariWas stlrred at 23C. chyclohexylamlne (138 mL, 692 mmol) was
added to the solution, then the sged crystal (240 mg) obtained in Example 8
was added thereto, and the sdlwtion was stirred at the same temperature for
21 hours. Precipitated crystals|were filtered out and washed with a 1:1

mixture solution (480 mBng cetate : n 20 heptane, and dried by
ventilation to give the tit mpoun

(369 g). Yield: >99%. 'H-NMR
(d6-DMSO) S (ppm): 1.00- 38 (6H ), 1.35 (9H, s), 1.40-1.60 (5H, m), 1.68

gﬂé ,J=13.2 Hz), 2.72-2.88 (2H, br-s),
50 (13H m) 3. 38 (2H t J 6. 4 Hz), 3.67 (2H, br-s), 4.12 (2H, s),
7.10-7.35 (%H Hgtlrﬁ%%g 96%2% %ﬁ%%é@%&ﬂ@ﬁ%@rg sus enswn of (2R

[4- (benzyloxy) utylfmorpholin-3 -one" [Formula 2 nOO 0 an ethyl
@ea&t@/éﬁﬁ@%hl}l&@é«t@fﬁé@@@mp})hgﬂﬁde%@@h%ﬁ%[@zﬁ»&é@exylamme (1:1)

AhenzyBxg-aitexshuaxysartrndlaninalivexy) Wxyathamesi®ise with stirring at
dicyclohexylamine 1d5r(§fn (310. O , 550.8 mmol), 5% sulfuric acid solution

th@m@r éﬁ)rwggltgéﬁj% W}g%r@v gﬁ}.ﬂﬁ&ltﬁ)gen After stirring for 17 minutes, the

organic layer was separated, and concentrated under reduced pressure. Methanol (930 mL) was
added to the residue, which was concentrated under reduced pressure. Then, the resultant crude
product (239.8 g) was dissolved in 930 mL of methanol. The solution was cooled at 8°C with
stirring and, and concentrated sulfuric acid (64.6 mL) was added dropwise to the solution. The
mixture was stirred for 2.5 hours while it was warmed in a water bath of 45°C. The mixture
was cooled so that the inner temperature was 9.7°C, and then a 28% sodium methoxoide
methanol solution (360 mL) was added dropwise thereto, and the solution was stirred for 30
minutes. Furthermore, 28% sodium methoxoide methanol solution (36 mL) was added, and the
solution was stirred for one hour. Then, 5 N aqueous hydrochloric acid (60 mL) was added.
After ethyl acetate (3100 mL) and water (2170 mL) were added to the solution, the solution was
separated. Then, the organic layer was washed with 10% brine (930 mL), and the solvent was
removed by evaporation under reduced pressure. Furthermore, tert-butyl methyl ether (620
mL) was added, and azeotropic concentration was carried out to give a crude product of the title
compound (118.2 g, content: 92.4%). Yield: 75.3%.

'H-NMR (CDCl3) & (ppm): 1.40-1.85 (6H, m), 3.47 (1H, d, J = 5.6 Hz), 3.47 (2H, t, ] = 6.4 Hz),
3.50-3.55 (1H, m), 3.87 (1H, dd, J = 3.2, 11.2 Hz), 4.10 (1H, d, J = 16.8 Hz), 4.18 (1H, d, J =
16.8 Hz), 4.50 (2H, s), 6.50 (1H, br-s), 7.25-7.40 (SH, m).

[0029]
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the inner temperature of 7.5C under a stream of nitrogen. After stirring for 17
minutes, the organic layer was separated, and concentrated under reduced
pressure. Methanol (930 ml-) was added to the residue, which was

Cl N X
[Rwvanmde@3h a water bath of 45C. The mixture was cooled so that the inner
temperature was 9.7C, and thep_a 28% sodium methoxoide methanol
solution (360 ml-) was added wise thereto, and the solution was stirred
for 30 15 minutes. Furthermore|[28% sodium methoxoide methanol solution

(36 mL) was added, and the (on was stirred for one hour. Then, 5 N
aqueous hydrochlori&aIM0 mL) was added. After ethyl acetate (3100 mL)

and water (2170 ml-) were fdded t%jk:,e solution, the solution was separated.
é&}% ani er ash ith 10% brine (930 mL), and the
IVert was removed by evaporation under reduced pressure. Furthermore,

tert-butyl m I 620 20 as added, and tropic concentration
s canred ot o GO R b L G R e
disertedtnaerybe)y Yieltly 781894 1 A0-NMRnEDGUBYSE ¢hpitn)zdn4dnd (BSs(Biion was
stm&%ﬁﬁe(ﬂﬁeﬂeﬂqeﬁtﬁrt'@ '2§°&7 (%@te}’d}—tzer@'lﬂlwlz—)i’lc%?&fﬁesé ﬂ‘ |3_| g[‘&ﬁ%ﬂmol)
(1H, dd, J=3.2, 11.2 Hz), 4.10 (1H, d, J= 16.8 Hz), 4.18 (1H, d, J =" 16.8
WpiAdded drepryiss)ogIsgqagion padytipnp 8-, Madigiathynpeopppdpg 6 -1 g, 41.0 mmol)

waYhesigeaftethetime temperature, and the solution was stirred for 16 hours. The
(3R)-3-[4-(benzyloxy)butyl]-5-oxomorpholine-4-carboxylate [Formula 25

R BHOD YRR (HEA BT oG S e VEOBIG, Ui the
miRme!yviasoh disselived sy 83rirismeind-eibesctAQsTiubhRdedaséRait of
RS 5 Suon s lted at e el ATRETAS & 235 Al
acid (1080 mL), 5% sodium bicarbonate water (540 mL), and 5% brine (540 mL). The solvent
was removed by evaporation under reduced pressure to give a crude product of the title
compound (187.8 g, content: 83.3%). Yield: >99%.

'H-NMR (CDCl3) & (ppm): 1.35-1.60 (2H, m), 1.45 (9H, s), 1.60-1.70 (3H, m), 1.80-1.85 (1H,
m), 3.48 (2H, t,J = 6.4 Hz), 3.72 (1H, d, ] = 12.4 Hz), 3.95 (1H, d, J = 12.4 Hz), 3.98-4.30 (1H,
m), 4.15 (1H, d, ] = 17.2 Hz), 4.27 (1H, d, J = 17.2 Hz), 4.50 (2H, s), 7.20-7.40 (5H, m).

[0030]

12) Synthesis of tert-butyl (3R)-3-[4-(benzyloxy)butyl]-5-[(diphenoxyphosphoryl)oxy]-2,3-

dihydro-4H-1.4-oxazine-4-carboxylate
[Formula 26]

OP(O)(OPh),

BocN™ ™

Bno/\/\/'\/o

Tert-butyl (3R)-3-[4-(benzyloxy)butyl]-5-oxomorpholine-4-carboxylate (63.0 g,

content: 79.4%) was dissolved in tetrahydrofuran (230 mL) and toluene (150 mL) under a stream



10

15

20

25

was added dropwise to the reaction solution, 4-N,N-dimethylamino pyridine
(5.01 g, 41.0 mmol) was added thereto at the same temperature, and the
solution was stirred for 16 hours. The mixture solution was cooled to 7.7C,
imidazole (28 g, 410.1 mmol) was added thereto, and the 10 mixture solution
was stirred for 85 minutes. After the reactbn solution was diluted with
toluene (1000 mL), the organic IaYer was washed sequentially with 1%

OB hy AR UERITSOIFRL, 59 Sod MBI BSHRREIHF (34 mL)

wisla)ldaadoSfe bieo(b4Q solytidihe Solvelndd wak remioneofbyiieyepdnation Lithium

G SN G SRS 0t Y5 cRapyac 484 °
dr@myisnyo tha mQreslntieo-at. e (3kk emperao:e. 85 hieplumyn Jvagsired fog B

héufs. HZo thd 2ofdtibnda d 5l gyt bl s o bHarfmdmiubZefiibide 3588 4-301 (dene
m 'J=17.2 H2), 4.27 (1H, d. J = 17.2 Hz), 4.50 (2H,’s),

,4.15 (1H, d J .
(2?_(;61_17)' wre—)qqfi?ﬂ) _f(faewgeil %)@9mﬁBSiSTéFPEFP-%WmC layer was washed sequentially
wiBR)1894anenzydoky )iy inbridiphecaxyiph EBhon Kok Wodidm B arbonate water

ihydro-4H-1.4-0xazine-4-carboxylate J[Formula 26] OP(O)(OPh)2 BocN H..
SRR RS oA CH e TR R R R D e
u{éd. G ducebprentrd 9. 4odhoveesidisssipedeinl fétrmhy thasfedderd (280 azsiojrapid

céﬁ&%ﬁi&%%h%%}i Al PR &EQEFQ&?%WIQ%H;d@ﬁré&l@iimﬂﬁfﬂe
cooled to -25C. Diphenyl chlorophosphate (31.4 mL) was added to the

cuBRaBA (tHE-3 815881 Wt W&ehed Withtétranydrofuran (12.5 mL). Lithium
'Hnexaroetnddisdagise) tatrahydsatmam 5alus oo 1s) 51651k, mE,6c1686), mevol) H,
s add opwise tqQ the mixtu lytion at the same, t rature, Th

T M e e Y Rl e e Gt R o o6 qr otls Sihingh !

