T DESCRI PTI ON PROCESS FCR

PREPARI NG, 1- ALKOXYCARBO\IYL 3- PHENYLPROPYL DERI VATI VE 5
TIiE:HNI CAL FIELD - . The present invention relates to a.
téchnical - field wherein - in a process for preparing an

1- al koxycar bonyl - 3- phenyl propyl  deri Vvat ilve— (hereinafter 10 referred

also. to as an "1-al koxycarbonyl -3-phenyl propyl [ rV NNy
represented by the fornmula (I1): ﬂﬂg MET ﬁAé B&N

(11) 15  wherein R is -an al kyl groBﬁSQBﬁ’efibkAla _q \REPLAGED,
-Ile-, -val-, -On-, -Lys- or -Hy-, in which [err]-amno ~groups of

-Orn-, -Lys- and -Hy- are prot ecmF@k %mcgrot ecti ng group, Y

i s hydroxyl -group
_ . —ALKOXYCARBONYL—3 ~PHENYLPROPYL DERIVATIVE

5
TECHNICAL FIELD
. The present invention relates to a technical
field  wherein in a process for preparing an
1-alkoxycarbonyl-3—phenylpropyl ~ derivative (hereinafter
10 referred also to as an “l-alkoxycarbonyl-3—phenylpropyl
- derivative (II )”) represented by the formula (II ):

<:>FCH?—CHZ—CH4X—Y )
| |

15 - COOR

© wherein R is an alkyl group, X is —Ala-, -Gly-, -Leu-,
~Ile-, -Val-, -Orn-, -Lys— or -Hly-, in which « —amino
gfoups of —-Orn-, -Lys— and -Hly- are protected with an
20 acyl protecting group, Y 1is hydroxyl group, -—Ala, -Gly,
—Leu, -Ile, -Val, -Pro or a group represented by the

- formula:

25 f; ] 1!!! EEZ

- COOH, = COOH, COOH, COOH,
30

CHjy |

| {%CHs |

35 .

coon b cnzcoon, "COOH ,

Sheet Has Been Replaced




whi ch conpri ses catalytically _redUcing ~an
1- al kbxycar bonyl - 3-ox0-3-phenylpropyl : derivative
(herelnafter referred al so.to as an "1-al koxycar bonyl -

0X0- 3- phenyl propyl derivative (" representedr | a (I.):
Lerr] 4)2 10 *W‘. Y are
y

the sanme as the defined above an 1- alkoxycarbonvl Ipro yl
derivative (1) -bhaving “little amount. of |npur|t|es can sinply,
efficiently and in good  productivity (Produced 629
obt ai ned. 15 The 1- al koxycar bonyl - 3- phenylpropyl vat H3(||)
particularly one haV|ng 1S—conf|gurat|on Is a very usef conpound
as a drug or |nterned| t@@{ of , particu vari ous
ant i hypertensive t such emalapril and lisydpril, or an
i nt er medi at e t hergo _ e-@ NDN\ART

A method o obt a#/glycarbonyl

3 phenylpropyl erlvatlve i) catalytlcally ng an

COOH , or COOH

; in which X may be taken together with Y to form a group
10 represented by the formula:

. _ o N
15 N\/lKOH | _HN
' (¢}
o) : or (0] OH

—HN
which comprises | | catalytically | reducmg an
1-alkoxycarbdnyl—3—oxo—3—phenylpropyl derivative

20 (hereinafter referred also to as an “l-alkoxycarbonyl—3-
oxo-3-phenylpropyl = derivative (I)”) represented by the
formula (I ): '

| @»ﬁ—CHZ—CH-—x—Y (1)
|

25 O  COOR

wherein R, X and Y are the same as the defined above, an
- 1-alkoxycarbonyl-3-phenylpropyl derivative (1) having
_ little. amount of impurities can simply, efficiently and
30 in- good productivity be produced and obtained.
The 1-alkoxycarbonyl-3-phenylpropyl derivative (1),
particularly one having 1S—configuration, is a very useful
compound as a drug 'or_ an intermediate  thereof,
~ particularly  various  antihypertensive agents such as
'35 enalapril and lisinopril, or an  intermediate thereof.

S -+ BACKGROUND ART .
25 Boen RTaced A method of obtaining an 1-alkoxycarbonyl-3-
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1- al koxycar bonyl - 3- oxo- 3- phenyl propyl derivat i ve (r) in . an

alcohol or a solvent containing the alcohol using a transition
metal catalyst such as palladium nickel or 5 platinum as a
réducti on catalyst is described, for “exanpl e, in Japanese
Exam ned Pat ent Publ i cation Nos.3 22867/ 1991 and 4308/ 1992 and
Japanese Unexam ned Patent Publ i cation No. 336495/1994.

As the-concrete | es aIJa Lum of __thhe ,10 reduct.i o cat gl yst there
re. Tor exanpl Bhepueonsy  BespRtive’ Lo e  featically, paedutig o 80"
exanpl es of "ni ckealkoumcarbonylanBe-oxbeB-phanylm'oﬁ%ney ddérivdtiveori ¢4, ) andinhe
i ke. -And . ti e or.
examl o o, B pPPhofON6F LA | FRERL EScoftainfid " allQEC Bifle 4

Japanese Unetmshéwn m@talnt catalysib| i suchon asNo. palksBuss/ 1gruakel or

di scl oses rei Ntice a%;l_ctl ducieg
usi ng N- ( 1 et ﬁlgf(ty 0 Wc%gr boﬁy oxcﬁé}- p. eny pyl )P L- a‘F%nﬂ- - pI’OfEI ﬁe
as a sﬁ%%mplﬁ il a aﬁﬁéleéﬁ et mm xed Patentent Pyblication

io; ﬁght ?i ni gg Nogdr 03@67/:199)1“ d&z@t mosrrggtzt hu?m%a[] Paﬂﬁrﬁ%é?r;ﬂnteﬁi&mmedlo
g/c or a e catal ytic
reduction is prg?‘g%étzlp bl’é%& t”gﬁig??f@% from 0.5 to 4,
particularly pH 1. Incident&hey, caneretieod examples seqfar qallagiumpr ofucthes

not disclosg a anigped enpd-C. Pyl i g
No. 4308?1992 %?tslli)eoacé%;al W&%%E va{%xelrfr??ca%?m‘??b :%du%tlérg tplf:i

conduct ed Sr bERRGrEReox Dies
phenyl propyl ) - Nhee,r] f<b:r| febmlpie,ceﬂphey INisi M borigle, amd thkebdikeit e And

of about 030 RE at ol “?‘gfg Gpasral %%E%f” L L
N2- ( 1-et hoxyca 3:3 ] n @91&) € 1{‘¢1fluoroacetyl L-lysine is
separated 1By .crystallFérng emnle an Japam;@us Yakerhmined folPateed
?gpaagg;ystal | :Tfﬁgxgca&romrw w%gl% g;ﬁgﬁg d3 scloses an 'exFa%It)lréer 'wherein
catalytic  reduction is conducted using  N—(l—ethoxy—
carbonyl-3—oxo—3-phenylpropyl)-L-alanyl-L-proline as a
substrate in a water-ethanol mixed solvent (pH 1)
20 containing hydrogen chloride at 20°C wunder a pressure of
10 kg/cm® for 35 hours. The gazette discloses that the
catalytic reduction is preferably conducted at a pH range
from 0.5 to 4, particularly pH 1. Incidentally, a method
of separating a product is not disclosed.

25 | Japanese Examined = Patent Publication No.
430871992 discloses an example wherein catalytic reduction
is conducted " using N2-(1-ethoxycarbonyl-3—oxo—3-

- phenylpropyl)-Né—trifluoroacetyl-L-lysine aa a substrate
in a water—containing ethanol having a hydrogen chloride
30 concentration of- about 0.30 N at 40°C wunder atmospheric
pressure and then N2?—(l-ethoxycarbonyl-3-phenylpropyl)-Ne-
trifluoroacetyl~L~lysine 'is separated by crystallizing in
an aqueous solution, followed by  recrystallizing from
| water—ethanol. '
35 Further, Japanese Examined Patent Publication
No. 22867/1991 discloses an example wherein catalytic
-reduction is conducted using = N—(l-ethoxycarbonyl-3-
0x0—3—phenylpropyl)-L—-alanine ((1S/1R) = 95/5) as a



No. 22867/1991 discloses an exanple wherein catalytic .reduction

is ,conducted usi ng N-( 1-ethoxycarbonyl - 3-

0X0- 3- phenyl propyl)-L-al ani.ne .((IS/1R) =+ 95/5) as a

- 4- - substrate in anhydrous ethanol @ having a sulfuric acid
concentration of about 0.38 N at room t‘enﬂeré‘ture under at nospheri c
pressure, and t hen N-( 1-et hoxycar bonyl phenyl propyl ) - L- aI ani ne’

((18/1R) = separ te t hr extraction

di chl or onet haneS4 {’Sjgréﬁ in y”’é&‘éﬁj tloq: epﬁ'y} NG cefat esulfurlc a01d
In the above cencentirasion t Imé abovte 0c38 alNtiat roomdutéemperatamet i ondes
ot o cont ai ns. apagengertt o) ptagsure O AL ﬁé‘"h%%cﬂﬁéfﬂoﬁ?%%b@%ﬁ’l3-
sul furic acid Pbenylpropydldinalaningi d {(1SAR)ow Goncd8Mt i ois or $eparated
using a SUbghraighi N a lexwraOneaNnt rat iwRhof abogichlordom®tHdng!nder and
pressure within araig 1f:romatm)sggglarlc ressureto for exanple,
most” 50 kg/ cni ef¥ystalization from ¥l 8cetaf€si dered that the above
catalytic ~ reduction rgactithe geabbye pr exaades,n gtiel yiabbetei n @atalytic

e bonyl - or oup FESEAGR FeBetin o 15" SxRBly | ¢ cRgupted ny i oothar &0}
form ~al cohol Oform ZSOIKQI;tdr@Oﬂta{:}Hng)anan@lCOhO which cs@&arms stagpd
the al cohol 1p0r BubhY da8xYfordhit!Placid, Hydrechls¥ichy derRpenghiftri® &G0 or
nethylene group.
phosphoric acid in a low concentration or no acid, using a
substrate in a low concentration of about 0.1 mol/L under
a pressure within a range from atmospheric pressuré to,
for example, at most 50 kg/cm?2.
15 | It is considered that the above catalytic
' reduction reaction - gently proceeds in good yield in a
hydrogenation process of the following steps: '
. First step: carbonyl group binding directly to
benzene = ring is = hydrogenated to form alcohol ‘form
20 (hydroxyl group); and
: Second step: the alcohol form (hydroxyl group)
is further hydrogenated to form methylene group.
. However, the present inventors have . found that
the above catalytic reduction reaction has the following
25 problems as a result of their examination. : '
That is, (@ ‘the reaction of the first step
proceeds in - comparatively good manner in the above
catalytic = reduction reaction but the reaction of the
second step is considerably slower than that of the first
. 30 step (the second step is a r.ate_—determining step, and the
time required for the reaction largely depends on the
- reaction time of the second step).
@ During the catalytic reduction reaction, a  side
reaction (formation of cyclohexane ring due to the
35 hydrogenation  of benzene ring) proceeds to form
an 1-alkoxycarbonyl-3-cyclohexylpropyl derivative:
(hereinafter referred also to as an  “l-alkoxycarbonyl-3-
cyclohexylpropyl derivative () or a “cyclohexyl form




. However, the present inventors have found that t he above catal ytic
reduction.reaction has the followng 25 problens as a result of their

.exam nati on. . - That. is, [err] -the reaction of the first
st'ep proceeds in conparatively good nanner in the above .
catalytic reduction ‘reaction but thHe 3 edttion of the second

step is considerably slower than that of the first 30 step (the second

step is a rate- ATLNL NG St eR, required for the reactlon'
| ar gel y depends?@)et)ﬂ}égbreasepiﬁatp &?‘? %rmm?h@ﬂsecond step). [err]

During the catalytic reduction reaction, si de reaction
(formation of cyclohexgane ring  due to the 35 hydr ogenati on of
benzene ring)  progeeds

1- al koxycar bonyl - 3- cyc\ ohg y#pﬁ%pyﬁ(ﬁz CHer R/athe (her 6THAf t er
referred- al§0 to as an "1-al koxyca&&(ﬂﬁl - 3- cycl ohexyl propyl
derivative (III) or a "cyclohexyl

-5- (I11)") represented by the formula (I11): [err]
(111) whavhgneiR RX Xndand aYe arbe themsanre tdwe tiaf Idﬁdne@onbo@é 8s a

by- product, thBSfeBi‘odﬁéF”'fi‘ﬁreBy S@¥EFfingPa% 'égde?gncf)adonmﬂuence on
quality of the  desired compound. Further, it is very
10 d1ff1_cu1t to remove the cyclohexylpropyl derivative.
@ When the amount of a catalyst is reduced or the
~ activity thereof is reduced so as to control formation of
the above 1-alkoxycarbonyl-3—cyclohexylpropyl  derivative
(cyclohexyl form) (M) as a by-product, another side
15 reaction (conversion of ' the alkoxycarbonyl group into
carboxyl  group) proceeds to form a  1-carboxy-3-
phenylpropyl derivative (hereinafter referred also to as a
“1-carboxy-3—phenylpropyl = derivative (NV)” or a “carboxy
form (IV)”) represented by the general formula (IV):

20 |
@CHZ-—CHZ—CH—X—Y | av)
| | | : __

COOH

25 wherein X and Y are the same as the defined above as a
- by-product. As a result, a severe problem such as that a
vield of the desired compound is reduced arises.
@ The bad influence on the quality and the yield of the
desired compound is liable to be . further increased in
30 higher substrate concentration. |
. As a result of the present inventor’s study, it
has become apparent that formation of the above
- 1-carboxy—-3-phenylpropyl derivative (carboxy form) (V) as
a 'by-product is caused by hydrogenation of a lactone form
35 which is formed by cyclization of an intermediate (alcohol
form) as shown in the following reaction formula:



quality of the desired cdrrpound. Further, it is very 10 difficult

to renove, t he cycl ohexyl propyl derivati ve. [err] When the anount of a
‘catalyst is reduced or the .. activity thereof is reduced so as to
control formation of the above . 1-al koxycarbonyl - 3-cycl ohexyl pr opyl

derivative (cyclohexyl form) (Il11y & =a by-product, another side
15 reaction (conversion of the alkoxycarbonyl group into
car boxyl group) roceeds to form a 1- car boxy- 3-

phenyl propyl deriv, ferr d ) Oy v
"1- car boxy- 3- phen H(—déhgva ét({Ye b‘éEZ‘S Cﬁsz fa(FIFIm)f \}')")
represented by the geneoﬁ for ? [err]
(1v) 25 wherein X and Y are the sane as t he defi ngd aBove (g

of the

by-product. As a result, a severe problemsuch as that a yi el
desired conpgund is redudcblmlj ferm [err] The bad 1a¢ddriecfeemon t he
quality and the yield of the desired conpound is liable to be further
increased in 30 higher substrate concentration. ' As a result
of the present inventorHg stud | t has - becone apparent that
formation of the -~above Hlam@Hz—&ﬁn‘ﬂ'pYopyl derivative
(carboxy form (IV) as a by=product is cm by hydr ogenati on of a
lactone form35 which is formed by cyclizat of an internediate
(al cohal 1oform as shown in the foll (zvmv)ng reaction formul a:

_ : I

wherein R, X and- Y are the same as the defined above.

