7 ; e3eb. 8>b+44548N9° =6=T8> DESCRI PTI ON PROCESS FOR PURI FYI NG N2-( 1

('S) - ETHOXYCARBONYL- 3 PHENYLPROPYL) - N6- TRI FLUOROACETYL- L-LYSI NE 5 TECHNI CAL
FI ELD The present invention relates to a process for pur i m‘W\\“\“\l

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl - L-\’\s\ \mm e
formula (1) 10 CFR3CONH EEOOC H H ... (1) ~N COOH\ H 15 N2jggish

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-lysine is a
conmpound very useful as internediates for the production %Mm“mmm\mmj

medi ci nes, particularly as an intepedicatertponN he pr oduAm

ant i hypertensi ve agent (angiotensin converting enzyme inhi bi t.ggg2r

| ysi nopril. 20 BACKGROUND ART As a process of the synthesis of N2-( 1

(S) - et hoxycarbonyl -3 phenyl propyl )-N6-trifluoroacetyl-L-lysine are hitherto

known (a) a proceROMIESFORFERIFANYNALNISEENHOXSC ARBONPD-3-eaction of
N6 25 trifluoroacetyl-L-lysine to ethyl [3-benzoylacrylate, carbonyl group

in the benzoyl portipENYIFRUPYLENLTRIFDEORG ACETHIQMUPLYRINE! al ytic
reduction (JP-B-4-4308), (b) a process wherein ethyl 2-oxy-4-phenylbutyrate

and A.s- 2 Nb6-trifluoroacetyl-L-1ysine are subjected to reductive
am nation (CN-B 1053437), and the |ike. Besides the desired N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyTEQWNICALIRI@DIgRCcet yl - L-1ysi ne, various

inmpurities having anal ogous 5 structures are by-produced or remain in the

above- nmenti oned The present invention relates to a process for purifying N*-
(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine of the

formula (1):

10 CF,CONH

15  N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine is a
compound very useful as intermediates for the production of drugs and
medicines, particularly as an intermediate for the production of
antihypertensive agent (angiotensin converting enzyme inhibitor)
lysinopril.

20

BACKGROUND ART
As a process of the synthesis of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine are hitherto known (a) a
process wherein after conducting a Michael addition reaction of N°-

25 trifluoroacetyl-L-lysine to ethyl B-benzoylacrylate, carbonyl group in the
benzoyl portion is converted into methylene group by catalytic reduction

(JP-B-4-4308), (b) a process wherein ethyl 2-oxy-4-phenylbutyrate and



" processes. These inpurities are, for instance, the diastereoner, i.e., N2 (
1 (R)-ethoxycarbonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-1ysine of the

- formula (2): 10 CF3CONH EtOOC HH ... (2) N COOH\ H 15 a cycl ohexyl
derivative, i.e., N2-( 1 (S)-ethoxycarbonyl-3-cycl ohexyl
propyl)-N6-trifluoroacetyl-L-1ysine of tI}e formula (3): CF3CONH EtOOC H H ,
(3) 20 " N COON H a carboxyl derivative, i .e.

N2- (1(S) - car boxy- 3- phenyl propyl )-N6étrifl uoroacetyl L-lysine of the formula
(4): CF3CONIYs2Gi#ie5Fe ) LLE t -

e., N2-( 1 I(N S)éét hoxydge%%%ﬁylysm enys\uptfjecw% t?\lge(ti?le ﬁéoér\rggg%{lgﬁ-a@l\lyﬁl ne
ester of theg3yqmH) aah@)theflfﬁg:CJ\IH EtOOC HH 5 (5) ~N COOR\ H wherein Ris
an al kyl group, et hyI phenyl butyrate, and the like. 10 The di astereomer (2)

is produced when thegdgagsetiest i yesiredf N‘e(lrg)aéﬁh&&da%bbﬁ%@ bﬁ'eﬁS}L The
cycl ohexyl derivative (3) is produced by hydrogenatlon of benzene ring when

the catal yt igrop9Utt-tARU0T0A Bﬁkmé_heaﬁ@hl@q)fﬂbuﬂﬁfdsvl@&ﬁh% afaldgdous
produced by hydrol ysis or by cleavage of the ester noi ety during the

catal ytis regHidtieBs Hie esyfirodeidedat bveré@aind inS the oOrpRYBUmechdioridie
term nal carboxyl group of the desired product is converted into an ester
group, and iproBésslsced by a side reaction. In the fornula (5), R denotes an
al kyl group such as methyl group or ethyl group, especially a | ower alkyl

group having 1 to 4 qiekenndhOfibics w0 fofimytanes Mt Rih¥tertomietr, Pe0dNted by
reduction of ethyl (err) 20 benzoyl acryl ate. Needl ess to say, i ncor porat| on

of these st [UR)WihoxyehegOHl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine of the

formula (2):

10 CF,CONH

EtOOC HH

(2)
COOH

T—Z

15 a cyclohexyl derivative, i.e., N*-(1(S)-ethoxycarbonyl-3-cyclohexyl-
propyl)-Né-trifluoroacetyl-L-lysine of the formula (3):

CF,CONH

(3)
20 COOH
a carboxyl derivative, ie., N2%-(1(S)-carboxy-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine of the formula (4):
CF;CONH
25

(4)
COOH



“inpurities and so on into the product N2-( 1 (S)-ethoxycarbonyl-3

phenyl - propyl )-N6-trifl uoroacetyl-L-1ysine should be prevented as nuch as
possi ble, and for this purpose, a good purification process is required. 25
As a process of the purification of N2-(1(S)-ethoxycarbonyl

3-phenyl propyl )-N6-trifluoroacetyl-L-1ysigne is hitherto known a process
wherein crystallization is conducted from an ethanol /water m xed L - 4
sol vent whereby the diastereoner is renoved (JP-B-4- 4308) However, as a

result of pr@sesyter NIEAVAFiGe, '1@/95NPQ§KS)Oé‘bhd c\é’?ﬁoﬁ @ﬁ‘%lﬁrbb?ﬂ
purification process has |arge prob ens on in ustrla produc on at the

physi cal Pr@ﬂﬂhb'réécé’c:ylllhgrﬁﬁé%'s@&doﬁtl@é Yéﬁrﬁhﬁa?? bad, the filtering
property is bad, th iltered cake cracks and therefore it is not possi bl e
to conduct washing, resul ﬁgng%%ggow quality, the obtained wet matter has a
high liquid content and tmers i's rd to be dried, and the
crystallization concentration is not n arily high. 10 Accordingly, an
obj ect of the present inventi o®tiQO€0 {irH\/l e a process of the purification
suitabl egfor practice on an industrigIf scal® for obtai ni g N2-( 1

(S) - et hoxycar bonyl - 3- phepyfprop . i roacetyl - LIYyYsi ne having a high
quality, nanely high pur d good phisi cal CQQBerti es of crystals, in a
hi gh yield and a high prid vity. 15 SCLOSURE OF | NVENTI ON The present

i nventors have found, as a~fesult of intensive study to solve the problem
that by carrying out the crystallization froma water-soluble non-protic
organi ¢ sol widreir missgh\eap;yl grmhpj ning a 20 water-sol uble non-protic
organi ¢ solvent, the operability and productivity based on physical
properties ethylpyhényibuapdatd)arld kige tike. be remarkably inproved, and

besi des, the purification can be achieved in satisfactory high yield and
qual i tylol n additi onThetdiagserzeene: @) hs prodticed wisery ey sperebserietivityoofuse,
as a solvent containing a water-soluble non 25 protic organic solvent, a
wat er - sol ubltlke meactiontis insuffaient.s dTherytimtoxyl diexmativel (3pis prodhceddyuse

of water as an auxiliary solvent, and to carry out the crystallization

t heref rom Aydrogendton tof dtenzehy ming kilem tnelcatalytic redystian isadvirtdwdtedh
occur when crystallizing froma water-soluble non protic organic

sol vent / wat #hencamdubxyd|desrintatten (Heiscprodutdd dyt hydrolysis pstiat sldzanaigegof

pref erabl e pol ynorphs and crystal habit. Thus, in accordance with the
present i nviéne iester moeety darifgothe catedytic peduesionf. orThelesferi deringtive 15)

(S) - et hoxycarbonyl -3 phenyl propyl )-N6-trifluoroacetyl-L-1ysine of the

f or mul alg 1) is a compound that the terminal carboxyl group of the desired product is

converted into an ester group, and is produced by a side reaction. In

the formula (5), R denotes an alkyl group such as methyl group or ethyl

group, especially a lower alkyl group having 1 to 4 carbon atoms. Also,

ethyl phenylbutyrate is produced by reduction of ethyl B-
20 benzoylacrylate.

Needless to say, incorporation of these structure analogous
impurities and so on into the product N2-(1(S)-ethoxycarbonyl-3-
phenyl-propyl)-N°-trifluoroacetyl-L-lysine should be prevented as much
as possible, and for this purpose, a good purification process is required.

25 As a process of the purification of N2-(1(S)-ethoxycarbonyl-
3-phenylpropyl)-N¢-trifluoroacetyl-L-lysine is hitherto known a process

wherein crystallization is conducted from an ethanol/water mixed



4

= CF3CONH EtOCC HH :" "". (i) "N COOH 10 \ H conprising subjecting N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6 trifluoroacetyl-L-1ysine contam nat ed
wWith inpurities to crystallization froma water-sol uble non-protic organic

" solvent or a solvent containing a 15 water-sol uble non-protic organic

solvent, thereby renoving the inpurities 4 nto the nother |iquor and giving
crystals of N2-( 1 (S ) )
et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-1ysine. Further, the

present i nvegp, % %ﬁé})‘héﬁ;r@r&ﬁ&%@g@{_eﬁs%ﬁiﬁ@&@ gjp-@-nﬁﬁégls.

(S)-ethoxycar propy trifluoroacetyl-L- e 20 which
. Lol howi ] . : . : LD 1
grve crystals show ”Q{éwei?&‘ﬂeésé(af& ug\!t Bza%%}}bgf' iRFEhESAY %H@)é%‘rflg&nghg it

when said hydrate crystals dre drie nder a pressure not hi gher

than 5 Mg ¢9s 1 e5RYE thEt CHYSt ngqu@é icinTli‘)?oJ?é@eHési AR T LA SR on

provi des crystals of a hydrate

(S)-et hoxycgglg]qy{;-ﬁg- RSN RS2 P At NBret rﬁﬁ;ﬁé‘élﬁ%ﬁ%@él‘ﬁéé' MPit'PI%Oﬁ)t%Hé? g. 2

provi de cry ng a powder X-ray a pattern s

when sai ¢ hy&g@tﬁscaﬁesbaa,s tﬁéeﬁﬁfﬁii\?gtlgﬁoﬁe@%_r ‘igd&.@{d,""tl{hr eReeq Qlkd'@radkgher

than 5 Mg t® renove the crysta r. The present invention

further provglesher¥oirali® @Qf ndt PR & Ngrduck washing, resulting in low
(S) - et hoxycarbonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-1ysi ne ich

provi de cryshadistys RR¥ dHtath P WL m&tte@ihal & HightliQRNdPesARM S0 hetelofd J- 3
when said hydraté crystals are dried at 40C under "a 5 pressure of not

higher thani§ Wafd te beMMeed,hard Vel cHatallizativht incertea?bRs et not
i nvention provides crystals of a hydrate of N2-( 1
(S) - et hoxycaidueeghridy bhghy! propyl )-N6-trifluoroacetyl-L-1ysine
10 Accordingly, an object of the present invention is to provide a
process of the purification suitable for practice on an industrial scale for
obtaining NZ2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N¢-trifluoroacetyl-L-
lysine having a high quality, namely high purity and good physical
properties of crystals, in a high yield and a high productivity.
15
DISCLOSURE OF INVENTION
The present inventors have found, as a result of intensive
study to solve the problem, that by carrying out the crystallization from
a water-soluble non-protic organic solvent or a solvent containing a
20 water-soluble non-protic organic solvent, the operability and
productivity based on physical properties of crystals and the like can be
remarkably improved, and besides, the purification can be achieved in
satisfactory high yield and quality. In addition, it has been found that it
is very preferable to use, as a solvent containing a water-soluble non-
25 protic organic solvent, a water-soluble non-protic organic solvent/water
mixed solvent with the use of water as an auxiliary solvent, and to carry

out the crystallization therefrom, and further that polymorphism and



" having a crystal habit conposed mainly of a crystalline formthat the m nor

axis is not nore than about 10 umand the major axis is not nore 1o than

about 50 um or their dried crystals (including non-hydrate crystals). The

present invention also provides crystals of a hydrate of N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyl ) - N6-trisf | uoroacetyl -L-1ysine having a

crystal habit conposed mainly of a crystalline formthat the is mnor axis

is not nore than about 30 umand the mgjor axis is about 200 um or their

dried cryst glrgstd] ned Bidliviagichroscht wdich efysta@ifihg frond BowRt&SSSTUBIBESH ON,

the powder X-ray diffraction data were obtained by using an X-ray

di f fract omeirbtiRABrgehibRE6IvENt RivE BdeU niRel! sbRuENtdd el coftrglléd Magivd NY

the angle of diffraction at 28 20 with CuK(err) radiation. BRI EF

DESCRI PTI mcﬂfsﬂa?é\WdV%BrGferéblépélﬁﬁ%ﬁs Xniceyrydithf hagid.on pattern of

crystals of | form of -(1

(S) - et hoxycar bonyl - 3-THieY ipr feddriaheet wifd Lt@lreog?eéé&hr ingéntiyhi NGierki B 2
S

is a powder X-ray diffraction pattern of crystals of Il form of N2-( 1
(S) - et hogycyrbvidd 3- ahenytdeessy! )folN6- tguirifyigg 0a eyl (Sh-ethoxycatbiiyles- Fi g.

3 is a powder X-ray diffraction pattern of crystals of Il formof N2-( 1
('S) - et hoxy c gHeIWprep I yirilesy0dcePt-Lilyblneoo Deteetormbuld YBi: ne; 5 Fig. 4
shows powder X-ray diffraction patterns of polynorphs (I form Il form and

3- phenyl
5(a) and Fig. 5(b) are SEM
crystals and (3 crystals) of

11 form of N2-( 1 (S)-etbﬁx ?Pn | -
propyl)-Ne-trifluoroacetyl -L-7ySine; Fi

phot ogr aphs of respective crystal habits
N2-( 1 (S)-ethoxycarbonyl -3 EtOOC H

(1)

10 COOH

N
f
comprising subjecting  N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine contaminated with impurities to crystallization
from a water-soluble non-protic organic solvent or a solvent containing a
15 water-soluble non-protic organic solvent, thereby removing the
impurities into the mother liquor and giving crystals of N2-(1(S)-
ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine.
Further, the present invention provides crystals of a hydrate
of N2 (1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine
20 which give crystals showing a powder X-ray diffraction pattern shown in
Fig. 1 when said hydrate crystals are dried at 40°C under a pressure of
not higher than 5 mmHg to remove the crystal water.
The present invention also provides crystals of a hydrate of
N2-(1(8S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine
25 which provide crystals showing a powder X-ray diffraction pattern
shown in Fig. 2 when said hydrate crystals are dried at 40°C under a

pressure of not higher than 5 mmHg to remove the crystal water.



"~ to phenyl propyl)-N6-trifluoroacetyl-L-lysine; Fig. 6 is a graph showi ng the
solubility (% by weight) of each of polynorphs (I form Il formand |11
form of N2-( 1 (S)-ethoxycarbonyl

3- phenyl propyl )-N6-trifluoroacetyl-L-lysine in a water/ acetonitrile m xed
solvent (water/acetonitrile volune ratio 0.25); 15 Fig. 7 is a graph

showi ng the rel ationship between the cont®ent of the car boxyl derivative in
N2-( 1 (S)-ethoxycarbonyl -3phenyl propyl)-N6-trifluoroacetyl-L-l1ysine to be
subj ected to crystal lq | : C . i 74 LQN; d
Fig. 8 is a graph shyﬁygﬁ%ﬁ?&&é{}ﬁbﬁ?ﬁ%ﬂ%&é\%@é\%%ﬂ%&%gf%g?g{%?of
each of crysieal b &S, hﬁgﬂ’(' 2 f6_+1.: T el

et hoxycar boﬁ{fl - ﬁﬁhﬁ@ﬁgﬁ%ﬁ% - th?ﬁ%r@)gg@}gﬂﬁ\{-%ilfg@r)lléoae{:r?éylt %elyglonn ent
of the dias i eLRbWinBER | o R : d

PNVENTT O 95 il ﬁsurr"ivp.f“%:aﬁlsogﬁé%r %@I‘e)g"%ngf §t Re pr erségr?F @Eﬁﬁ%@{!&%ﬁf&es

crystallizi 3 Gl ) - 3- ) - o ful |
yst ho¥en il )3 SO KGRA e RSP AL bkag: LRl LfkBRGetY!