3. oftlanmonitd) chidtiae) (500 g) and toluene (250 mL) were added, followed

[0%% xtraction. Then, the organic layer was washed sequentially with a 10%
agueous solution of ammonium chloride (500 g), a 5% sodium bicarbonate

1% h s 5Ok i .f. CNZ RO o 250}t D 1 FeosophRb- hardihydro-

AFEMOYRE Y- VAR AR

[Formula 27]

N

ADAH

BocN™ ™

BnO O

Tert-butyl (3R)-3-[4-(benzyloxy)butyl]-5-[(diphenoxyphosphoryl)oxy]-2,3-
dihydro-4H-1,4-oxazine-4-carboxylate (17.4 g, 29.2 mmol) was dissolved in N,N-
dimethylformamide (87.0 mL) and toluene (17.4 mL). To the solution, water (1.05 mL, 58.4
mmol) and 3,4,5-trifluorophenylboronic acid (7.71 g, 43.8 mmol) were added and subjected to
nitrogen-substitution. Then, bis (triphenylphosphine)palladium dichloride (2.05 g, 2.92 mmol)
and cesium carbonate (19.0 g, 58.4 mmol) were added and subjected to nitrogen-substitution

again. The reaction solution was stirred at the inner temperature of 85°C to 106°C for 2.5
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under reduced pressure. To the residue, toluene (150 mL) was added, and
azeotropic 10 concentration was carried out under reduced pressure to give a
crude product of the title compound (100.3 g, content: 89.3%). Yield: >99%.
1H-NMR (CDC13) S (ppm): 1.35-1.75 (6H, m), 1.45 (9H, s), 3.35 (2H, t, 7=
6.4 Hz), 3.69 (1H, dd, J=2.8, 11.2 Hz),24.02 (1H, d, J =11.2 Hz), 4.30-4.35
(1H, m), 4.43 (2H, s), 6.30 (1H, d, J = 3.6 Hz), 7.15-7.40 (15H, m). 15 [0031]
h(ilg?, gg} ﬁﬁ)é)gﬁig by t[léa)&t_ er temperature was 50 C. "To the reaction solution, 50%

ad BR)r3sphiz(ioe Rz yhe il iyl -6 o Syvh Seikidicaphasiyl)n2, 3-thhylyevas added at the inner

4H-1,4-oxazjpes4-carboxylate [Formula 27] F .F F. BocN Bn0 0
R aR) o 4 bRk B S ALy BRBRaPBR e spane 0
n@hgﬁdﬂrgepﬂahan-oifaziqgamicaab@xytatwa(ﬂﬁﬂvgthzmﬂ%mm)ou\sasldi'ssodxfe_mbthanol
(lvl?/dé’\% e tniormanige & s PMinANdIRERE (hidhih): THIS RUHIOR,

r (1.05mL, 58.4 mmo&gnd 3,4,5-trifluorophenylboronic acid (7.71 g,
e B A SN AREFS el TR B S B REs T G0 A RTOG KRR ASEHRITENY Tihehe pigne (52
mitiiphgoyinbesphingpRiRdiAPraishioride (bR diod ShesmalicASvandeasiken (87
rbonate.l%go ‘? 8.4 mm 1‘Igﬁwere added andgsub'ected Fto . d(1L.8
mﬁr%ase% SHEUTISET SR PRE YER AN SR SAIEIHOR REAL hiphdbr At eompynd (11
grenpeldtdre 6f 85C to 106C for 2.5 21 hours, and cooled so that the inner
1 r 0C. To.thereacti ' 09 soluti _
B L il TS S A e -
6.thhi@). tthpbiatldd 5f23%5 0Pt hnixtard Mvaldfiltered tik-8 b, detiiet- and Hnsedt 51

oMith nehertane (Ixsanbirandiiepaated s e 9raasio laysiwas washed with a
50% aqueous solution of methanol 5 (174 g) twice and with 5% brine (87 g)

[QAd! water (87 g), sequentially. The solvent was removed by evaporation
lurslerHetuctdrphasduBR ., 82 edipiciesnbenilaiion Abtifdoegiang 1(hidrpholine-4-
carboxylate

[Formula 28]

BocN

HO ©

Tert-butyl (3R)-3-[4-(benzyloxy)butyl]-5-(3,4,5-trifluorophenyl)-2,3-dihydro-4H-
1,4-oxazine-4-carboxylate (4.83 g, 10.1 mmol) was dissolved in methanol (24.2 mL). To the
solution, 20% palladium hydroxide-C (50% water content, 2.42 g) was added. The solution
was stirred for 19 hours under hydrogen pressure (2 MPa) in a state in which the jacket
temperature was set to 70°C.  After the mixture was filtered through celite, the filter cake was
washed with methanol (10 mL). The filtrate was concentrated under reduced pressure, and
substitution concentrated with acetonitrile (24 mL) under reduced pressure to give a crude

product of the title compound (3.63 g, content: 89.5%) as a brown oil.  Yield: 88.2%.
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ml-) was carried out under reduced pressure, and substitution concentration
with methanol (87 ml-) was carried out under reduced pressure to give a
crude product of the title compound (11.8 g). Yield: 84.8%. 10 1H-NMR
(CDC13) 8 (ppm): 1.20 (9H, s), 1.40-1.50 (1H, m), 1.35-1.50 (5H, m), 3.51
(2H, 1, J = 6.4 Hz), 3.93 (1H, dd, J = 2.8230.8 Hz), 4.15 (1H, dd, J = 1.2, 10.8
%W&40445 1H, m), 4.51 éH s), 6.18 (1H sg% 680$2H dd- I|ke J=6.4,

JCPER ABPBIOGY, 1004511 15) SoRhELLHr Iy o 2453 35 0K
m()SB?ﬁ??alB (1@hydncombtﬁyﬂ)z}s-:{;?ar(mmmWephenyl)mrzr)ph@hr(em -d15=11.6 Hz),

A T o T UL o e G A o

8.8 Hidxazrne 4-carboxylate (4.83 g, 10.1 mmol) was dissolved in methanol
[d@&&@ mL). To the 20 solution, 20% palladium hydroxide-C (50% water
1content 2. 429 Was added The solutron was strrredor 19 hours under.

VBEitHh(ﬁ@ﬁbld\fter the mrxture was frltered through cehte the frlter cake was
T hlecE ith methanol (10 mL). The filtrate was concentrated under reduced
pressure and substitution concentrated with acetonitrile (24 ml-) under
reduced pressure to dgive a crude 25 product of the title compound (3.63 g,
content: 89.5%E]as a grown ?_II Yield: 88.2%. 22 1H-NMR (CDC13) S (ppm):

0.98-1.10 (1H, M)nk204,80'(6H, m), 1.52 (9H, s), 3.45-3.55 (2H, m), 3.67
| ,3.78 (1L H, dd, 7= 4.0, 12.4 Hz), 3.84 (1 H, d, 7 =
SNUEFM), 4.42 (1H, d, J = 12.4 Hz), 5.09 (1H, d, J = 3.6

(1H,dd,7=4.0,1
11.6 Hz), 3.90-3.9
Hz), 7.32 (2H, dd-like,J0 = 6.8, 8.8 Hz). 5 [0033]
@) BocN

HO ©

A crude product of tert-butyl (3R,55)-3-(4-hydroxybutyl)-5-(3,4,5-
trifluorophenyl)morpholine-4-carboxylate (2.15 g, content: 86.4%, 5.51 mmol) was dissolved in
acetonitrile (10.7 mL) and water (10.7 mL) with stirring at room temperature under nitrogen
atmosphere. The solution was cooled to 8°C.  After sodium hydrogen carbonate (463 mg) and
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) (86.1 mg) were added to the reaction solution, an
aqueous solution of sodium hypochlorite (available chlorine content: 11.9%, 8.59 mL) was
added dropwise to the reaction solution at the same temperature in a state in which the inner
temperature was not higher than 20°C.  After stirring for one hour, to the reaction solution,
toluene (10.7 mL) was added, and a 10% aqueous solution of sodium sulfite (10.7 mL) was
further added. The reaction solution was warmed to room temperature and stirred for 30
minutes. Then, to the reaction solution, 5 N aqueous hydrochloric acid (3.22 mL) was added
dropwise thereto, and the aqueous layer was separated. To the organic layer was added 1 N
aqueous solution of sodium hydroxide (21.5 mL) with stirring to remove the organic layer,
followed by extraction with ethyl acetate (21.5 mL). The organic layer was washed
sequentially with 5% brine (10.7 mL) and water (10.7 mL). The solvent was removed by
evaporation under reduced pressure to give a crude product of the title compound (2.55 g,

content: 92.8%). Yield: >99%.
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15) Synthesis of
4-[(3R,5S)-4-(text-butoxycarbonyl)-5-(3,4,5-trifluorophenyl)morpholin-3-
yl]butanoic acid [Formula 291 F F F 0 BocN HO O 10 A crude product of
tert-butyl (3R,5S)-3-(4-hydroxybutyl)-5-(3,4,5-
trifluorophenyl)morpholine-4-carboxylate2?2.15 g, content: 86.4%, 5.51 mmol)
.was dissolved in acetonitrile (10.7 mL) and water (10.7 ngzwith stirring at
HIOMRpERA FBP&RdéPRrﬂrééé#{awﬁ&s%é%Ez IS RAB AR Lo & =
1 BCHAfter7sadidm, hydgegan) cataanbtel (463 M@H24.90-3.95 (1H, m), 4.42 (1H, d, J =
6~ hylpiperidine-l-oxyl (TEI P%) mg) were added to the
12?&;%1}(:%&% Zﬁéﬁj{gg#y é:]Z’ ?g%&% %Sl-gti_cl)\éf% é%%‘?z m hypochlorite (available
[®RHrine content: 11.9%, 8.59 mL) was added dropwise to the reaction
168 HAR A $he-FBRSIRHIPLIAFEHA B HAE IR MHEENC MR SRR BldiBchloride
was not higher than 20C. After stirring for one hour, to the reaction solution,
{40.7 mL) was added, and a 10% aqueous solution of sodium sulfite
[Hdchdlard0) was further added. The reaction solution was warmed to room
temperature and stirred for 30 20 minutes. Then, to the reaction solution, 5 N
aqueous hydrochloric'acid (3.22 mL) was added dropwise thereto, and the
aqueous layer Was separate@. To the organic layer was added 1 N aqueous
solution of sodium 'de (21.5 mL) with stirring to remove the organic
layer, followed by & on with ethyl acetate (21.5 mL). The organic layer
was washed sequentyally with 5% brine (10.7 mL) and water (10.7 mL). The
solvent wasteihoved Py 25 evaporation under reduced pressure to give a
ompound (2.55 g, content: 92.8%). Yield: >99%.
ppm): 1.00-1.40 (4H, m), 1.52 (9H, s), 2.05-2.20
~thJ >(22.0 Hz), 3.78 (1H, d, J = 8.4 Hz), 3.84 (1H, d, 7 =
’0 Hz), 3.90-3.95 (1H, m), 4.42 (1H, d, J =
4-[(3R,55)-4-(Tert-butoxycarbonyl)-5-(3,4,5-trifluorophenyl)morpholin-3-

yl]butanoic acid (420 mg, 1.04 mmol) was dissolved in 1,2-dimethoxyethane (2.1 mL) under
nitrogen atmosphere, and concentrated hydrochloric acid (0.186 mL, 2.09 mmol) was added
thereto with stirring, which was heated at 50°C for 62.5 hours. The mixture was cooled to
room temperature and stirred for 45 minutes. Then, the suspension was further cooled to 4°C
and stirred for 2.3 hours. Crystals were filtered out, washed with 1,2-dimethoxyethane (1 mL)
that had been cooled to 4°C, and dried under reduced pressure at 40°C to give the title compound
(221 mg). Yield: 62.5%.