The formation of impurities such as the above
cyclohexyl form () and carboxy form (V) exerts a bad

‘15 influence on the quality and yield  Inclusion of those
impurities into - the product should be avoided to the
utmost.  Particularly, it has been found that the above
cyclohexyl form (M) is a similar compound to the
1-alkoxycarbonyl—-3—-phenylpropyl derivative (II) in

20 structure and that the cyclohexyl’ form is an impurity
whose removal is very difficult. '

In order to remove those impurities, other steps
having excellent removal effect are required. Those steps
cause use of a large amount of an unfavorable organic

25 solvent, -complication = of the  steps (for . example, |
extraction and crystallization wusing the organic solvent,
elimination of the solvent), consumption of time for the
above, increase in number of (expensive) apparatuses and
volume thereof, reduction in yield, and the like.

30 The aforementioned Japanese Examined Patent
Publication Nos. 22867/1991 and 4308/1992 and Japanese
Unexamined Patent Publication No. 336495/1994 do not
disclose the formation of the above cyclohexyl form (II)
~and carboxy form (IV) as byproducts in the catalytic

35 reductipn " reaction, and other steps for simple and
effective removal are not disclosed in the publications. '

Japanese . Examined Patent Publication
No. 22867/1991  discloses some steps - wherein



. 6- [err] 5 | al cohol form | act one form

[err]” 10 | (1V) wherein R, X and Y are the
sane as the defined above. . . The formation of inpurities such
as the above cycl ohexyl form (I1l1) and carboxy form (1V) exerts a
bad 15 influence on the quality amd %ietd. Inclusion of those
‘inpurities into the product should be avoided to the ut nost .
Particularly, it has_. been found that the above cyc) ohexyl form

(111y is a sNm{lzethoxyessbeayldsoxond—phenylpropyl)-L-alanine

1- gl k?ﬁyfar ?ﬁnytﬂ%—/{q nylfr]gp%/s)_ deg i Vf&dtﬁl%it_ict:alwl) r\?hducéﬂ, 20 andl r Ughehe
an at - e C) _O ex rm_! an | UI’__ . ose I IS very
difficult. N E et o’%ﬁcﬁrgﬁ)ﬂgr Sts-@l}e,g%gggqﬂ s% AAping ¢ i es,(ag))lﬁb steps
‘havi ng excel | e@8/tpnoisal -isdlated atkhrowghi rextractivmse withps dichloremethane
of a | arge agou of : bl ganiG125. ent | i Gaf i of
the steps 8° ?#lgr cﬁ%%gﬁr‘g#;ibﬁ Pr@t ?é;ggﬁlona%e}gt%’ryspglv‘%&'zggt i.%_l# uggﬂ:r‘;3 S
the organi c sol @6@t, insufficiemtnatinon effeche 66| va&emovingnsimpurstiesi tppd

for the abohavel Nsevdat idisddvdifiages (fudlEnasVvealselPBAr 3 UtfgeaNdmount
of an unfavorable organic solvent, complication of the
steps (for example, extraction and crystallization using =
10 the organic  solvent, elimination of the  solvent),
consumption of time for the above, increase in number of

 (expensive) apparatuses and volume thereof.

Therefore,  in the production = of an
1-alkoxycarbonyl-3—-phenylpropyl  derivative such as the
‘15 production  of = = N2—(l-ethoxycarbonyl-3—phenylpropyl)—-Né-
- trifluoroacetyl-L-lysine by - catalytic reduction of

- N2=(1-ethoxycarbonyl-3-oxo—-3-phenylpropyl)-Né-
trifluoroacetyl-L-lysine, ~ the production of
N—(1-ethoxycarbonyl-3—phenylpropyl)~L-alanine | by
20 catalytic reduction of N-(1~-ethoxycarbonyl-3~oxo-3-
phenylpropyl)~L—-alanine  or the.  production - of the
1-alkoxycarbonyl~3-phenylpropyl ~derivative (1) by

catalytic.  reduction of the 1-alkoxycarbonyl~3-oxo—-3—

| phenylpropyl derivative (I), it 1is very important to
25 develop a process for preparing the l-alkoxycarbonyl-3-
phenylpropyl derivative (II) having good quality, which
contains  little amount ‘of impurities such as the
1-alkoxycarbonyl-3—cyclohexylpropyl derivative  (cyclohexyl
form) () and the 1-carboxy—3-phenylpropyl derivative
30 (carboxy form) (IV), simply, efficiently and in good
' productivity. - -. | :
An object of the present invention is to provide

a very simple, efficient and highly productive process for

~ preparing the 1-alkoxycarbonyl—-3—-phenylpropyl derivative
35 (II) having good quality by catalytic reduction of the
1-alkoxycarbonyl—-3—-oxo—3—phenylpropyl derivative - (I)
wherein content of impurities such as the 1-alkoxy—
carbonyl—-3—cyclohexylpropyl °  derivative (cyclohexyl form)



vol une thereof, reduction in yield, and the like. 30 The

af orerrent loned Japanese Exam ned - Patent’ Publ i cati on Nos.
22867/1991 and 4308/1992 . and Japanese ~ ‘Unexam ned Patent

- Publication No. 336495/1994 do not di sclose the formation of
the above cyclohexyl form (Il ) -an@ carboxy form (1V) as by-products
in the catalytic 35 reduction reaction, and other steps for sinple
and  effectiye removal are not discloged. in {he publi.cations.
Japanese " Extlffinedn ent—car RYDF rehenglpropy méerlvatmeaa#ﬂgquy
di scl oses sof&m) {epsis liveRsein -7-

N-( 1-ethoxycarbonyl - 3- oxq- 3: pheny yl al ani ne (¢1s/ 1R) 95/ 5)
is catalytically reducegn ﬁ Ohﬁ%ﬂ%p of Ithe Mvéation {8 provide a

N- (1- et hoxycar beeyy - 3sjupley | peffigientl - andni dghly ( 1%ddRjctive = proc®sl) fos
I sol ated thrgug

from ethyl gce]argéérr ﬁ%ollvtca)\r/]e\rM E Eedl Clgj_g;(gpéﬁgdr}@ R&Sﬂf | cPE%%'%# 51?3;1 fect

of renoving i@laninei ehaviggd goodhay&unditys al G%ﬂ:mant‘é@}@t@@@@m% uo
of a large ambuphpuriti€d anisunfaveFddl e offsAi ¢ IpH(1SRthox§&aFHdmAL3eN

of the ste extraction .and stalli atlon sl:ng
10 the or ganBE1 n&&;qpéfﬁfa[fmal@*qﬁ natW: ofiS t‘Pll%ta\{ %I ve catalyti
consunption of redection theohbové{—([lnetha@sycanbongrlrbﬂﬁoxﬁﬂ-phe(rmlpmpylm—
appar at usesiy gnd?ﬂﬂgp t her eof . Ther ef or e, in t he
producti on a 1- al koxycar bonyl - 3- phenyl propyl derivative
such as the 15 production of .

N[ err] - (1-et hoxycar bonyl - 3- pherDISCIOSURE NDErTHE INVENTION _ .

- The present inventors have intensively studied
about a process for preparing the I1-alkoxycarbonyl-3-

- 15 phenylpropyl derivative (I1) by . catalytic reduction of the
1—-alkoxycarbonyl-3—oxo—3-phenylpropyl derivative (I ). As
a result, it has been found that formation of the
1-alkoxycarbonyl—3-cyclohexylpropyl derivative (cyclohexyl
form) (M) as a by-product can be efficiently controlled

20 by carrying out the -catalytic reduction reaction under a
specific strong acidic condition. Also, it has been found
that after the completion of the reaction, the 1-carboxy-
3-phenylpropyl derivative (carboxy form) (V) formed as a
by—product -can be effectively removed by separating the

25 1l-alkoxycarbonyl-3—phenylpropyl  derivative (II) in the
presence of water. It has further been found that, in
order to  obtain  N-(1(S)—ethoxycarbonyl-3-phenylpropyl)—
‘L-alanine having good quality by removing N-(1-carboxy—-3-
phenylpropyl)~L—-alanine = formed as a by-product and

30 coexistent _ N-(1(R)—ethoxycarbonyl-3-phenylpropyl)-
L—alanine " from N-(1-ethoxycarbonyl-3—phenylpropyl)-L-
alanine obtained by the catalytic reduction of N-(1-
ethoxycarbonyl—-3—-o0xo—3—phenylpropyl)-L—-alanine, it is
extremely effective to crystallize in an aqueous solution

35 The present invention is made on the basis of

- the new knowledge as shown above and relates to in a
process for opreparing an l-alkoxycarbonyl-3—phenylpropyl
derivative represented by the formula (II ):
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35 ; in which X may be taken together with Y to form a group

represented by the formula:
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Anot her object of the invention is to provide a very sinple, effi ci ent

and h| ghly productive process for 5 preparing N- (

1(.S) - et hoxycar bonyl - 3- phenyl propyl )-L- ~ alanine having good quality,
wherein contam nation of impurities is little, from N (
1- et hoxycar bonyl - 3- phenyl propyl)-L=al 88ine which is obtained by

catal ytic reduction of N-( 1-ethoxycarbonyl - 3- oxo- 3- phenyl propyl ) - L-

10 al ani ne. ' Dl SCLOSURE OF
The present inventors have intensively studied W@o%&*&‘% Eﬁ‘,@ss for
preparing .the 1-alkoxycar | -3- 15 phenyl pr apy] L4gEBve (11) by
catalytic reduction of t 1- al koxycar bonyl - 3- oxo- 3- phenyl pr opyl
derivative (r)y. As sg@t, it has been foun ormat i on

of the 1- al koxycar Bonyl 43- cygl ohexyl pr opyl deriva(ive |
(cycl ohexyl 8 form ( Nx)& by-product can be e N
b

controlled 2 y -HNYInd\- out th catalytic redadNdn eacfion under
a specific strong acid®c condition. Also, it has been Yf _ t hat
after the conpletion of the reaction, the lpgarboxy- - 3- phenyl propyl
derivative (carboxy form) (1V) forned as a _by-product can be

effectively removed by separating the 25 .
1- al koxycar bonywl‘acbhenyl prcmmqbrlsdﬁn vat i eatalytically i n - t meducingr esencen

of water. 3@&‘ ﬁﬁé@ﬁr or der to

N-(1(S)-et hoxycar E%&ng)% bEenﬁlg E (ﬁfanl ne having goo ﬁ%@l"ﬁy
by renoving N-(¥€ p‘%gyﬁ}’-llﬁr() y)l') L- al ani ne formed as a :
by- pr oduct and 30 coexi st ent N ( :

1(R) - et hoxycar bonyl - 3- phenyl u-l\l ' L- al ani ne from

N- ( 1- et hoxycar bony! - 3- pheny ():-ECHz ell-hﬁ-r}ﬁe-Yobt ai ned( !)9 t he
catalytic reduction of N u_-.j

et hoxycar bongl - 3- oxo- 3- phenyl propyQ) - L-al anCi@OR " i t is extrenely
effective to crystallize in .an aqueous solution. 35 The
present invention is made on the basis of the new know edge as shown

above and rel at ehereini R, X and Y are the same as the defined above; the
above-mentioned catalytic reduction being carried out in

an alcohol or a solvent containing the alcohol in the

20 presence of a strong acid having a concentration of 0.4

to 5 N, the amount of the strong acid béing at least 3

equivalents = based  on one equivalent of the
1-alkoxycarbonyl-3—oxo—3—-phenylpropyl  derivative (1  mole)

to control a formation of an 1-alkoxycarbonyl-3—

25 cyclohexylpropyl “derivative represented by the formula

(Im ): | |
OCHZ'—CHZ—CH—X—Y | - am
| | | -

| 30 | : COOR

wherein R, X and Y are the same as the deflned above

(Claim 1);

a process . as claimed in' Claim 1 “wherein ' a l-carboxy—3-
'35 phenylpropyl derivative as a by-product represented by the

formula (v ):
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process for

preparing an 1-al koxycar bonyl - 3- phenyl pr opyl.
derivative represented by the forrmula (11): -
derivative represented by the formula (I1): [err] (rr)y 5
wherein R is
-Val-, -QOn-,

an alkyl group, X is -Ala-, -dy-, -Leu-, -1le-,
-Lys- or -Hy-, in =whildh —er -am no  groups of

-Orn-, -Lys- and -Hy- are protected with an wm&?‘lﬁpr}&%ﬁbﬂ{% group,

Y i s hydroxyl

10

15

20

25

30

35

group

conpri ses catal yticall reduci ng an - t
" 1- al koxycar bonyl - 3- oxo prop “derivative
represented by the for Csz—CH —X—-Y (Iv)

ch

REPLACED

_ COOH

wherein X and Y are the same as the defined above is
removed into aqueous phase in the presence of water which
is employed to neutralize: the strong acid to separate the
1-a1koxycarbonyl-3—phenylpropyl derivative  represented by.
the formula (II) from a reaction solution obtained by
catalytic reduction (Claim 2); _
a process as claimed in Claim 2 wherein the strong ac1d is
neutralized to pH 4.6 £ 1.5 (Claim 3);

a process as claimed in Claim 1, 2 or 3 wherein Y is
hydroxyl group (Claim 4); ' '

a process as claimed in Claim 4 wherein X is -L-Ala—

" (Claim 5);

a process " as claimed in Claim 4 wherein X is -L-Lys-,
w —amino group of which is protected with an acyl
protecting group (Claim 6); '

a process as claimed in Claim 4, '5_ ‘'or 6 wherein the
separation ' of the - l—alkOXycarbonyl—3—pheny1propy1 _
derivative represented by the formula (II) is carried out
by crystallization from the aqueous solution (Claim 7);

a process as claimed in Claim 7 wherein crystallization is

. carried out at temperatures not less than 30C (Claim 8);

a process as - claimed in Claim 1, 2, 3, 4, 5 6, 7 or 8
wherein a Michael addition reaction mixture which contains
the 1-alkoxycarbonyl~3-oxo—-3-phenylpropyl derivative
represented by the formula (I ) obtained by Michael
addition reaction of a B —benzoyl acrylate and an amino
acid or a derivative thereof, or a 28 —benzoyl acrylate and

a dipeptide or a derivative thereof, is wused for catalytic

reduction (Claim 9); .