L-lysine froma so conpri sing |'e non-protic organic

ol vent. | tysi ' j r ' - h
(9 ot hoxscartessrgPERERERLERhoAS rhehify §6 relfo®intt Epiialwhter. (. o

Ci onyl: S Phen: ! | .
qupl L1, naely O Fbck BRC 90O PR Rln BOPRES R sBlisGine talotaud n @
phenyl pr opylgf- NEN*-(1(fs')le%eﬁyé‘maﬂyuy%ﬂ&ﬂﬁ%mmtﬁ@ﬂﬁb%dé@uu%ﬁfe the

crystallization is carried out from a watér-sol’ubl e non-protic”organic

sol vent al ongaihgaa %‘?&gﬁﬂthéﬁfﬂt&irﬁb%e& HREK- 82 hUBHR AN 1e° Torh CtHAtIEHY C
solvent. 1o The wat er-sol ubl e non-protic organic sol'vent 1Is not

particul arl ymindd 4R@ isEARoPE thASr&6uL1 0 uth¥nd Hsé MR BES S Pok Thd s
acetone, nethyl ethyl ketone, tetrahydrofuran, dioxane,” and the like. O

these, aget qhlaty idbbuts S eumDsbr PiRdiLr abled: ck?sﬁame RheR|ding MeMhydratd he
crystallization can be carried 15 out from sol vent systens containing a

wat er - sol ublgysgdlsproti c organi c solvent wherein other auxiliary solvents
are used together with the water-soluble non-protic organic solvent. The

auxi liary solvents arghepedsémt ifiventiom RAse povidey orystglsond hiydRste 6fich
as solubilities of N2-( 1

('S) - et hoxycaibI(B)-cdhpkpeartbormmyd -pheanyil prdpylpiNSageéfl wordadeygi-helysiie 20
coexisting inpurities, effect of renoving inpurities, physical properties
of crystal s lravdnghe drivkal hébithcameosed miaixilyueheecorstilltie ford thetl tHey. As
the auxiliary solvents are preferred those having a mscibility with the
wat er - sabublmimmmaxisds nmotangentieas aboertt30 uhandutkielmajor axik\is aboua 200 ot
particularly limted, but include, for instance, 2s hydrocarbons, fatty
aci d est er s,umt bertbeirkdtied axystdls ghmtlading nen-hgddateherystiaks). The
hydr ocarbons are preferably aliphatic hydrocarbons having 5 to 10 carbon
atons, aromatic hydr doatlhomsehent mygvéntion, 2he gpdswder X-rgy diffraction data
were obtained by using an X-ray diffractometer RAD-yA made by Rigaku
Denki Kabushiki Kaisha and measuring the angle of diffraction at 20

20 with CuKo radiation.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a powder X-ray diffraction pattern of crystals of I
form of N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-
25 lysine;
Fig. 2 is a powder X-ray diffraction pattern of crystals of II

form of N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-



" atons and hal ogenat ed hydrocarbons having 1 to 6 carbon atons, and are nore
preferably aliphatic hydrocarbons having 6 to 8 carbon atons, aromatic

hydr ocarbons having 7 to 10 carbon atons and hal ogenat ed hydrocarbons
having 1 to 4 carbon atons. The fatty acid esters are 5 preferably formc
acid esters and acetic acid esters, nDre7preferany esters of formc acid
or acetic acid with alcohols having 1 fo ‘4 tarbon atons. The ethers are
preferably ethers having 4 to 10 carbon atons, nore preferably ethers
having 5 to 8 etbon atons. The ketones are preferably ketones having 5 to
10 carbon atons, ’ nore preferably 10 ketones having 5 to 8 carbon atons. The

al cohol's are preferalyy al &OQ%&H@?%g%}ggﬂ%C&@%tgépo ’ctrggfaﬁs ot I

preferably al cohols haVing 1 t'o 4 ca

hyd b : 2| 1 iRnat | ORB. e,
ol ohaxane ofil: of ONL AT ARERox AR BOnRIA bR RYBRARIPRA EHRLIBACBEANE.

t ol uene or Wéiﬁl’@:e; 15 a hal ogenat ed hydrocarbon such as dichl oronet hane or
1,2 dichloroethyfene. Exanples of the fatty acid esters are an acetic acid

ester sugh as ethyl aaglalehoys pBLRRY!X 89 Al Pactiol KA B mortd V]
acetate, isobutyl acetate, n-butyl acetat r methyl” acetate;” a gla ormc
acid ester t @70k, L 1f, #@gya% 20
ethers are 3§§@§ﬁﬁt?LD¥$?{g%ﬁ§r?]dPF§§EB§By g#ﬁé??ﬁgﬁy t he yﬁséﬁhgbgﬁples
of the ketongy ?DQNﬂEHthnbéeéﬂﬂMLh%ﬁh@Pe1 and the |ike. Exanples of the

al cohol s are ng hanol, ethanol, 1-propanol, 2-propanol, and the |Iike. Water
i's particularly pref giged(ap it FAEX3(bpate SSEVEPhotBiraphyS6fN Fedpective

wat er - sol ubl e non-protirc organic solvent in conbination wth water, the
effect of ripYidIhabRY (bl t8sthls hudt B%ry@f'él@ﬁ%‘fq\mOHSil&hBﬁéaﬂfdnyl-s-
properties of crystals are also further inproved. - 0 e anount of
auxi i any shelpred)-Ne-triubtdicedfl-Lhgsiiaist al | i zation varies dependi ng
on the kind of water-soluble non-protic organic solvent used, but is
generally fromO to ¥gi 8 is&l gPaph shiowinigathe SelRlity (M Eiveight)bfeeach
non-protic organic solvent ratio by volune. The 5 upper limt of the vol une
ratio is prefeisihbmorphsirfernt, €l doail snd Ahortrhp o O¥L (198 pEehakysarbonyland
the lower imt of the volunme ratio is preferably 0.05, nore preferably
0.1. The pr &-pheblytpropyleNéitrifheorcalcetyl-Ldysinei in 4 warted/ Afetoniizllemixed
preferably fromO0.05 to 1, further nore preferably from0.1 to 1, the nost
preferably fsobverit (Wwdter Padetombidilei wdlume hatdomAJE 1o the crystallization is
suitably perfornmed. In the present invention, it is preferable fromthe

vi ewpoi ngs of yield, Rigal7tis angraph Ishioevihg the ryelationishép chyvedr i thed | on
of N2-( 1 (S)ethoxycarbonyl-3-phenyl propyl)-N6-trifluoroacetyl-L-1ysine at
a pH of 3 t coditertpefi dhiey carbdxyl AeFivatide 5inl| INTEHS)dthoxyberhphydE3-
solution is too 15 low or too high owing to coexistence of inpurities or
the |ike, tiphenylpropylpNejrifuerbanetykLnlysie acitd (e, nswiejeatedici dtasuch
as hydrochloric acid or sulfuric acid) or a base (e.g., alkali netal

hydr oxi de s@e¥stadlizatdonrand dhepHief ar ciystallizing pahationend | n the present
invention, it is preferable to carry out the 20 crystallization of N2-( 1
(S) - et hoxycar bonyl - 3-FigeB s prenaph shewing the seladiasntship betyegemethmemistabr ced
flowing. From the viewpoint of giving a high quality, preferable is the

f 1 owi ng2@ hatsizeheofhoh relyuerystel drabigst fa | Brmpeanghif  {mueofi NubUBN1 v
not | ess than about 1 W/ nB, preferably not |ess than about 10 Wn8, nore
preferably séhoxycearhomi-Sphessipramd)-W nifleeraacesyl-L-liising esgngdhanthout
1 kwnB. The forced flow.ng is provided to usually by rotation of agitating
vanes (i npelratent of e a$f§rﬁ%meéllﬂ&§5d?fg&hﬁeéﬁ-to use the agitating vanes
so long as the - m flowing is obtained. For exanple, circulation of
liquid or the like methods may be utilized. The crystallization tenperature

7 B3 L o TR IS o RRARANIANE £
viovpol g of aual [y Lor uclc Bl Ly Bnd, ROXEL ol BroReLLLes ol rystal o).

condition for | ar.ge pertjgQn of the conpoynd to be re red, and usually
the crystal Icﬂgﬁaillgﬁ%igsﬁp‘éi@F?fg’(?xé(f:aﬁb?gﬁﬁgF&??R%IPS?pﬁﬁﬁﬁngofﬂ%ﬁqubut
20C, preferi‘gi}y.lo not Iov§r tgan abaut 30C. The crystalli zatiton accor di ng
to the pres&it/SiRedRYToR TUNCBE CRPIISIS G ¥ e’if?P[%b t PBaBIOTh ETERMC
general crystallization nmethods, i.e., cooling crystallization,
neutralizing crystallization, concentrating crystallization (including
crystallization by solvent replacenent), etc. 15 Usually, it is preferable

to carry out the crystallization by means of at |east one of cooling
crystallization and concentrating crystallization. Cooling crystallization

Y



" In order to maxim ze the effects of the present invention, it is preferable
to control the crystallization velocity, nanely the anobunt of 20 crystals
produced per unit tine, to mnimze incorporation of inpurities into the
crystals of N2-( 1
(S)-ethoxycarbonyl-3-pheny|propyl)-N6tri%IuoroacetyI-L-Iysine. The
crystallization velocity is generally not” nobre than about 50 % of the whol e
crystallization amount per hour, preferably not nore than about 25 % of the
whol e cryst%buéﬁgion anount 25 per hour. In case of cooling
crystallization, the cooling rate is generally not nore than about

40C/ hour, preferabl yg@)tth@rﬁr&tsgﬁ'@ ?Q@éﬁtion' 1351 Zoré‘%aC{ oug taqﬂr%@glﬁggf ably

not nore than about hour .~ AI'so, Since rapid cry I zati on by kage

T L T e
CrySLel s 25 REARS, FRCAATINGS o TP B AL 2R RoFEREAIL BLIARI R U
dependi ”ﬁt Og*igﬁlgz,@ad ol  Aigh ProdifetirlyY Gl?ém“SI@(l(‘sﬁ‘%tHBQ{}@ﬂﬂcﬁHl%‘- 'n

the weig

(S)-ethoxyc Iﬁﬂﬁﬁ = 3= Ahaysy =NoT_ 1 I1l 2L i n@ﬂ]'

vol une of sg:{ ve tbf"}’f’ggﬁgrg@@%%cm %ul? EWSBQE%&?ﬁ%%EdWﬁ/tI&q 0 ﬁﬂ@s,
preferably f catih A : Y D. . 30 wv
b “he- pur i Treaty onilieduof 1SRAHeA U Mol aTRA Gt AL Aok PLOTY prpni®
mpurity rergyaniehibnelonadolhietd REhIRE X WA G Lt ‘ilﬁ'o?ﬁf)%gx'@ BpEahl- (1
(R) - et hoxycar bonyl - 3- phenyl propyl )-N6-tritluoroacetyl-L-1ystne), 15 the
cycl ohexyl deitasptive (N2-( 1 (S)-ethoxycarbonyl -3-cycl ohexyl propyl)
N6-trifluoroacetyl-L-l1ysine), the carboxyl derivative (N2-( 1

(S) - car gxy- 3phenyl proRy | iwd¥eridolhibior ergebYbtit- | iatte . $d1Pe®6t €6 not
derivative (N2-( 1

(S) et hoxycardeeielldriphemitd, opEkames rthcksof Qa6 Tt inslatiie) aacibaitrileand
et hyl phenyl'butyrate. In particular, the process exhibits an excellent 20
effect of remevomg mwrhgy@thpbketorer it&t&hh;fdr&\ﬂix&h,i@ioxahh, haidl the hke.
renoved. In order to pronote the renoval of inpurities, it is also
effective t ©Obtimsepagkionitads iatles ysdstl preferrbleol uti on with an adsorbent,
preferably activated carbon, and then subjecting the solution to 25

crystal lization. Thelarisé gresefnt Mvéntlon, the crystallization can be carried

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6étri fl uoroacetyl -L-1ysi ne obtai ned by
the puri§i catitdfifons sclventafystérs conthiRdingos esstelr-solubid non-pestibergani ned
as a wet product by usual operation of solid-liquid separation and washi ng
of a cake (ceitaritf sdedreon, othrezsauxdidnyl sohterds, afe Iuseat itogethmte witle dieed
pressure, etc.), or can be obtained as a dry product by usual drying

oper ati on (evafter-ddlable drori-pgetidr grgenionsi@vesit.r eTheedupilesyuselvends uamm
drying and the like). The solid-liquid separation can be perforned under
cool i ng at asednfar sherpurposeoof Hmpraving aornditions2 GOclprsf sohthilities of
tenperature of O to 10C, to maximze the yield. The purification process of
the present N'n(dB}-ethoxeeanbonyd Spheayigrapl)-N daiflueroaseipl.dysine and

i sol ation process or a recrystallization process for obtaining N2-( 1

( S) - et h@Ryc gessisting pnpmritiepsifgctngl xameving bapuritics.-ph¥sical pyeperiss ed
by known processes as nentioned above, especially N2-( 1 .

(S) - et hoxyc&f §sy§tals gmshthe tiksy whixh-exert pgoindheeneg on-yigkl andsywaliesi zed
by the above 15 nentioned process (a) using a Mchael addition reaction, in
the formof crystal sAs Hfiggrawrdiagypsplventsnare neeferred t psendraving a
According to the ,uriflcathpn process of the present invention, crystals
with hi gh q@BISCIRIERWHSodhghyAterisobiBise MONePredf BEBBHEPARENtH a Higgh

ield, as nenti.gned ove. 20 Besides, .t s .be found that in case that
%:/r ystalliz aﬁ‘%ﬂﬁ%’fy RIQ-VFnIS are not partfcularlyhl?mltede,%ut ijncqude, ;‘or Pnstance,

(S)-ethoxycarbonyl - 3- phenyl prapyl ),-N6-trifl yoroacety] -L-lysine is conducted
oy e Pt AR E et rthe far O RE s oM cOBol o A re 8GL H5 © o
the purification_progcess of .the prese invention, plural pol r phs d
crystal hablike: alhe REdEoRarhons RIG Breleraly A irbatic hydrpcabbors haine § t h
t hese pol ynorp or .crystal habit show.a ver ood filterabili and a good
e ey o 20 I8 Bhrint HeBme o B FCEArESS fing Bta i bR Por

i nprovenent in quality and/or yield can be



“- 14 achieved by perform ng pol ynorph control and/or crystal habit
control as nentioned below. In the crystallization froma water-soluble
non-protic organic solvent/water m xed sol vent,

N2- (1(S) - et hoxycar bonyl - 3- phenyl propyl )5 N6-trifluoroacetyl-L-lysine is
obtained as crystals of the hydrate. Inveésti gation of the anmount of crystal
wat er present inside the crystals by a ngthod, wherein the sol vent
attaching to the crystals was first renoved by drying or washing and then
t he amount qf I hs,g AITToR u Iyl he
crystal wat %}Oﬁgﬁéaahﬁgﬁhﬁﬁi ctrgjréa}s nmet E‘%&?ﬁggvfegalgeé{ t é%a%irggg%?}g al
vater 1 presgihofd pPicaB ALBhalilthdtotAfh3hEhdiih EeBobia

(S) - et hoxycar Egﬁﬁf-é’gﬁfeengﬁ roﬁ@f‘?ﬁ%&}tri f%uoroacety gl_é)ﬁ);gl née} ?ﬁrze;/&nr%?’t er).
From Lhis [ etdidatid bhydtoBRAGS HeRting a0 LTS BYHBA! Stdthy S halbgephRpDl ¥
nonohydrate. T eathyglfatg crystals a%e t?w ee poﬁyrmr phs (Irﬁ#ormgﬁ:l orm 15

and 111 for ByarbbatBoflonaany 1 dd desiion HSRR. PANETARYSAtY BGMESTand 2y

diffraction pattern of hydrarCe crystals, is possible to 1dentify

them by govdRerorabty Bhie AikoBsRAS £ Metid YR4A! Seiah Anfind Befdiubiyo O

remove the r;%stal water, provided that since solid state transtornation
may further sQEQGEEH fdPmRXEERE bY tdeltR! A8l Wil QAldoidls! Heviag 1584 Parbds

drying, it is needed for the identification to suppress the transformation

by conducti pgohfde driyé Behéds aré PréferiBlyy el st BAPRIAH Uoe] 6 @afbonVADHS)
drying at 40C and not higher than 5 mmHg). The drying is conducted up to

constant weirfibte prBferhbly ¢tBéRs HaOW VSV cXrbay abomhg.acThekdrahlesrae of
crystals obtained by drying respective pol ynorphs 25 of the hydrate

crystal s of p¥éfdrably ketones havin% 5 to 10 carbon atoms, more preferably
(S) - et hoxycar bonyl - 3- phenyl - propyl') - N6tri fl uoroacetyl -L-1ysi ne under

condi ti oos Weabnésrhoiving Gansf 8r carbom a@rfsnotThe adeeHols arelpbefefably
solubility of each of the polynorphs is shown in Fig. 6. | formis a stable
f or m havi ng aléehdleviestingol ubig taybord agosm, yhote preferablyt ARphade haviighs i n
a water/ acetonitrile m xed solvent (water/acetonitrile volunme ratio 0.25)
at 15C undertoc¥ dartsury apsess UExamples abthe hydbodathoneacd)tfof dnstarfoe) Bin
about 2.7 %by weight for Il formand about 3.1 % by weight for Il form
In a practi adiplatyst hytrecdibon syatlke mafsorhdstengqurdyclela¢xame ,ofhdyitafiel or

(S) - et hoxycar bonyl - 3- phenyl - propyl ) N6-tri fl uoroacetyl -L-1ysine, the

di ff erence imetygilapclohexahes anaronhatic dygdrotarmmpshghmapteiubaeareyléneger
by influence of coexisting lo inpurities, so a difference in yield of about
3 % or ibr e amhadeganated: whgdrodarbon f sucher gst alichdorbrmbthan¢ faar ml,2-
crystals and a difference in yield of about 5 % or nore may occur between
the | form clighlaabsthyridnehe Bxamplesnof tlys fatty. adideesticos arei dn taeetic acid

pol ynor phi sm can be controlled in the crystallization to selectively
crystal | i ze ester sueh|ag ethyloacetase, isopsonyl asetatef arphdyyloatatatdet-butyr m
it is very advantageous in the yield. Besides the pol ynorphism_ two kinds
of crystal [Rgstate; syl asatqteen-putdragetateop aicataties andya ferrsicof
N2-( 1 (S)-ethoxycarbonyl -3phenyl -propyl )-N6-trifluoroacetyl-L-]ysine

obt ai ned by acke esten suehEsopthyil desmate priipeprddarmato e nExemplrgcolcisst al
habit can be relatively 20 easily identified by the appearance of the

hydr at e2@r yStBFES ojre n@ethyl i eBUty) sthies, diiseprppyd gthenhand sthg like.
phot ographs of crystal s havin

g each crystal hahit. two kinds of ¢rystal
habit, the &%apeles ofathe dgtangscApa RN B'lﬁ(ﬁmneaxaggoﬁhﬁohfc%me
t han about um and major 25 axis of about 200 u and the (err
Cryot al s ar EXAPRIS QLye Bicehaln Ay e thengl. cHhegaly TTRTORRRAD 2IRIRERBOH 10
um and a nmj or ﬁilzl of not nore than about 50 um Although these crystal
si zes may véﬂfi D #G'rng on - 16 agitating strength and the like, the a

crystals have o | Sgsplel SUARON SHERELY Sl (PEPLESE sl B oo
0111 B0 LAY RV B e ol UBAAR R ShIok PSR b 1S
CLtal s o e SThECU Uy SRR Aifurtisl B VAR SEBHBR RUAL
PoL Yo O A1 DO NN 5,00 B0 2, 2000

al ways obtained even if a slurry of crystals which have given



“sone specific polynorph and crystal habit is dissolved under heating and
crystallized again. Also, as a matter of deep interest, it appeared from

.the results of powder X-ray diffraction patterns and m croscopic
observation that the obtained crystals were relatively pure crystals from
15 the vi ewpoi nts of pol ynorph and crystfl habit. Firstly, polynorphism
control is explained below It has been 8und, as a result of present
inventors' investigation, that good results are obtained when the anount of

h b | deri [ Sk ;i |.i [ . [ 1.
That 15 to say. thor oS5 aae it P ARAUAPy SUREAt R | B CUER 1T B L
st there served a | .