'H-NMR (ds-DMSO) & (ppm): 1.28 (2H, m), 1.67-1.75 (2H, m), 2.24 (2H, t, J = 6.0 Hz), 3.34
(1H, m), 3.72 (1H, t-like, J = 11.6 Hz), 3.84 (1H, t-like, J = 11.6 Hz), 3.94 (1H, dd, J = 3.3, 12.1
Hz), 4.01 (1H, dd, J = 3.3, 12.1 Hz), 4.51 (1H, d, J = 6.4 Hz), 7.82 (2H, dd-like, J = 6.8, 8.8 Hz),
9.68 (1H, brs), 10.18 (1H, brs), 12.11 (1H, brs).

[0035]



12.4 Hz), 5.11 (1H, br-d), 7.33 (2H, dd-like, J = 6.8, 8.8 Hz). [0034] 5 16)
Synthesis of 4-[(3R,5S)-5-(3,4,5-trifluorophenyl)morpholin-3-yllbutanoic acid
hydrochloride (seed crystal) [Formula 30] F FF HCI O HN HO O
4-[(3R,5S)-4-(Tert-butoxycarbonyl)-5-(3,4,5-trifluorophenyl)morpholin-3 10
yl]butanoic acid (420 mg, 1.04 mmol) wa% dissolved in 1,2-dimethoxyethane
1% |-) unr r e§1 tNOSp e(re n oncentrated | drochlorrc cr lorid
.,. D uuou ) acld co nloride

gL
y YV- Cl U, VV. Cl C

[F50@ule36R.5 hours. The mlxture was cooled to room temperature and stlrred
for 45 minutes. Then, the suspension was further cooled to 4C and stirred for
2.3 hours. Crystals werg filtered out, washed with 1,2-dimethoxyethane (1
ml-) 15 that had sgen cogled tg=4C, and dried under reduced pressure at 40C
to give the title compo (221 mQ). Yield: 62.5%. 1H-NMR (d6-DMSO) S
(ppm): 1.28 (2H, m),75 (2H, m), 2.24 (2H, t, J = 6.0 Hz), 3.34 (1H,
m), 3.72 (1H, t-like, I>FX6 Hz), 3.84 (1H, t-like, J = 11.6 Hz), 3.94 (1H, dd,
J=3.3, 12.1Hi@9), 4.01 {1H, dd, J = 3.3, 12.1 Hz), 4.51 (1H, d, J = 6.4 HZ),
7.82 (2H, dd-like, J = 6.8,8.8 Hz), 20 9.68 (1H, brs), 10.18 (1H, brs), 12.11

7) Syhthesis of

- ifIuor@enyl)morpholin-3-yl|butanoic acid hydrochloride

H

4-[(3R,55)-4-(Tert-butoxycarbonyl)-5-(3,4,5-trifluorophenyl)morpholin-3-
yl]butanoic acid (880 mg, 2.18 mmol) was dissolved in 1,2-dimethoxyethane (2.4 mL) under
nitrogen atmosphere, and concentrated hydrochloric acid (0.354 mL, 3.98 mmol) was added
thereto with stirring. The mixture was heated at 60°C. The mixture was cooled to room
temperature. Then, the seed crystals (about 1 mg) of the title compound obtained in Example
16 were added to the mixture at the same temperature, and the mixture was stirred for 2 hours
and 10 minutes. Ethyl acetate (8.0 mL) was added dropwise to the mixture over 15 minutes,
and the suspension was cooled to 4°C and stirred for 11 hours. Precipitated crystals were
filtered out, washed with ethyl acetate (that had been cooled to 4°C, 1.6 mL), and dried under
reduced pressure at 40°C to give the title compound (741 mg). Yield: 55.7%.
[0036]
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OHN HOO
4-[(3R,5S)-4-(Tert-butoxycarbonyl)-5-(3,4,5-trifluorophenyl)morpholin-3- 5
yl]butanoic acid (880 mg, 2.18 mmol) was dissolved in 1,2-dimethoxyethane
(2.4 mE) under nitrogen atmosphere, and concentrated hydrochloric acid
(0.354 mE, 3.98 mmol) was added theretd with stirring. The mixture was
lgftfgt 6Q rpi'x re.was cooled to room tempera rg i‘- A ”i- )

X 4 S:trifluorophenylhexahvdropyrido|”
U C C U [JUU U ULo cCU Xa

O 4
ADUU
omdded to the mixture at the same temperature, and the mixture was stirred for
[P%JMHES}%P and 10 minutes. Ethyl acetate (8.0 mE) was added dropwise to
the mixture over 15 minutes, and the suspension was cooled to 4C and
stirred for 11|Eours. Precipitated crystals were filtered out, washed with ethyl

acetate (that lpad been cooled to 4C, 1.6 mT), and dried under reduced

rifluorophenyl)hexahydropyrido[2,1-cl[1,4]oxazin-6(1H)-
F O N O 51i) Intramolecular condensation reaction

(200 mg, 0.587 mmol) and triethylamine (0.204 mL, 1.47
M{rile (2.0 mL) at OC under a stream of nitrogen. The mixture

and water (1 mL) were added to the reaction mixture,
er was extracted. Then, the organic layer was washed
sequentially with 1 N aqueous

1) Intramolecular condensation reaction

Isobutyl chloroformate (0.091 mL, 0.704 mmol) was added dropwise to a solution
of 4-[(3R,55)-5-(3,4,5-trifluorophenyl)morpholin-3-yl]butanoic acid hydrochloride (200 mg,
0.587 mmol) and triethylamine (0.204 mL, 1.47 mmol) in acetonitrile (2.0 mL) at 0°C under a
stream of nitrogen. The mixture was warmed to room temperature and stirred for 2 hours.
Tert-butyl methyl ether (2 mL) and water (1 mL) were added to the reaction mixture, and the
organic layer was extracted. Then, the organic layer was washed sequentially with 1 N aqueous
hydrochloric acid, 5% sodium bicarbonate water, 5% brine, and water, and dried over
magnesium sulfate. The solvent was removed by evaporation under reduced pressure to give a
crude product of the title compound. Yielded amount: 164 mg [as tert-butyl methyl ether
solution (1.99 g), HPLC quantification]. Yield: 97.9%.

[0037]
ii) Crystallization purification

4-[(3R,55)-5-(3,4,5-Trifluorophenyl)morpholin-3-yl]butanoic acid hydrochloride

(358 mg, 1.05 mmol) was stirred at 50°C in a condition in which tert-butyl methyl ether (0.72
mL) was added to a crude product obtained by using tetrahydrofuran (3.58 mL) as a reaction
solvent in the above-mentioned reaction conditions. After the seed crystal was added to the
reaction solution, the reaction solution was cooled to room temperature. Then, n-heptane (2.15
mL) was further added to the reaction solution, and the reaction solution was stirred at the same

temperature for one hour. The suspension was cooled to -30°C and stirred for 2 hours. Then,
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hydrochloric acid, 5% sodium bicarbonate water, 5% brine, and water, and
dried over magnesium sulfate. The solvent was removed by evaporation
under reduced pressure to give a crude product of the title compound.
Yielded amount: 164 mg [as text-butyl methyl ether 15 solution (1.99 g),

HPLC quantification]. Yield: 97.9%. [oo§ﬂ ii) Crystallization purification
4-[(3R,5S)-5-(3,4,5-Trifluorophenyl)morpholin-3-yl]butanoic acid . .
theaySahtdeshsag iy 1 Pﬁrﬁ‘B% Wiss SerE e se R YA EShdRiGn Srelvhibe tide

cdefidounty|2nethy). etend0s02 220 mL) was added to a crude product obtained

| i hydrofuran_(3.5 asar ' lvent in_t
e T ) A 8 LT e o 42
(Aidactiohd|Utdon ) théx8attiob.blutloddvhs edoledittzoari0dhipérHtune. 3.93 (1H,
a.ihefy Bhsptane (3ale jld was furber added t9 thersagtion saluion.@ad 4 4.
the reaction solution was stirred at the same temperature for one hour. The
158dfension was cooled to -30C and stirred for 2 hours. Then, 26 the crystal
(003§ washed with n-heptane, and dried under reduced pressure at 40C to
Egive fh%title compound (240 mg). Yield: 80.1%. 1H-NMR (CDC13) S (ppm):
B8-1.60 (1H, m), 1.80-1.95 (2H, m), 1.95-2.05 (1H, m), 2.40-2.50 (2H, m),
1)3X56tiidd of hetlh? @ e62b dab@ il Qe kinpdRBE 3.90 (1H, m),
[F%t%ﬁlf}'s'b] 5d,J= 10.8 Hz), 4.16 (1H, d, J = 8.4 Hz), 4.72 (1H, t-like, J =6
Hz), 6.90 (2H, dd-like, J = 4.4, 12.8 Hz). [0038] Example 2 1) Synthesis of
methyl (2S)-2-[(terbddBagcarbonyl)aminolhexanedioiate 10 [Formula 33]
o McQO2CN-"=~C02Mc (2S)-2-Aminohexanedioic acid (500 g, 3.10
mo %vas\dés\olmmgl\dml (5000 mL) with stirring under a stream of
nitrogen, and the reaction solution was cooled to - 14C. After thionyl chloride

(812 g, 6.832mbl Ma dbreacdivipriit (U T Actoh Yattisk ! ebin methanol

(5000 mL) with stirring under a stream of nitrogen, and the reaction solution was cooled to -

14°C.  After thionyl chloride (812 g, 6.83 mol) was added dropwise to the reaction solution, the
reaction solution was stirred at 20°C for 16 hours. The reaction solution was cooled so that the
inner temperature was not higher than 9°C, and an aqueous solution of potassium carbonate
(36.4%, 2830 g) was added dropwise the reaction solution. Then, di-tert-butyl-dicarbonate
(880.0 g, 4.03 mol) was added thereto, the reaction solution was washed with methanol (100
mL). An aqueous solution of potassium carbonate (36.4%, 1860 mL) was added dropwise to
the reaction solution, and the reaction solution was stirred at 25°C for 3 hours. To the reaction
solution, water (3500 mL) was added, followed by extraction with tert-butyl methyl ether (5000
mL). The organic layer was washed with water (1500 mL). The solvent was removed by
evaporation under reduced pressure, and azeotropic concentration with toluene was carried out
under reduced pressure. The concentrated residue was dissolved in tetrahydrofuran (1500 mL)
to give a solution of a crude product of the title compound in tetrahydrofuran (2184 g, content:
35.1%). Yield: 86.0% (HPLC quantification).