a process as claimed in Claim 1, 2, 3, 4, 5, 6, 7, 8 or 9
wherein' an alcohol, a water content of which is at most .
50 % (w/w), is used as a reaction solvent (Claim 10);

a process as claimed in Claim 10 wherein an alcohol, a

This Sheet Has Been Repl
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[err].5 - ' '(I) wherein R X and Y
are the sane as the defined above; the 10 above- mentiOned catal ytic

reduction being carried out in an al cohol or solvent :
containing the alcohol in the presence o TﬁHF d ving a
concentration of 0.4 to 5 N, the ambdnt —o e sgﬁggéja0| ei ng at

| east 3 equivalents based one eQUI the 15
1- al koxycar bonyl - 3- oxo- pheny pr Qpy der] atlve

contr ol a f WiakgY| eanteny aw 1ch dﬁkd&%‘} é‘ilbénflange r}ll)'om 2 tO 30 %

fycl]oheé%l propytw/d;q,rusahsa@ asreprreaeﬁbﬁdsohaenttt@lalﬁlonmyla () R
err in

(L!1)
X and Y are t he3sHROCESS A8 qSeimed dpo Flaim %CI & n#{L) 4, » 6§ V\?’oc 5s 9
claimed in Cai @0 lomhddlei whereaepasltﬁﬁumg tdodd is used as a strong ac1d
1-al koxycar bgnyg I%.n?xh‘i@ Jl propyl © derivative represented by t he
formula (11) fr marea’tlon sol ution obtai ned by catalytic reduction,
by  crystallizatiRipcessr as eslaimedi gm Claigr Lihd, 8er idvatBveb, répr 8sehed

by the fornulag, (111, o B9 Wheaéﬁpxxsﬁdphefbdrgomﬁd diﬁ'\tﬁe@/em a

represented b%oncgntratloforvr{nutl:]:?in(l\g aLn,g”]from 3 to(ll\Q equ1va1ents

based on 1 mole of the l-alkoxycarbonyl-3—oxo—3~

10 phenylpropyl derivative represented by the formula (I ) as

' a 1 equivalent (Claim 13); | - .

a process as claimed in Claim 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12 or 13 wherein a palladium catalyst 1s used as a
reduction catalyst (Claim 14); | '

15 a process as claimed in Claim 14 wherein Pd-C, Pd-alumina
r Pd-zeolite is used as a reduction catalyst (Claim 15);

a process as claimed in Claim 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14 or 15 wherein a reaction temperature of
catalytic reduction is within a range from 10° to 35¢C

20 (Claim 16); - : ' : _

~a process as claimed in Claim 1, 2, 3, 4, 5 6, 7, 8, 9,
10, 11, 12, 13, 14, 15 or 16 wherein a pressure of
hydrogen in said catalytic reduction is within a range
from atmospheric pressure to 2 kg/cm?G (Claim 17);

25 a process as claimed in Claim 1, 2, 3, 4, 5 6, 7, 8, 9,
10, 11, 12, "13, 14, 15, 16 or 17 wherein said catalytic
reduction reaction is stopped Tbefore an intermediate
represented by the formula: ' |

30 . ' This Sheet Has Been Re;
o Orememmo— T
| | o | |

OH COOR

wherein R, X and Y are the same as the defined above
35 dlsappears (Cla1m 18);

a process for obtaining an 1-alkoxycarbonyl-3—phenylpropyl

derivative which is characterized by crystallizing or

extracting in the presence of water the l-alkoxycarbonyl-



wherein X and Y are the sane as the defined above as a

'.by-product, S
renoved t,0 separate the 1-al koxycarbonyl-3- . -11- phenyl pr opyl
derivative represented by the formula (I1) (Clalm2) a process
as clainmed in daim 2 wherein the strong_acid ifsy o pH 4.6
1.5 (Caim3); 5 a process as clajmedl3in (% SSPEE: gmwherein X
S -L-Ala- (daimb5); a process as clai ﬁ 2 or 3
wherein err]-.am po group of i ch otected with an .
acyl protectBn@hgnxlymowEa.ﬁer@yam arepsmrg}% i néermpla  €Th) m
i |°L 6 V\Qere?vlitht he whﬁ:hpalr atg on 1—-@érboxy—3t-lpheny1pro ylb dherivative

al koxycar ony enyl,propy tiv rese {‘}‘ t
formula (I1) i § r&t%e'n]tg ﬁﬁ the b OE ?a|(ﬁY2 ?ﬁ?nﬁf] egﬁaﬁ‘?&&s the

~solution (O ai mlﬁl,koxyearbonyle*ﬁspimnyllgwm | n(ﬁrwatnv’e wherepresented
crystallizat 5°nthé Jf%rmﬁﬁér

(Caim8);
wherei.n a M cha
1- alkoxycarbony
the formula

[err] -benzoyl
thereof is

15

usedystallizingat al yti c
as cl ai rred |10 Oanxﬁhe

{300 0 b A B ’I"éafb%%ﬁ%%eﬁ?{ﬁ“ﬂés

process

derivedive giepresentesh b’.ﬁ ther ovnlen (BohtElaizs 19% ¢ he

h 3- Scése)her!ﬁdrpr OIQSHtalm degl VaN—*(?(S)—ethéﬁyw —3.-by :
93} addi tion 1 'on

M ch
%ﬁ&r&%viﬁi-aﬂﬁm% chackngg, 204 sHagaHeRfeqd By
N-(}{&) uethaxyc(atbahyrl-ﬁir,phenylprcppxi()eks
@itk Owhich’ £ °" léast one of N~(l-carboxy-
3—pheny1propyl)-L-a1an1ne : 'and (N-(1(R)-ethoxycarbonyl—

3-phenylpropyl)~L-alanine coexist in an aqueous = solution

to give N—(1(S)—_ethoxycarbonyl—3-phenylpropyl)—'L—alanine
and to remove N—{l—-carboxy—3—-phenylpropyl)-L—-alanine and
(N—(1(R)—ethoxycarbonyl-3—phenylpropyl)-L-alanine (Claim

. 20); and

20

by

25

30

35

derivative represented by the formula (I ):

a process as claimed in Claim 19 or 20 wherein a pH value
of said aqueous solution is pH 4.6 £ 1.5 (Claim 21).

- BEST MODE FOR CARRYING OUT THE INVENTION
_ The process for preparing the 1-alkoxycarbonyl-
3-phenylpropyl derivative represented by the formula (II)
catalytically reducing the 1-alkoxycarbonyl-3-oxo—3-
phenylpropyl derivative represented by the formula (I) in
the present invention will be explained. S
' the 1—-alkoxycarbonyl-

In the present invention,
3-phenylpropyl derivative represented by - the
formula (II) is = produced by catalytically reducing
the 1-alkoxycarbonyl-3-oxo~3-phenylpropyl derivative

represented by the formula (I) in an alcohol or a solvent
conta1mng_ the alcohol in the opresence of a strong acid
having a concentration of 0.4 to 5 N, the amount of the
strong acid being at least 3 equivalents based on one
equivalent of the 1-alkoxycarbonyl—3—oxo—3—phenylpropyl
derivative represented by the formula (I ) (1 mole).

In - the 1-alkoxycarbonyl—3-oxo—3—phenylpropyl

This Sheet Has Been Replaced
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" wherejn an alcohol, a water content of ~which is at nost 25 50 % (wWw),

is used as a reaction solvent (Claim10); a process as clainmed in
C.aim 10. wherein an alcohol, a : - 12 -
wat er content of which is Wlthln a range from2 to 30 % (Ww, is used
as a reaction sol vent (CI a| m 11); a~prbtess asolained in Cdaim 1, 2,
3, 5, 6, 7, 8 9, 10 11 wherein sulfuric acildHlS SHEET HAS BEEM | ong
acid 5 (CI aim12); a process as claimed in Cdim I1RERLACBD 5. 6 7., 8,

9, 10, 11 or 12 wherei id strong acid is uség—~trr=a concentt ati on
within a .range from @-65-0 RLEHerS—Y based (on) 1 nmole
of t he 1- al koxycar bon -0 - phenyl propyl derivative

&) as

represented by the formula C@dReqw valent (Claim 13). a
process as claimed in Claim 1, 2, 3, 5, 6, .7, 8 9, 10, . 11, 12 or 13

wherein a gal Mﬁmelsca&a' ti’éte UgRed 3!&1 the f&@éﬁf'%g@ﬁﬁ%h}’sm is

(Caim1l4); 15 Ss as wher ein

. Pd- al um na o?‘nPd I |g’é°‘|1§ usi&“&gya ?Eduémyén gLy ysl?*a‘{légal th 159 8
a process as cl garissh i atéing| Mprefefably, @ rormél &hdin 16; brafidhed 12haid3,

athin a range b 18rodF SadviPec £0U8] 3 aickradh. atof pd Drerdibie Jin 5

in daim1, 2, Siew, ©f 7easinass 10f preparlr@ e 1abovs osubstraber eon a

pressure of lbydéﬂgﬁi&sén of elumnatmg in case of hydrolysis. As the
concrete examples thereof there can be employed, for
instance, methyl group, ethyl group, and the like. Among
them, ethyl group is preferable because it can be commonly
used as various antihypertensive agents such as enalapril

15 or an intermediate thereof. . '

As the X in the formula (I) there can be
employed, -Ala-, -Gly-, -Leu~, -lIle-, -Val-, -Orn-, -Lys-—
or -Hly-, in which o —amino group of -Orn-, -Lys— and
~Hly- are protected with an acyl protecting group. = They

20 mean an amino acid residue wherein each one of hydrogen
atom and hydroxy group is removed from amino group and
carboxyl group, respectively of  alanine, glycine,
leucine, isoleucine, valine, ornithine, lysine  or
homolysine in which o —amino group of ornithine, lysine

25 and homolysine are protected with an acyl protecting
group. - _ -

As the Y in the formula (I) there can be
employed, hydroxy group, -Ala, -Gly, -Leu, -lIle, -Val,
~Pro, a group represented' by the formula:

2885

COOH, COOH, COOH,

35
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said catalytic reduction is within a range from at nospheric pressure to
2 kgl-cnm2G:(Claim 17); 25 a process-as claimed in CGtaim 1, 2, 3, 5, 6, 7,

8, -9, 10, 11, 12, 13, 14, 15, . 16 or 17 wherein said catalytic
reduction reaction is stopped bef ore an i nternedi ate

represented by the fornula: [err] 30 — 15wmrerein R X and Y are the
sane as the defined above 35 disappears (O aim18); '

- 13 - a process for obtaining an N (1(S)-:ethoxycarbonyl - 3-

phenyl propyl ) - L-al ani ne - \@Hgh Is- characterized by crystallizing
N-( 1(S)- et hoxycar bonyl - 3-phe w propyl)-L- alanine int esence of at

| east one of N-( 1-carbox -3 phenyl propyl ) - L- al ani ne (N-(
1(R) - et hoxycar bony! - N=-p pyl propyl)-L-al W in an aqg solution to
gi ve N- (1(S) - ettlxycal bonyl -'3- phenyl_pr | ani ne and to

renove N- (5L- car boxy— pheny! propyl T L= grrve ,
1(R) - et hoxycar bonyl - 3 | propyl)-L-al anine ~(Caim1l0 20); and a
process as clai med |ncér}i% 20 wher ei ICH2fHOQH ve of - saC®Qdlieous
solutionis pH4.6 1.5 (Caim?2l).- : o

. CH3O 0C_H3
10. - _ R ¢ - )CH3
) @ N B
COOH, COOH , or COOH
15 o

The above-mentioned —-Ala, -Gly, -Lew, -Ile, -Val and —-Pro
mean an amino acid residue wherein one of hydrogen atom is
removed from amino group of alanine, glycine, leucine,
isoleucine, valine and proline, respectively.