(9" ot hoxycatboryl 3 pRa T Sevt I REE £F: s BLeEiAeE Rl acermsie
carboxyl derdpsahiy @oﬁz%?ltt%ecﬂfl?@ﬂs g%ﬁ@ratlﬁiaﬁo bRy ﬂﬁrpg%r@@?? fhfiﬁéf? IS

easy to be obtained if crystallizatron is”perfornmed usin

(S)-et hoxycasrmﬂ/w%ﬂ@taegmhb?egnehoﬁmc H?géﬁicéé%@%ﬁ%ﬁi%‘ 1?%}35@%? gyl ng a

carboxyl derivative content of not” nore an y wel gh er, ‘a nore

evi dent gor r@ﬁéﬂlgﬁigaﬁtﬁéeeﬁﬁhé%&a% ﬁﬁﬂ?%%ﬁ?@ﬁggi’%ﬁ% ?%ngiofﬁee”t

of carboxyl - erivative contam nant obtarn , and
all of the ¢ I ; t :

o OF e, ahbst PREICPAHS! 0I5 HBT d IOERVMIEDIRE (AIRRIFAf) 4 Bibierably

content of 48k, (RGFABFERPADHAS. W tTHA ﬂﬂé?efaﬁﬂ&%aﬂ%eooﬁﬁ{é)val ‘@Qgraa\rgfdbgt-

Fromthese 5 results, as one’of nmethods for 1 nproving the yre

adopt ed suclrém"@IUBto 25 HERP PRERIrAB]Y HOnYT.08 1 1! RerthathAsY piéfdriBly Ve
into the obtained crystals by using N2-( 1

(S) - et hoxycdrhangl1- & P ety nitt Syt ALY O RO0 JRESDYS - hnlWeitAh bR Athge | ow
car boxyl derivative content as a raw material, thereby obtaining a

pref erahbe pheyrysmilizatiphasi sigtadbly pédbtthed. 10 However, it woul d be

i nportant and significant, froma practical point of view, to establish a
nmore sure and direct InefHeoprésentcianeneion, g i9 Preferabld sdnmthehviespaRhts
affected by the content of carboxyl derivative in the raw material or does
not depend af ydeldy dunedityoanéntheofike ab aletf thetrystallizdthen oIWHEL(S)H al .
15 As a result of making a study for establishing a nore excell ent

pol yror phi smethorycadtanyd-3rpiteeylprdpHpNbrtiubmeare tyhbtlyshiee asaupH of 3 he
carboxyl derivative coexisting in the crystallization systemhas a cl ose
rel ati on totolfs qupecialihe pH yft3a5ltozR 5. oinsyagecthatatite HHr dthsolutivat ist too

pol ynmor phi sm nmenti oned above is also influenced by the 20 crystallizing pH
and thels fdowadrstanchigh owihg tolobekistenet of impunitiesbr ithediked)ahe4H can
provided that at a pH of |less than 4.5 the type of the obtained pol ynorph
tends to defsnadiistedebyunising an adid (eag.banineradrdoidtsweh iasc hydeochloriche
crystals and all pol ynorphs are found to crystallize out. It has been found
from t he ab@gid razs gtfaritgcid)her @b dase2 6. grnalkadie dnetall yimyd moixiiden saxaturas f r om
intertwining two factors, the crystallizing pH and the content of carboxyl
derivative cofiwm hudroxidadn lithipm dwjdrexidslt (pH 4.5 or higher) of the
crystallizing liquid_is very - 18 wuseful for selectively obtaining the
| form The I form cdn Bie sHesent aventipnaiiteis prefgmableita canrybeutttiis v
achi eve%%l by carrying out t crystallization wth adjusting the pHto

and/ or #Ri nCRY ?ﬁaﬁlézw@ pPf N 'ﬁH§¥1eé§§XY¢l%ﬂb%?}§:3m1§mEY N -triflgom- nor e
preferably 4.6 to 5.2, even 5 |n the_case where N2-( 1 ] .

(S)- et hoxyc&FSBﬂg}r-?%SlﬁlﬁeHﬂdﬁro@P?d Nbowing.| Jbramatiae yiewppint g€ giving g a

hi gh carboxyl, derivative c ntgpt s used. Crystal habit control wll be

t hen expl ai 1 quality,c prptergple, dasthe flowamg ohat thecpewga: reaired fars

been found that ,crystal habit ,nodif.ication based, on a]gti on, of an ex egnal
f orce capabP8%BHY t Y 1VC8uﬁ‘b‘?/e‘ﬁths}la£|00a§1°6rle\?§bF anoabeytt heW/m’,

crystallization systemis effective f el ectively obtaining the rr)
crystals. A?r?tr??éaéfx QBLA‘FS‘T h?%’é,al?%'i' gbc‘&v{ e more pre eralbly not less(t an
25 about 100 W/m?, especially not less than about 1 kW/m®. The forced

flowing is provided to usually by rotation of agitating vanes (impellers),

but it is not always required to use the agitating vanes so long as the



* nmentioned vibration, ultrasonic wave and the li ke, and external force can

be acted on by a nethod such as conducting agitation with agitating axis

_ being slanted to inpart a strong vibration, or using a ultrasonic 15
generator. By such a nethod, crystals ((err) crystals) of N2-( 1 (S)

et hoxycar bonyl - 3- phenylpropyl) N6- tr|fluoroacetyl L-lysine of high quality

can be selectively obtained. Further, “cr dtdls of N2- (1

(S) - et hoxycar bonyl - 3- phenylpropyl) NG- trifluoroacetyl-L-1ysine of higher

dont ol and et 4 (8hadsd, “dich Fntiice GFelBERA SNt PBL Y Blke
speci ficall Xngﬁfc#]c?é H"eag'egﬁo lgﬂaa of the follow ng exanples in which %is by

wei ght unl ess™other w is to be understood that the present

nvention i's not 25 Ly (g taibiess RHABRLAre PRI Ph N RAN iEnitea 1 9

Preparati on of N2-(

ot ﬁéﬂﬁfyﬁzfé B fel e%g?e}?ﬂgef’%ﬁ%%? PGP B il e
bﬁyq@/ T,

éﬁﬁ?éugt g)cl)l L(I)gfl( ?F\d}) [ hl’uﬁfﬁ%{fﬁ@i ge{&)g\ég?ea\g?&t()ﬁ}qﬂgﬁ{r;lg%&htst |(i1#

1;“ ulr t Eepmcgﬁl Ct’% %ﬁr@g ﬁ['xgéﬁzaﬁl)rap eac ?gﬁcﬁgﬁq% ?rcll%;r?&é %yea Hleg 10

added EEBC%'*BL %ﬁﬂﬁﬁﬁg b"%ﬁﬂl%%idﬁ e paﬁT&&hﬂﬁﬁf@E‘ﬂbﬂ”aﬁdﬁ tafge™®

reduction r Uo?l”of'ﬁ%e&%g{tﬁo%c?% belredBotte é:fl%dt' 'ih%%{al t@lZatioe-

After the réaction alyst was renoved by suctio f||t ation. The

obt ai ned et RgUrfiPhéd '@ WA pREAHSCSE ht 3BREE tREn‘anbi20ed] B%MQBBX' de,

added with water and concentrated under reduced pressure to distil awdy

et hanol 180 aptliewk? thak! a66ut 3®°eol vent with water. The resulting crystals
were filtered with suction and dried under vacuumto give 33 g of

N2- (1- et hoxycar bonyl 3 tﬁIl%&ﬂc)rrBJ@céfdlh%wﬂ?&?&é’éeﬂtﬂrﬁb&h‘ﬂﬁr{cénsbé 1R
ratio 80 / 20) . EXAWPLE 1 20 Crude N2

(S)-et hoxyca:rabﬁréul ot Bamihpraiehst baetdfl édn&a@eeﬁéﬁallhiathdﬁ iphetHdwRY iing, a
purity of 79 % and containing as inpurities 15 % of N2-(

(R) - et hoxycajdalifig - rydtallyz4riepy | hemrélﬁzlhguoemuyiattdﬂm BéncOntratiagf
N2-( 1 (S)-ethoxycarbonyl-3-cycl ohexyl propyl)-N6trifluoroacetyl-L-Iysine
and the |ikerysadligatienl adludingn ceystallizadfore oy esytoai Tgplacenent)] quore
one in 10 mM of acetonitrile at a tenperature of 50 to 60C. After filtering

t he hot 150l Wswallyy ithisspredfefablector eamryeounshe uystaltizhtion byeneans of at
crystallization was carried out by cooling the - 20 filtrate to 20C at a
rate of 10Claast onet bf dadlirighgrystadlizatsont and comsé¢ntratigy erystdlbzatdonf
and washed with cold acetonitrile. The filterability was very good. The
crystal s werGoolang onystaileghtadn & panfientnly profer€dt o 40C to give 1.6 g of
dry crystals (crystals of non 5 hydrate) of N2-( 1
(S) - et hoxycar bonyl! - 3-Iphemderpooppkimii@ the effactoatthe presdntsinventiome it is
obtained crystals had a purity of 97 % and the content of N2-( 1
(R -et hoxycm&waleaipmmm} th [crysiallization oredecity y hamely stheeampsinit, of 9,
and the content of N2-(
(S)-et h@chM@WHB‘OdV@BdMﬂdeQWC) e minimige ingemagnation g impuRiies. 20
%

into the crystals of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-

trifluoroacetyl-L-lysine. The crystallization velocity is generally not
more than about 50 % of the whole crystallization amount per hour,
preferably not more than about 25 % of the whole crystallization amount

25 per hour.
In case of cooling crystallization, the cooling rate is generally

not more than about 40°C/hour, preferably not more than about



" 10 EXAMPLE 2 The sanme crude N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6tri fl uoroacetyl -L-1ysine as that used
_in Exanple 1 was dissolved in an anount corresponding to 2 g of pure one in
15 mM of a water/acetonitrile 15 m xed solvent (water/acetonitrile volune
ratio 0.25) at an elevated tenperature. After filtering the hot solution
with suction to renove insol uble nattér,lghé crystallization was carried
out by cooling the filtrate to 20C with stirring. The resulting crystals

Coorure rat o &gt HERRCErYRdoG, M TAGE SoarTROBKY SYEUbIEC, Isbic e
Vacuum dr  eciglke gebEMBEIALILS Rl ) bkBatife LERUM SubesdnBaiiy HhIa 1

(crystal s of nonhy

ot ai ned. or yeraNEradisRER LRE dRkybEHR bf Lghey S dEik profendite 1o thuse
(R)- et hoxy cara0aKLioR SREANR 8P KLY ek dyRIARGR YbedsibkHARaHRS, 25 1.2 %

and the con

(S) - et hogycar bonyl - B%Lg@cﬁ’ﬂﬁt%Ekg_@?ﬁ?afdo‘fpé?@ﬁgteﬂd bf EXSARIMRRP- 16

% - 21 EXAWPLE 3 € "sane cr

(S)- et hOXyC?E \j\"zgé‘@/ hﬁfi@{]?d}é)'r RIAR%L) - 'X%H&ﬁ%l’f% Qﬁa“r?édé’ debeh¥s eogfschle @i d!sed

in Exanpl e Issolved in an anount correspondi ng to pure one in

10 M of a e hORhk! § ! efdid Ll me
rati o 0. 25) \%&arjﬁi%%l ggg?%déélgﬁ%tégﬁeﬂAh% g&:eﬂ‘%tgérlﬂ ﬁgl %}%g ‘ﬁ%?hgo%P?on
with suctio -E@{PR¢Ral L -6 ' iQ rfped
out by cool iqulgsatéhe fri ??2?@#2 %gcﬁ%\n@%p}s’%)f!ﬁ ?lﬁgﬁb&}hgbf SLIIJ| ﬁéggécfis%fs
were filteregl@hie Tdsvhemedidvdeheraligt eFdmcabdurcet @9i Abblie HOXQE S ohyent
(volunme ratio 0. 2 5) . to The filtefability was very good. The crystals
were vaqgumghef@@ by frorh (IBWRItS b6 abeut2D ivcirvél%?rﬁ@r@pyaeﬂaﬂly%@ﬁl gty 30
crystals (crystals 'of nonhydrate) of N2-(

(S) - et hoxycag penyl - 3- phenyl propyl ) -N6-trifluoro-acetylL-1ysine. The
obtained crystals had a purity of 97 % and the content of N2-( 1

(R) - et hoxycar bonyl - 3-’1F1’f@?¥irm@it‘iféﬂ pPYockss fdfullicopeedatit tmieyitidit ewhsbitd al. 0 %
and the content of N2-(

('S) - et hoxy c &iighriyhp3riey etloeny kffeopahd Nar fféd tivalgaeniove thd dizisterasatied. 18
% EXAMPLE 4 The sane crude N2-{ 1 (S)-ethoxycarbonyl-3-phenyl propyl)-N6 20
trifl uor oacgN#+(1(R)-goxrcasbbhai-3uphenylpropgiipNe-tiifluasodcesdvégsine),an
anount corresponding to 2 g of pure one in 27 m of a water/acetone m xed
sol vent 16watthie/ cpcleherg] \derisnztiveat{Ne-(1(9)-ethoxycatieonaylked-dyaipkextlprepyhé t er
filtering the hot solution with suction to renove insoluble matter, the
cryst al | i zatN%triflasraaceatybi-lysind)y theotarmpxtyheldrivative ¢Nf-¢1 (8)@anbokxy23-
stirring. The resulting crystals were filtered off and washed with a water/
col d acet onephendprepyy-¥f-triflabmacetyl-Lelysine), thheedtet tdarimtive (NibHS)-
acceptable. The crystals were vacuumdried at a tenperature of 20 to - 22
30C t o gi ve ethexgcafbaiyl-phstrgtlprépylyNatrifladroagetiilirlysinie oéster),( and

(S) et hoxycar bonyl - 3- phenyl propyl )-N6-trifluoro-acetyl-L-Iysine. The

obt ai ned cr ﬁ,hai/@hwllauﬁma‘tc-y b metigulandthe prooeseexhipitsmn excellent

(R) et hoxycar bonyl - 3- phenyl propyl )-N6-trifluoroacetyl-L-]lysine was 1.5 5 and
t he con@nt effechof rgmoving the” cyclohexyl derivative which is very hard to be

(S) - et hoxycar bonyl - 3-cycl ohexyl propyl )-N6trifl uoroacetyl-L-1ysine was 0. 22
% EXAMPLE Sem@Veshne crude N2-( 1 (S)-ethoxycar bonyl - 3- phenyl propyl )-N6 10
trifluoroacetyl-L-lysine as that used in Exanple 1 was dissolved jin an
anmount cor r espondi ng Ioopder dp preBifethe resneyalopt Ampagtiesetit aisy 8187 ur an
m xed sol vent (water/tetrahydrofuran volune ratio, 1) at an el evate

t enper at ur e SH&ctive 19 PrevioHglt fecator ystaliemasohiteRWER 28 a@w&vgnt»

i nsol ubl e matt?r, Ehe crystallization was carried out. .
preferably activated carbon, and then subjecting the solution to