[0039]
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15 reaction solution was stirred at 20C for 16 hours. The reaction solution
was cooled so that the inner temperature was not higher than 9C, and an
agueous solution of potassium carbonate (36.4%, 2830 g) was added
dropwise the reaction solution. Then, di-tert-butyl-dicarbonate (880.0 g, 4.03
mol) was added thereto, the reactlon sol%on was washed with methanol

bonate (36.4%, 1860 mL)
2 SjomeiLe =02 ST Srrsotttic aﬂ YHRshie carbamaie olution
[HN&BL&&I%d at 25C for 3 hours. To the reaction solutlon water (3500 mL) was
added, followed traction with text-butyl methyl ether (5000 mL). The
organic layer wa R&d with water (1500 mL). The solvent was removed

I_ﬁ)gﬁjfevappm/uﬂd\/r@iﬂlced pressure, and azeotropic concentration with
ene was carried out under reduced pressure. The concentrated residue

was d issolvgmhm@tr@my&kmm&mmwﬁ 1R1gius a6SAMULioT @f 8. BYuAlR) was

SIS eI R0 (st et Ao
cQQlﬁ)vﬁemymnxgde(mydmmmﬂeymmwtyﬂwbdMe [Featmtdac B4y N:Hﬁom HO
SO ut10 Igmefa‘ l l(?gr? m y dro ld%gr g‘}ene Iunger:]d gé%)inlt%&?h?droérama%m g,

WaS ISSO ran er a stream o trogen an
cehieredetidh sdution) was ad@@leﬂdomh@tmngt@@matmenmmelnﬂmraiéf@)

whieR W]a%%a;;l%&%tflqg&% 1%9!1111119 E’jﬂnﬁ?luuﬂ{% QJam%Wy(Llutlon was stirred at 25°C for

(2S)-2-[(tert-butoxycarbonyl)amino]hexanedioiate in tetrahydrofuran (1050 g,
1¢bpwemnd Bransoslairtorfly WasTdddedt dropolisoinaefad mperatame ot solghen of

séﬁﬁﬂﬁl}®§§21d Wil s WM%%X%E%‘S Eﬁ'?é{qw&%ﬁl@?rm )- The. lﬁ%@ﬁﬁ?&hyl

solution was stirred at 25C for 10 18 hours and then cooledto 9.2C
cthes (Ho1S sdluifiey Mastedhorerginnaglissns shilstidhe afuseridmahydrosdpated, the

oldt@ 3y hathag begnsralgowanlds witl NG ulis R fubhmsitivl ek

) was put into the reaction solution. After the aqueous layer was

T A S B e SR A SR S 2SR g duced

piesduiio andf capomgridtonchilotiden (i84binehy ans 2a3%edarinandd44dmed. pFéaure.
TR 'r‘é?%é"’ F2"&N \/,%Q 1A G (ﬁgjmﬂ:ﬂg eg'ivree gg&%gon of a crude product of the title

compound in acetone (791.9 g, content: 33.2%). Yield: 88.3%.
[0040]
3) Synthesis of tert-butyl (4S)-4-(4-hydroxybutyl)-2,2-dimethyl-1,3-oxazoline-3-carboxylate

[Formula 35]
Bocl\\l)(

mo
HO

Acetone (193 mL) and 2,2-dimethoxy propane (1093.0 g, 10.5 mol) were added

to a solution of tert-butyl [(1S)-5-hydroxy 1-(hydroxymethyl)pentyl]carbamate in acetone (a
mixture of two lots: 737.3 g, content: 33.2%, 761.2 g, content: 32.2%; 2.10 mol) under nitrogen
atmosphere. To the solution, (1S)-10-camphorsulfonate (48.7 g, 0.21 mol) was added with
stirring, and the solution was stirred at 21°C for 19 hours. After the solution was cooled so that
the inner temperature was -10°C, water (1469 mL) was added dropwise to the solution, and the

solution was stirred for 50 minutes. To the solution was added 5% sodium bicarbonate water
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15 pressure, and azeotropic concentration with toluene was carried out under
reduced pressure. The residue was dissolved in acetone (738 mL) to give a
solution of a crude product of the titte compound in acetone (791.9 g,
content: 33.2%). Yield: 88.3%. [0040] 3) Synthesis
oftert-butyl(4S)-4-(4-hydroxybutyl)-2,2-di?ﬁethyl-l,3-oxazoline-3-carboxylate

la 3 .0 HO 2-dimethoxy .
R B by s o T A 08 5 D A AP Ay ganic tayer was
WHS)-BithyBifobnint-(hiah gxy mthy Nipentyiloaroamatevinl Agetomeriaomintmerafuced
pM&}Q}ﬁnZ §Ze§‘t1%pfco&t§&'ﬁt§a%&f/ evilzlaérgb%t q{l]éﬁﬂftl e%l?eiz%ﬁ;s %‘&96@8& Hﬁ'(ﬁje? lreduced

nitrogen 25 atmosphere. To the solution, (1S)-10-camphorsulfonate (48.7 g,
Pgsodrnoll e aes g derwthitadirriytc by thef Worti whe evecraehicnser a gude
pleauEsoAfefitRe sapsian Waseapleshaantats the nemieNPeIaturewasssLOf,
[O\és@jr r (1469 mL) was added dropwise to the solution, and the solution was

d for 50 minutes. To the solution was added 5% sodium bicarbonate
AHEeh@ ¢ e6ObalylfeHdHvicid iheex ' th . fedidetbyll
[Mufg@%]organic layer was washed with 5% brine (1469 g). Then, th

solvent was removed by evaporation under reduced pressure, and

azeotropic concentration with text-butyl methyl ether was carried out under

reduced pressure. §1e residugvvas diluted with tetrahydrofuran (490 ML) to
give a solution of a Qe product of the title compound in tetrahydrofuran

(945.8 g, content; 51.9%y. Yield(®5.5%. [0041] 4) Synthesis
BfITgD uty -4- nzytexy)butyll-2,2-dimethyl-1,3-oxazoline-3-carboxylat

e |Formula 36] BocN-~ O BnO 10 After a suspension of potassium

tert-butoxidA 802 shspe®B? pigltassium tert-butoxide (302.1 g, 2.69 mol) in

tetrahydrofuran (1717 mL) was cooled to -12°C under nitrogen atmosphere, a solution of a crude

product of tert-butyl (4S)-4-(4-hydroxybutyl)-2,2-dimethyl-1,3-oxazoline-3-carboxylate in
tetrahydrofuran (945.8 g, content: 51.9%, 1.79 mol) was added dropwise. The solution was
stirred at the same temperature for one hour. To the solution were added dropwise benzyl
bromide (399.1 g, 2.33 mol), followed by the rinse with tetrahydrofuran (24.6 mL). Then, the
solution was stirred at -12°C for 22 hours. To the reaction solution, a 50% aqueous solution of
dimethylamine (161.8 g, 1.79 mol) was added, and the reaction solution was then heated so that
the inner temperature was 50°C and stirred for 60 minutes. While the reaction solution was
cooled by circulating cool water (set to 8°C) to the jacket, and water (2429 g) was added to the
reaction solution, followed by extraction with n-heptane (2453 mL). The organic layer was
washed sequentially with 10% aqueous solution of potassium hydrogen sulfate (2453 g), 5%
sodium bicarbonate water (2453 g), and water (1472 mL), and then the solvent was removed by
evaporation under reduced pressure. The residue was dissolved in methanol (1472 mL) to give
a solution of a crude product of the title compound in methanol (1796.2 g, content: 34.1%).
Yield: 93.9%.

[0042]
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tetrahydrofuran (1717 ml-) was cooled to -12C under nitrogen atmosphere, a
solution of a crude product of
tert-butyl(4S)-4-(4-hydroxybutyl)-2,2-dimethyl-1,3-oxazoline-3-carboxylatein
tetrahydrofuran (945.8 g, content: 51.9%, 1.79 mol) was added dropwise.

The solution was stirred at the same tern?)erature for one hour. To the

[Fstimeth 87112C for 22 hours. To the reaction solution a 50% agueous solution
of dimethylamine (161.8 g, th l) was added, and the reaction solution
was then heated so that the @erature was 50C and stirred for 60
minutes While the reaction selution was cooled by circulating cool water (set

to 8C jacketaqd w 429 added to the 20 reaction

Blrl] , followed by extraction wit n-heptane (2453 mL). The organic layer

was Washed sequentiallé/ with 10%6‘?35?80[15 solution of potassium hydrogen

sulfate (2459%ha5%(135ditir Bieargetate wwateiqeaE 8 g UAd Watkt{1472
(H&i—z}d@@dtﬁh’tﬁﬂ migﬂimm-wda%kelmﬁged beﬁyﬂawmlﬁetM(irmimgdl .65 mol)
ssure. The residue was dissolve ethano mL) ta
Byt e i A G Mo TR
addténiddelh 2brvield 19:3.9%. [d@P&2aT20 ob) ISiAatheSis: o dairhuiytion was
19)-5-(henzylox rox meth enty r ula 37

S s e Sk s B A
bj(i@enzg:ﬂmnyybhtgd]uznz—@i@ﬁéﬂnid}l Foxazphnek3aarboxykite! seqethaholvith 5%
sddilBO T SndniR W&il)r 4pgena. f&h%%%ﬂii@g@@& T2 e SAILHAR SiMnt was

aqueous hydrochloric acid (600 ml-) was added dropwise with stirring at the
r%ﬁﬁ%@iﬁﬁ@%ﬁ%ﬂ@ﬂ@%@ PEARtien sblatieipasrestivedvat gt with toluene

QWS sbauitiea seactian padutionriRYe irinenREd Mmiolwas @dord cflawead 20 %).
ex With toluene (6004 mL). The organic layer was washed
eééénfﬁlly with 5% 10 sodium bicarbonate water (3002 ml-) and 10% brine
[O@B302 ML), and then the solvent was removed by evaporation under reduced

6 PEGRIULE oF G (BRRARIL S HIENAS Y tpLpith toluene

butoxycarbonyl)aminolhexyl }oxy)ethanoate

[Formula 38]

BocHN J<
BnO/\/\/\/O\)J\

N,N,N,N-Tetra(n-butyl)ammonium hydrogen sulfate (90.8 g, 0.267 mol), a

solution of a crude product tert-butyl [(1S)-5-(benzyloxy)-1-(hydroxymethyl)pentyl]carbamate in
toluene (1984 g, content: 24.5%, 1.50 mol), and toluene (2097 mL) were sequentially put into a
reactor vessel under a stream of nitrogen. The mixture solution was cooled so that the inner
temperature was 11°C. To the reaction solution, 25% aqueous solution of sodium hydroxide
(1557 mL) was added dropwise, then, tert-butyl 2-bromoethanoate (782.0 g, 4.01 mol) was
added, and the reaction solution was stirred at 8 to 9°C for 22 hours. To the reaction solution,
tert-butyl 2-bromoethanoate (10.6 g) was added, and the reaction solution was stirred for further