20 - The above X may be taken together with Y to form
one group, and as the group formed by that X is taken
together with Y there can be employed a group represented
by the formula: : ' ' :

| N\)j\ ' | -
—HN OH - or —HN O
' _ ' S e OH

As the protecting group X of w —amino group of

—Orn-, -Lys-, -Hly-~, or the like, there can be preferably
employed an acyl protecting group such ' as trifluoroacetyl
group, formyl group or phthaloyl group . because the acyl

35 protecting group is not easily eliminated at the time of
the catalytic reduction and does not show nucleophilic
property similar to other neutral amino acid group and,

- furthermore, influence thereof on the concentration and

25

30



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 15 A - process for
preparing the 1-al koxycarbonyl - 3- phenyl propyl derivative represented
by the fornula (I1) by catalytically reducing the
1% al koxycar bonyl - 3- oxo- 3- phenyl propyl derivative represented by the
formula (I )y in the present invention #6l|—be explalned 20 I n
the present invention, the 1-al koxycarbonyl - phenylpropyl

derivative epr esent ed : the for a roduced

by catal yti Cag.ﬁ valentic Pfig t?ﬁ/e $trong  acid mte aé&eci th% time of

1- al koxycar.bonythg- OXéat&hBﬂienWﬁédlmthon defs' vatsmaﬂ Tl@@resmﬂadrbxcéﬂw

formula (1) in g?%a cohol %cu?arﬂm ven 9;}“'88 containing the alcohol in ‘the
h

presence of a-s XvPﬁ'gf Cohcentration of 0.4 to 5 N, the
amount of the strong Ascithe bﬂ-:(')mlgmatloneaft X& am&quaIaemmnbimimh ofi

one equi yal th nyl - epy! ar - |
derivative repreggnte d roToiJak'?f@b??fSQ’O( ‘g&l 6f E—pM]a an?he
1- al koxycar bonyrL3PsQo- SSphem opyit 2 dePr ¢W@nrerﬁfeseﬁﬂ'é@pﬂl the A
formula (1 ): E:Gﬁl'blnatlon of - —Lyé-L) © —amino group of which 1s protected

14 - whi ch_i.s. a substrate t he pres nt |nvent|ojn_’
al kyl group. U¥ )?naﬁpylalgﬁ‘;’l egﬁlﬂgp H%HHD é’ﬁrboﬁ’ a?‘H‘r’rﬁm
preferably a nogmaupch'zﬁ nwhiclr dsc hpobtedted W1th an acyl protecting group
10 and hydroxyl group; preferably —-L-Lys-, o —amino group of
which is protected with an acyl protecting group and
-L-Pro, or -L-Lys—,  —amino group of which is protected
with an acyl protecting group and hydroxyl group; more
preferably -L-Lys-, o —amino group of which is protected
15 with  trifluoroacetyl group and -L-Pro, or -L-Lys—,
w —amino  group  of which is protected with a
trifluoroacetyl group and hydroxyl group is wuseful in the
production of lisinopril.  Further, a combination of -Ala—-
- and hydroxyl group, preferably -L-Ala- and hydroxyl group,
20 is useful as a common intermediate in the production of
various antihypertensive agents such as enalapril.
In the formula (I), the derivative wherein the
- carbon atom at the 1-position to which an alkoxycarbonyl
group is. bonded has S-configuration, X ‘is L type (ie. S-
25 configuration) and Y (other than hydroxyl group) is L type
(i.e. S—configuration); or one wherein; when X is taken
- together with Y to form one group and the carbon atom to
which carboxyl group is bonded in the group is asymmetric
carbon atom, the carbon atom has S-configuration; is
30 generally useful in the production of an antihypertensive
agent or an intermediate thereof (when- the other
- asymmetric carbon atom is present, there can be used those '
having a -desired configuration with respect to . the
asymmetric carbon atom). | _
35 : In the present invention, any substrate
: described above <can be preferably used. Particularly,
those represented by the formula (I) wherein a
combination of —Ala- and -Pro, or =-Ala~ and hydroxyl




al kyl ; group havi ng '1 to 4 carbon atons are preferable in 5 view of.

easi ness ; of preparing the above substrate or ~easi ness of
~elsimnating in case of hydrolysis. As the = concrete exanples
thereof there can be enployed, for - i nstance, nethyl group, ethyl
group, and the like. Anbng . them ®thy¥ group is preferable because it
can be comonly 10 used as vari ous antlhyperten5|ve agents such as
enal april or an inter e th As in he
formula (1) tSEPEP;caHr nngﬁbd and 5. TL-Br9, | OII'_eu i Ai%e- é

-Val -, -QOn-, hyslroxyl gfoupjl yandl a Wfdxﬁﬂinatﬁﬂf ] ofAn+-D9s g Olsbp-amino Ogﬁoup -
-Lys- and 15 JF g&hprot ecte,ﬁ " b‘ﬁ’g acyl r,ot ecté ng: rﬁqul{_p The
mean an am no &t d ‘P’ Y ST St % ogB ptect Oy an

hydr oxy group |sPrennoed'Dy¢sm am-amgoomoapd of whmh)o»wl prafected with

respectivelyg a y l:(\)% [ Ci Hief

val i ne, or nit T., c91 %%Fﬁgr@ % ho qu é 1?15" erably
[err]-am no gr o&pLYST ochi @RNAR, grp}@l o W C&hdls hBFRﬂeﬂi emﬁhean acyl
pr ot teﬁt edf Wi tlh r@ﬂect?ﬁg' groupt erid ngL—Pro,gr@l;:lp—L-Lys— w —amind\s grotip o‘f
in e fornu r 0 a
-@y, -Leu, %Yle&h \]/é pggt&{}lgﬂo gr L?B'P seﬁ’i1 ég&&’ﬂgh g? gﬁprul gnd
[err] hydroxyl group, 1more preferably -L-Lys—, o —amino group of

10 which is protected with trifluoroacetyl group and -L-Pro,
or -L-Lys-, o —amino group of which is protected with
trifluoroacetyl group ‘and hydroxyl group ‘are selected as
the combination of X and Y and ethyl group or methyl group
is selected as R; becomes preferable - 1-alkoxycarbonyl-

15 3-oxo—-3-phenylpropyl derivative represented by the formula
(I). As the concrete examples thereof there can be

employed N-(1-ethoxycarbonyl—-3~oxo-3-phenylpropyl)—
- L—-alanine, - N—=(1—-ethoxycarbonyl-3—-oxo—3-phenylpropyl)—
L—-alanyl-L-proline, 'N2-(1-ethoxycarbonyl-3—oxo—3-
- 20 - phenylpropyl)-Né-trifluoroacetyl-L-lysine and N2—-(1-
ethoxycarbonyl-3-oxo~3-phenylpropyl)~Ne-trifluoroacetyl-
L-lysyl-L-proline. = Among them, a compound  having

1S—configuration or one having a large amount of . a
. compound having - 1S—configuration is particularly
- 25 preferred. _ : ' :
The above l-alkoxycarbonyl-3—oxo—~3-phenylpropyl
derivative (I) can be easily synthesized by subjecting a
B —benzoyl acrylate and .an amino acid or a derivative
thereof, or a @ —benzoyl acrylate and a dipeptide or a
30 derivative thereof, to the Michael addition reaction in an
alcohol or a solvent containing the alcohol, for instance,
as ~described in Japanese Examined Patent Publication Nos.
© 22867/1991 and 4308/1992 and Japanese Unexamined Patent
- Publication No. 336495/1994.
35 ~ As the example of the above g ~benzoyl acrylate
there can be employed one wherein ester is formed so that

ester group is the above R, the preferred R is the same as
the above—mentioned R.



5. 10 - 15 - The above-nentioned -Ala, -@y, -Leu, -lle, -Val and
-Pro ~reean an amino aci d residue wherein one of hydrogen atomis

renoved from am no group of al anine, glycine, |eucine, i sol euci ne,
valine and proline, respectively. 20 The above X may be taken
together with Y to form one group, - andl&s The group formed by that X is

t aken together with Y there .can be enployed a group represent ed by
the forrmula [err] 25 '

[err]-anino group of ‘%fnthe L§s‘berm§’§ tarégya:%teel H@ggkg'ﬁgrjeo aiﬁcﬁﬁers
- preferably  esodlpyas aransylfopmotaid i 0is oformp aveh presésnt.f | Udr epaed-yp ~
' - benzoyl acrylate is preferred in view of easiness of
preparing the substrate and improvement in yield of the

5. preferable compound having 1S—configuration. ' '

As the amino acid there can be employed alanine,
glycine, leucine, isoleucine or valine. As the derivative -
of the amino acid there can be employed ornithine, lysine
and homolysine, « —amino groups of which are protected

10 w1th an acyl protecting group.

As the d1pept1de there can be employed those
prepared by peptide bond of one of the above amino acids
"~ and one of the above Y (except for hydroxyl group). As
the derivative of the dipeptide there can be employed

15 those prepared by peptide bond of one of the above
derivatives of amino acids and one of the above Y (except
for hydroxyl group).

_ Among the amino acids, derivatives thereof,
dipeptides and  derivatives thereof, amino acids or

20 derivatives thereof are preferred.  Among them, alanine
and lysine, « —amino 'group of which is protected with an
acyl protecting group are more preferred, and -L-alanine
and - -L-lysine,  —amino group of which is protected with
an acyl protecting group are particularly preferred.

25 The solvent wused in the Michael addition
reaction is an alcohol or a solvent containing the
alcohol, as described above. It is preferred to use the
alcohol ‘as the 'solvent because the reaction proceeds'
rapidly and the yield of the preferable compound having

30 1S-configuration is high. As the solvent containing the
‘alcohol there can be ‘particularly employed a mixed solvent
of an alcohol and water. It is particularly preferred to
use the mixed solvent of an alcohol and water in view
of improvement in . solubility of a base, particularly

35 inorganic base, used in the Michael addition reaction,
improvement in charging = concentration, improvement in
reaction rate and improvement in yield of the compound
having 1S—configuration. '



groUp; formyl group or phthaloyl group because the acyl 35 protecting

group is ,not easily elimnated at the tine of the <catalytic reduction
and- does not show nucleophilic property simlar to other neutral
amno acid group and, furthernore, influence thereof on the
concentration and - - 19 - - 16 - equi val ent
of the strong acid to be added at the tinme of- . the catalytic reduction
is small. The trlfluoroacei_l@l roup is particularty preferred.

As the combination of X af§ Ythg ¢ |(ﬁ$ ofei'@ -sqlyengnqused o In  the

Darél C;J| arly a Nﬁﬂ‘i’aél,lat adfht%n Lréﬁc?an%ﬁndthere LcEflO bes i aticrallly iefplofed
producti on enal apri onbi,n err 0

of which is prof‘eéﬁ’coé@'“’ﬁ 'qulﬂ A a eﬁegﬁ? BYQ &FB@E }1%L§7§£
[err]-amino = §rcugp Bf carboh iatoms)t epltefémbllyh hn tacy4 paobemt iatgmgr oudt 10
and hydr oxyl gr p; bl L r] g [
protected w h % pro@eci’ll n eﬁ'ﬁ% 5151 aﬁ'EEl ng'i%sﬁknglrgh %] an
[err]-anino groﬁ%tei‘f \%‘Dﬂﬁ i of prtgleecrﬁed thacéﬁlatécyﬁo ctamg esgebup
and hydroxyl g?Hﬁ?hrBff edeswﬁﬂefﬁrﬁﬁbﬁndL He‘éémes[ eEHd a&ineo ﬁO'EBeOfeét’@i'Ch

is protected 15 triflu acet\éS u;E:) %
Mﬁf t f)lp rigd out a ¥I$1e

[err]-anino gBb 953 a0y tﬁa:‘lg

trifluoroacetyl tgneup ofandthedroM;dha;ﬂoumddltlomef reactiont he Thepr odlcahiodln

o e 1D PR Eines O NS fer Aoy S N Sl
i nter medi at e m%@aﬁ%dl}&lﬁﬁseofd met yl ester, and ‘means  ethanol in
case of ethyl -ester.
. When the mixed solvent of the alcohol and water
is employed a .water content is at most 50 % (w/w),
15 preferably at most 30 % (w/w). The water content is
preferably within a range from 2 to 30 % (w/w), more
preferably from 5 to 30 % (w/w) in view of improvement in
reaction rate, improvement in yield of the preferable
compound having 1S—configuration and improvement in
20 reaction vyield in case of conducting continuous catalytic
reduction. S '
' As the base there can be employed a primary
amine, ai secondary amine, a tertiary amine, a quaternary
ammonium hydroxide, an ion exchange resin wusing them
25 as an exchange ‘group, an alkali metal hydroxide, an alkali
earth metal hydroxide, an alkali metal carbonate, or the
like. - Among them, a tertiary amine, a quaternary ammonium
hydroxide, an alkali metal hydroxide, an alkali metal
carbonate are preferred. As the example thereof there

30 can be employed triethylamine, tri-n—propylamine,
tetramethylammonium =  hydroxide, potassium hydroxide,
lithium hydroxide, sodium hydroxide, potassium carbonate,
"lithium  carbonate, sodium carbonate, potassium
hydrogencarbonate, sodium hydrogencarbonate, or the like,

35 preferably, potassium  hydroxide, lithium hydroxide,

~sodium 'hydroxide, potassium * carbonate, 1ithium carbonate,
sodium carbonate, potassium hydrogencarbonate or sodium
hydrogencarbonate, more preferably, a potassium compound



various anti hypertensive agents such as enalapr|I . In the

formuta (4 ), the derivative wherein the carbon atom at the

l-position to which an al koxycarbonyl group i s bonded has.

S configuration, X is L type (|.e. S- 25. configuration) and Y (other than .
hydr oxyl group) is L type (i.e. S—coAfi glration); or one wherein,
when X is taken toge't her vmth Y to form one group and the carbon
atom to whi ch car bex .0uU onded in roup |s as tr

carbon atom ¥H gh é%tagﬁ%‘ﬁf lﬂé{ﬁ' U€onfhi GE @ﬁ%l By
useful in the llmhuﬂnchydnoxnie an anti hyperten5| ve agent or 3

i nternedi ate thereof t a ca
present, there can be us\ggﬂ?ﬂosg&pe& g{)n hea % %f tﬁ‘? g& 359?%93’1
with respect aecrylate, ammmmdl c orar d mainma Bhereof or dipeptidee

present i n5en§i.on erivadt ab,g)ve béa”usEH an
preferably use

i arly tﬁn pre ent
formula (I fAUivglgnt xatio Qf)r’rtﬂ’ﬁ&’t gﬁs%ﬁ OR) at n§a'5¢>r ds (ﬁbonAI al 4Ad
hydr oxyl . 3:1:1, normally about 1:1:1,- When 1 gbhwle; ofr efeathbl vf

-L-Ala- and 0 dr0xyl group; and a
conbi nati-on of Itbgél mfg Wﬁ@ rgﬁﬁ“’ale which is protected with an
acyl protecting group andine ma;;tmm temperatwre | i;mwithip Olap wingei froms

P oL yer o bt abaﬁgac?‘%"prﬂ?e%“’ﬁg PLIED A ﬁxﬁﬁaﬁf & e ptect.ng
group and -L- Pro%h 8 26? noagrwgg%f rom to %

view of 1mprovement in reaction rate and 1mprovement in
yield of the preferable compound having 1S—-configuration.
"~ As a reaction process, there can be normally
15 wused a process which comprises adding a base over several
minutes to- 24 hours with stirring so that the base can be
sufficiently dispersed into a mixture containing the
B —benzoyl acrylate, amino acid or derivative thereof or
dipeptide or derivative thereof and solvent, or a process
20 which comprises adding the amino acid or derivative
thereof, or dipeptide or derivative thereof and a base or
a mixture thereof over several minutes to 24 hours with
stirring so that it can be sufficiently dispersed into a
mixture containing the 8 —benzoyl acrylate and solvent.
25 ' With respect to the reaction concentration, the
| concentration of the amino acid or -derivative thereof, or
the dipeptide or derivative thereof can be within a range
from 50 to 1500 mM, preferably a range from 100 to 1000
30 As the  l-alkoxycarbonyl—3-oxo—3—phenylpropyl
derivative (I ), there can be used those prepared from the
Michael = addition reaction solution by extraction and (or)
crystallization. As a - simple process, the:  Michael
addition solution can also be continuously used. When it
35 is used continuously, those wherein a formation rate of
the  l-alkoxycarbonyl-3—-oxo—3—phenylpropyl derivative (1I)
is at least 70 % are preferred. : _
As the X, Y and R in the I1-alkoxycarbonyl—3—




whi ch,is protected with an acyl protecting group and’ hydr oxyl ~ group;
‘nmore, preferably -L-Lys-, [err]-amno group of 10 which 1is protected wth
trifluoroacetyl group and.-L-Pro, or -L-Lys:-, [err]-amno group of
which 1is protected wth trifluoroacetyl group and ‘hydroxyl group
are ‘selected as "-the conbination of Zland Y and ethyl group or nethyl
group is selected as R, becones preferable 1-alkoxycarbonyl- 15