25 crystallization.
The crystals of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-

trifluoroacetyl-L-lysine obtained by the purification process of the



15 by cooling the filtrate to 20C with stirring. The resulting crystals
were filtered off and washed with a water/tetrahydrofuran m xed sol vent
(volune ratio 1). The filterability was very good. The crystals were
vacuumdried at a tenperature of 20 to 40Cto give 1.5 g of dry crystals
(crystals of non-hydrate) of N2-( 1 (S)-ethoxycarbonyl -3-phenyl propyl)-N6
20 trifluoro-acetyl-L-lysine. The obtai nk crystals had a purity of 94 %
and the content of N2-( 1

(7 -t hoxycqlamul ireiEnN LRRIRbbeiRbE S & Vet Bt vy WShBFop@eibidof * 3¢

t he cont ent

gé hgﬁﬁg&gg@@%@@g@ﬁ%@&ggﬁa s irrq%fzé_)garlc%%{eefcye'ﬂ&ffhgaa?s, a0l
(9) et hoxycanhonuds Sipanl REARY dehfied présbud! LIL NOR0RESt abediyals, 2

t hat used i e I'ssol veda i n-amouh rres

pure one in 3 (?’%yhﬁ L % % (pgli /

vol une rati g %ﬁgﬁ&gﬁt \eé?g\?/%'éael én%g)llpg%erigﬂ (%é'érﬁa%lhl rlﬁ ’gdgﬁlélgﬁ’({)}?aer

sol uti ongw i i ngal:ubl t Jidie ¢ t ald:lqz@t was
carried gut t‘%?%‘ggg %ﬁgéﬁ%ee’?? %ﬁlg e ?@L@gc%ﬁ htthg il}%%]'ng. ﬂé&eglr)ielguﬁlllﬁg
crystal s wer, i.Li:ere f aﬁﬁrﬂgf& d, .\ r 0 %m?% ﬁﬁ%] 1

sol vent (volsgﬁfg%%lgtsflogﬁﬂ) f)e e |I%tae}1\§fbc%e?i yeﬁ?\ﬁ/ag é/te(ré‘ylt a .tra e crogls%g?s
wer e vacuu ' a r t 0 J f

crystals (?r}%?g stﬁtgfl %Eﬁﬁ??mr gf%r%@yN%% geﬁl?)egéﬁfrelopcgtg 1&@/’ to
(S)-ethoxyc 3%1(31 propyl)-N6-trifluoro-acetyl L-lysine. The

obt ai ned cr?/{sltgg{ﬁsﬂzﬁa a%éity of 97 % and the content of N2-( 1

(R) - et hoxycar bonyl - 3‘1&&?2}%&&&1@&&6%' H@oéédsf 'o‘i‘oﬂ%‘%‘i‘r‘e\ébnk'i'rl‘z(/%h@ﬁ)ri"%&-b% %
and the content of N2-( _ _

( S) - et hqyy canfiedly- SutiYick@hexXyt PeRBYMPIG- tdy f bhWor pafigtivh- Lptocdsie ¥as . 27
% 15 COVPARATI VE EXAMPLE 2 The sane crude N2-( 1 _

('S) - et hoxycaebpsthiiBRtHY | frioeRYs ) -fet r bbidiai®ac e 1(s) lethotgcasbdmat3used
in Exanple 1 was dissolved in an anount corresponding to 2 g of pure one in
20 nl of a iyl i’(EP}Fl N62&iﬂh6ﬁ5hc%t%'ll§ sirvé@t ersyrghBsiveld vobyme kabiv
0.43) at an\ngli evylaF_e tg]nperature. Af erq?’i | teri ndg the hot sol gti on wth
suction to rgraRE¥SsddHY UhbAtiBRkHeabovBE expesidly | NB(1(D)-erhdxgoarb@tylost by
cooling the filtrate to 20C with stirring. The resulting crystals were
filtered of fpkﬂdi@lﬁ@é;blﬂ?iwﬁ-tﬂﬂﬂaovﬁ&t#pDH@sﬁi&a@?httlilésizddSQiWeﬂie ( vbbuee
ratio 0.43). 25 The filterability was very bad. The crystals were

vacuum d6i ednahtionktdnpiceissr(a) afsiZg af Midh&el additien reécdonf inlthiedoysi ef s
(crystals of nonhydrate) of N2-( 1

(S) - et hoxycarpstals; thehginthpragplidatiif is nbk limnitedadieyeto. - 24 L-1ysi ne.
The obtained crystals had a purity of 97 % and the content of N2-( 1

(R) - et hoxycar bonyl - 3-Adverding tpyhe phisificatidnprocess ¢f the presiend immentiof, %
and the content of N2-( 1

(S) - et hoxycarpstals vaith yrighhguglityr apdl gddal phiysicad prapettits icanybe wdtabsed). 18
% 5 COVPARATI VE EXAMPLE 3 The sanme crude N2-( 1

(S) - et hoxycanbohygh Figldeapl meopipnedNgbovd.l uor oacet yl - L-1ysi ne as that used
in Exanple 1 was dissolved in an anmount corresponding to 2 g of pure one in
18 ml oR0a water/ isdprganoit has besrdovod/dat inneass thaberystallizatios ofe
rati o 0.25) gt an el evated tenperature. After f6il'gering the hot solution
wi th sucti odNt0 (BEeshexyearbionyls3-phenaipramd) -8 yigithnoroagetyhLdssingr r isd
out by cooling the filtrate to 20C with stirring. The resulting crystals
were filter &@nsiyctad dropish StRtfr 1 splubimnen Praji¢ Spemtdpater mixgdsodveRknt

(volune ratio 0.25) . 15 The filterability was very bad. The crystals were
vacuum dr i edcgprding to the purification proceSs of the present invention, plural

polymorphs and crystal habits are present in the obtained crystals. All
25 crystals with these polymorphs or crystal habit show a very good
filterability and a good purity and are suitable for the production on an

industrial scale. Further improvement in quality and/or yield can be



“ tenperature of 20 to 40Cto give 1.3 g of dry crystals (crystals of
nonhydrate) of N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoro-acetyl L-1ysine. The
obtained crystals had a purity of 97 % and the content of N2-( 1

(R) - et hoxycar bonyl - 3- phenyl propyl ) - N6-tr'{f4l uoroacetyl-L-lysine was 20 1.0 %
and the content of N2-( 1 ) -

(S) - et hoxycar bonyl - 3-cycl ohexyl propyl ) N6-tri fl uoroacetyl-L-1ysine was 0. 20

v EWPLE ScHErf TS, fbtiEntlte boluhft AAHEF RN G bkl ReRtl oo 25

corresponde one, was added to 25 m of a water/
acetonitril (egstm&xeél(}%srg%c%/gég Wwat er/ acetonitrile volume ratio 0.25), - 25

?ESU?E "o gﬁf'uf‘? on v Ui oM APASEH £RbTR MUEENIE h ol BirBeflic, | on
Crystal |1 atihey e ey, (VoHS SRS PARARE S DA IBronyly-

washed wit h @-%ﬂﬁbé&&%%ggﬁf?ﬁ%éfié Cobtaifidds As/ CBlystad YIe 2 1 Bydieda)

The filterability was e crystals were vacu rre at erature
of 20 to 40 i . :
o (1 (S)- aPRSsEdtiph & thP apiinC LY ShNia) ST flcsell o il Bhisalt,
obt ai ned cr I bdi 9 o}
(R) - et hoxyca b%n??%%;ﬁeﬁi}%é%pﬁt)a %oévf/er??:&(g%%%g? tt;/tf Ef,lebl %%Ts\(/vaw;asl.ﬁ(gs%ﬁ) and

the content @ind¥ed b Ing or washing and then the amount of crystal water
et hoxycar bonyFT-1 3- cyc%gﬁgxﬁ pr opyI}$ - ﬁG-t ri f?uor oéacet yl-L- I(:>I/3s’|S r?eWV\?ase gva:lLSS %

15 EXAMPLE HetBfmind® s34 ydeulig d in'&to remove the cq{stal water or by a Karl

(S) - et hoxycar bonyl - 3- phienyl propyl ) - Netri fl uoroacetyl -L-1ysine as” that used
in Exanpbe IRisther'snpidthod! Mivealed dhagsaendadstal vdated! i PresOAL in'ah
added to 25 ml of a water/acetonitrile m xed Solvent (water/acetonitrile

vol une rati aiflodht.of2008Nd U4BOSH B§dmdle &@ewoﬁdd?-(lqs?}-e?cﬁo%éﬂb&ﬁgﬁ-&

sol ution of sodi um hydroxide thereto. The resulting solution was adjusted
to pH 4.2 bypfeﬁ@lpgopﬂmtrﬁﬂuwodb&ypﬁhlg@m@(Igmyi ‘hattea) et Promtthisresultng to
performneutralizing crystallization at 20C. The resulting crystals were
filtered offit indonferadedithht ahediyeirace cdysteds ane tprobably xesheloyderte.
(volunme 25 ratio 0.25). The filterability was good. The crystals were
vacuundried at a tenEiahydeatd c2fstials HGet thrgevisolimtbrpid (Idforng,r Msforhs
(crystals of non-hydrate) of N2-( 1 (S)-ethoxycarbonyl -3-phenyl propyl)-N6

- 26 tnbfl woiddiddoyin) L- Ityis net edby tolitlantiéyl theyes palymbaphs tpupbinderfX95 %
and the content of N2-( 1

(R) - et hoxycaalyodiffradtiphepstternmf] hydiGitei diystalsadeattyit-is- pgssibke taddeéntifipo and
the content of N2-( 1 (9S)

et hoxycar borthens byypdwhex W-pappliffyadtben matierr oficetrstald obyained bpsirging 17
% EXAM PLE 8 The sanme crude N2-( 1

(S) - et hoxycdoborerhoge pithey| erystgl ) weder,i f powridadet tHatl - sipsienesalsd t ldataised
in Exanple 1 was dissolved in an 1o amobunt corresponding to 15 g of pure
one in 100 rransfogmetion may dustiarn pracegidxey esoesaive theamead histasyoat the | e
volume ratio 1 ) at a tenperature of 50 to 60C. After filtering the hot

sol uti oROwi tthmeuef the dryingmit és inesdiedbfar Hage tidentifigation, e fuppressotheas
carried out by cooling the filtrate to 20Cwith stirring. The resulting
crystal s vertEapsiorsrationiy eondyctingthe diying dta relaiively low itemmeraturbt er
of 9 cm The filtering tine was 13 seconds. The filter cake was .

suf fi ci ent | f€ & cSaQUBY dEyingAt 4@ C and rakhigher than waamighedlhe drying

t her et hrough. The, passing tine was 76 seconds,  The filter cake was_washed
with 23 m df CRNGRIGIPd W&o onstant waightt sk Vit 4 @rsishawn Rawdar X-1athe
vol unme of whj.ch 20 corresponded to 1.2 tines the weight of crude

N2- ( 1- et hox ﬁ.ffF%qm pﬁt&{aﬁﬁfﬁ%ﬁlﬁq@é@mﬁ PM&W&&&?WPG&W‘SFSP&'@%@M or

EQEJ&%@%L' i fﬁ%ﬁe%ﬁ%%aa%‘ 395\%%%3?3?’3?&8%&%&%%%% 2%1?;?%%& Niry
-hy. N2-(.1 (S)- -3 25.
pheny! pr opy I NGrBRRP B e Be, Mdsry ePRattiant, WiAtal Hedaer JErHier magiop

purity of 98, % antd the content of N2-( 1
(R) - et hoxyc&%&n‘}?-@ﬁ?ﬁz‘?ﬁﬁ?pr opyl )-N6-trifluoroacetyl-L-1ysine was 1.3 % and
t he content of



T - 27 N2-( 1

(S) - et hoxycarbonyl - 3-cycl ohexyl propyl )-N6-trifl uoroacetyl-L-1ysine was 0. 20
_ % EXAWVPLE 9 5 The sanme crude N2-( 1 (S)-ethoxycarbonyl -3-phenyl propyl)-N6
trifluoroacetyl-L-l1ysine as that used in Exanple 1 was dissolved in an
anount corresponding to 20 g of pure one,in 100 m of a water/ acetonitrile
m xed sol vent (water/ acetonitrile vol-unk®rdtio 0. 33) at an el evated
tenperature. After filtering the hot solution with suction |0 to renove

temer at er { the h | . to

il trate to 200 w t n L Fpriit FREE S i PRe Bl ErRH: I%Pé%. W BieFort oy
trate to 20C wi th StTTPig. The CrYSERr's mare it cife

10 seconds. THHE 11 At epbl@ o Bl fayie The denfiot blbild, e SolaALHTa! T,

filtrate wag,asoed JURISLIOUON, The PIRSDl: LdMRIARCRS A0 ecasenhe

filter cake was wa of a water/acetonitrile mxed solveén

(vol une rat i(ﬁrggels’/?gce%ﬂﬁrﬁg VTG rdfd 25P 0k RN el britifaly Presdife

wei ght of cr

N2- (1let h - 3- - | f toy 1=l |

t he( c?ystgg?/@%%s §£%%§;{ %@}e@e%gg%gﬁ’t %&{}\ggﬁ?n)é bmtgeggﬁggoc%ﬁggrﬁ%e
2 Kk h gd oAt 2 : | : f
20, oK 57 HEEMNIAR o8 i BT Mg 20 8 AR TP

(5) - et oxyCarRAIAl fof AR DIERYOk: BFRIPI(}:gér)fgﬁntgﬁﬁgh}&iﬂ?yiiﬁ%ﬂényﬂﬁ?oﬁ%-ai ned

crystal s ha purity of® 97 % and the

(R -et hOXyCQﬁﬁb&@ﬂ?bg%ﬁ@%LE&%Mé) tHE- iffbrE LA Mlubiliths | Baweh ek %

and the content o

(S)-ethoxyc ive” p Nekrgésd | BT LofYebBgigtass 0. 17
o) o "0g) B ARR v BURAOEHS PLeBbnes\aker | B9 9ARALHLe Loy ShBRistity

N2- ( 1( Shoet hmpreAtieeN¥b- 2- @ifprhee ARy ieldbof AbbliE o3 CRCEF thoke IniayNGc@sr t hat
used in Exanpl'e 1 was di ssolved in an anount corresponding to 15 g of pure

Vol e Tati 00 Le) et e o SUateq T omer At i AT er s Pl e e et €
sol ution w tylelgiusftdifdut 5 % or more may occur between the I form crystals and the
III form crystals. Therefore, if the polymorphism can be controlled in
the crystallization to selectively crystallize out the I form or the II form,
15 preferably only the I form, it is very advantageous in the yield.

Besides the polymorphism, two kinds of crystal habit (o form
and B form) are present in the crystals of N*-(1(S)-ethoxycarbonyl-3-
phenyl-propyl)-N®-trifluoroacetyl-L-lysine obtained by the purification
process of the present invention. The crystal habit can be relatively

20 easily identified by the appearance of the hydrate crystals or their dried
crystals. In Fig. 5 are shown SEM photographs of crystals having each
crystal habit.

Of two kinds of crystal habit, the a crystals are mainly
crystals having a minor axis of not more than about 30 um and a major

25 axis of about 200 pm, and the p crystals are mainly crystals having a
minor axis of not more than about 10 um and a major axis of not more

than about 50 pm. Although these crystal sizes may vary depending on



"to renmove insoluble matter, the crystallization was carried out by cooling
the filtrate to 20C with stirring. The resulting crystals were filtered off
.by a Nutsche funnel having an inner dianeter of 9 cm The filtering 1o tine
was 13 seconds. The filter cake was sufficiently pressed by a spatula, and
the filtrate was passed therethrough. Th 6oassi ng tinme was 50 seconds. The
filter cake was washed with 23 ml of a water7acetonitrile m xed sol vent

(volune ratio 0.11) (the volune of which corresponded to 1.2 tines the

i gh f = . .
e horycor bor ifafilp Strdikth and the like, the « crystals have a larger size than the
tallizatg i e@ged; N he cak
e b f fyptalt® BeSRIGRAiTRELOin IIRANGIELETH ST IRERe ofiitat

crystals (crygshidl shéfe f@ﬁ}é&f f’d@ﬁﬁﬁ)a]\lgﬁffél?e elin ugtliﬁr_s'_qqh that when the. . .4

(S) - et hoxycar bonyl - 3phenyl pr opy trifluoro ysin
s h j % . - .
crystals adcx?s?é’lspé'f}}stt&ll%;e 86it, ?t?;@%ﬁﬂ&ﬁﬁ&ﬁ%ﬁ@td@%ﬁ}%p%n& contaminagt .,

(R) - et hoxycar bonyl - 3 “phenyl pr opy Ne-tri1fl uoroace ySi née was

and the gont@sdreaked?- Thérefore, if th tal i ized, i
(S) - et hoxycarbonyl - 3-cycl ohef&’l 1pr og )Cpﬁé?tsr ic?flu%? ggléegttgyf[yl_gmsst%léze\%aét 0. 22

% 25 EXAMPLE a{_]dlva‘ﬁ'tggggﬂg il 1@2 (1(S) - et hoxycar bonyl - 3- phenyl propyl ) - N6
trifluoroacetyl-L-1ySine as that "used in Exanple 1 was dissolved in an -