2 hours. Then, to the reaction solution, a 50% aqueous solution of dimethylamine (603.0 g)
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to give a solution of a crude product of the title compound in toluene (2007.6
g, content: 24.5%). Yield: 92.1%. [0043] 15 6) Synthesis of tert-butyl
(1(2S)-6-(benzyloxy)-2-[(tert- butoxycarbonyl)aminolhexylloxy)ethanoate
[Formula 38] BocHN 0 Bn0O O"~Oj< N,N,N,N-Tetra(n-butyl)Jammonium
hydrogen sulfate (90.8 g, 0.267 mol), a 2®solutlon of a crude product

text-hutyl bl)l(h tbttl

W TR SR R LAl 1B A SOOI Lb Bt o the
lopugt iha;&rawaremktormsséomwsmdanmmbfmmgﬁmmmdmgmméf&@ILﬁillrﬁ g) was
oI ORISR TR SSTIBEIATHE A A TSSO, RO

25% aqueous solution of sodium hydroxide™ (1557 mL) was added dropwise,

lajea W ateMapRRY PouBtBiiABe thikh d &t eodzB. bigrraopatsnsiicivad @gédaba%ahﬁalﬂ{%m
g)reapﬂan §@| g@ioa]waﬁs %iﬁ’{@d:@W éOag&MIQ&%Md {aa_&l BiesteRCHAD tlﬁelfémme was
e 2 romoethan 0.6 g) was ed, and the reaction solution
o R R S RS g fo R el Aol s e happond
insetutiydrofudam ety lcthaine (608 4)4@)”@0 Waddadded. The reaction solutlon was

(OO Q{Fd at the same temperature for one hour. After the lower layer was taken
out, a 10% aqueous solutlon of potassmm hydrogen sulfate (6918 g) Was

[fsem[atja}j and the organlc Iayer was Washed sequentlally Wlth 5% sodlum
bicarbonate water (216?{&311' and 5% brine (2162 5 g). Then, the solvent was

removed by evaporatio Bogiuced @assure and the residue was
diluted with tetrahydrofuran (865 l-) to give a solution of a crude product of

glﬁﬁé n 6ghcontent: 44.6%). Yield:
[0044] 7) Synthe3|s of
(1(2S)-6-(bapgy| l%éyafarlﬂ%ﬁ%%ﬁrmaﬂwﬂammlH%XUQ%%%BQ@&%&% toa

Formula 39] NH
solution of a crude product of tert-butyl ({(2S)-6-(benzyloxy)-2-[(tert-
butoxycarbonyl)amino]hexyl }oxy)ethanoate in tetrahydrofuran (1451.2 g, content: 44.6%, 1.48
mol) under a stream of nitrogen. To the mixture solution, 5 N aqueous solution of sodium
hydroxide (647 mL) was added at 15°C with stirring. ~ After the jacket temperature was set to
60°C, the reaction solution was stirred at the temperature of the reaction solution of 50°C or
above for 3 hours. After the reaction solution was cooled so that the inner temperature was
18°C, n-heptane (3883 mL) and water (6472 mL) were added and mixed together. The mixture
was allowed to stand, and the organic layer was separated. The aqueous layer was cooled so
that the inner temperature was 17°C, then neutralized by adding 5 N aqueous hydrochloric acid
(841 mL), and extracted by adding ethyl acetate (6472 mL). The organic layer was washed
with water (1942 mL) twice. Then, the solvent was removed by evaporation under reduced
pressure, and azeotropic concentration with ethyl acetate was carried out under reduced pressure.
The residue was diluted with ethyl acetate (994 mL) to give a solution of a crude product of the
title compound in ethyl acetate (1824.8 g, content: 30.9%). Yield: 99.9%.
[0045]
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BnO O OH Tetrahydrofuran (1037 ml-) and methanol (324 ml-) were
sequentially added to a solution of a crude product of tert-butyl
(((2S)-6-(benzyloxy)-2-[(tert- butoxycarbonyl)amino]hexylJoxy)ethanoate in
tetrahydrofuran (1451.2 g, content: 44.6%, 1.48 15 mol) under a stream of
nitrogen. To the mixture solution, 5 N aqét]eous solution of sodium hydroxide

( 47 mI- wa added at 1 CWI trrrl g After the acket emperature was set
N S)-0- benz ko 0X rbon amino Ihex vl Loxylethapoate

mmgmﬁﬁe @rlabove for 3 hours After the reactlon solution was cooled
[F%?rﬁl[l?at Ape inner temperature was 18C, n-heptane (3883 ml-) and water
(6472 mL) were added and mixed together. The mixture 20 was allowed to
stand and the orddiliBagyer Wds separated. The aqueous layer was cooled

D@?W@ature as 17C, theneutralized by adding 5 N
Brfdeous hydrochlorit acid™(841 @), and exdttactedby adding ethyl acetate
(6472 mL). The organic layer was % with (1942 ml-) twice. Then,
the solvent was removed by evapors nder reduced pressure, and
azeotropic concentration with ethyl acetate was carrled out under reduced

pressure. 25UHHEGEaIAEAIHR T IRRE d-RA1AEEHZSAB St T9 4419 agicktipn of a
craalupienwef g @side Peadiiekof- mﬁtemﬂsuf@wwbm@mlﬁtﬁwmﬁﬁtmgyﬁa@aﬁo&@m ethyl
nte 9%) Yiel % nthe is of
oA A e A G B et slgion ws
stitieyiclo2eagylaffinke(ditbyiffRodinutiUOlyMhBed 123 ml BhGB @nal) @isldddedCabd then
o AGElale (4230, A08 R RFRIRNSS @ALE ) et 20ed 19, 89HORas se
toproHu ct(((ES)uﬁg(belszsyhme@)qup(‘t@)ot bbrtwwjtmammngd)anﬂirlm}hgwuauy)etcblamm0°c
[ eth tate 4 ten 30.9% underastr
R R L R S Tl o SRR st
wdte}fdtowéxytamhee(@@@ mits, WaBBdnelihveds laddeed e anbitibe of thleybatation: was

hEALAY$HE SHHE AR TP enln 06 fH0RYS: HE IagKEtIEPREIAIUNe Y AS5qder
reduced pressure at the outer temperature of 45°C to give the title compound (762.8 g).  Yield:
91.7%.

[0046]

9) Synthesis of (5S)-5-[4-(benzyloxy)butyllmorpholin-3-one

[Formula 41]

O

Bno/\/\/\/o

To an ethyl acetate (56 mL)/acetone (24 mL) suspension of ({(2S)-6-(benzyloxy)-
2-[(tert-butoxycarbonyl)amino]hexyl }oxy)ethanoate dicyclohexylamine (1:1) (8.0 g, 14.2
mmol), a 5% sulfuric acid solution (80 g) was added dropwise with stirring at the inner
temperature of 7.7°C under a stream of nitrogen. After the reaction solution was stirred at the
same temperature for 15 minutes, methanol (4 mL) was added to the reaction solution, and the

organic layer was separated and concentrated under reduced pressure, and then the residue was
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10 to 50C. The slurry was stirred at 40C or above for 3 hours, and then

gradually cooled to 20C with stirring (cooling rate: 10C/h). After stirring at

20C for 17 hours, precipitated crystals were filtered out and the cake was

washed with a 1:1 mixture solution of ethyl acetate : n- heptane (1128 mL),

and dried by ventilation for one hour. Th et crystals were dried under

reduced pressure at the quter temPer ture of 45C tolgive e title compound .
aZ(e/oéJ?]gc }chi(élfaenE%t W/la)o 82{&1 'ﬁ} fhugg Lpggssure. en, the resultant residue
wihs S)haeldlw b ni€yhonyl) 4 yiimorpliodind sotue ofFoamuieledilth O°¢HtB n@rng20

Toa tgyl etate. )/acet 24 mL) suspensio . .
e e R S e e AR R s s st oo i
a eligy oWkl drimecf el (@ Qugs YasZentmdONC asbhs ifher ceagid Sotation 480 r
B acl‘i%§‘%eQEBB}{Vé%%];‘%%Bh&JArémeétshht% e ﬁnﬁ%mgr%%%}%&ré)f {sHG-undeta, ;289

stream of nitrogen. After the reaction solution was stirred at the same

sqdirparetire do MES PN srtionélRans | (& T olhw asdddertarone vedbeistp, and the

reaPldiaRIARE e dreiaapin layshwas SeRarALeHANH-ARNCaR A8 hENERS added to
reduced pressure, and then the residue was 32 azeotropically concentrated

thi R THRTRHBIENERS thsdigReiPpralEint WiherrltAdord ol come PR ks Wigde acid (0.5
miljjutedaith anepanoldat rehdiMiRntiensolutivn-wascoelesk e RGowihlution was
tirring, centrated_sulfuric acid (3.1 g) was added dropwise, and the .
G R o e e S SR e Sk e
wsetobCipnd 2BE nnigetenh pesattioa filaatddCoorh@boval die maaetiomd rinsed

luti s cooled so that the inner.temperature was 11C..Then. a 28%
e L S T R LS PR e
ufieypedsecthrrs soreaaditicheaarion Qohstivhiiiesbstame 8 g 1tercthbylraekitbether

F@¥irhuyl metahether (A mLbwasadded jathe reastionselutian1dpd g

reaction solution was cooled to 4C, concentrated sulfuric acid (0.5 mL) was
dtgEd ropwitB [ihrrb ey EBRIGEH With BRGHP LS HSEANE fasttishre washed
wiblutigrovites(140 (aghusie théo @it & Wilaten (24drbl k wiasratidedhtotheliearhi@tsure.
Tgolution The reaction solutign

en, azeotropi€ concentration with tert-butyl methyl ether was carried out under reduced
pressure to give a crude product of the title compound (3.70 g, content: 99.5%). Yield: 98.4%.
[0047]
10) Synthesis of tert-butyl (35)-3-[4-(benzyloxy)butyl]-5-oxomorpholine-4-carboxylate

[Formula 42]

O

BocN
B no/\/\/\/o
Tert-butyl methyl ether (632 mL) was additionally added to a solution of (55)-5-
[4-(benzyloxy)butyl]morpholin-3-one (223.7 g, 0.85 mol) in tert-butyl methyl ether (1535 mL)
under a stream of nitrogen, and the solution was stirred at the inner temperature of 23°C. To
the reaction solution, 4-N,N-dimethylamino pyridine (10.4 g, 0.085 mol) was added. Then, the

reaction solution was cooled so that the inner temperature was 9°C and di-tert-butyl-dicarbonate

(278.0 g, 1.27 mol) was added thereto, which was washed with tert-butyl methyl ether (70 mL).