3- oxo0- 3- phenyl propyl . deriyative represented b the fornula ().
As the concrepgenxlmﬁm sdefiyativg representeda By bge formuplgl 6

N-( 1- et hoxycarbonyl - 3-o0xo- 3- phenyl propyl ) - L- al ani ne, N (
1- et hoxycar bonyl - 3- oxo- 3- phenylpropyl) L- al anyl - L- proli ne,

N err]-( 1-ethoxycarboy 0X0- 3- :

phenyl propyl)-Nerr]- t ) rQﬁzet?IHl_r 8 meX =a¥d N el (1--

et hoxycar bon§l - 3- 0x0- 3\ghaenyl propyl )-N et rl -trifluoroacetyl -
L-1ysyl-L-proline. Anmong them a C und  having
1S-configuration or- one having a large anount of a conpound

The above ‘1 C%‘“ba“éé@' oy | SISSURRE O e ) Th-alRORYEAIRoNyL, 3 -oxp~3-
can be easily Ié‘%q@ad ASFQPB}’%M gﬁ s(;%teg [ - f mé’i‘?‘y éi[e)

and Ian am no therel oand e dmplwedvd:he sdnreer asf ,thosea ddserf]ﬂed)emoy:he
acrylate a epti de_ t he

addi tion reggtlglr?gfvlgn an 1 aﬁ{q@c%gpoﬂffa sé%ovenphahﬁﬁ; I"Ng thdMﬂﬁQﬁﬁ‘L?

for instance, It @salsdb%mil]@é'dasltp a) spmhinationa ff n¥ daanaYent Publ i cati on
Nos. = 22867/1991 and A@%@g&ﬂr@,} andagapanegﬁg Une)@@fa%lgatenéoncrete

o] Benmoyl SRS 200,20 Lapavenriybas ARShorePH Lor SfvStive
formed so that repres&ndaedgrd)yp i thet hdoarlmula R(II} hetlers ercamd Poe s eﬂnplosmde
as t he: glgov -TFREtRGEFedRbonyl-3—phenylpropyl)-L-alanine,
N—(1-ethoxycarbonyl-3-phenylpropyl)-L—alanyl-L—proline,
N2—( 1-ethoxycarbon:srl-'-3—phenylpropyl)--N‘5 ~trifluoroacetyl—
' ~ L-lysine and NZ~( 1-ethoxycarbonyl—3-phenylpropyl)-N“—
trifluoroacetyl-L~lysyl-L—proline. Among them, a
20 compound having 1S—configuration thereof or one which has
a large amount of a ,com'pound having 1S—configuration are
- particularly preferred. _ .
A reduction catalyst is wused in the above
catalytic reduction. As ' the reduction catalyst, there can
25 be wused those - having preferable catalytic activity and-:
acid resistance, which are prepared by subjecting to an
appropriate treatment at - the time of preparing the
catalyst.- so as to allow the desired main reaction to
proceed preferably under the conditions of the present
30 invention. | | |
‘As the reduction catalyst, there can be used a
- reduction catalyst which can be normally used such as a
palladium (Pd) catalyst, a mnickel catalyst or a platinum
catalyst.. As the concrete - examples of the palladium
35 catalyst, there can be  employed, for instance,
Pd-C, Pd—alumina, Pd black, - Pd-BaS0,, . Pd-zeolite,
Pd-silicaalumina, and the like. As the concrete examples .
of the nickel catalyst, there can be employed, for




- -.18 ; ' As the-[.err]-be_nzoyl acrylate, two kinds of isoners

such. as tarans form and cis form are present. A trans-[err]- benzoyl
acrylate is preferred i view of easiness of preparing the
substrate and i nprovenent |n yield of the 5 preferable conpound having
1S-configurati on. As t he—anido HCId there can be enpl oyed
al ani ne, glycine, |leucine, isoleucine val i ne. As .the

derivative . of the am aC|dt rec | oyed or L.he, lysine
and horol ysi ne, 1@ eq rﬁ)ﬂ?‘e@’r 0&'5 ¥cﬁ3°&‘|1agpr apa lk% t hAsn 4Bg
protecting grouponcrete examples Aoft hehél ppkitiniemt hedtalypst) bt«‘h&l‘@l @4ed be
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t he di peptide tlﬂamngart mseatqily‘spartsd preferradt i do  bhed
of one of gthg tiNesS a a o] he ve
¥ (exoept foynﬁﬁ droxyl 1ev9'§6m)‘E§ YES e %B?o@éfn@ﬁt riﬁx ?'Ea%lﬁﬁfc} ré’fps

derivatives thénpspyement dlﬂbptreééglonand'lelddeﬁpdat FQ@ErOlt h@fe YPr;
a|Ci ds- - or 20 d@fﬁ%l}/ﬁteagez rarrli heleﬂfé{ox?éﬁrb@iﬁf-e%g Io?ex%ylt hQIErwatlve
2yl protect| ngrebretmitell o By ahe” Ritda "N} | fad o fne Trdrbisd s
-L-1ysine; [err phenylprapydup dﬁrlvmwb |5represmmedj byththe formald (IV)
pr ot ec_ting houmf rt'&g}?ﬂa}f &r)ef e”ﬁﬁ‘th%? d—C Ql[ulﬁﬂ{avenhnd
used in the act,i on an
sol vent contai flﬁ@ arey| cBﬁ%ﬁerrég de‘é’crlmﬁw alﬂfve t ‘?Qe i stfi@fl(bﬁded
to wuse the ab@beoholpapﬁculdj-ey sopdeQt ibecanest tprefeieédti onAs the
proceeds - examples of the Pd-C, Pd—alumina or Pd-zeolite, there can
be employed, for instance, those having a palladium
15 content of 10 %, 5 % 2 % or 2 % (high activity). The
reduction catalyst may be used by recycling. '
| The amount of the  reduction catalyst used varies
dependlng on the kind of the" catalyst, carrying rate,
activity thereof, reaction condition, and the like, and
.20 is not specifically limited. In case of the palladium
catalyst, it is normally used in an amount of at most
100 % (w/w) as a measure based on the substrate in dry
basis. In case of Pd-C, it is normally used in an amount
of 5 to 50 % (w/w) as a measure. Under the strong acidic
25 condition in the present invention, a sufficient reaction
rate can be obtained even if a large amount of the
reduction catalyst is not used.
As the reaction solvent in the above catalytic
| reduction reaction, an alcohol or a solvent containing
30 the alcohol is wused, as described above. It is preferred
| to use the alcohol as the solvent in view of the
solubility of the substrate and improvement in reaction
vield, and the likee As the solvent containing the
. alcohol there can be employed a mixed solvent of an
35 alcohol and water. It is preferred to employ the mixed
solvent of the alcohol and water in view of improvement in
reaction yield.

As the alcohol an alkyl alcohol having the same



rapi dly and the yield of the preferablé conpound havi ng 30

1S-configuration is high. As the solvent containing the al cohol

t here can be particularly enployed a m xed sol vent of an al cohol and
water. It is particularly preferred to use the m xed sol vent of an
al cohol and water in view of inprod3enmt in solubility of a .
base, particularly 35 inorganic base, wused in the M chael addition
reaction, [ nﬁrovemant in charging concentr at | on, ovement | n
reaction rate @b Yl mgrouﬁrreaﬁ |tﬂiley| abovef R his c gensyally emp

1S-confi gurati Gpef dh normal cha1n oi!=9 brandh cham
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The wate tent_is
corresponding alkoxyl group of the

1-a1koxycarbonyl—3—oxo-3-phenylpropyl derivative (I) so
that even if  the alkoxyl group of the derivative (I) is
submitted to tranmsesterification with the alcohol, the
15 alkoxyl group is the same as the one prior to
transesterification. = The alcohol corresponding to the
above alko*;r.yl group -is, for example, methanol in case of
methoxy group, and is ethanol in case of ethoxy group.
In case of ethanol, there can be employed an ethanol
20 containing a denaturant such as toluene or methanol,
which is available in low. price. For example, ethanol
containing toluene as a denaturant may be used.
When the mixed solvent of the alcohol and water
is used, the alcohol a water content of which is at most
25 50 % (w/w), preferably at most 30 % (w/w) is preferably
employed. @ Among them, the alcohol a water content of
‘which is within a range from 2 to 30 % (w/w), more
particularly a range from 5 to 30 % (w/w) is preferably
employed. - Depending on the reaction condition, in general
30 when the water content is too higher or lower than the
above range, there tend to arise an increase of the
amount of impurities such as - the 1-alkoxycarbonyl-3-
cyclohexylpropyl derivative represented by the formula
(Im ):



preferably within a range from 2to 30 % (ww, nore. preferably.

fromS5 ta 30 % (ww in view of inprovenent in reaction rate,

i nprovenent: in yield of the preferable compound  havi ng
1S-configuration and inprovenment in 20 reaction yield in case of
conducting continuous catalytic redédt i on. As the base
there can be enployed a primary ‘am ne, a secondary amne, atertiary
‘am ne, a quaternary anmoni um hydr oxi de, an ion exchange resin using

them 25 as an exchange g

_ oup, an al kali metal hydroxide, an al kali
. earth nmetal hydroxide, '

2 Kapi carbgnaie r the | {448y Anong
them a tertiary am ne, Aat erHrg‘rl;@?r%ro di)!l:}m.k&’_‘f])ydroxi de, 'gr?q)al kal i
metal hydroxide, an alkali nmetal ' ate are preferred. As
the exanple thereof there 30 can be” = " ‘enpl oyed triethyl am ne,
tri-n-propyl an ne, tetranmet hyl ammoni um - hydroxi de, = potassium.

hydr oxi de, - lithiym _ hydroxide sodi um hydr oxi de, n&gt,as I u .
féf,leé agévgsgndm

car bonat e, - whereim R, rebdate are the game ascthe
hydr ogencar bonathe = $o8athox pleandprépyiat deriviitivé hareprekent&®b by the

preferably, po ' ydr oxi de, l'ithium hydroxide, sodi um
hydr oxi de, - - pot ?@gw(l‘él bonate, [lithium carbonate, sodi um

carbonat e, potassi um hydrogencarbonate or sodi um hydr ogencar bonat e,
nmore prefergoly, a po \um- conpound -

- 20 - such -as pot as @ Hox-deH ga— CiH ti Ximr donpound such(1ak)
| i t hi um hydr oxi de. |

COOH

- wherein X and Y are the same as the defined above.
15 The above solvent may contain the other solvent
as far as a bad influence is not exerted. '
_ The catalytic reduction reaction is normally
carried out at a strong acid concentration of a range from
0.4 to 5 N, preferably 0.4 to 4 N, more preferably 0.4 to
20 3 N, most preferably 0.5 to 3 N. When the strong acid
concentration is too lower than the above range, the
formation of impurities increases with decrease of the
reaction rate. On the other hand, when it is too higher
than the above range, the formation rate of the
25 1-alkoxycarbonyl-3-phenylpropyl derivative (II)  decreases.
' The term “normality (N)” which represents the
concentration of the above strong acid used in the present
invention, means the number of gram equivalent of a solute
_ (in this case, strong acid) contained in 1 liter of a
30 solution, similar to the case that “normality (N)” is wused
' for water containing an acid or an alkali. For example, 1
liter of ethanol solution containing 1 mole of sulfuric
acid has 2 N concentration and 1 liter of an ethanol
solution containing 1 mole of hydrogen chloride has 1 N
35 concentration. | - o
‘When the strong acid is present in the amount of
at least 3 equivalents, normally a range from about 3 to
15 equivalents, preferably from 3 to 12 equivalents, more



‘'Wth respect to the amount of the [err]-benzoyl ~acrylate, anmino acid or
deri-vative thereof, or dipeptide 5 or derivative ‘thereof and the base
to be used, an equi valent ratio of them based on the base is about 1
to 3:1:1, normal ly about 1:1:1, when 1 | e of each of t hem
corresponds to 1 equival ent. - The reaction tenperature is
within a range from 10 about -20 to 40[err]C. It is wthin a range

from about - t 2 err] G, preferably. ang from -15 10
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m xture  coBt a{@ydlehexyheform) [ ¢lF ] - R&Na0Yby—R@dice! @and 28 Nthaxdmife ¢he
derivative thereéif or | pept.ide or deli)bvgfi'l’ /e qt her,eof alnd spl vent., or
a process 20 wiigil c&fpri $Be  adaalipxyearbon PhenyAPropyl e erayayiye

t hereof, or di péfit).de or derivative thereof and a base or a mxture

thereof over several mnuies g4 Bty W bBid  tfilid I Bgh SOpEhalen nlggéﬂ

be sufficiently_ dispersed into.a m Xt ur e, cont arni ng e [err]-Dbei
acryl ate and _soIhYélri'PgeBS chloride, sulfumc r@ééectafldo thge likeact i ogen

concentrati dg, chioride CiCeedat hon Hf ddde ol N awidtieh def i tafdroehloric

t her eof, or the di e%tidﬁyor de ivﬁl ve t her.gof .can be 1vvlt in.a range
from 50 to 15003 prEfFEaply » RYGEACHIOES 1ifl, 800 embloysd 248 | Vi

As  the  of-ageodyceasimess- 3obxchandlingiy| pHowever, sidfumiet i weid | is,
Solution by onestiPITEPEARA Cn | Gikw! Qﬁist%‘i‘?ﬂ.’?ga?%fna%* flon GF 8
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in combination of 2 or more the strong acids thereof. |

Particularly, when a sulfuric acid having 4 to

10 equivalents, preferably 5 to 8 equivalents is employed,

20 in general, stable control of formation of 'the
1—-alkoxycarbonyl-3—cyclohexylpropyl derivative (cyclohexyl
form) () as a byproduct and high yield of the
1-alkoxycarbonyl-3—phenylpropyl  derivative (II) can be
~expected even if other conditions vary more or less.