29 anount correspond&briding 209n9Enkirs® p?EHrﬂiHawq?Véstg%at?&?t 81M Ll e- at

an el evated tenperature. After filtering the hot soluti W th suction to

remove [ nsolmbheioféd Solyrhbfpisisid bitld ERAthPRAMCpRENbLRM AN HoNoCARILAY Lhe

filtrate to 20C with stirring. The resulting cry S were filtere
by a Nut schesHdinacsdodtbyem@AItibilitg!] afddatHe SAmepdlyaiBrphitand lcsial &b
was 15 seconds. The filter cake %s sufficient Ipy %resged by a spaetltg\ a,lfrgnd

the filtiat evemsnpastedyshshinedugden ifhe shass 0cHydMRIVSHiSA $LFORen The
filter cake was washed with 23 m of acetonitrile (the vol une of I ch

cor r espondedsdme Ispecificgolyorpdl ghtl ofystali@bie i¢ @issolved under heating
(1- et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-1ysine used for the

crystal | i zatamdhcrysthitkized sgaireedAisd, s ahmatesrhbNdevpSntérestc indppedil cake
was vacuumdried at a tenperature of 20 to 40C to give 11.9 g of dry

crystal s (criyematlse atsulis- ofy goaider Xfraydiffrhction patterns and microscopic
(S) - et hoxycar bonyl - 3phenyl propyl )-N6-trifluoroacetyl-L-1ysine. The obtai ned
crystal s hadhbsetfafionithataheWbtéined drystals ardrevelativdiiz durk crystals from
(R) - et hoxycar bonyl -3 phenyl propyl )-N6-trifluoroacetyl-L-lysine was 2.2 %
and t he 16ontthetviewphiats df polymorph and crystal habit.
(S) - et hoxycar bonyl - 3-cycl ohexyl propyl)-N6-trifluoroacetyl-L-lysine was 0.21
% 20 COMPARATI VE EXAiFstly A polymorphism control is explained below. It has
been found, as a result of present inventors’ investigation, that good
results are obtained when the amount of the carboxyl derivative
coexisting in the crystallization system is small. That is to say, there
20 was observed a tendency that I form or II form is easy to be obtained if
crystallization is performed using N?-(1(S)-ethoxycarbonyl-3-phenyl-
propyl)-N®-trifluoroacetyl-L-lysine having a carboxyl derivative content
of not more than 6 % by weight, and I form is easy to be obtained if
crystallization is performed using N?-(1(S)-ethoxycarbonyl-3-phenyl-
25  propyl)-N°-trifluoroacetyl-L-lysine having a carboxyl derivative content

of not more than 2 % by weight. Further, a more evident correlation

was recognized between each polymorph and the content of carboxyl



* The sane crude N2-( 1 (S)-ethoxycarbonyl -3-phenyl propyl)-N6
trifluoroacetyl-L-lysine as that used in Exanple 1 was di ssolved in an
_anmount corresponding to 20 g of pure one in 200 m of a water/ethanol m xed
sol vent (ethanol/water volunme ratio 0.43) at an elevated 25 tenperature.
After filtering the hot solution with suction to renove insoluble matter,
the crystallization was carried out by cb ling the filtrate to 20C with
stirring. The resulting crystals were filtered off by a - 30 Nutsche

f . . : _ . . : . .
soconds. - The b EopEEAAt 1t dHIMAGE clystaf Aa ilr MAE obtdined,
filtrat i i : Th
[ ter cake SRetasoed T Al 4 alf CoRfaR St TortBiihadt raS HOE Rore' e
\(N‘éio'gﬁt”eo; af:'rtglggr B35 0 sy WLigig Qhd el FOTOAAPRE! th LoatdAfMT HR&t
N2- (1- et h .= 3 ; - ' | ¢ Lehysi

the o yst al GOTLAR ARt a8 MALBDC LahPe br o SO0 PRE LY wbighty Riot e r

cake vias svaGUUINA! b8l oflcHIBAL IbHIHEROYR it JRfa bntb BadBee Buch 417

crystals (crystal$ of to non rate
S)-eth -3s L) < NGsi b R i -halysi-ne.
bt ai ned or yorar e s A a3 ghRgb bl HREDCARSEN, SeTHRHRE ipldSthe
§ E)e g; Egéxf%roqta%é_c} %il-%‘t%@é"ﬁ?f BR¥g N¥(11(5)-ELHOERAE BN L-I-PREAGIMRDyH-Re 6 and

(S) - et hoxy carfiRitlonde Al Iesinelti #ANg)a v Catbbifl @ PAtive boh¥etitss ¥aawd- 18
% 15 EXAMPLE 12 Crudé N2-( 1

(S)-ethoxycap R b Pall I3 ' )9 a
purity of 71 ?A)E%Hn%r’ ?lgﬁt aini ﬁ%ﬁgﬁ ﬁpl\ﬂﬁ‘reitﬁafgs&?g%}? gﬁ%ﬁ%pﬁﬁhgéh@%&d)
(R) - et hqgycar bonyl - 3-pbgBYERT PP oulb-Be | thpertaatehmt- sigtficuht"From a
(di astereoner), 0.51 % of NZ-( 1

('S) - et hoxycairaesichi Foiat o XePieRskabliéh td midreos@pe aind direkcy $héthod for
(cycl ohexyl derivative), 8.4 %of N2-( 1

('S) - car boxy -cdrithéitirig sty morpbrism fWhivhodsenyh - hffeyssdiebyt ciiid@ottent of
derivative), 5.9 %of N2-( 1

(S) - et hoxycaydrboyyt depivatiyeihotlyd ralG- irfateétiad vpadedsy hot depndeont énly esd er
(ester derivative), 0.4 %of ethyl 25 phenylbutyrate and the like) was

di ssol ved i rcoarteatolichrboxyledeavalting ih ahéGagv edatewizd. one in 160 m of a
wat er/ acetonitrile m xed solvent (water/ acetonitrile volume ratio 0.25) at
an el evased tenper at ke.a Tresult 6f Imakireg sal studyn fors estidddikhling @ ahore
activated carbon containing 50 %of water. After stirring for 15 m nutes,
acti vat ed caxvellemhpolpmorphism cortroding m¢thakd, db hersdbeers Hedndi thatathveat er /
acetonitrile m xed solvent (volune ratio 0.25) so as to adjust the

concent r at i amotinkidf thée cagposyl derivative coexisting in the crystallization system

et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-l1ysine as a pure
conpound badws arclose re&ticme tofthepH sf] thenerystallization system sand| futrktber was
subj ected to crystallization in a crystallization vessel equipped with a
paddl e i npelthet the cpelymerphisms ongniiomedr @hoveCis clse infduencedioby sthemder
forced flowng condition in terns of 40 W/ n8, 300 1 o W/ n8, 1,000 W/
m8 or 12800 arystathizing pHi anditbe Ifonmr ipeelegtively obtained Btca pk of niotdess
crystals were filtered off, washed with 80 m of a water/cold acetonitrile
m xed sol verthapdiurravided thabst aspH ofrlesa thaset. 5 the typaof she ohaingdir e
of 20 to 40C. There was observed a_tendency that the quality of the .

obt ai ned crRAIEMOrPh s degderendon theagmonntopl 58%?@%3&%%%@ h
respect to the case where the obtajned crystals were a crystals, .the
quality is éﬁsM%ﬁlrwbe&gﬁ%ﬁlmﬁlJpaﬁewlwm s foyind sy StEllize AUty 1
% cycl ohexyl derivative c ntengggo.éz % car boxyl deri\fative contept 1.2 %
ester derivative contérfta Reen dpupdpfrom, PRQYS reasalts ghat the above-

25 mentioned polymorphism occurs from intertwining two factors, the
crystallizing pH and the content of carboxyl derivative contaminant, and

the pH adjustment (pH 4.5 or higher) of the crystallizing liquid is very



" 20 Agitation power 300 WnB: diastereoner content 0.8 % cycl ohexyl
derivative content 0.20 % carboxyl derivative content 1.1 % ester
derivative content < 0.1 % ethyl phenylbutyrate < 0.1 Agitation power
1,000 WnB: diastereoner content 0.7 % cycl ohexyl derivative content 0.19
% carboxyl derivative content 0.8 % es\t r 25 derivative content < 0.1 %
et hyl phenyl butyrate < 0.1 Agitation po I, 800 W/ nB: diastereoner
content 0.6 % cyclohexyl derivative content 0.18 % carboxyl derivative

0.8.9 " i j 0 .
;ﬁg;gp})u fyr ﬁ@gf@?ﬁs@f&gﬁgL%ﬁ%ﬁ%%%ge Klgd_}%ﬁgt The% thrift cEhMHd selectively
S)-eth G- L | <1 = ' j
buri £y of 73 JRREYldieORML) phldehbly “iighedr Y eyt Ml e no @
(R et hoxycasbonlizc BRGIHLPE AR dng Bk ! 4PBRRTBIMhabltahify the pH at
S) - boxy-3-ahe: | )s: [ s Lo '
ot vat i ve) "RAeER EnRRRRS, lorbhichbly 405 FBES) mire MR B2 %50 ¢
f ] 6 2 t. e/ Wy i : /
acetoni t 11 e east sitierd Vg (] RboxRalii d shaiviBob M A nltBle o,
vas added 1qgefyI0f 136/ RbGtheAHIAN CRBLRYTHBAYARvEOR WAL & ustll f .
stirring for 15 mnutes, activated carbon”™was renove y suction filtration

and washed with a waiER/esrhaBit Ebn&olwifidhe ThéaNExpIAPhENE Al FeBulddf SO
as to adjust the 15 concentration of N2-( 1

(S) - et hoxycgregent idvORRIFs! RheEMtigathdn ! it hladobeas efalrid-thys! d19gsésl RaPW €
conmpound based on the volunme of the solvent to 20 wv % This solution was

subj ect ed t gneAifidedidd Halke@Moh hckidH ¥8led bkldnia To¥&s e8paBit bPREfpattiny
paddl e inpeller by cooling the solution from43C to 8C at a constant rate

over 1 hour mévéaens, s&ﬁg%} B4 oA rtoltheleryistallize lonesySteae th Effevtivd for
condition in terns of 400 WnB in agitation power per unit volune. The

resulting Crskéﬁé_@iv%l%'b@aiﬂih%ﬂ:’lﬁdﬁ Rifstalaishad tiet éxt86nal forteathedecédn & d
acetonitrile m xed solvent (volune ratio 0.25) and dried under vacuumat a

t enper at ur e mén#ibnkd vbfatibhendtrmpribseavedrnl thedekeyahtaéxteffiab fordeer
the cooling 25 velocity, the higher the quality of the obtained crystals.

Wth respectcatobt heterhen whamethml shthiawechrndystingagitittorawitly apitasingf |1 |
form the quality is shown bel ow - 33 Cooling tinme 1 hour: diastereoner
content 1.5 &¥is dmihgxlandat iteaimhpartcansttohglvibratiohl ng tising a tdtrasonic
di astereonmer content 1.3 % carboxyl derivative content 1.4 5 Cooling tine
10 hour 85 digesieeataner Bpnsaoch h Om¥thod) bavystalder(Bv atystalsjordfe -1 (8)-
Cooling time 17 hours: diastereoner content 0.9 % carboxyl derivative

content 1.2 ethosxeanbionylB-phetylpromtlpNe-triflMdrqacktyl-L-lysine  of  high
(S) - et hoxycar bonyl - 3- phenyl propyl)
quality can be selectively obtained.
Further, crystals of N2 (1(S)-ethoxycarbonyl-3-phenyl-
propyl)-Né-trifluoroacetyl-L-lysine of higher quality can be obtained in a
20 high yield by combining the polymorph control and the crystal habit
control.
The present invention is more specifically explained by
means of the following examples in which % is by weight unless

otherwise noted. Itis to be understood that the present invention is not

25 limited to these examples.

PREPARATION EXAMPLE



" N6-trifluoroacetyl-L-lysine were dissolved in an anount of 40 g as pure
conpound in 200 mM of a water/acetonitrile m xed sol vent

_ (water/acetonitrile volunme ratio 0.25) at an el evated tenperature. 15

I nsol ubl e matter was renoved by suction filtration, and the m xed sol vent
in an anount corresponding to the vaporifgd sol vent was suppl enented to
adj ust the concentration of N2-( 1 ) )

(S) - et hoxycar bonyl - 3phenyl propyl )-N6-trifluoroacetyl-L-lysine as a pure

e A e R P i A B S

paddl e i ”pelﬂ-?yfsi§¥ cooling the solution from43C to 8C at a constant rate
over 10 hours~under a forced flowi ng condition in terns of 400 Wn8B in

agi tation power per ug thl’)“r{n‘l”B‘P};et%ﬁ?l nggdetcpg%?glg S NERAATRbRUE

three kinds of crude crystals o

(S)-et hoxycq;.pgtnyﬂs- téﬂah%ﬁﬂs pgfﬁylt}éﬂéiét\!,\lgi ! ﬁ'—q{e‘?lz%g/(lfcj@rié'ﬂei L-mg}&% 4ng a

di fferent quali e cryst I zat1 on S Tepeat times. e quality,

pol ymor PBS - apfied Yol 1PN s fledil sORIGR o 1RhYAAP HYdRbRIRNGYEr hBotie!y © 1.

Al so, with respect to eac 4 pol ynor phs talned, the quality

and crystal Hiabid wiltf sbigkirg) @ﬁﬂerman@ta?:g% th8 tEabbératur&dtdgosaysbets A

purity 71 % diastereoner content 15 % oxyl 5 derivative content 8.4

Crude cryst gl BhePstitring GRadofudtifst 85RHMRIedC B 80t ndifutes CarTheXddaction
derivative content 5.8 ude crystals C purity 76 % diastereoner content

14 % car boxys defhMahte® BPHRNgl 19 8l BIbESnderttrhdéd 8¥ydrochloric acid
crystal sCrudeCont ent of crystal scarboxyl Cont ent of pol ynor phsCryst al

habi tdi ast ertpepetiolerTy ghé YeddtidR Hhixt 818 Werk: 4044 A3 hiladt o aldd 8¢ 39%
. 44% (3B1. 2199. 92% | 1 a0. 76%0. 75% | a0. 68%0. 67% | ~i 0. 66%.

54% | (3@8. 3%¥d1J 84p0latlltin-Rathen; aAWa T8RN Pedcti@rriwas catled AR &t 2
Cont ent of Cont ent of Cryst al Pol ynor phscar boxyl

derivati vedigsier 40PErialet ld2dOPE; p3edsitrel 2%tE8 Yhe FtHbtide ahe384bals0@0. 3
9%0. 44% 311 0. 56%0. 67%0. 66%0. 54%0. 63%0. 67%0. 76%0. 75%al 1 1 1. 15%0. 65% 1. 21%0. 9
2%1. 40%.. 29%@s REhid¥eNChy Xt filtration. The obtained ethanol solution was
adjusted to about pH 4 with sodium hydroxide, added with water and
concentrated under reduced pressure to distil away ethanol so as to
15 replace the solvent with water. The resulting crystals were filtered with

suction and dried under vacuum to give 33 g of N%-(1-ethoxycarbonyl-

3-phenylpropyl)-Né-trifluoroacetyl-L-lysine (1S/ 1R ratio = 80/20).

EXAMPLE 1
20 Crude N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoro-
acetyl-L-lysine (having a purity of 79 % and containing as impurities
15 % of N?%-(1(R)-ethoxycarbonyl-3-phenylpropyl)-N8-trifluoroacetyl-L-
lysine, 0.43 % of NZ2-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-N°-
trifluoroacetyl-L-lysine and the like) was dissolved in an amount
25 corresponding to 2 g of pure one in 10 ml of acetonitrile at a temperature
of 50 to 60°C. After filtering the hot solution with suction to remove

insoluble matter, the crystallization was carried out by cooling the



"~ Powder X-ray diffraction patterns of polynorphs (I form Il 5 formand I
form of N2-( 1 (S)-ethoxycarbonyl-3-phenyl propyl)-N6
_trifluoroacetyl-L-lysine are shown in Fig. 4. Each sanple of pol ynorphs
used in the neasurenent was obtained by drying wet crystals (hydrate
crystal s) obtained in Exanple 14 under V?guun1( 1 to 5 ng) at about 40C
in a conpartnent tray dryer so as to avo solid 1o state transformation of
t he obt ai ned non-hydrate crystals. The powder X-ray diffractiometry is as

L OLLov | ACIRERISt Xy ! L1l Sl A Gl Sab Dohlng
(3 crystan o TRRERCRTCch LTSl PR AR ot (63RO Sl il
i(n) Fi g. 5?/ ZEWC%SII%%’VQ? ?gﬁb%%ﬁe un glr %gyﬂagéfgﬁkng%%u*%ﬂ%- I %éi?%ﬁastsr&)
condi i on: ACTRaERF SF AP BCORLORE, LAy SRt RaTs sl hon

30 m of o W BAIEharon e modeZbo ik e ropy o im R aapeL 1
ratio 0.25) -Lr-ﬁ;véiﬁé. CqPle Maﬁﬂ@%%ﬁré’%ﬁ;% %bao?f’ﬁﬁ‘g@%@% 54, 4% tRe oRtefifE Of

pol ynmor phs ( orm Il forman

(S)-et hOXyCQﬁhﬁgﬁ):e'%hB@Eé(}HHrgﬂycﬁ-é)l}ﬂee\?g{}Efdéé}gﬁJN’Oﬁ‘i’HﬁSMAde'tyi-Zsl' S &Rpagdded

thereto, and t tenperature Was a predetermned ténperature at

a rate of 10CbhoyianAthecorfteabi JTONE () aRxGERT LeraRlghekAprépel)-

solution was mai ntained at that tenperature for about 1 hour. sanpl e of
the resul ting-saflubabecktyRiLulyisdie Wass 0@ out, and the concentration (% by

wei ght) of 20 N2-( 1
(S) - et hggycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl -L-1ysi ne was neasur ed
by HPLC analysis to determine the solubility at that tenperature. The
results are shown in Fig. 6. EXAMPLEE¥AMPL® pde crystals of N2-( 1
(S) - et hoxycar bonyl - 3- phenyl propyl) N6-trifluoroacetyl-L-1ysine (having a
purity of 71 % and corti@saim@cAsde N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an
amount corresponding to 2 g of pure one in 15 ml of a water/acetonitrile
15 mixed solvent (water/acetonitrile volume ratio 0.25) at an elevated
temperature. After filtering the hot solution with suction to remove
insoluble matter, the crystallization was carried out by cooling the
filtrate to 20°C with stirring. The resulting crystals were filtered off and
washed with a water/cold acetonitrile mixed solvent (volume ratio 0.25).
20 The filterability was very good. The crystals were vacuum-dried at a
temperature of 20 to 40°C to give 1.3 g of dry crystals (crystals of non-
hydrate) of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoro-acetyl-
L-lysine. The obtained crystals had a purity of 96 %, and the content of
N?-(1(R)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine was
25 1.2 % and the content of N3-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-

NS-trifluoroacetyl-L-lysine was 0.16 %.