10

15

20

25

was warmed up to 23C, subjected to suction filtration to remove insoluble
matters, and rinsed with text-butyl methyl ether (16 mL). The filtrate and the
rinsing solution were concentrated under reduced pressure so that the
amount of the solution became 28 g, tert-butyl methyl ether (80 mL) was
added thereto, and the solution was sepa?ated. After the aqueous layer was
15 extracted again with text-butyl methyl ether (48 mL), the combined organic
TheyepstivR re WAEhEE Wit 8o Brife(2F. 0 ) O Urid thR EITERIM-S My Razole
(yBevapsratiid vk deddd dindenk peasset @oluthany azeotedpic 80ndentration witthe
text-butyl methyl ether wa rried nder reduced pressure to give a. .
o T LT AL B e T S R v
17@%@2@@@)@9@@@@ (2237 mL) and then washed sequentially with 5% sodium
biRfiBOaR VLR 13114 P& BZY 1 NBRHI R xR OrPROINC: i GHPRINIALE by
[Formula 42] O BocN BnO O Tert-butyl methyl ether (632 mL) was _
e%amg%ﬂy 5 Ef-él&cﬁfl e ﬁngfa(zggt)r_(g)_lc concentration with toluene was carried out
uidethenmpomiutyl| MpralinrESvaneli{dd. wigh ©18enmn@l)4milexislitylavaiydn of a
ether (1535 mL) .25 under a stream of nitrogen, and th tiog.was stirped
oS e M AR R IR B P ST
[94]]N-dimethylamino pyridine (10.4 g, 0.085 mol) was added. Then, the
1 FRSGHARRABTIINHNARS @19/ ¢SO LRl NG BHRAT- B MARIEIULE piES Aér@Rdy -2 3-
i-tert-butyl-dicarbonate (278.0 g, 1.27 mol) was added thereto, which was
ARl QB AR her (70 mL). 33 The reaction solution was
[Fstinieth a8 B to 10C for 16 hours. To the reaction solution, imidazole (57.8 g,
0.85 mol) was added, and the reaction solution was stirred for 30 minutes.
After the reaction solution V\@B(@ﬂ@ﬁ)hh@ne (2237 mL), the organic
layer was washed twice with |1% aqueous hydrochloric acid (2237 ml-) and
then washed sequg:qt;i?all 1fIRS% sodium 5 bicarbonate water (1119 mL)
and 5% brine (111 Q_ he solyent was removed by evaporation under
reduced pressure, and azeotropigyconcentration with toluene was carried out
B%MWS ue was diluted with toluene (224 mL) to
givea solution of a crude product of the title compound in toluene (570.4 g,
content: 49 T&¥apnY i8Itk ML)7%Gluene (1205 mL) and diphenyl chlorophosphate (229.0 g,

0.85 mol) were sequentially added to a solution of a crude product of tert-butyl (3S)-3-[4-

(benzyloxy)butyl]-5-oxomorpholine-4-carboxylate in toluene (567.5 g, content: 49.7%, 0.78
mol) under a stream of nitrogen, which was washed with tetrahydrofuran (134 mL). To the
mixture solution, a lithium hexamethyldisilazide tetrahydrofuran solution (1.0 M: 835.0 g, 0.94
mol) was added dropwise over 1.5 hours at -14°C at the inner temperature of not higher than -
10°C. Then, the reaction solution was stirred for 2 hours. After 10% aqueous solution of
ammonium chloride (2818 g) was added, the aqueous layer was separated. The organic layer
was washed sequentially with 5% sodium bicarbonate water (2818 g), 5% brine (1409 g), and
water (1409 mL), and the solvent was removed under reduced pressure. To the residue, toluene
was added, and azeotropic concentration was carried out under reduced pressure. The resultant
concentrated product was diluted with toluene (564 mL) to give a solution of a crude product of
the title compound in toluene (1360.0 g, content: 31.9%). Yield: 93.9%.

[0049]
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[0048] 10 11) Synthesis of
text-butyl(3S)-3-[4-(benzyloxy)butyll-5-[(diphenoxyphosphoryl)oxyl-2,3-
dihydro-4H-1,4-oxazine-4-carboxylate [Formula 43] OP(O)(OPh)2 BocN Bn0O
O Toluene (515 mL), toluene (1205 ml-) and diphenyl chlorophosphate
(229.0 g, 15 0.85 mol) were sequentiallf"édded to a solution of a crude
roduct of tert-butyl (35)-3-[4- . :
1 27y -i “v.i:'v i ZOXOMO "'n,: LY a ”' Y, _3 . oft AP .!"’3;! , 3_ tet _
449, Mox&in8-4reatbanydiee a stream of nitrogen, which was washed with
[gmygﬁ?furan (134 mL). To the mixture solution, a lithium
hexamethyldisilazide tetrahydrofuran solution (1.0 M: 835.0 g, 0.94 mol) was
added dropwise over 1.5 hours at -14C at the inner temperature of not higher
than 20 10C. TrrIFn solution was stirred for 2 hours. After 10%
agueous solution 0 chloride (2818 g) was added, the aqueous
layer was separated. ganic layer was washed sequentially with 5%
sodium bicarbonate wates£2818 g), 5% brine (1409 g), and water (1409 mL),
and the solvent was remjoved under reduced pressure. To the residue,
toluene was added, andazeotropic concentration was carried out under
reduced pressuBOChE rexdjtant 25 concentrated product was diluted with

toluene (564 mL) to give a g9lution of a crude product of the title compound
m@@h\m/f&mén £ 31.9%). Yield: 93.9%. [0049] 34 12) Synthesis

of tert-butylgdsg-?;-[4-(benzy|ox>£é)ut II-5-(3,4,5-trifluorophenyl)-2,3-dihydro-

2H-L - oxaS e LC O RO R e @5 B3N BATLS) and tolucne
(379.2 mL) were added to a solution of tert-butyl (3S)-3-[4-(benzyloxy)butyl]-5-

[(diphenoxyphosphoryl)oxy]-2,3-dihydro-4H-1,4-oxazine-4-carboxylate in N,N-
dimethylformamide (1880.7 g, content: 22.5%, 0.71 mol) obtained in the above 11). To the
solution, 3,4,5-trifluorophenylboronic acid (187.4 g, 1.07 mol) was added, which was subjected
to nitrogen substitution under reduced pressure. Then, bis dichloride(triphenylphosphine)
palladium (24.96 g, 0.036 mol) and cesium carbonate (347.1 g, 1.07 mol) were added to the
solution, which was subjected to nitrogen substitution again under reduced pressure. The
reaction solution was stirred at the inner temperature of 80.0°C to 85.5°C for 2 hours and then
cooled to the inner temperature of 25°C, and 50% aqueous solution of methanol (4789 mL) was
added. To the reaction solution, n-heptane (3384 mL) was added at the inner temperature of
27°C. The mixture was filtered through Hyflo super-cel (Trade Mark) (Wako Pure Chemical
Industries Ltd.) (431 g), and the filtrate was rinsed with n-heptane (1692 mL) and separated.
The organic layer was washed twice with a 50% aqueous solution of methanol (4789 mL), and
washed with 5% brine (2115 g) and water (2115 mL), sequentially. The organic layer was
allowed to stand overnight, and then filtered through Hyflo super-cel (Trade Mark) (212 g) and
washed with n-heptane (846 mL). The filtrate was evaporated to remove the solvent under
reduced pressure, and substitution concentrated with methanol under reduced pressure. Then,
the residue was dissolved in methanol (636 mL) to give a solution of a crude product of the title
compound in methanol (855.0 g, content: 42.6%). Yield: >99%.

[0050]
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5 N,N-Dimethylformamide (719 mL), water (25.6 mL, 1.42 mol) and toluene
(379.2 mL) were added to a solution of tert-butyl
(35)-3-[4-(benzyloxy)butyl]-5-
[(diphenoxyphosphoryl)oxy]-2,3-dihydro-4H-1,4-oxazine-4-carboxylate in
N,N- dlmethylformamlde (1880.7 g, contént: 22.5%, 0.71 mol) obtained in the

1%]bve 1 othg sI o0, 3.4 trlf uorq) h ylboro |c Cld 87 49, 1.07

thesis of ferte RS- 4 ' orobhe Auo- oline-4-

ambdzlmd:pressure Then hIS dlchlorlde(trlphenylphosphlne) paIIadlum (24.96

[fgm(ﬂlﬁg@ﬁ‘o') and cesium carbonate (347.1 g, 1.07 mol) were added to the
solution, which was subjected to nitrogen substitution again under reduced
pressure. The reaction sdfition was stirred at the inner temperature of 80.0C
to 85.5C for 2 hours and then cooled to the inner temperature of 25C, and

solution, n-heptane (3 as added at the inner temperature of 27C.
The mixture was filtereg
. 1 g), and the filtrate was rinsed with n-heptane
(1692 mL) and separated.-The organic layer was washed twice with a 50%
agueous solution of methakgl (4789 mL), and washed with 5% brine (2115

I_gg@ S ith A<hept 846 mL). The flltrate was evaporated to
ove the solvent under reduced pressure, and substitution concentrated

with metha t Sidye. : ]
methanol (ggé&rﬁiiz{oé %gli\?ggg s?){ﬁtﬁlﬁcg %E:?u ;:}?ggug%g H%‘fﬁgggmyﬁ% B45

rEBIRIBLY i et AB (855 0 ¢t a o sty it Y9o68+2s fobg ) was

plA)dSynthasisialéexi btlisﬂed with methanol (200 mL). To the solution, 20% palladium
h}g%?boxyé t%ﬁ‘é'o :jre]qut%xgo Ut ?__l[g’é_’ %[22 ci'ph%wg)so 19[{ rIP (\?Jellg%élshed with methanol
(100 mL). To the mixture, methanol (732 mL) was added.  After a reaction system was
substituted with nitrogen and hydrogen, the mixture was stirred for 3 hours in a state in which
the jacket temperature was set to 40°C under hydrogen pressure (0.20 MPa). The reaction
mixture was filtered through Hyflo super-cel (Trade Mark), and the inside of the autoclave and
the cake were washed with methanol (2152 mL). The filtrate was transferred to a reactor vessel
with methanol (600 mL), and concentrated under reduced pressure. Then, the residue was
washed out with methanol (600 mL) (1048.7 g). After the reaction solution was transferred to
an autoclave with methanol (321 mL), 20% palladium hydroxide-C (50% water content, 35.9 g)
was added, which was washed with methanol (200 mL). To the mixture, methanol (400 mL)
was further added. After the inside of the reaction system was substituted with nitrogen and
hydrogen, the mixture was stirred at the inner temperature of 40°C for 3 hours under hydrogen
pressure (0.20 MPa), and further stirred at the inner temperature of 50°C for 12 hours. After
the reaction mixture was filtered through Hyflo super-cel (Trade Mark), and the inside of the
autoclave and the cake were washed with methanol (1793 mL). The filtrate was transferred to a
reactor vessel with methanol (500 mL), concentrated under reduced pressure, and substitution
concentrated with acetonitrile under reduced pressure. The residue was diluted with and