25 - The presence of the above strong acid
contributes to stabilization (control of decomposition) of
an unstable substrate, imprbvement in reaction rate of the
catalytic reduction reaction, improvement in solubility of
the substrate and product (reduction in the amount of the

30 reaction liquid) and control of impurities, pafticularly
1-alkoxycarbonyl-3-cyclohexylpropyl derivative - (cyclohexyl
form) (Il ) as a by—product.

Since the acidity is too high wunder the above
strong acidic condition, a pH meter can not give a broper

35 indicating wvalue, To carry out the reaction under such a
strong- acidic condition is very important for realizing
control of impurities as by-products, reduction in the
amount of the reaction liquid and reduction ‘in reaction



I s at | east 70 %are preferred. ) As the X, Y and Rin the

- 1- al koxycar bonyl - ' - 21 -
phenyl pr opyl derlvatlve represented by the forrmula (I1): [err]
(rn) ~ produced by reducing the 1- al koxycar bonyl - 3- oxo- 3-
phenyl propyl derivative represented ~by26ths formula (I ), - there can
be enpl oyed the sane as those descrlbed in the 10 above _
1- al koxycar bonyl - 3- oxo: 3-.phen yl r|v i ve. is also simlar as
to a conbinati obime 3nd, ib‘gs]ﬂ erl(f of the rPﬁ'QFBJ as the '
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~on the react1on solvent is normally within a range from
10 0.1 to 1 mol/L, preferably from 0.1 to 0.8 mol/L, more
- preferably from 0.2 to 0.7 mol/L. When the ‘reaction is
‘carried out within the above concentration ‘range, there -
can be accomplished advantages of the present invention,
such as giving  the 1—-alkoxycarbonyl—-3—phenylpropyl
15 derivative having high quality in good yield and high
- productivity. Since . the optimum strong acid condition
slightly varies with the substrate concentration, it is
preferred to  increase the strong acid concentration and
to decrease the amount of the strong acid based on the

20 substrate with increase of the charging concentration. .
o - The reaction temperature in  the catalytic
reduction reaction is preferably within a range from 0° to
60°C, preferably from 5° to 50C, more preferably from
10° to 35C, most preferably from 15° to 30C. When the
25 ‘reaction temperature is higher than the above range, the.
- amount of .  the 1-alkoxycarbonyl-3—cyclohexylpropyl
derivative (cyclohexyl form) (II) and the 1-carboxy—3-
phenylpropyl derivative (carboxy form) (V) increases. On
the other hand, when the reaction temperature is too lower

30 than the above range, the reaction rate is lowered. |
- The catalytic reduction reaction is preferably
- carried out at an agitation power of at least 0.2 kW/mS3,
more preferably at least 0.4 kW/m® most preferably at
least 0.5 kW/m®, so as to avoid decrease in reaction rate
35 and increase in formation of by—products caused by lack
of hydrogen supply (contact). The upper limit of the
agitation power 1is not specifically set, and the reaction
can be normally carried out at 2 kW/m® or less without



catalytic reduction. As the reduction catal yst, there can' 25 be used

those having preferable catalytic activity and aci d resi stance,
whi'ch are prepared by subjecting to an appropriate treatnment at the
time of preparing the catalyst so as to allow the desired

main reaction to proceed preferabl 37 under the conditions of the
present 30 invention.. As the reduction catalyst, there can
be used a reduction cat yst which can be normally used such as a
pal | adi.um ( Pd) CRUSLRLy & ProRl€hj cke|l catalyst or a platinum -

cat al yst. As the concfThee abwepl eataquncth:edumicbmdlneadﬁoncatﬁySbe
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preferred in the 5. nt hetlc Vi E%OI nts_,of .the gvement in

reaction rate, s fent 4G e tof"bn 1:d zfr’f&l U o?rwuﬁpod&ets
(such as an 1- aﬂﬁoxykg/tmﬁﬁl 3-prefenaldlyy | pfromy| ddmiosphieric  prepsesent éd

lro)éprteggnt ]:38 by IE{he #@?”?I\g?el%ifgfe?gpll&bggrowePgﬁﬂé#ﬁh&fﬁ' 9%%@‘1%‘ a4 V%o
Pd-C, Pd- al uni erefore, a specl expensive equlpment
for reaction applymg pressure is not required. To carry
out the reaction at low hydrogen pressure furthers control
of formation of the —alkoxycarbonyl-S—cyclohexylpropyl
15 derivative (cyclohexyl form) (Il ) as a by—product. '
In the catalytic reduction reaction, it is
preferred to stop the reaction before the reaction
intermediate (alcohol form) represented by the formula:

20 | - |
| cn—cnz—cn—x—y
l .

OH COOR

“wherein R, X and Y are the same as the defined above
25 disappears. When the reaction is still continued after
the reaction intermediate disappeared, the amount of the
1—alkoxycarbonyl—3—cyclohexylpropyl @ derivative (cyclohexyl
form) (M) increases significantly to cause an increase in
the amount of by—product. The reaction is stopped when a
30 residual rate of the reaction intermediate -is within a
' range from 1 to 15 %, preferably from 2 to 10 % The
progress of reaction (consumption of the reaction
intermediate) can be known by monitoring the progress of
. reaction (consumption of the reaction intermediate) using
35 HPLC, GC, and the like. It is also possible to employ a
method of stopping the reaction at the time when hydrogen
is absorbed in an extent from the amount required to
complete the reaction to somewhat less amount.” In that



Pd-zeolite are preferred in view of those described above.
Particularly, Pd-C is nost preferred. As the exanpl es of the
Pd-C, Pd-al um na or Pd-zeolite, there can be enployed, for instance,
t hose having a palladium15 content of 10 % 5 % 2 %or 2 % (hi gh
activity). The  reduction catal yst—mag8be~used by recycling.

The anpunt of the reduction catal yst used varies depend| ng on the

kind of the catalyst, carr activi th reof eacl i gn
condi t1on, " andeae | fire Drekirah t6';Stop, thepaenrtibar | yher abouk % i
~case of the opflhydifogen is absaibesk , | t is normally used in

-Sgt;unt OLagfsmSTn caséogfs‘ ?5%%? liflﬁ/ usego é&%laﬂ)ig f&ﬁ@cﬂ&ﬁn

fo 50 % (w w) aseactiensurof. u'cher pnesem‘r onireasitios, 251t co!ﬁjlthSSIblel toe
present '”Vsntbﬁf‘ama asuf hi %&ce&ﬁ:i‘ﬁhbﬁ” readfdbf  Cadluthsh OQifa' ”%ﬁe

even ge,, anoun uction c Ial IS not used.

As t he react i oi “alkoxycar ’HY 3n—é) %@@pgat a#?‘fllvé‘ ve éHu)ct i gha\']é’gct i 8n,
- al coh?It or acentaretratiot asnitrméo fbhe sﬂpaclhnbnls w&dedals digscrafred
above. is err so n..
view  of thep]&ﬁg Sgglgllﬂlf)b o] h(gh §F€éﬁ§ ndnﬁ?%g?lgxen@nt }Q%eatrt‘(?%n
yield, and thebout kd.1 A0 tlhemoidl.)/enontmmngl rd nyeryhesmall ‘smoumt of
there can bggemphgyed a mrcefikasa%xarso -80cvdlo p@kgg%bggnd na! erivatives

preferred to e ' hol, and wat
view of inprov PﬁPﬁYP fOF@gct i) W]él can not be eagdy: yemg obY

an al kyl - al cohopukificaionhpe $anea short time, without using a large
amount of an expensive reduction catalyst and a special
expenswe equipment for reaction applying pressure.

15 - - . Next,  the process for separating the
1—-alkoxycarbonyl-3-phenylpropyl derivative (I1) from the
reaction solution after the completion of the catalytic
reduction reaction will be explained.
| . After the completion of the reaction, first of

20 all, the reduction catalyst 1is filtered or sepafate_d and
the strong acid in the reaction solution is neutralized
or removed (when the strong acid is hydrochloric acid,
for example, it is also possible to remove it to some -
degree under reduced pressure). And then, an acid

25 component, which is not favorable (required) in  case of
separating the 1-alkoxycarbonyl-3-phenylpropyl  derivative
(I1) being present in the reaction solution, is removed to
adjust the pH of the reaction solution to a value near an
isoelectric point of the = 1-alkoxycarbonyl-3—-phenylpropyl

30 derivative . (II). The  isoelectric point of the
1-alkoxycarbonyl—~3—phenylpropyl derivative . (II) which
varies more or less with the kind thereof, is normally
within a range of pH 4.6 % 1.5, preferably pH 4.6 =
1.0 'In case of the pH within the above range, the

35 solubility - of the 1-alkoxycarbonyl-3-phenylpropyl
derivative (II) in the aqueous solution becomes minimum.

To employ an inorganic' base as a base for pH
adjustment is preferred because in case of an inorganic




. -+23 - al kyl group as the above R is generally errpl'oye_d. It is

preferred to enploy a normal- chain or branched chain al cohol having 1 to
8 -carbon atonms in view of inprovenent  in solubility of the substrate and

| fpprovenent in reaction 5 yield. It is re preferred to enploy a nornal
chain or branched chai n monohydric al cérol "having 1 to 4 carbon atons .
in view of |ow cost, easy handl i ng and eaSI ness of r enoval in
separating the, 1- aI kox onyl {1 ropyl deriyv t| ve I -
after the conpPee h %@5 fﬁ 18, €a¥, el 2 ]os SO% the

preferred to dn'allngxycmrbonyboﬁhcphenylpnopyb powerinative o (II an  to al keastle
group  of oxy rbo X0- phe pro vat
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. koxy group ¥ the er|v
submitted to Qemsauveruthem.o@an wi ben pneferabbr:ohsmpoy% 1gn a|aakn;a|

group is the pidte B‘j‘rdréﬁﬁie,onﬁn p%lll&ﬂl tfetal {ICAPBORARY, fhﬂéli on.metal

g::nm 2| C%?Lanéord}eapon "eﬂ%ﬂt xyﬂb‘? ﬁgveaﬁg%g’ég ﬁ%&“ in %gg;albﬁh

et hoxy - group. metal cashaydxfo:adbanosuch heias casndiunerrplhyyh'dxade et hpotdss?Gm

containing a t a e t
available .in | E)k?a%]’e lﬁ:ll“ll‘;—‘ﬁm 5>¥d}8%‘y&‘é] o I'F@ 1688 COﬂ?&I%I ng f&?uene
as a denat urant Vﬂfﬁ‘ﬁ pef yeesiness of han m&heﬁl h§ iyta g hsglrpxide ofs ¢ most

al cohol and 1@at greferrdd USFHe tﬁaeealfsohgkeﬁr\aﬁher emplb?éd s Wancth@eoais
nost 25 50 A)(vv/mﬂﬁ]referabl at _nost

%éfw/ re erabl N
enpl oyed. Am)n - coffd 2qu -eR/H?er Bnt €of 1T |?s0
within a range fsodium tdlﬁ@r@mdﬂ/ vv)solnbroen in paviewul af! y ther amgmetfabmhtﬁ

0,
Condr o (REIENY MUNES sodit bkl hobAI 0 1
“than the aH@e pr % OYEee- &i"@ %ﬁﬁ 1iohc adgedoils t
: ' .15 lumted thereto, necessarily. Those may be employed alone
or in combination thereof.
- In order to dissolve salt formed at the time of
pH adjustment in the aqueous solution, removal of the
_ “alcohol in the reaction solution and addition of water are
20 optionally conducted before or after the pH adjustment.
It is preferred to adjust the content of the alcohol in
the aqueous solution to a range from about ¢ to
20 % (w/w), preferably about 0 to 10 % (w/w), finally.
Normally, it is preferred to carry it out after the pH
25 adjustment in view of stability of the product. L
: It is generally preferred to  adjust the
 concentration of the above aqueous solution to a value
near a saturation concentration of the salt so as to
minimize the solubility of the 1-alkoxycarbonyl-3—-
30 phenylpropyl derivative (II) by the salting—out effect of
the formed salt. - However, since the salt formed by
 neutralization reaction is contained, it is not necessary
to add an additional salt, usually. o .
- In the catalytic reduction reaction, the
35 l—carboxy—3-phenylpropyl derivative (carboxy form) (V) is
normally formed as a byproduct in the amount of about
10 % (w/w) or less based on the l-alkoxycarbonyl-3-
phenylpropyl derivative (II), although the amount varies



ampunt of inpurities such as the 1-alkoxycarbonyl-3-

cycl ohexyld propyl derivative represented by the formula NEREDE

- 24 - Jerr] ' ' (rrr) 5 wherein R, X and Y are the sane
as the defined above and t he 1-carboxy-3-phenyl propyl derivative
represented by the formula (1V): [§rr§010‘

(rv) wherein X and Y are the sane as the defined above. 15

The above sol vent may. contain the other, .solvent ,...as fak,as bad

i nfluence is noaeg%ﬁn&j. &n" the reaghion . fapditiotl | o a&igln_ca¢8§¥i_§ﬁ |

is normally phenylprdpylt ademivativeng acadboxycenforzn) on (@¥ )a r gaage f bem
0.4 to 5 N prefepgihed Oif 'Phé Mod®hl PL6IRIER) ¥ t9g8th& with the salt
formed by the neutralization reaction or pH  adjustment,.
5 because of comparatively high solubility in the aqueous
solution  within the -above = pH  range. Therefore,
1-alkoxycarbonyl—-3—phenylpropyl derivative (IT) can be
separated from the  1-carboxy—3-phenylpropyl derivative
~ (carboxy form) (IV) remained in the aqueous solution by
10 crystallizing the 1-alkoxycarbonyl-3-phenylpropyl
.derivative (II.) formed by the catalytic reduction reaction
in the aqueous solution or by partitioning or extracting
it into the organic solvent from the aqueous solution.
As the method of crystallizing the
15 1-alkoxycarbonyl-3-phenylpropyl derivative (II) from the
aqueous solution there can be employed a concentrating
crystallization .  method = after the pH  adjustment
(including a solvent replacing crystallization method by
replacing a solution of @ the other solvent (such as
20 reaction solution) with water), a cooling crystallization
method  after the pH . adjustment, a  neutralizing
crystallization method by adjusting the pH to the above
"pH range,. a method of combination thereof, or the like.
. Among those - crystallization methods, the concentrating
25 crystallization method ‘after the pH —adjustment is
 particularly preferably used in view of the operability,
quality of the resulting crystal, filtering  property,
drying property, and the like.
As the method of  extracting the
30 1-alkoxycarbonyl-3—phenylpropyl derivative (11) from
the aqueous. solution there can be employed batch~wise
- extraction method, continuous extraction method, and the
like. - | |
As the organic solvent used for extraction there
35 can be employed, for instance, a halogenated hydrocarbon,
an acetate, an ether, a ketone, and the like If
- necessary, the other organic solvent such as toluene can
be used in combination. '