“inmpurities 15 %of N2-( 1 (R)-ethoxycarbonyl -3-phenyl propyl)-N6 - 37
trifluoroacetyl-L-lysine (diastereoner), 8.4 %of N2-( 1

. (S)-carboxy-3phenyl propyl )-N6-trifluoroacetyl-L-1ysine (carboxyl
derivative) and the like) were dissolved in an anount of 40 g as pure
conpound in 200 mM of a water/ acetonitr%l e m xed sol vent (water/
acetonitrile volune ratio 0.25) 5 at an Fevat ed tenperature. |nsol uble
matter was renoved by suction filtration, and the m xed solvent in an
anount corresponding to the vaporize I t,was suppl enmented to adj ust
the concentration of N2( 1 Eﬁ%iﬁﬁﬁ?’

oo Sai T PR SRS R B,
ras Subl et Sk reEXaALLIZahoRs 1o PN 7 YASSRhBIUPRERY 1
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conpound at vadkiedEvaiied &ﬁf@ﬁg&atdlaeetoﬂiﬁrne'dn%te&@snéﬁl(%lhﬁﬁe\e-aﬁor@. red
at an inner tenperature of about 40-45C and the rel ationship between the

car boxyljpdertneatilte@abfl sa B8o@H Thet 68/stats 3reSRAMIMRNAWREY at a
investigated. The results are shown in Fig. 7. EXAWPLE 16 Crude crystals of
N2- (1 (9)-ebhperatnRonyRo3tdbeng! oy givgl ). 75g N-diyi ErviéRa ¥talb -dfsome
were dissolved in an amount of 40 g as pure conpound in 200" m of a water/
acetonitril enytiraed) 60NPE1(S[-BrtSXyrEBbaRL-3-pbhenydbrePy1)-Neitpiflicie)radéty

el evated tenperature. Insoluble matter was renoved by suction filtrafion,
and the m xqdlysiheenTherotained ebystads hadRo pairity dfO7 b6 aredehe zeatent yent
was 1o suppl enented to adjust the concentration of N2-( 1

(S) - et hoxycaNBER) &howwmﬁ-WpfdﬁﬂpwwmubrMe I-Dey8ie Wiy €

conpound based on the volune of the solvent to 20 wWv % is solution was

adj ust edst o laOphedeaidetiie wothtpht af Nh(1(9)esthogyparidnyled dycidloestylpbogdf> Wi t h

concentrated sulfuric acid or a 30 % aqueous sol ution of sodium
Né-trifluoroacetyl-L-lysine was 0.18 %.

EXAMPLE 4

The same crude N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-

20 trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an
amount corresponding to 2 g of pure one in 27 ml of a water/acetone
mixed solvent (water/acetone volume ratio 1) at an elevated temperature.
After filtering the hot solution with suction to remove insoluble matter,

the crystallization was carried out by cooling the filtrate to 20°C with

25 stirring. The resulting crystals were filtered off and washed with a
water/cold acetone mixed solvent (volume ratio 1). The filterability was

acceptable. The crystals were vacuum-dried at a temperature of 20 to



" 15 hydroxi de, and was then subjected to crystallization in a
crystallization vessel equipped with a paddle inpeller by cooling the
.solution from43C to 8C at a constant rate over 10 hours under a forced
flowng condition in terms of 400 W/ nB in agitation power per unit
volume. In the crystallization, three kinds of crude crystals of N2-( 1
(S)-ethoxycarbonyl 20 3-phenyl propyl )-'N62- ri-fl uoroacetyl -L-1ysine having a
different quality were used, and the crystallization was repeated 4 tines
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1 5 ST B e KRS S, SR S
O e o N ALyt 1
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pattern bet ang, Jdil of BERENCE EXAMPLE 5 10 The rel ationship
bet ween the\e@?@g’#g eés ze g%élég(yﬁé%P'iaachystal s and (err) crystals and the

content of diastereoner was investigated, since there is a possibility that
the difference in quality between the a crystals and the (err) crystals has
no relation to the crystal habit phepgEBRpnNE Hut - 40

The same crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
10 trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an
amount corresponding to 2 g of pure one in 25 ml of a
water/tetrahydrofuran mixed solvent (water/tetrahydrofuran volume
ratio 1) at an elevated temperature. After filtering the hot solution with
suction to remove insoluble matter, the crystallization was carried out
15 by cooling the filtrate to 20°C with stirring. The resulting crystals were
filtered off and washed with a water/tetrahydrofuran mixed solvent
(volume ratio 1). The filterability was very good. The crystals were
vacuum-dried at a temperature of 20 to 40°C to give 1.5 g of dry crystals
(crystals of non-hydrate) of N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
20 trifluoro-acetyl-L-lysine. The obtained crystals had a purity of 94 %,
and the content of N?-(1(R)-ethoxycarbonyl-3-phenylpropyl)-Né-
trifluoroacetyl-L-lysine was 3.9 % and the content of N?-(1(S)-
ethoxycarbonyl-3-cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine was
0.30 %.
25
COMPARATIVE EXAMPLE 1

The same crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-



“is only caused by the difference in crystal size. For both sanples of a
crystals and (err) crystals, the | form polynorph crystallized fromthe
_sane crude crystals of N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyl )-N6-trifluoroacetyl-L-1ysine was used. 5
Using 10 g of the crystal sanple of eacg ?abit, the crystals were sieved by
a wet nethod to classify with respect "t hé particle size, and the content
of N2-( 1 (R)-ethoxycarbonyl -3-phenyl propyl)-Né6trifluoroacetyl-L-1ysine

S R s T
(TL Choon. [ AURAJH oBrRAPAURRGRY Y g bakd bHETRESTIHL ob g YRLIT rdfifyiaion o

the a ryst Se8d, (@ibent] KRR L TRLLRle CPIRETI oS iRty "

Crude cryst = : . . :
(5 e hoyrc bpfiafirel dafrer filtering the hot solution with suction tq remove

. G o ny! ) e %O hD. .
(R et hokyc 1oiaie JBkEer e Ty RGO RIWS Softied?oft joy cooling the
(di aster eom&ﬁ%{)ﬁ Izgfl"efwft'ﬁ's(tirjr}rﬁ@ ~PRE 99§%{£t§}% c%ﬁta(ljsewere filtered off an

phenyl prop uor oacety -l ysine 0 rivative) and the

|1 ke) were gl alch s Aa@TOVEId Gheftth foR S HUHE SERIRAUABIAM9RrE 19! 2

wat er/ acetonitri m xed s ent (water/ acetonitrile volunme ratio 0. 25)

at an el evairgd HREPEHAIY as! A9 BAHE MEHd @hy¥@ls "WERY SdcRumitlit@ara
filtration, and the m xed solvent in an anount corresponding to the

vapori zed sedmpRrava® SHRD! @BOLCGot @vad.BSE of iy QYsedls! @iy salPbf Min-1

(S) - et hoxycarbonyl - 3- phenyl propyl )-No-trifluoroacetyl-L-lysine as a - 41
pure coppoungdpass tofoN21(h eS|\ otHERE catbbhl-SopMeny 1 grepsl)-NF-Yritbuolblacetpl-ut i on
was subjected to crystallization'in a crystallization vessel equipped with
a paddl e i npelyisgie byTEE@BtAthdderythly had o pafitd IEAN0% ant tike 66ALANGL rat e
over 10 hours under a forced flowing conditionin 5 ternms of 400 WnB in
agi tation ppRET (Rpethidhicardouie-3-Bhenftbridpsl)c N-stidludroakck 8fl-LjsineX wasof
agitator was inclined to inpart strong vibration to the solution. The above
crystalli Zatli.SF%OQﬁdaﬁHeQl@oh@éntl@lﬂd¢l"G§r16(S)éthbﬂ?@art@i@l(&bykl&m@ﬂpf@ydpr e
obtained in all of four operations. Thus, the frequency count of obtalning
the (err) cistriflsomasetyUL-IFbimel@asv®RIgH.cont ent of di astereoner was 0. 31
% EXAMPLE 18 Crude crystals of N2-( 1

(S) - et hoxycar bonyl - 3- phenyl propyl ) N6-trifl uoroacetyl-L-1ysine used in
Exanpl e 17 (having a purity of 87 15 and containing as inpurities 11 % of
N2-( 1 (R)-ethoxycarbonyl - 3ph&€QMPARATIVENGEXAMBLE Roacet yl - L-1 ysi ne
(diastereoner), 0.2 %of N2( 1

(S) - car boxy- 3- pheny| fhhepsdaheNgude NP{b(S)actiiodychrbysyha-ghenppropyl)-N°-
derivative) and the like) were dissolved in an anount of 40 g as pure
conpound i ntdflorbacdtyh Lintytséne scetloat tiseemBExadnglel Yemas 2lissolved in an
(water/acetonitrile volume ratio 0.25) at an el evated tenperature.

| nsol ubl e mameuntygerresporstingytosdcg icdrputd ongtinod0 mdft devaterddthanelent
in an anpunt corresponding to the vaporized sol vent was suPpI enented to

adj ust 2he owixedntsdvewh G(fatee/¢tlianol volume ratio 0.43) at an elevated

(S) - et hoxycar bonyl - 3phenyl| propyl )-N6-trifluoroacetyl-L-lysine as a pure
conpound bal¥@psFature: heXfﬁét Jpﬂéeréngtw@ Setvagiution »thy stokionnhios reBlave on
was subjected to crystallization in _a crystallization vessel equipped with
a paddl e i npesolubleymadtarn, e kaystallizadens wam gatried eat Jpy Qg rate
over 10 hours - 42 under a forced flowi ng condition in tei\rms of 400 WnS8
in agitatiofligaieto gor Cuwith stinring. 'BbPirFi@uﬂHég sryateds weradiligred off agdoni ¢
wave was irradiated . to the solution by using the foll ovvi&g ul trasan

[
generator. VieshesoWath g srateri seld sHhapel mixsd selyenp{uaking w9 R43)and 5
crystal s_we ohtai ned.in all of four erations. Thus, the frequency count
ot ot ati ndBenBlEERbYity YasaT e eds [T OTHERS ov ot VesHRERTGRFd BT
i 0
diaster eorre%ervr\{%séraot'&r% o/? 20 to 40°C to give 1.6 g of dry crystals (crystals of non-

hydrate) of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoro-acetyl-



" Specification of ultrasonic generator Nane: TOW U trasonic CGenerator 1o
Model : Mbdel UR-20P Frequency generated: 28 kHz Rated output: 20 W Selling
_agency: Kabushi ki Kai sha Tony Sei ko 15 EXAMPLE 19 The fol |l ow ng operation
was conducted for conparison with Exanples 17 and 18. The sane
crystallization as in Exanples 17 and 18 was carried out w thout inparting
a strong vibration by inclination of the? %0 axi s of agi tator and w t hout
irradiating ultrasonic wave. The crystallization operation was carried out

tount of " oplsDRiALe ] THETRABNE PG A SRR pORRY A POy, Sl The LORLALGHETSY
0.88 %
(S ho?ycé‘?ﬁ%?fﬁb%ﬁ@ﬁr t- P pHeaRpronyl NS triffuorqacetyl-Lysine was
7
B ot hoxy o2 B OB i E?%Syf'ﬁﬁﬁf%ﬁao cafbonyfi‘a dlonbfiptopy)-
(di aster eomNe)_mﬁng% ycﬁngr ine w

(S) - et hoxycar bony propy 6 tr| fl uoroacetyl -L-1ysine
(cycl ohexyl derivative), 1.4 % of N2-
(S) - carboxy- 3-phenyl propyl )-N6-trifl uor oacetyl L-lysine 5 (carboxyl

derivative 3.3 %of N2-( 1 nyl propyl
), 0 ( @mﬁe YRAERORXMPL BNy | propyl)

N6-trifluoroacetyl-L-1ysine e ster (ester derivative), 0.4 % of ethyl
phenyl butyrate and t &\ﬁ?d d}g%@, 1 6f0 50
g of the pure COITDOUﬁéI ?\51?560 @PﬁS(q&a)teg»%}} acet 5%???|Pl3eﬁﬁéhg§ﬂ%meg

(wat er/ acet QPﬂﬂtddrbﬁcé!@}lbL@yéﬁE' & Qhaﬁ)us%:‘d ﬁ{'Eﬁia&M?Ié?‘i v@v%@p&rs%l’bre% ﬁiL a The

crystallization was cdrried out by cooling the sofution to 20C wit

stirring. ThensaaY bbkf&%lﬁﬁ'ﬁéﬁhg'té Py e Fﬂg@lo?feh?ﬁm@np@f‘é kdteBAlsobtbbaAbl ON

to evaluate the filterability. Apparatu | -sized centrifugal ‘separator

SYK- 380Q01 QRixgdeoentamyatdt/k gl WShEAk UpdRo 10. 3 sketarsi devatedner
di aneter 100 mm x depth 60 mnTOO ilter Paper No. 51 1. Slurry charge

]g I2I fg?aL !olrr: gtsi)iﬁﬁrhtﬁrére Afiedefilltéfingfl thé nadt solutidn seithngactivar Yo gestove
insoluble matter, the crystallization was carried out by cooling the
filtrate to 20°C with stirring. The resulting crystals were filtered off and
washed with a water/cold isopropanol mixed solvent (volume ratio 0.25).

15 The filterability was very bad. The crystals were vacuum-dried at a
temperature of 20 to 40°C to give 1.3 g of dry crystals (crystals of non-
hydrate) of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N®-trifluoro-acetyl-
L-lysine. The obtained crystals had a purity of 97 %, and the content of
N?-(1(R)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine was

20 1.0 % and the content of N?-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-

Neé-trifluoroacetyl-L-lysine was 0.20 %.

EXAMPLE 6
The same crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
25 trifluoroacetyl-L-lysine as that used in Example 1, the amount of which
corresponded to 2 g of pure one, was added to 25 ml of a

water/acetonitrile mixed solvent (water/acetonitrile volume ratio 0.25),



20 2. Filtrate recycle charge after attaching cake (2,500 rpm (350Q)
Possible treating speed: about 2,000 mM/mnute (very good filterability,
_fast draining) 3. Filtrate recycle recharge (3,500 rpm (700G ) Possible

treating speed: > about 2,000 mi/mnute (very good 25 filterability, fast
drai ni ng) The cake was then washed with 70 ml of a water/acetonitrile m xed
solvent (water/acetonitrile volune rati ¢ .25). The wet cake - 44 showed
a dry feeling and could be easily scratched off by a spatula. The wet

% ' The. obtalhCt el CryS0 a0 e & AN L URGE! At LU (B B0 PE s HOe 10
ive 42 26 aHifi e - 9
Bheny! pr opy I chulon 675 sty RiecEto RRLS L BERAdIAR 2,30 2 aquegus

purity of 9 and i it t $1 =( & o
P ot oxyc SPRAHORY A1 bodTouh ARG Thelliol it _ptiring,do perform

(di aster eomf‘fe)uti:%@iigﬂétcx%lsgﬁ?ﬁa bnla 90‘:‘(\]6 The resulting eCW?tal}S were filtered

(S) - et hoxycarbonyl -3-cy exyl propy trifluoroa l'ysine

(cycl oheyyl O@P%.%l}ﬂak}%‘é@ecp%%}?rﬂ v@atjeg‘é%ld\%'t("%gc?%ig%ﬁ' ?gfﬁﬂx\ébﬁle t (volume

phenyl propyl)-No6-trifluoroacetyl-L-1YysiIne erivative ontent 0.2

% N2-( 1 @%ati%t poxgycar ’PH@Yﬁl‘tS?rdﬂlﬁ&Y 'vPéQp%do)d. NGThHE! é%{;&ag‘ﬁéﬁl V%&Mﬁ}rﬂe

ethyl ester (ester derivative) content < 1 % and nyl butyrate <

0.1 % 15 COYRARATh\entpitliFe af 206oN?04C %o give 1.0 g of dry crystals (crystals
(S) - et hoxycar bonyl - 3- phenyl propyl )-N6-tri fl uoroaceTyl -L=1ySi ne cont ai ni ng

impurities yged honEpdRite) 20 gfas NP3 08w EthdHycarbaiPLBLpEeh LN® to
50 g of the pure cgnpound }n 500 m gf@a) 20 V\)gcter/et ano? mgggﬂggﬁvent

(wat er/ et hargiflusrbHeetyl al-lysile 43Rt oBlaitled afRftalsMRT at wiﬁ‘ithB? 94 %,
crystallization was carried out by cooling the solution to 20C with

stirringe Thed estHd i nebrivenst abs V\Hpql&beé&fﬁ)@tﬂ:a&'boﬁym’&ghaﬁ?lprbgbd)l’-Hf-i on
to evaluate the filterability in the sane manner as In anple 20. 25

Resul ts of eviflucabhostyl-L-§sihey waar de0( 2650hd prthé3yatenti w8 Ne(lg8)f or
filtration: about 40 m nutes (nuch slurry leaks if the - 45 charging
speed i s notethoRyc¢atbornl)3-2ycloHexyip® pydeNe teifhlmtoaeeafit bilysirfeac hi ngrazake
(2,500 rpm (350Q))

0.15 %.