dissolved in acetonitrile (100 mL) and methanol (100 mL) to give an acetonitrile/methanol
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5 A solution of a crude product of text-butyl
(3S)-3-[4-(benzyloxy)butyl]-5-(3,4,5-
trifluorophenyl)-2,3-dihydro-4H-1,4-oxazine-4-carboxylate in methanol (842.2
g, 0.75 mol) was placed in an autoclave and washed with methanol (200
mL). To the solution, 20% palladlum hyommde C (50% water content, 71.7

o s P L SO, AW M G et BR b

[(Eljlblstltuted Wlth nitrogen and hydrogen, the mixture was stirred for 3 hours in
18 S{RIRdD WRieh 06 HRCKRLIEMPRIRAHES WAS S8L4S A0 HBHRL QYOG Brin-3-
pressure (0.20 MPa). The reaction mixiure was filtered through Hyflo
ade Mark), and the inside of the autoclave and the cake were
[ashedgyith methanol (2152 mL). The filtrate was transferred to a reactor
vessel with methanol (600 mL), and concentrated under reduced pressure.
Then, the residue was 15 washed out with methanol (600 ml-) (1048.7 g).
After the reactign solytion wgs transferred to an autoclave with methanol
(321 mL), 20% palig ydroxide-C (50% water content, 35.9 g) was
added, which was ! ed with methanol (200 mL). To the mixture, methanol
(400 mL) was furtheradded. After the inside of the reaction system was
substituted with nltrogen and hydrogen, the mixture was stirred at the inner
temparature céég% ours under hydrogen 20 pressure (0.20 MPa), and
furth stlrred innertemperature of 50C for 12 hours. After the reaction
|'T§5< Hyflo super-cel (Trade Mark), and the inside of
t autoclave and the cake were washed with methanol (1793 mL). The

filtrate was K@&@tﬁﬁtfed(m@n@a@taérvmi@tﬂt’thsmﬁthawr@%mbnm (50.8 g,

ncentrated r reduced pressure, and substitution concentrated with
¥ i ekt ikt i e e

sﬁtimmiwlet-ﬁadﬂamm(ammdﬂnet(s’tﬁ)tﬁ)dﬁumdd meiantldd-00tmi SO R)VER @rhydroxybutyl)-

gia! }Hl%\[@ﬁ%@ﬁr@%}?%g@%“ AU, G0 c%%ﬁ‘g((%@ LSRR %, 0.60

O’ 8%) as a 82.1%. [0051] 14 Synt esis 6
ml[(wsl}smgte»debmmg@mbmwlbe@(aﬂts mﬂuttﬁo’patewl)ﬁtméf’@in@ the
nﬂilﬁk@?ﬂ%ﬁ@%lﬁ Sl @SR AR h;r:pgchlorite (detail: available chlorine content: 11.96%,

501 mL; available chlorine content: 10.95%, 479 mL; 1.81 mol) was added dropwise at the inner

temperature of 20°C or below. After stirring for one hour, to the reaction solution, toluene
(1175 mL) was added, and furthermore, 10% aqueous solution of sodium sulfite (1175 mL) was
added dropwise. The reaction mixture was warmed up to 20°C and stirred for 30 minutes, and
then 5 N aqueous hydrochloric acid (353 mL) was added dropwise thereto, and the aqueous layer
was separated. To the organic layer, 1 N aqueous solution of sodium hydroxide (1880 mL) was
added with stirring.  Furthermore, the organic layer was treated with a 1 N aqueous solution of
sodium hydroxide (470 mL). Then, the organic layer was separated. To the combined
aqueous layers, 5 N aqueous hydrochloric acid (470 mL) was added, followed by extraction with
ethyl acetate (2350 mL). The organic layer was washed sequentially with 5% brine (1175 mL)
and water (1175 mL), the solvent was removed by evaporation under reduced pressure, and then
substitution concentration with dimethoxyethane was carried out under reduced pressure. The
residue was diluted with 1,2-dimethoxyethane (118 mL) to give a solution of a crude product of

the title compound in 1,2-dimethoxyethane (554.7 g, content: 43.5%). Yield: 99.2%.



0 BocN" HO O Acetonitrile (644 mL), water (1175 mL), sodium hydrogen
carbonate (50.8 g, 0.60 mol), and (2,2,6,6-tetramethylpiperidine 1-oxyl
(TEMPO) (9.4 g, 0.06 mol) were sequentially added to a suspension of a
crude product of text-butyl (3S,5R)-3-(4-hydroxybutyl) 10
5-(3,4,5-trifluorophenyl)morpholine-4-carboxylate in acetonitrile (650 g,
[Oﬁgnﬁent: 36.2%, 0.60 mol) with stirring under nitrogen atmosphere. The
& ure was cooled to 5C. To the mixture, an aqueous solution of sodium
aitel (RGNS RIAHBDIS ¢hilbrimepb miorbhoBie %, amli¢ asidilable
m%%‘?{x}ﬁ%&%}ﬁfét: 10.95%, 479 mL; 1.81 mol) was added dropwise at the inner
temperature of 20C or below. After stirring for one hour, to the reaction
[Fssmagiert loluene 15 (1175 mL) was added, and furthermore, 10% aqueous
solution of sodium sulftte (1175 mL) was added dropwise. The reaction
mixture was warmed yp to 20C and stirred for 30 minutes, and then 5 N
agueous hydroE orieagid (353 mL) was added dropwise thereto, and the
agueous layer wag|separated. To the organic layer, 1 N agueous solution of
sodium hydroxide (18804mL) was added with stirring. Furthermore, the
organic lay S trea
hydroxide (479'mL). Then, the organic layer was separated. To the combined
aque@us layers, [HN ‘aquepus hydrochloric acid (470 mL) was added,
followed by extraction with ethyl acetate (2350 mL). The organic layer was
e quentdllywih5% brine (1175 mL) and water (1175 mL), the
solvent was removed by evaporation under reduced pressure, and then

substitution le&htigsthanseionn @ithathoxipetieg wastutite@lcutufeiaioduct of 4-
[(BSCKICLH RERIHERy JSo RV L8 i8IS Wat GHlpIRG Withodp Ro e inexyaihiane d 143, 2-

mL) to give a splution of a crude product of the title. compound in
iR S ESBUE 3 Rt B RIRIY RSSO SRossheiosD] 1)
S(ﬂiytﬁinesisceﬁt‘ﬂa{@BﬁR)):ﬂe(r&%dt(Hﬁmlqphmmommmﬂad&yﬂﬂmmmglcmﬂﬂe
soq?l(t)lglq %(:sirvovgsrﬂgél%?tl[ﬁ%@i%g‘tﬁgylygthgng (54 mL). The mixture was heated at 50°C for 4

hours, and the reaction solution was cooled to 25°C. Then, to a suspension of precipitated
crystals, tert-butyl methyl ether (715 mL) was added dropwise over 30 minutes. The
suspension was stirred at the same temperature for one hour. The suspension was stirred at
15°C for 10 hours. Crystals were filtered out and washed with a tert-butyl methyl ether/1,2-
dimethoxyethane mixture solution (715 mL). The resultant wet crystals were dried under
reduced pressure at 45°C to give the title compound (184.0 g) as white crystals. Yield: 91.8%.
[0053]



HCI 0 HN") HO O 5 1,2-Dimethoxyethane (304 mL) was added to a solution
of a crude product of 4-
[(3S,5R)-4-(text-butoxycarbonyl)-5-(3,4,5-trifluorophenyl)morpholin-3-yl]butan
oic acid in 1,2- dimethoxyethane (548.43 content: 43.5%; 0.59 mol) under
nitrogen atmosphere. To the solution, ¢ gcentrated hydrochloric acid (95

, 1.06.mal) was added with stirring, and the 10 solution was washed. wi
1%1_ hesis 0 v_; 928)-4+(3.4 -’ai!’-‘-l.vi," dropyridol 2. Lecl L Toxazin-6 H)-

oand the reaction solution was cooled to 25C. Then, to a suspension of

[P%G%ﬁlpitﬂ?d crystals, tert-butyl methyl ether (715 mL) was added dropwise
over 30 minutes. The suspension was stirred at the same temperature for
one hour. Tthuspension was stirred at 15C for 10 hours. Crystals were
filtered out and washed with a tert-butyl methyl ether/1,2 15 dimethoxyethane
mixgmre solutign (715 q@). The resultant wet crystals were dried under

reduce at15C to give the title compound (184.0 g) as white
crystals. B%. [0053] 38 16) Synthesis of
(4R,9aS Hrifluorophenyl)hexahydropyrido[2,1-cl[1,4]oxazin-6(1H)-

ormuig F FF N O i) Intramolecular condensation reaction

pyl acetate (1800 ml-) and acetonitrile (855 mL) were added to

,5R)- 53(3,4,5-trifluorophenyl)morpholin-3-yl]butanoic acid

ydr, ide (180 g, 0.53 mol) under a stream of nitrogen. The
resultant’Suspensipn was cooled to about 16C while triethylamine (184.4 mL,
1.33 mol} was adged dropwise to the suspension with stirring, which

1) Intramolecular condensation reaction

Isopropyl acetate (1800 mL) and acetonitrile (855 mL) were added to 4-[(3S,5R)-
5-(3.,4,5-trifluorophenyl)morpholin-3-yl]butanoic acid monohydrochloride (180 g, 0.53 mol)
under a stream of nitrogen. The resultant suspension was cooled to about 16°C while
triethylamine (184.4 mL, 1.33 mol) was added dropwise to the suspension with stirring, which
was washed with acetonitrile (22.5 mL). To the reaction solution, isobutyl chloroformate (82.5
mL, 0.64 mol) was added dropwise at 17°C, and the reaction solution was washed with
acetonitrile (22.5 mL). The reaction solution was stirred at the same temperature for one hour.
Then, water (1800 mL) was added and the organic layer was extracted. Then, the organic layer
was washed with 1 N aqueous hydrochloric acid (900 mL), 5% sodium bicarbonate water (900
g), and water (900 mL), sequentially. The solvent was removed by evaporation under reduced
pressure, azeotropic concentration with isopropyl acetate was carried out under reduced pressure,
and the residue was diluted with isopropyl acetate (400 mL) to give a solution of a crude product
of the title compound in isopropyl acetate (872.1 g, content: 15.8%). Yield: 91.2%.