- 3 N, nost preferably 0.5 to 3 N - Wien the strong acid _
ggncgntratloh pIS t oo ylomer than the above range, the formation
of 'inpurities increases with decrease of the reaction rate. On the
other hand, when it is too higher than the above range, the B
formation rate of the 25 aIkoxycaTboa}I -3- phenylpropyl derivative
(1) decr eases. The term’ nornallty (N)" which represents the

concentrati on of the above,str a used i,n the, present i nventi on,
means the nunber of gram éﬁw 3&%%&‘4‘? enated,;; hydrocarbemi sthere, ean onbe

aci d) contai ned émployed,er fir a 3fstameyt i anetlsylenkar ém°%’“£‘ﬁ ;ﬁﬁﬁ}dﬂiﬁf
it ug t L Ngg.an aci

egg:rpn?el >1/ (N)I |?’§‘? oflgetlﬁanol A/g 3{1} Q‘g‘%&ﬁ?ﬁ’l nt%y $XAYPE ofd sHPF aln

acid has 2 NOEohE |&ha1nn@lklllesmr havmg dt hanob cardonut 4ins

‘containing 1 §olg o ray&{@aenlﬁhlﬂé“ﬂeogasl %v%?ner&omf %Q?{lgﬁga, \?£| the

When the strong fC IS pre ol he_anou ui ,
normal |y a range T4l 8{]‘?0 r]té phegg REPR%al ents @afamy from 3 {9)12
equi val ent s, rmrBartmularly, bethycl]I acetate is f mostS;J b e ' ggtiblr%’l .
f 3t al a n noke o

01[O[nhe sugstrat 3)1 egg%tﬁds tzgl an %Rﬁ\?; RYEPOSE ¢ SO %p @Bb s t%aS.lY |
control the f n and, furtker, it is easily removed because of its

1- al koxycar blghy|ccﬁn aledtq)h%)y%/l PIERY! bmhr%erl bai“i‘féde Aé cy h%hex&h&gir mfof
111 as a [ an 0 el d
(1 al kZ)xycar bo%ylo & “Clltg-?nyl ptsds #ﬁéf najlyt i \iget Yl t butyl ether, or the

11ke is preferred. As the ketone, for example, methyl
ethyl ketone, methyl isobutyl ketone, acetone or the like
is  preferred. Among them, | methylene chloride, ethyl
15 acetate, a mixed solvent of methylene chloride and toluene
or a mixed solvent of ethyl acetate ~and toluene is -
preferred in view of good extraction efficiency, easiness
of removal and easiness of handling. _ _
o In case of separation, impurities may be removed
20 by extracting impurities after previously adjusting the pH
of the aqueous solution to the pH range other than the
above pH range, for example, a pH range less than 3.1 or
more than 6.1, or the organic layer after extracting may
be washed with water within the above pH range, prior
25 to crystallizing . or extracting - 1-alkoxycarbonyl-3-
phenylpropyl derivative (II) for the purpose of avoiding
inclusion of impurities at the time of crystallizing or
extracting -alkoxycarbonyl-3—phenylpropyl derivative
(). | |
30 ‘When the -alkoxycarbonyl—3—phenylprdpyl
derivative (II). is an amino acid derivative (Y is
hydroxyl group in. the above formula (I1)), it is liable to
be crystallized from the aqueous solution and, therefore,
a ‘separation method - by means of the above crystallization
35 method is preferably used. Particularly, the
concentrating crystallization method (including a solvent
replacing crystallization method by replacing a solution
of the other solvent (such as reaction solution) with

=




(rr ) As the strong acid there can be enployed
hydrogen; chloride, sulfuric ~acid, and the like.  Hydrogen 10 chloride

is used as a gas or a solution of hydrochloric acid, preferably
hydrochloric acid is enployed in view of good easiness of handling.
However, sulfuric acid 1is nost pref82red in view of control of
fornatlon of the 1- alkoxycarbonyl 3-cycl ohexyl propyl derivative

| oh | 15 duct d t]
(L0 Y e Gewted) prater) . Hhenoall neadbtinesh aibnopeorably  employed.
Igonb' nalt ' Oln of mwmn ”D'tflet hel-%lk@ﬁgcﬁ%diﬁylt-fiephéﬁylpropyl derivative (II)
preferably 5 (8 & ciPeRHich SOPEIvERTOudd, B 3 nSUbEUFar. Oliery ghan
gon_t rol  of (hgrdlmkybnlgroup int hthe abbvel I{ox;mﬂagqmw},B 1d:yCﬂemlulsdxy1tq)r bey|

erivative Xy a n

yireld of t F? ay?@i}gl@;g;%ycab%on%y§ﬁ%e%9gﬁopé eri vg‘ﬁlbz;seéth Qn
‘can be ‘expabt e Ief & heePaG/RIN | hodr ybyromeaps |@ssthesa
'The  presence exffactiff mefhOdcis pref@iibl j)Ii)yed contr| butes to

stabilization - (control deconpogsi tion unst.ahll e s bst ate
i nprovenent in reaction rih@ eP%E ? p&r@qqp réﬁucf” a % at
i nprovenent in tempeiratune o6f at uilmstsub%"(}a,t enmﬁahyo@ctal(geadfnmnoﬁ"l o

the anmount gqf t@gu@O fa%?ﬁb fr {.nglilod) control of inpurities,
particularly 1- él%ox carpbonyl-3-cycl ohexy pr pyl der| vative
(cycl ohexyl form. (I I I efhs a bytheoduct. oxycarbony ~Srphenylaropyl

acidity is toodebiwdtivendgiIfhe igabowa mﬁﬁéon&qirél di derdoativie on(Ya @
Feacti on under “DHarBEY P Brotn, "7 BE onaBBre | CFEHih ) o, athe
for. realizing crystalization of IS| cted aat byaprctﬂm@esaturraaduoflomotl n
the - anoyst 9ésd NehaeacBoRn | iquisl ubd elufitded) iprefeAsBlyoNat a high
temperature of a range from 40° to 70C.  The
crystallization at a high temperature within the above
range contributes to giving a crystal having high purity
and good separation property. | : '
20 When the 1-alkoxycarbonyl-3—phenylpropyl
~ derivative (II) is a  dipeptide derivative (Y is a
substituent other than hydroxyl group in the above
formula (II)), the crystallization 1is conducted at ' a
temperature of not more than 60°C, preferably not more
25 than 50°C, more preferably not more than 40°C, normally a
' range from 0° to 20°C. ' _

The aqueous solution in the separating process
of the present invention means an aqueous solution
essentially containing water as a solvent (the content of

30 water in the solvent is at least 70 %, prefe'rably' at least
80 %, more preferably at least 90 %). For .example, it may
contain a small’ amount of the other solvent such as
alcohol (for . example, ethanol used in the reaction) as far
as a bad influence is not exerted.

35 | After the above crystallizing operation, the
resulting crystal is separated and washed by a known
method such as centrifugal separation, ' pressure

filtration, filtration under reduced pressure. After the



- .26 = time and high yield of the de5| red product . Under

t he above strong acidic condition, it is partlcularly preferred to
enpl oy an al cohol having a water content of 2 to 30 % (wWw as a
reaction solvent and to 5 enploy sulfuric acid as a strong acid.

Wth respect to a charging conCenBBat "on in the reduction
reaction, the concentration of the

1-a|koxycarbony 3 0XO0- ph ro derlvatlve ()

reaction sol ven@PP¥€nor Fl Fé @Pgﬁ 3¢ ¢ onthe ei‘trﬁ‘%lori rmIS)OEutlon

preferably froms Ocobncentrdted - nmmler natmosphemcef grassuref r o  etuced
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‘present inventi @henylprmndhdernmtwe @ving - the

1- al koxycar begny! - 3- phenyl ]qt}ﬁ%yl 15  4¢gpl vat i vq_ Obﬂ
good vyield an agjq qducti vity, Si .op t| i

acid conditi on 1Vght I& var 83 V\P@ h Q bstlpat ncdﬁ ti dﬁl
it is pref er raﬁgéofmmrmsgo tgle %t rong aci d concentration and to

d th t of th d h bst 1.t h

e ease ot e char o1 ng AsToLfife, g, thE> relint e‘“@ﬂaﬂhfe@?ﬁ’%ﬁ“ of
tenperature inthehe cat htglikoxycarberyirdricyalohexyipoopyls pref erdetiyative
within arange f(egeldhexgl forﬁﬁ[%gi)cagorsf éﬁv? bdiepmat UheOtid ] 6f i

Whon the 35 ' ogeteltic | e o i9 die Sbankbe rsae, Hhee

armount of thet hd-carbenjrk&xyhmﬂ@mpyB- cydd:mlwamwlepr om;zarboxy form)
derivative (cyqpphexpdrmd®’ Ms @ ! 'ﬁy—p%ﬁuc{:heis Leffddively3 removed into
| the aqueous solution.  On the other hand, the desired

15 1-alkoxycarbonyl-3-phenylpropyl  derivative (II) can be
obtained in high yield from the aqueous salt solution
formed by neutralization. Anothér step for removing the
1-alkoxycarbonyl—-3—-cyclohexylpropyl derivative (cyclohexyl
form) () and  1-carboxy-3-phenylpropyl  derivative

20 (carboxy . form) (V) by |©purification is not normally

- required, but the purification may be conducted so as to
give a product having higher purity. _ :

- As - the  preferable - 1-alkoxycarbonyl-3-oxo—
phenylpropyl derivative (I ), to which the above method of

25 the present invention is applied, there can be employed
those wherein the combination of X and Y is -L-Ala— and
‘hydroxyl group, or -L-Lys-, o —amino group of which is
protected with an acyl protecting group and hydroxyl
group. .= In  that  case, in order to separate the

30 1-alkoxycarbonyl-3—phenylpropyl derivative (1) wherein

| the combination of X and Y is -L-Ala~ and hydroxyl group,
or -L-Lys-, o —amino group of which is protected with an
acyl protecting group ‘and hydroxyl group, a process for
crystallizing it from the - aqueous solution and separating

35 the resulting crystal as described above is preferably
used. In that case, there can be obtained several
advantages such as that a large amount of the crystal
is obtained from the aqueous salt solution formed by



phenyl.propyl derivative (carboxy  form) (1V) increases. On t he ot her
hand, when the reaction tenperature is too |ower 30 than the above range,
the reaction rate is | owered. ' The catalytic reduction
reaction is preferably carried out at an agitation power of at |east
0.2 kWnierr], nore preferably at Teadt 074 kWnierr], nost preferably
at | east. 0.5 kWnjerr], so as to avoid decrease in reaction rate 35
and increase in _ formation  of by-products .caused . by  J|ack of
thes " th

hydrogen suppl Jeuirabizatign, BerSten nilp  §iMmplene that ;@n aqrganic
power is not sgelvehtcal lig safot andaddibionallyact i ased, caid be tlestmal | Yhe
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reaction can becan cheri effioifmtlmderemovedxge fltomist npartieularlypr epsefierred
700 20 kgl chpc® Accorgige o bf’é%“?_*@%’syé@?%‘ﬁ‘ﬁf%‘ﬁbﬁﬁp%ﬁ'ﬁﬁﬁﬂﬁﬁ
the present itRfdMERon, PYa L8NG m%? ethoxyqar banyly Q?‘é’npg’@ =5

‘when t he hydr ogEralanéae.ur e is within a range from about atnospheric
Poc10. 5 Roronfert] G nohg b etbBhni y mettiod LOThE O TREVEENiGind' S0 the
2 kgl cnferr] G laakoxyeerbonyk3—phenylpropyl expdexivativeequi pHeht  wheyein
reaction appl ViRg cBdiANfidn I6f "R anPdUY T €6 ~L*AIS2" Gpd hRioxyl® group,
reactl.on at [ow hyd_ro%?n_pressure.-..furt ers ¢ ntrﬁl . Of forr{atlon. of ~
the 1-al koxyc8¥ boHyidR ey c@orAMiNG 8P of which is  protected with an
acyl protecting group and hydroxyl group from the -aqueous
solution, = there can  be employed a  concentrating
crystallization method (inclilding a  solvent replacing
15 crystallization method by replacing a solution of the
other solvent (such as reaction solution) with water),
after the pH ‘adjustment a cooling -crystallization “method
after the pH adjustment,  a neutralizing crystallization
" method by adjusting the pH to the above pH range, a method
20 of combination thereof, or the like, as described above.
Normally, the concentrating crystallization method
(including a “solvent ref)lacing crystallization method by
replacing a solution of the other solvent (such as
reaction solution) with water) after the pH adjustment is
25 preferred.. In crystallization, impurities may be removed
- by extracting impurities after previously adjusting the pH
~of the aqueous solution to the pH range other than the
above pH range, for example, a pH range less than 3.1 or
more than 6.1, prior to crystallization for the purpose of

30 avoiding inclusion of impurities into the crystal.

| - The crystallization can be carried out at a
temperature of a range from 0° to 100°C, normally 5° to
- 90C, preferably 10° to 80C, but it is preferably not
- less than 30°C, more preferably a range from 40° to 70¢C.
35 The crystallization at a high temperature within the above
- range contributes to giving a crystal having high purity
and good separation property. Finally, the yield may be
increased by cooling to not more than 25C, preferably




15 derivative (cyclohexyl form) (111) as a by-product. In the

catalytic reduction reaction, it is. preferred to stop the
reaction before the reaction i nternedi ate (al cohol forn) represented
by the forrmula: [err] 20 - wherein R_X and Y are the sane as the
defined above 25 disappears. When- The3breaction is still continued
after the reaction internedi ate di sappeared, the anmount of the :
1faLkoxycarbonybr3-cycIohexylpropyl derivative (cycl ohexyl - form
(I'11) increases Qﬁbnificantly to cause an increase in t he amount of

by-product. The reaction Nexsf or}t_hed phecess 30f r'dsédtmifsenﬁt dgwghtidxhefor

reaction inter ate  is t hi r to . .- _

preferably fromgggé%ng 10 (%h\@ Thef'alﬁ%‘ﬁ’%#@@gﬁ'gr BE]FQXICRI}O Pﬁ (()éjc?ﬁémf’feon

of the reacti§6H) framerntheat el—alkoxpeathanyi—8yphenylpropyl t rderpvativess

of react gon ti i15 € h ORxritNt [ |

HPLC, GO, and trsﬁfﬁ?*@a B e, fobula REE) Cwith! BRIEK! ShE) LHarBihS
%, atidsr bggr an (V)