15 EXAMPLE 7
The same crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-
trifluoroacetyl-L-lysine as that used in Example 1, the amount of which
corresponded to 2 g of pure one, was added to 25 ml of a
water/acetonitrile mixed solvent (water/acetonitrile volume ratio 0.25),
20 and dissolved at 20°C by adding a 30 % aqueous solution of sodium
hydroxide thereto. The resulting solution was adjusted to pH 4.2 by
adding concentrated hydrochloric acid thereto with stirring to perform
neutralizing crystallization at 20°C. The resulting crystals were filtered
off and washed with a water/cold acetonitrile mixed solvent (volume
25 ratio 0.25). The filterability was good. The crystals were vacuum-
dried at a temperature of 20 to 40°C to give 1.0 g of dry crystals (crystals

of non-hydrate) of N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-



“ Possible treating speed: about 15 ml/ mnute (filterability is very bad,

and slurry accunulates in the basket.) 5 3. Filtrate recycle recharge

. (3,500 rpm (700G ) Possible treating speed: about 20 nl/m nute (the sane as
above) The cake was then washed with 70 ml of a water/ ethanol m xed

sol vent (water/ethanol volune ratio 0.43% 6 The wet cake was cracked and

furthernore was very sticky like vanilla®“ice cream so it 1o stuck to a

spatula and could not be easily scratched off by the spatula. The wet

basi <) was cd BOREERTH s iep TSP EAper Y e Bl PGP or 9F s,
(9 et hoxycagheny - phsmer on ) NEIRL-ELABERIE Bkl 1Le LXEOR L. ReDl o
o ocess of (R POSSEBARAAE, WH3 PLOSE i (B QB e RLETs)-
Bheny! propylSRET e o S Rrs P prapylL s trifluoroacerilvsine o 3gs
EtOOC HH ''g.1419%. v ~N COOH \ H 10 conprising subjecting N2-( 1
(S) - et hoxycarbonyl - 3- phenyl propyl )-N6 trifluoroacetyl-L-1ysi ne contam nated
wWth inpurities to crystallization froma water-soluble non-protic organic
sol vent or a solvent containing a water-soluble non-protic organic solvent,
thereby renoving the inpurities intogikppiEhgr |iquor and giving crystals
of N2-( 1 (S) 15
et hoxycarbonyl - 3- phenphpsafyd trhle N (1(SPREPREEFHrblenkyY-J-Benylpropyl)-N°-
trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an
10 amount corresponding to 15 g of pure one in 100 ml of a
water/acetonitrile mixed solvent (water/acetonitrile volume ratio 1) at a
temperature of 50 to 60°C. After filtering the hot solution with suction
to remove insoluble matter, the crystallization was carried out by cooling
the filtrate to 20°C with stirring. The resulting crystals were filtered off
15 by a Nutsche funnel having an inner diameter of 9 cm. The filtering
time was 13 seconds. The filter cake was sufficiently pressed by a
spatula, and the filtrate was passed therethrough. The passing time
was 76 seconds. The filter cake was washed with 23 ml of a
water/acetonitrile mixed solvent (volume ratio 1) (the volume of which
20 corresponded to 1.2 times the weight of crude N?-(1-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine used for the crystallization).
The time needed for the washing was 29 seconds. The cake was
vacuum-dried at a temperature of 20 to 40°C to give 13.0 g of dry
crystals (crystals of non-hydrate) of N2?-(1(S)-ethoxycarbonyl-3-
25 phenylpropyl)-N°-triflucroacetyl-L-lysine. The obtained crystals had a
purity of 98 %, and the content of N2?-(1(R)-ethoxycarbonyl-3-

phenylpropyl)-N°-trifluoroacetyl-L-lysine was 1.3 % and the content of



" 2. The process of claiml, wherein said inpurities are at |east one
conpound sel ected fromthe group consisting of N2-( 1 (R

. et hoxycar bonyl - 3- phenyl propyl )-N6-trifl uoroacetyl-L-1ysine of the 20
formula (2): CF3CONH EtOOC HH ': (2) ~N COOH 25 \ H N2-( 1

(S) - et hoxycar bonyl - 3-cycl ohexyl propyl ) - tr| fluoroacetyl -L-1ysine of the
formula (3): - 47 CFSCO\IHEtOOCHH()NCOO—|H5N2(1

(S)-carboxy- 3- phenyl propyl)-N6-trifluoroacetyl-L-l1ysine of the formula (4):

E:ggcgt\lﬁoxycarb -%éﬁé%yé’arﬂgn ) -Cyﬁgqé pi]iro&) 1)alc\lcgttr ﬂlll_oﬁo;?sﬁe r%l Iés}%rselrn f the
fornula (5) Odjﬁ%J\IH EtOOC H H (5 ~NCOOR\ H 20 wherein R is an al kyl
p

group, and et yl enyl butyrate. 3. The process of claim1l or 2, wher ei n
said crystallization is carried out under a forced flow ng condition. 25

EXAMPLE 9
5 The same crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-
trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an
amount corresponding to 20 g of pure one in 100 ml of a
water/acetonitrile mixed solvent (water/acetonitrile volume ratio 0.33)
at an elevated temperature. After filtering the hot solution with suction
10 toremove insoluble matter, the crystallization was carried out by cooling
the filtrate to 20°C with stirring. The resulting crystals were filtered off
by a Nutsche funnel having an inner diameter of 9 cm. The filtering
time was 10 seconds. The filter cake was sufficiently pressed by a
spatula, and the filtrate was passed therethrough. The passing time
15 was 50 seconds. The filter cake was washed with 30 ml of a
water/acetonitrile mixed solvent (volume ratio 0.33) (the volume of
which corresponded to 1.2 times the weight of crude NZ3-(1-
ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine used for the
crystallization). The time needed for the washing was 29 seconds. The
20 cake was vacuum-dried at a temperature of 20 to 40°C to give 17.0 g of
dry crystals (crystals of non-hydrate) of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine. The obtained crystals had a
purity of 97 %, and the content of N?-(1(R)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine was 1.0 % and the content of
25  N?-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine
was 0.17 %.



" 4. The process of claim1, 2 or 3, wherein said crystallization is carried
out at a tenperature of not |ess than 20C. - 48 5. The process of any
.one of claims 1 to 4, wherein said crystallization is carried out at a
crystallization velocity of not nore than 50 % hour based on the whole
anount of crystals to be crystallized oué. 5 6. The process of any one of
clains 1 to 5 wherein said crystalliZat 8nis carried out at a pH of 3 to
6. 7. The process of any one of clains 1 to 6, wherein said crystallization
is carried out by using at |east on ng to crystallization and
concentrating crystallization. 8 The process of any one of clains 1 to 6,

sherein said oryeta reLka LAuda AP Gtk ERUasl Ry e, 16

9. The process of claim ere sal S

carried out Ot?fﬂéf’m%‘&%'%nfla-ﬁg%iﬁeoés ALt 'ng? é{c‘)%s}(oaﬁgg‘;ﬁ HOWag &1%301%31 H QEFSS

of any one ai s wher el n sal used TI'n sai

crystalli zald gyt Eoitediibridihient 053 AL H3aL Utz NN~ AP | fryOIdfany ©

solvent and an auxiliary-s vol tine ratio € auxilrary

sol vent o t‘pgte\yz%,ggfogﬁhﬁ'@ %?&g‘]qa’?grlrgé‘lig {@é%’)h\%@&{ﬂﬁ[& b o 01 ig- 25

11. The process any one erein the Crystallizin

(S:(rjlygz ;Flni 'ZZ ta%t{)ﬁr?%?é@g‘ﬁ%% ReRibe2d B P A L PP hBY sBHitiGAWth suction
to remove insoluble matter, the crystallization was carried out by cooling
the filtrate to 20°C with stirring. The resulting crystals were filtered off
by a Nutsche funnel having an inner diameter of 9 cm. The filtering

10 time was 13 seconds. The filter cake was sufficiently pressed by a
spatula, and the filtrate was passed therethrough. The passing time
was 50 seconds. The filter cake was washed with 23 ml of a
water/acetonitrile mixed solvent (volume ratio 0.11) (the volume of
which corresponded to 1.2 times the weight of crude NZ?-(1-

15 ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine used for the
crystallization). The time needed for the washing was 29 seconds. The
cake was vacuum-dried at a temperature of 20 to 40°C to give 13.3 g of
dry crystals (crystals of non-hydrate) of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine. The obtained crystals had a

20 purity of 96 %, and the content of N?-(1(R)-ethoxycarbonyl-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine was 1.2 % and the content of
N2-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine
was 0.22 %.

25 EXAMPLE 11
The same crude N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-

trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an



" 12. The process of claim1l, wherein said adsorbent is activated carbon.

13. The process of any one of clains 1 to 12, wherein seed 5 crystals are
added upon carrying out said crystallization. 14. The process of any one of
claims 1 to 13, wherein said water-soluble non-protic organic solvent is at
| east one solvent selected fromthe groug consi sting of acetonitrile,
acetone, nethyl ethyl ketone, 1o tetrahy Pofhran and di oxane. 15. The
process of any one of clainms 1 to 13, wherein said water-soluble non-protic

organi ¢ sol vafp,ing &%gg%s\(}%rﬁd%ll o 15 o1& pdtEoRE ?ﬁgll‘ﬁ% 1 S YcetBhi t?ﬁe ehaifs 1

to 15, wherelin sai ntal n-ng "a wat er-s € non- ro I C organic

sol vent is gghaed E&Fé@?&uﬁfe amfgﬁxﬁkﬂeﬁrgﬁﬁé\ﬁ@@ s@Pﬂd@nV@ftﬁr saetishl So 17

non- protlc organi € ent 1 n whi lary SO I's water.
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(the volume of which corresponded to 1.2 times the weight of crude N*-

10  (1l-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine used for
the crystallization). The time needed for the washing was 40 seconds.
The cake was vacuum-dried at a temperature of 20 to 40°C togive 11.9 g
of dry crystals (crystals of non-hydrate) of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N®-trifluoroacetyl-L-lysine. The obtained crystals had a

15 purity of 96 %, and the content of N2-(1(R)-ethoxycarbonyl-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine was 2.2 % and the content of
N2-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine
was 0.21 %.

20 COMPARATIVE EXAMPLE 4
The same crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine as that used in Example 1 was dissolved in an
amount corresponding to 20 g of pure one in 200 ml of a water/ethanol
mixed solvent (ethanol/water volume ratio 0.43) at an elevated
25 temperature. After filtering the hot solution with suction to remove
insoluble matter, the crystallization was carried out by cooling the

filtrate to 20°C with stirring. The resulting crystals were filtered off by a



© 20. The process of claim 19, wherein the pH of said crystallizing solution
is from4.5 to 5.5. 10 21. The process of any one of clains 16 to 20,
_Wherein said crystallization is carried out under action of external force
such as vibration or ultrasonic wave. 15 22. Crystals of a hydrate of N2-(
1 (S)-ethoxycarbonyl -3 phenylpropyl)-N6-%bifIuoroacetyI-L-Iysine whi ch
provi de crystals show ng a powder X-ray ffraction pattern shown in Fig. 1
when said hydrate crystals are dried at 40C under a pressure of not higher
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content of NZ2-(1(R})-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-
L-lysine was 2.0 % and the content of N2?-(1(S)-ethoxycarbonyl-3-
cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine was 0.18 %.

15

EXAMPLE 12

Crude N?2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoro-
acetyl-L-lysine (having a purity of 71 % and containing as impurities
15 % of N?-(1(R)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-
20 lysine (diastereomer), 0.51 % of N?-(1(S)-ethoxycarbonyl-3-
cyclohexylpropyl)-N°-trifluoroacetyl-L-lysine  (cyclohexyl derivative),
8.4 % of N2 (1(S)-carboxy-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine
(carboxyl derivative), 5.9 % of N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
Né-trifluoroacetyl-L-lysine ethyl ester (ester derivative), 0.4 % of ethyl
25 phenylbutyrate and the like) was dissolved in an amount corresponding

to 40 g of pure one in 160 ml of a water/acetonitrile mixed solvent

(water/acetonitrile volume ratio 0.25) at an elevated temperature. To
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derivative content 0.20 %, carboxyl derivative content 1.1 %, ester

derivative content < 0.1 %, ethyl phenylbutyrate < 0.1 %
Agitation power 1,000 W/m®: diastereomer content 0.7 %, cyclohexyl
derivative content 0.19 %, carboxyl derivative content 0.8 %, ester

25 derivative content < 0.1 %, ethyl phenylbutyrate < 0.1 %
Agitation power 1,800 W/m?: diastereomer content 0.6 %, cyclohexyl

derivative content 0.18 %, carboxyl derivative content 0.8 %, ester



T & ()-1;S10% & ()-,@0%& ()-,:!10%& ()- \_n3dE*3 10%&37#10%& ()-
,5:110%¢& ()- 93M 10%& ()-  F1310%& ()- f/MLO%& ()--10%& ()-ebC3

. 10%8&, ;! 10%& ()- @0%& ()-910%& ()- 10z 10z 10z;:!10%& ()-
&9M 10% & () - e} <GJEbC3 10%& 310%g& ()- L10%g& ()- 9#10%g& ()- :!10%g& ()-
3 10%g& ()- @ 10%& ()-P~_@C3 10%%Q%& ()- #z#10%& ()- ! s10% ()-@
Ls10% & ()- @10%& ()-,:!10%g& ()- I -

derivative content < 0.1 %, ethyl phenylbutyrate < 0.1 %

EXAMPLE 13
Crude N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoro-
5 acetyl-L-lysine (having a purity of 73 % and containing as impurities
15 % of N2-(1(R)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-
lysine (diastereomer), 7.8 % of NZ2-(1(S)-carboxy-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine (carboxyl derivative) and the like) was dissolved
in an amount corresponding to 40 g of pure one in 160 ml of a
10 water/acetonitrile mixed solvent (water/acetonitrile volume ratio 0.25)
at an elevated temperature. To the solution was added 1.2 g of
activated carbon containing 50 % of water. After stirring for 15 minutes,
activated carbon was removed by suction filtration and washed with a
water/acetonitrile mixed solvent (volume ratio 0.25) so as to adjust the
15 concentration of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine as a pure compound based on the volume of the
solvent to 20 w/v %. This solution was subjected to crystallization in a
crystallization vessel equipped with a paddle impeller by cooling the
solution from 43°C to 8°C at a constant rate over 1 hour, S hours, 10
20 hours or 17 hours under a forced flowing condition in terms of 400
W/m? in agitation power per unit volume. The resulting crystals were
filtered off, washed with 80 ml of a water/cold acetonitrile mixed solvent
(volume ratio 0.25) and dried under vacuum at a temperature of 20 to
40°C. There was observed a tendency that the smaller the cooling
25 velocity, the higher the quality of the obtained crystals. With respect to
the case where the obtained crystals were o crystals of III form, the

quality is shown below.
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Cooling time 1 hour: diastereomer content 1.5 %, carboxyl derivative
content 1.6 %
Cooling time 5 hours: diastereomer content 1.3 %, carboxyl derivative
content 1.4 %
5 Cooling time 10 hours: diastereomer content 1.0 %, carboxyl derivative
content 1.1 %
Cooling time 17 hours: diastereomer content 0.9 %, carboxyl derivative

content 1.2 %

10 EXAMPLE 14
Crude crystals of N*-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
N®-trifluoroacetyl-L-lysine were dissolved in an amount of 40 g as pure
compound in 200 ml of a water/acetonitrile mixed solvent
(water/acetonitrile volume ratio 0.25) at an elevated temperature.
15 Insoluble matter was removed by suction filtration, and the mixed
solvent in an amount corresponding to the vaporized solvent was
supplemented to adjust the concentration of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine as a pure compound based on
the volume of the solvent to 20 w/v %. This solution was subjected to
20 crystallization in a crystallization vessel equipped with a paddle impeller
by cooling the solution from 43°C to 8°C at a constant rate over 10 hours
under a forced flowing condition in terms of 400 W/m?® in agitation power
per unit volume. With respect to each of the following three kinds of
crude crystals of N*-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoro-
25 acetyl-L-lysine having a different quality, the crystallization was
repeated 4 times. The quality, polymorphs and crystal habit of the

obtained crystals are shown in Table 1. Also, with respect to each of the
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5 derivative content 8.4 %
Crude crystals B: purity 63 %, diastereomer content 16 %, carboxyl
derivative content 5.8 %
Crude crystals C: purity 76 %, diastereomer content 14 %, carboxyl

derivative content 1.4 %

10
Table 1
Octained crystals
Crude Content of
crystals carboxyl di(;zl:;::srgir Polymorphs | Crystal habit
derivative
A 1.40% 1.29% III a
1.15% 0.65% 1 a
0.56% 0.67% II o}
0.39% 0.44% I B
B 1.21% 0.92% 11 o]
0.76% 0.75% 11 o
0.68% 0.67% Il B
0.66% 0.54% 11 B
C 0.38% 1.18% I a
0.32% 1.05% I a
0.12% 0.58% I B
0.09% 0.73% I B
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REFERENCE EXAMPLE 1
Powder X-ray diffraction patterns of polymorphs (I form, II
5 form and II form) of NZ2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine are shown in Fig. 4. Each sample of
polymorphs used in the measurement was obtained by drying wet
crystals (hydrate crystals) obtained in Example 14 under vacuum (1 to 5
mmHg) at about 40°C in a compartment tray dryer so as to avoid solid
10 state transformation of the obtained non-hydrate crystals. The powder
X-ray diffractiometry is as follows:
Apparatus: X-ray diffractometer RAD-rA (made by Rigaku Denki
Kabushiki Kaisha)
Measurement of diffraction angle: 26, CuKa radiation

15
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Observation condition: Accelerating voltage 10 kV

Preparation of sample: Pt-Pd vapor deposition

10 REFERENCE EXAMPLE 3
A 50 ml four-neck flask was charged with 30 ml of a
water/acetonitrile mixed solvent (water/acetonitrile volume ratio 0.25).
After cooling the solvent to 5°C with stirring, 5 g of each of polymorphs (I
form, II form and II form) of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
15  N®-trifluoroacetyl-L-lysine was added thereto, and the temperature was
elevated to a predetermined temperature at a rate of 10°C/hour. After
reaching the predetermined temperature, the solution was maintained
at that temperature for about 1 hour. A sample of the resulting
saturated solution was taken out, and the concentration (% by weight) of
20 N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine was
measured by HPLC analysis to determine the solubility at that

temperature. The results are shown in Fig. 6.