[0054]
ii) Preparation of seed crystal

The solution of the crude product of (4R,9aS)-4-(3.4,5-

trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6(1H)-one in isopropyl acetate, which was
obtained in the above i) (6.8 g, content: 15.8%; 3.75 mmol) was concentrated under reduced

pressure. The residue was dissolved in tert-butyl acetate (4 mL). The mixture was warmed to



was washed with acetonitrile (22.5 mL). To the reaction solution, isobutyl
chloroformate (82.5 mL, 0.64 mol) was added dropwise at 17C, and the
reaction solution was washed with acetonitrile (22.5 mL). The reaction
solution was stirred at the same temperature for one hour. Then, water
(1800 ml-) was added and the organic Ia%r%r was extracted. Then, the organic
4(E%er was washed with 1 N aqueous hydrochloric acid (900 mL), 5% sodium

AYBBALTENR BT (BB0F YDy WALEF (85 IRy LbyGertially. Shis LoRiaspate
ciyasis.enTovae doypexsporatieprurden ratlyced apdes duspw BZe@otiaicut 20 minutes.

AN sapropy| AEIAIE WaRCATIed oub wader [ edueBl RIGSSIIE
andt Sidue was uteg with isopropy T acetate ( tL t% jive a socl tion

Wefeaflétny@rbq@t@dd a:itn@flmethmél@tsmp@ mi)n |§6pmpwra@@tat@(smeﬁ gnder reduced
p&@ﬁﬁ%rgt @@%)glyé%@staﬂs 64 Phe[%@%l) S?;&'Iﬁﬂ%@@ﬂ@f Seﬁfé S&’&B@J \75@1% dissolved

solution of the crude product of (4R,9a
incktbROP HEeISHA el el diP Q- e]1d thiexbe imiBUrH angrdAtgbpeepiy to 10°C
oRE AL oWHIE Pk aabl ?E‘t@g imdheakove i) @ﬁ)@f&af?&riﬁ%%t&stél{ﬁel%tZQ was set

mmol) was concentrated under reduced pressure. The residue was

tofisSolvAHHTERPHRE f Heetated 1 S FIREHHRRNE AhE W &k (5 i8grapEes stired

fovith siitlegiAnstien caRiethsoiRRldRBARRE IeMRaBILFEWaB G RA@BAYstals
precipitate crystals. To the suspension, n- heéatane (20 ml-) was added

e A SveraBi PUARERESS ek oL dSpeHEisH RS tFFEtE idS"C 1o

gisanne tampesalurestorn 30 iminutesmFechaiiatec: ahgstals nieeykittered auidand 1 %.
[({(59 d with n-heptane (5 mL). The wet crystals were dried under reduced

pressure at 45C to give crystals of the title compound (884.3 mg). The
iigrststid lwetrendissbieattnin text-butyl acetate (3.5 mL) again at 40C, and then
the mixiure pas, gladhalE20led BR.06 oPURL QRS hoyiyte precipitate crystals

and stirred for 11 hours after the outer temperature was set to 5C. After

triflpReppiaey e il pRETidedRd- %ﬁ’s}l%éz&@?li@ AR L& PIRBYRTSELRE: Which was
olstiraed ﬂ@ﬁel{bmmyt@sarg@ s!&ta;mn \1\518@}6 m%%wmﬂm&ﬂﬂfﬁéﬂﬂﬁ&efré@uced
-5C. Pre |tat§g d¥ fllter out, V\{a52§ k f} tane 5mL d
P&k S&“&ne friGerve u?eeétt %866 et get éla’%Py%t‘é{i‘é of‘rme
tdh@°(ttl®1ﬂmnpmgnduﬁi Zaoaledmg))thﬂ vihibeneryaiglscaliel ozay 2(00%.sd@0&5} iy (137 mg)

”I tloq I\?v%lgéfla(ﬁfeanand the mixture was gradually cooled at the cooling rate of

prep
10°C/h so that the inner temperature was 2°C.  After 17 hours from the start of gradual cooling,
n-heptane (2730 mL) was added dropwise over 4.5 hours. The mixture was stirred at the same
temperature for one hour. Furthermore, the mixture was gradually cooled to -13°C at the
cooling rate of 10°C/h, and further stirred at the same temperature for 16 hours. Precipitated
crystals were filtered out, then washed with n-heptane, and dried under reduced pressure at 45°C

to give the title compound (120.8 g). Yield: 88.5%. Optical purity: 99.7%ee.

INDUSTRIAL APPLICABILITY
[0056]

The present invention provides a process for production of 4-(substituted
phenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one useful as an intermediate product of a bicyclic
cinnamide compound that is an AP production inhibitor. Furthermore, the present invention

also provides a new compound used in the production process.



The solution of the crude product of (4R,9aS)-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6(1H)-one in isopropyl
acetate, which was obtained in the above i) (863.8 g, content: 15.8%; 0.48
mol) was concentrated under reduced pressure. The residue was dissolved
in tert-butyl acetate (546 mL). The mixtufd was warmed to 43C with stirring,
then cooled so that the inner tempera&gﬂr&w 20C, seed crystals (137 mg)
prepared in the iii) were added, and th 5 re was gradually cooled at the
1.cooling ratefofr&@6/fosprodatihe afi Aesibstiperdipiren Wis 20y Adanté[Adurs
APINSiRIEIS RS FRMHALERAING, IHRERIANG 3Rk Was RS rRpINiSS o
over 4.5 hours. The mixture was stifred at the same temperaturé for one
fomegte Hintkermore, the mixture was gradually cooled to -13C at the cooling
(retaud 10C/h, and further stirred at the same temperature for 16 hours.
Precipitated crystals were filtered out, then washed with n-heptane, and
dried under re &d pressure at 45C to give the title compound (120.8 g).
Yield: 88.5%| ity: 99.7%ee. INDUSTRIAL APPLICABILITY [0056]
The present vequn provides a process for production of 4-(substituted
pHeRyl)hexahydfopyido[ H1-(:][1,4]oxazin-6-one useful as an intermediate
praduct of a bicyclic cinn mide compound that is an A(3 production inhibitor.
urthermoréNthe pnesent invention also provides a new compound used in
the prpductign process. 40 CLAIMS 1. A process for production of
4-(substituted nyl)hexahydropyrido[2,1- c][1,4]oxazin-6-one or a salt
witerRoR Dy 'siRieetingra cRMRAMR @?&%ﬁﬂﬁ%&%é&?aﬁ@%‘é’hﬁbﬂoé@ﬁ%lﬂ, a cyano
(ll-a): [Formula 1] Ra Rb OH R (Il-a) O HN

group, an amino group, a nitro group, a C1-6"alkyl group or a C1-6 alkoxy group, or a salt

thereof to an intramolecular condensation reaction, thereby producing a compound represented
by the following formula (I-a):
[Formula 2]

wherein R?, R® and RC are as defined above, or a salt thereof.

2. The production process according to claim 1, wherein R?, R” and R are each
independently a hydrogen atom or a halogen atom.

3. A process for production of 4-(3,4,5-trifluorophenyl)hexahydropyrido[2,1-
c][1,4]oxazin-6-one or a salt thereof by subjecting a compound represented by the following

formula (II):



O wherein Ra, Rb and R each independently represent a hydrogen atom, a
halogen atom, a cyano group, an amino group, a nitro group, a ClI-6 alkyl
group or a CI-6 alkoxy group, or a salt thereof to an intramolecular
condensation reaction, thereby producing a compound represented by the
following formula (I-a): [Formula 2] RRa W/l Rb O R™ (1-a) N O wherein Ra,
lﬁb a?d " are as defined above, or a salt thereof. 2. The production process
[ a¢&8rding to claim 1, wherein Ra, Rb and R® are each independently a
hydrogen atom br a halogen atom. 3. A process for production of
4-(3,4,5-txifluorgphenyphexahydropyrido[2,1- c][1,4]oxazin-6-one or a salt
thereof by syp §d a compound represented by the following formula (11):
i F OH (II) OHN O or a salt thereof to an intramolecular
#ction, thereby producing a compound represented by the
2 (1): [Foroula 4] F

or a salt thereof to an intramolecular condensation reaction, thereby producing a compound
represented by the following formula (I):

[Formula 4]
F

O

or a salt thereof.

4. A process for production of (45,9aR)-4-(3.,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][ 1,4]oxazin-6-one or a salt thereof by subjecting a
compound represented by the following formula (II-b):

[Formula 5]

OH
(II-b)
O

or a salt thereof to an intramolecular condensation reaction, thereby producing a compound

represented by the following formula (I-b):



FF ONO ora salt thereof. 4. A process for production of
(4S,9aR)-4-(3,4,5- trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one or
a salt thereof by subjecting a compound represented by the following
formula (II-b): [Formula 5] F F F OH (II-b% O /00 or a salt thereof to an
intramolecular condensation reaction, thé eby producing a compound
I;lrer;l)]éelse ted by the following formula (I-b): 42 [Formula 6] F FF O (1-b) N

[ 3" Balt thereof. 5. A process for production of
(4R,9aShk-4-(3,4,5-trifluorophenyl) hexahydropyrido[2,1-c][1,4]oxazin-6-one

or a salt thereof.

5. A process for production of (4R,9aS)-4-(3,4,5-trifluorophenyl)
hexahydropyrido[2,1-c][1,4]oxazin-6-one or a salt thereof by subjecting a compound represented
by a formula (II-c):

[Formula 7]

(II-¢)

or a salt thereof to an intramolecular condensation reaction, thereby producing a compound
represented by the following formula (I-c):

[Formula 8]

(I-¢)

or a salt thereof.

6. A compound represented by the following formula (II-a):



F F-__OOHI/(ll-c) HN" 1O or a salt thereof to an intramolecular
condensation reaction, thereby producing a compound represented by the
following formula (I-c): [Formula 8] F F F (I-c) or a salt thereof. 6. A
compound represented by the following formula (lI-a): 43 [Formula 9] Ra Rb
OH R’ (ll-a) O HN O wherein Ra, Rb aftd R each independently represent
2 h rogqen atom, a halogen atom, a cyano group, an amino group, a nitro
[ é’f ra'cl-6 alkyl group or a CI-6 alkoxy group, or a salt thereof. 7. A
compound repr S Rted by the following formula (Il): [Formula 10] F F OH

(1) ‘ 3

OH

O HN
O

wherein R?, R” and R® each independently represent a hydrogen atom, a halogen atom, a cyano
group, an amino group, a nitro group, a C1-6 alkyl group or a C1-6 alkoxy group, or a salt
thereof.

7. A compound represented by the following formula (II):

[Formula 10]

F
F F
OH
an
o HN
o

or a salt thereof.

8. A compound represented by the following formula (II-b):
[Formula 11]

F
F F
OH
(II-b)
o HN
0

or a salt thereof.

9. A compound represented by the following formula (II-c):



JHN O or a salt thereof. 8. A compound represented by the following formula
(lI-b): [Formula 11] F 4H F (u-b) O or a salt thereof. 9. A compound
represented by the following formula (ll-c): 44 [Formula 12]F F1/F OH

(Il-c) O HN~ or a salt thereof. "

[Formula 12]

(II-¢)

or a salt thereof.