EXAMPLE 15
25 Crude crystals of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
N®-trifluoroacetyl-L-lysine (having a purity of 71 % and containing as

impurities 15 % of N2(1(R)-ethoxycarbonyl-3-phenylpropyl)-N°-
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(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine as a
pure compound based on the volume of the solvent to 20 w/v %. This
10 solution was subjected to crystallization in a crystallization vessel
equipped with a paddle impeller by cooling the solution from 43°C to 8°C
at a constant rate over 10 hours under a forced flowing condition in
terms of 400 W/m? in agitation power per unit volume. The resulting
crystals were filtered, washed with 80 ml of a water/cold acetonitrile
15 mixed solvent (volume ratio 0.25) and dried under vacuum at a
temperature of 20 to 40°C. The yields in the case where I form, II form
and III form were crystallized out were 84 %, 82 % and 79 %,

respectively.

20 REFERENCE EXAMPLE 4
In 20 ml of a water/acetonitrile mixed solvent
(water/acetonitrile volume ratio 0.25) was dissolved each of crude
crystals of N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-
L-lysine having different carboxyl derivative contents in an amountof4 g
25 as pure compound at an elevated temperature. The pH of each solution
was measured at an inner temperature of about 40-45°C and the

relationship between the carboxyl derivative content and the pH of the
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Crude crystals of N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
5 Ne-trifluoroacetyl-L-lysine were dissolved in an amount of 40 g as pure
compound in 200 ml of a water/acetonitrile mixed solvent
(water/acetonitrile volume ratio 0.25) at an elevated temperature.
Insoluble matter was removed by suction filtration, and the mixed
solvent in an amount corresponding to the vaporized solvent was
10 supplemented to adjust the concentration of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N®-trifluoroacetyl-L-lysine as a pure compound based on
the volume of the solvent to 20 w/v %. This solution was adjusted to a
predetermined pH at an inner temperature of about 40-45°C with
concentrated sulfuric acid or a 30 % aqueous solution of sodium
15 hydroxide, and was then subjected to crystallization in a crystallization
vessel equipped with a paddle impeller by cooling the solution from 43°C
to 8°C at a constant rate over 10 hours under a forced flowing condition
in terms of 400 W/m?® in agitation power per unit volume. In the
crystallization, three kinds of crude crystals of N*-(1(S)-ethoxycarbonyl-
20 3-phenylpropyl)-N°-trifluoroacetyl-L-lysine having a different quality
were used, and the crystallization was repeated 4 times with respect to
each crude crystals. The quality, polymorphs and crystal habit of the

obtained crystals are shown in Table 3.

Crude crystals used
25 Crude crystals A: purity 71 %, diastereomer content 15 %, carboxyl
derivative content 8.4 %

Crude crystals B: purity 63 %, diastereomer content 16 %, carboxyl
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S Table 3
v Crystals obtained
Crude pH Content of
crystals | adjusted carboxyl | Polymorphs C}xl'y stal
derivative abit
A 5.1 0.25% I a
4.7 0.29% I a
4.3 1.40% III a
4.0 0.33% 1 B
B 5.1 0.41% I a
4.7 0.39% I a
4.3 0.33% I B
4.0 1.25% III a
C 5.1 <0.1% I o
4.7 <0.1% 1 B
4.3 <0.1% * o]
4.0 <0.1% II o

*» It shows an intermediate powder X-ray diffraction pattern

between I form and II form.

REFERENCE EXAMPLE 5
10 The relationship between the crystal size of each of a crystals
and B crystals and the content of diastereomer was investigated, since
there is a possibility that the difference in quality between the a crystals

and the B crystals has no relation to the crystal habit phenomenon, but



©10:,:"110% & ()- 3 9

- 10% & () - R*ndEbCDoo0! \ #f #10% 0&' () - @! 10% 0&' () - @! 10% 0&' () - @! 10% o0& () - y#
. 10% o0& ()- @9! 10% 0& ()-m # dEbCOoo0! \ @3&! 10% 0&' ()- @1& 10% 0& ()- F ,/
10% o0& ()- s-10% 0& ()- @) 10% o0& ()- @4! 10% o0& ()-,t

$b@oo! \ ! Ly#10%& ()-10% & ()- 10'0 10'0 1@’ 0, 9M 10% 0& () - 7#10% 0& () -

@& 10% o0& () - - -

$maBb@oo0! \! % 10% & ()-#10% & ()-,:!110% & ()-9#10% & () -! NO#109&' () - Ly#10%

% f') fP%g%ﬁ’@fg%;ﬁgnghggﬂ%?éﬁggﬁég%ﬁsﬁg&%? For' otk Safigs of o
i LB O St 6 e e 0
JUPBMLO1 1 Secttop Brfdiatd 9RO deionfcar 36156 neny 105 - iR O
ﬂ! K@ #10%' {Jer} K@ AWk JEIP% & () -1\ WHL0%& ()-#10% & ()-!1#10%& ()-"j g
5 Using 10 g of the crystal sample of each habit, the crystals
were sieved by a wet method to classify with respect to the particle size,
and the content of N?-(1(R)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine (diastereomer) in each class of crystals was
measured. As a dispersing medium in the wet method was used

10 cyclohexane saturated with NZ2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
Né-trifluoroacetyl-L-lysine. The results are shown in Fig. 8. In Fig. 8,
there is found a clear difference in quality that the p crystals have a
smaller content of diastereomer than the o crystals even if they have the
same particle size.

15

EXAMPLE 17
Crude crystals of N2?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-
NS-trifluoroacetyl-L-lysine (having a purity of 87 % and containing as
impurities 11 % of N2-{1{R)-ethoxycarbonyl-3-phenylpropyl}-N¢-

20 trifluoroacetyl-L-lysine (diastereomer), 0.2 % of N?-(1(S)-carboxy-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine (carboxyl derivative) and the
like) were dissolved in an amount of 40 g as pure compound in 200 ml of
a water/acetonitrile mixed solvent (water/acetonitrile volume ratio 0.25)
at an elevated temperature. Insoluble matter was removed by suction

25 filtration, and the mixed solvent in an amount corresponding to the

vaporized solvent was supplemented to adjust the concentration of N?-

(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine as a
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15 and containing as impurities 11 % of N?-(1(R)-ethoxycarbonyl-3-
phenylpropyl)-N¢-trifluoroacetyl-L-lysine (diastereomer), 0.2 % of N*-
(1(S)-carboxy-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine (carboxyl
derivative) and the like) were dissolved in an amount of 40 g as pure
compound in 200 ml of a water/acetonitrile mixed solvent
20 (water/acetonitrile volume ratio 0.25) at an elevated temperature.
Insoluble matter was removed by suction filtration, and the mixed
solvent in an amount corresponding to the vaporized solvent was
supplemented to adjust the concentration of N?-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine as a pure compound based on
25 the volume of the solvent to 20 w/v %. This solution was subjected to

crystallization in a crystallization vessel equipped with a paddle impeller

by cooling the solution from 43°C to 8°C at a constant rate over 10 hours
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per unit volume. During the crystallization, ultrasonic wave was
irradiated to the solution by using the following ultrasonic generator.
The above crystallization operation was conducted 4 times, and §

5 crystals were obtained in all of four operations. Thus, the frequency
count of obtaining the B crystals was 4/4. The average content of
diastereomer was 0.16 %.

Soecificati F ul :
Name: TOMY Ultrasonic Generator
10 Model: Model UR-20P
Frequency generated: 28 kHz
Rated output: 20 W
Selling agency: Kabushiki Kaisha Tomy Seiko

15 EXAMPLE 19
The following operation was conducted for comparison with
Examples 17 and 18.
The same crystallization as in Examples 17 and 18 was
carried out without imparting a strong vibration by inclination of the
20 axis of agitator and without irradiating ultrasonic wave. The
crystallization operation was carried out twice, and o crystals were
obtained in both operations. Thus, the frequency count of obtaining a

crystals was 2/2. The average content of diastereomer was 0.88 %.

25 EXAMPLE 20
Crude N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoro-

acetyl-L-lysine (having a purity of 78 % and containing as impurities
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to 50 g of the pure compound in 250 ml of a water/acetonitrile mixed
solvent (water/acetonitrile volume ratio 0.25) at an elevated temperature.

10  The crystallization was carried out by cooling the solution to 20°C with
stirring. The resulting crystals were subjected to centrifugal filtration
to evaluate the filterability.

Apparatus: Small-sized centrifugal separator SYK-3800-10A made by
Sanyo Rikagakukiki Seisakusho
15 Basket size: inner diameter 100 mm x depth 60 mm
TOYO Filter Paper No. 51
Results of evaluation
1. Slurry charge (2,500 rpm (350G))
Time needed for filtration: 15 seconds (very good filterability)
20 2. Filtrate recycle charge after attaching cake (2,500 rpm (350G))
Possible treating speed: about 2,000 ml/minute (very good
filterability, fast draining)
3. Filtrate recycle recharge (3,500 rpm (700G))
Possible treating speed: > about 2,000 ml/minute (very good

25 filterability, fast draining)

The cake was then washed with 70 ml of a water/acetonitrile

mixed solvent (water/acetonitrile volume ratio 0.25). The wet cake
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showed a dry feeling and could be easily scratched off by a spatula. The
wet density of the cake was 0.4 g/ml, and the liquid content (wet basis)
was 18 %.
The obtained wet crystals were dried under vacuum (at 20 to
5 40°C) to give 42 g of dry crystals of N2?-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine. The obtained crystals had a
purity of 98 %, and had impurity contents: N*-(1(R)-ethoxycarbonyl-3-
phenylpropyl)-N®-trifluoroacetyl-L-lysine (diastereomer) content 0.7 %,
N2-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine
10 (cyclohexyl derivative) content 0.13 %, N?-(1(S)-carboxy-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine (carboxyl derivative) content
0.2 %, N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-
lysine ethyl ester (ester derivative) content < 0.1 %, and ethyl
phenylbutyrate < 0.1 %.
15
COMPARATIVE EXAMPLE 5
The  N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoro-
acetyl-L-lysine containing impurities used in Example 20 was dissolved
in an amount corresponding to 50 g of the pure compound in 500 ml of a
20 water/ethanol mixed solvent (water/ethanol volume ratio 0.43) at an
elevated temperature. The crystallization was carried out by cooling
the solution to 20°C with stirring. The resulting crystals were subjected
to centrifugal filtration to evaluate the filterability in the same manner as
in Example 20.
25 Results of evaluation
1. Slurry charge (2,500 rpm (350QG))

Time needed for filtration: about 40 minutes (much slurry leaks if the
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charging speed is not controlled.)

2. Filtrate recycle charge after attaching cake (2,500 rpm (350G))
Possible treating speed: about 15 ml/minute (filterability is very bad,

and slurry accumulates in the basket.)

5 3. Filtrate recycle recharge (3,500 rpm (700G))
Possible treating speed: about 20 ml/minute (the same as above)

The cake was then washed with 70 ml of a water/ethanol
mixed solvent (water/ethanol volume ratio 0.43). The wet cake was
cracked and furthermore was very sticky like vanilla ice cream, so it
10 stuck to a spatula and could not be easily scratched off by the spatula.
The wet density of the cake was 1.1 g/ml, and the liquid content thereof

(wet basis) was 64 %.

INDUSTRIAL APPLICABILITY
15 N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-
L-lysine with a high quality, namely high purity and good crystal
physical properties, can be obtained in a high yield and a high

productivity by the purification process of the present invention.
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CLAIMS

1. A process for purifying N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine of the formula (1):

CF,CONH

comprising subjecting N?-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-
trifluoroacetyl-L-lysine contaminated with impurities to crystallization
from a water-soluble non-protic organic solvent or a solvent containing a
water-soluble non-protic organic solvent, thereby removing the
impurities into the mother liquor and giving crystals of N?-(1(S)-

ethoxycarbonyl-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine.

2. The process of claim 1, wherein said impurities are at least
one compound selected from the group consisting of N?-(1(R)-
ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine of the

formula (2):

CF,CONH

EtOO(; H

r/
%
“.

(2)
COOH

T2

N2-(1(S)-ethoxycarbonyl-3-cyclohexylpropyl)-N°-trifluoroacetyl-L-lysine
Xy

of the formula (3):
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N2-(1(S)-carboxy-3-phenylpropyl)-N°-trifludroacetyl-L-lysine ~ of  the
formula (4):

CF,CONH

10

(4)
N2-(1(S)-ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine
ester of the formula (5):

15 CF;CONH

(5)
COCR

20 wherein R is an alkyl group, and

ethyl phenylbutyrate.

3. The process of claim 1 or 2, wherein said crystallization is
carried out under a forced flowing condition.

25
4. The process of claim 1, 2 or 3, wherein said crystallization

is carried out at a temperature of not less than 20°C.
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7. The process of any one of claims 1 to 6, wherein said
crystallization is carried out by using at least one of cooling

10 crystallization and concentrating crystallization.

8. The process of any one of claims 1 to 6, wherein said

crystallization is carried out by cooling crystallization.

15 9. The process of claim 7 or 8, wherein said cooling
crystallization is carried out at a cooling rate of not more than

40°C/hour.

10. The process of any one of claims 1 to 9, wherein said

20 solvent used in said crystallization is a mixed solvent of a water-soluble
non-protic organic solvent and an auxiliary solvent, and the volume
ratio of the auxiliary solvent to the water-soluble non-protic organic

solvent is from O to 10.

25 11. The process of any one of claims 1 to 10, wherein the
crystallizing solution is treated with an adsorbent before carrying out

said crystallization.
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5 crystals are added upon carrying out said crystallization.

14. The process of any one of claims 1 to 13, wherein said
water-soluble non-protic organic solvent is at least one solvent selected
from the group consisting of acetonitrile, acetone, methyl ethyl ketone,

10 tetrahydrofuran and dioxane.

15. The process of any one of claims 1 to 13, wherein said

water-soluble non-protic organic solvent is acetonitrile.

15 16. The process of any one of claims 1 to 15, wherein said
solvent containing a water-soluble non-protic organic solvent is a mixed
solvent of an auxiliary solvent and a water-soluble non-protic organic

solvent in which the auxiliary solvent is water.

20 17. The process of claim 16, wherein as said N?-(1(S)-
ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine contami-
nated with impurities is used that containing not more than 6 % by

weight of N2-(1(S)-carboxy-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine.

25 18. The process of claim 16, wherein as said N*-(1(S)-
ethoxycarbonyl-3-phenylpropyl)-N°-trifluoroacetyl-L-lysine contami-

nated with impurities is used that containing not more than 2 % by
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10
21. The process of any one of claims 16 to 20, wherein said

crystallization is carried out under action of external force such as

vibration or ultrasonic wave.

15 22. Crystals of a hydrate of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N®-trifluoroacetyl-L-lysine which provide crystals showing
a powder X-ray diffraction pattern shown in Fig. 1 when said hydrate
crystals are dried at 40°C under a pressure of not higher than 5 mmHg
to remove the crystal water.
20
23. Crystals of a hydrate of N?-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine which provide crystals showing
a powder X-ray diffraction pattern shown in Fig. 2 when said hydrate
crystals are dried at 40°C under a pressure of not higher than 5 mmHg

25 to remove the crystal water.

24, Crystals of a hydrate of N?-(1(S)-ethoxycarbonyl-3-
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- 51 -

phenylpropyl)-N°-trifluoroacetyl-L-lysine which provide crystals showing
a powder X-ray diffraction pattern shown in Fig. 3 when said hydrate
crystals are dried at 40°C under a pressure of not higher than 5 mmHg

to remove the crystal water.

25. Crystals of a hydrate of N2-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N®é-trifluoroacetyl-L-lysine having a crystal habit
composed mainly of a crystalline form that the minor axis is not more
than about 10 um and the major axis is not more than about 50 uym, or

dried crystals thereof.

26. Crystals of a hydrate of N?-(1(S)-ethoxycarbonyl-3-
phenylpropyl)-N°-trifluoroacetyl-L-lysine having a crystal habit
composed mainly of a crystalline form that the minor axis is not more
than about 30 um and the major axis is about 200 um, or dried crystals

thereof.