It o e
st oppi ng the redch yipranyd « drEivatLve hﬁf%&%ﬁnteraj
extent fromtheceeRists willubeegkplained. conplete the reaction to sonewhat
less ampunt. In that When the 1-carboxy-3—phenylpf'op7‘9c'i- " derivative

(V) coexists as an impurity with the 1-alkoxycarbonyl-3—

10 phenylpropyl derivative (11), the 1-alkoxycarbonyl-3—
 phenylpropyl derivative can be obtained by crystallizing
or extracting in the presence of water to remove the
1-carboxy—3-phenylpropyl derivative = (VI), followed by

. separating the 1l-alkoxycarbonyl-3-phenylpropyl derivative
15 (I1). S S | |

The above process may be the same as the

separating process in “the -process of the present invention

for preparing the 1-al_koxycarbonyl-?»—phenylpropyl
derivative (11) . - ' .
20 ' The above process is preferably conducted in the

presence of water whose pH is adjusted to a value near
isoelectric  point of the 1-alkoxycarbonyl-3-phenylpropyl
derivative (11). The isoelectric ©  point of the
1-alkoxycarbonyl-3—-phenylpropyl . derivative (1) which
25 wvaries' more or less with the kind thereof, is normally
Wit_hin a range of pH 4.6 * 1.5, especially pH 4.6 % 1.0.
In case of the pH within the above range, the solubility
of the 1-alkoxycarbonyl-3—phenylpropyl derivative (II) in
| the aqueous solution becomes minimum.
- 30 ' It can also be obtained by dissolving the
- 1-alkoxycarbonyl-3—phenylpropyl derivative (I11) with which
the 1-carboxy—-3-phenylpropyl derivative (IV) coexists with
an acid or an alkali, adjusting the pH of the resulting
solution to a -value near isoelectric point of the
35 l-alkoxycarbonyl—3-phenylpropyl derivative (I1), followed
by  recrystallization,, or followed by extraction and

further recrystallization or partition by replacing the
solvent.



case, (it is preferred to stop the reacti on when about 90 %  of hydrogen
I s absor bed. According to the nethod for catalytic reduction
reaction of the present .invention,- it 'is possible to 5 obtain a
hi'gh-concentration reaction solution of the

1- al koxycar bonyl - 3- phenyl propyl derivati Jé (LI') (havi ng a

concentration suitable for separation carried out after . the
conpl etion of the reactio normal | y af*anefrom about 0,1 to 1 nol/L)
containing a very small a t &ecuystalligation  and extraction ~can b

1-al koxycar bonylcoﬁdw@é@hewl pumpWsame ¢evbrdllizing metliod! adtexydxtiactihg
(1'11) which can%%tkwgf gaal r enoved %1” Purlflcatlon in a short
time, wthout 0 ﬂ@ve SCRALEHPE P gﬂessexpenm ve reduction

cat al yst and a special The expe]nsalkexycmrhmxylh&:phem}dmt)pyh appdl@mvgtlve
pressure. pro or se _
1- al koxycar bonyl(-ls phena#}%r op der| vat i vg&%??ﬁl b(}' %?&lbﬂ%act 1.on
solution afterl ?{ YIPHQPYI:atGWNﬂEIVG (rlbéluctwléh r &elaiichon

¥M 'l tbef e>2<8| ai lnlﬂthe thl-carngyt-3—pﬁieh9%prdﬂiﬂ M?ﬂ%l?@n (SW )t h%oeki#t@t i Silih,
irst o a e r.educti,on_,ca iltere epara e
and the st ragh oﬁgﬁc i n° Iyﬁgt, reablﬁ%mg sgrut |r(ﬁP qlgg netits al PLEGUC

or renoved (vvhersdmist woith awiatier s tioydrembwer i theacildcarboxy-d—phenyiptrepyl
it is alsq gﬁ% r?ﬁ&y aﬁfg% gr ee under reduced
pressure). - ﬁéﬁve %‘(L) e\giér afld alhzhn%e not f.avorapl e
(required) i n case e. sep ﬁgycalﬂpnyl-S—pheny propyl - derivative
1- al koxycar bonyI(IB-)pherchpropmso der ibeat i vebtained! | ) Wei ng disscleiigi n: il
reaction soluti _ th th ac S on
to a val ue near r?lkg’d’ﬁ%%&?&&t? Bhetbg&;ﬁp%&bf 8?%(? a’l?{ve e(Iﬁ wl%ﬂ %chlh -
1- al koxycar bony|the phtnganhozpyi3—phenyépropyli valerivative  (IMe coesisfisectim ¢
point . of 1ghep oﬂgﬁhhoxséswéﬁnyl w%s yl ?lg@pyfesult Hfy | \oluvion  with

whi ch . varies or less wt ]e i's . nor,nal | ,

within a rangeV® r pI—F°4 gemove s they of @5&’9"% TP elgflpropyl 1. derivagive

case of the iV )w thand tdzgrstalimmg rafrgm the organic layer formed

after washing. : |

According to the above process, the l-carboxy—3-

20 phenylpropyl derivative (carboxy form) (V) 1is efficiently
_removed in the presence of water and the l—alkoxycarbonyl—
3-phenylpropyl derivative (II) can be obtained in good
yield. : o L

When the 1—alkoxycarbonyl—3—phenylpropyl
25 derivative (I1)  contains the 1-carboxy—3-phenylpropyl
derivative (V) as an impurity, the 1-alkoxycarbonyl-3—
phenylpropyl derivative (II) can also be purified so as
to further increase the purity of the 1-alkoxycarbonyl-
3-phenylpropyl derivative (11) by removing the
30 1-carboxy—-3-phenylpropyl derivative (V) and separating
the 1-alkoxycarbonyl-3-phenylpropyl derivative (II) in the
presence of water, using the above process. S
Next, the process of the present invention for

obtaining . N—(1(S)~ethoxycarbonyl—-3-phenylpropyl)-L~
35 alanine by crystallization - from  N—(1(S)-ethoxycarbonyl—
3—phenylpropyl)-L—alanine with which at least
one - of - N-(l-carboxy—3—phenylpropyl)-L-alanine . and

N—(1(R)—ethoxycarbonyl-3~phenylpropyl)-L-alanine coexists



35 solubility of the  1-al koxycarbonyl - 3- phenyl propyl

derivative (11) in the agqueous sol ution becones m ni num - To
enpl oy an inorganic base as a base .for pH adjustnment is preferred
because in case of an |norgan|c - 29 -
base treatnent of waste water is easy and3?& 1vss of the _

1- alkoxycarbonyl 3-phenyl propyl derivative (lIl) to wast e wat er
can reduceﬁ by the: salting-out effect. Generally, there
can be pr ef er Wlybe explained. an alkali 5 netal hydroxide, an -alkali

nmetal carbonat e, aI kal i Bynetal cry@ygmiczgﬁgcarbonN—Ql(S)a-@ghoj@@arﬂdﬂw-g—
Anmong them ﬁ@' _rr_l_etal hydrOX|de such sodllum dN;»&de
- potassi um hyBPSQ ogyrl} WOXI e, &P thé’qPFRIéSI S %‘?é‘ﬂeqq’ed
vi ew of easi nessaﬂbom%ph@ylpndpydeualamﬂeom de (carboxt 10 deeivatiee),
The base is pgrefg olution such as an ~
aqueous of aBr ange rom?gg &*ggxf\ll%f ?‘gélg% ﬁmgr O§I de soI utjon in _view of
the operability. Parti Whew |y, the sodUA{S ﬁ?ﬂh@%]’%rb%lu& on
(9 to - 10N ph&nplﬁfoqjyap*w—aaaﬁiﬁyedforﬂé& bBy‘e thebe casgldtic niaédﬁéuon
limted theretQ bqgc%ﬁsar oY may _be er’glo ed  al one o :
conbi nati on the € pr cess fb\?dé’re?%“ Vcﬂr\yéogalﬁ ﬁ?P?rEﬁ eéj( PXe
time of ~  pH thej ustyatallizing mm:hoahuumud:hesoahove)n ,aqueensy asolutiorn hdén
al cohol in fype c | Ufei on ad of re:20 Lona
conduct ed bgf olrﬂélé Qﬂ e§$ lbtf theam%% gféé 1n%h?{01? |1% pre ﬁev?"?ed
adj ust the conBehibl 1th heln al enhmaqueous 30111131011 contamlng the salt
formed by the neutralization and is obtained in high
crystallization -yield. . N—-(1-carboxy—3-phenylpropyl)-L-
alanine formed as a by-product by the “catalytic reduction
15 is removed into the aqueous solution.
_ As the salt mentioned above, sodium = sulfate,

- sodium chloride, and the like are preferred because the
amount of - N—-(1(S)~ethoxycarbonyl—-3—phenylpropyl)—L— -
alanine  crystallized is increased by the salting-out

20 effect. In particular, sodium sulfate is preferred.

' In the above crystallizing method, the pH is
adjusted to a value near isoelectric point of N—(1-
ethoxycarbonyl—3-phenylpropyl)-L—alanine. | Although the
isoelectric point of  N-(l-ethoxycarbonyl-3-phenylpropyl)-

25 L-alanine is. pH 4.6, it s obtained in  high
crystallization yield if the pH is adjusted to pH 4.6 %
1.5, preferably pH 4.6 %+ 1.0. .
| The resulting crystal is separated, washed, and
then collected by wusing a method such as centrifuged

30 separation, pressure filtration, filtration under reduced

' pressure. :

It has been found that, when the reaction
solution obtained by the catalytic reduction reaction of
the present invention 1is wused with employing N—(1(S)-

'35 ethoxycarbonyl-3—oxo—phenylpropyl)~L—alanine with which
N—( 1(R)—ethoxycarbonyl-3-oxo-3-phenylpropyl)—L—alamne
isomer . coexists, the N-(1(R)—ethoxycarbonyl-3—
phenylpropyl)-L-alanine isomer = formed together with



the aqueous solution to a range from about 0O to = 20 %(ww,

"~ preferably about O to 10 % (wWw, finally. Normally, it is preferred
to carry it out after the pH 25 adjustnent in view of stability of the
product . ' It is generally preferred to adj ust the
concentration of the above aqueous— sdButfon to a value near a
saturation concentration of the salt so as to mnimze the
solubility of al_ko yca bon -3- 30 . phenyl pr | derivatjve
(11) by the erﬁrn@armx Yl) ?éanmﬁ ey | et XYHomeveform),
since the sal tanf obgedeffegtively ne!célﬁ@#edatlh'ﬂﬁ r@hét | AudcuisC obhutied, b?

I S not necessar to_add.an addl tignal, salt ally.
“the catal yti c¥hPedu€f“y8 5’11 BEcti IN Otrilo(dne Mg @?ﬁ box?lq‘ée%nyl %quagn
derivative (calhcidentdBiym Khe/) ireactionnor imtérmddiabed asara bybepr odasilyi n

t he amobunt ok abag S 1 | koxycar bonyl - 3-
phenyl propyl % dltg.rgﬂ\(/)zgteldv:':aﬁ’l\%'l Obghérﬁ %ﬁ?z@%[ﬁli@ch@)g?l es
30 - dependi ng on aoxnﬁardeST@ﬁo-3whenﬂp§apﬁBXy 3-

pheny-l propyl  dgfa¥atinee (CW’l’EHXy which (NA(l)(R)%onyarbonﬂ@s&b&@dSI—n
t he aqueous sol %&%3134 59;%%5) W|th the, salt Cfor d by
neutralization Jus’tsr%qﬁr 5 COf se CB‘P @ﬁparé‘f’“ﬁugl
hi gh sol ubil it pbtained hefoxaqtmmmple, é.ntutsuhectlngn t they ethnyl 8b‘obmz03dH
range. Th%ef %E:?Ylaée 1aﬁhk°’( j 'oph‘% aﬁEM%l 'ﬂht’i bl V¢eactibh)
can  be separ from car pr opy er|vat|ve
the presence o base su _
metal hydroxide, an alkali .metal carbonate, an alkali
metal hydrogencarbonate or an amine as described in
Japanese Examined Patent Publication No. 22867/1991 and
15 Japanese Unexamined Patent Publication No. 129260/1987. _

When a N~-(1-ethoxycarbonyl—-3—oxo—3—
phenylpropyl)-L-alanine having a large amount of one
which has 1S—configuration, preferably containing at most
30 % one having IR-configuration is employed, there can

20 be obtained high quality of N-(1(S)-ethoxycarbonyl—-3-
-phenylpropyl)-L—alanine having a little - 1R isomer
content. ' .

In crystallization in the above process, the pH

_ is adjusted to a value near isoelectric point of N-(1-

25 ethoxycarbonyl-3-phenylpropyl)-L-alanine, a pH range of

- 4.6 * 1.5, preferably pH 4.6 £ 1.0.

By using the process- of the present invention of
obtaining - N—(1(S)—ethoxycarbonyl-3—phenylpropyl)-L—-
‘alanine by crystallization, there can be obtained high

30 quality of - N-(1(S)—ethoxycarbonyl—3—phenylpropyl)-L-
alanine  containing a very small amount of N-(1(R)-
ethoxycarbonyl—-3—-phenylpropyl)-L—alanine isomer, simply -
and efficiently, in good productivity as a crystal even if
the catalytic reduction reaction is conducted employmg

- 35 N—(1(S)—ethoxycarbonyl-3—-oxo—3—phenylpropyl)-L—-alanine
with which N-(1(R)—ethoxycarbonyl-S—oxo-3—phenylpropy1)-
L-alanine isomer coexists as a substrate. :

Preferred basic embodiments of the present



(carboxy form (1V) rerfai ned i'n the aqueous solution by 10 crystallizing

t he . 1-al koxycar bonyl - 3- phenyl propyl derivative (11 ) fornmed by

t he catalytlc reduction reaction in the aqueous sol ution or by
partitioning or extracting it into the organic solvent fromthe agueous
sol uti on. As - the ~nBthdd = of crystallizing t he

15 1-al koxycar bonyl - 3 phenyl propyl derivative (I ) from the

aqueous solutlon th r.e can oyed congen ! c stalllza on
met hod after! 8 agﬁ‘ﬁ ala1 d: E‘&q HP%& a i‘é the
repl aci ng crysimvéntioni J;m notehhmdiedb’go the emhomhmegtsa sol ution 0' t he

other solvent (such as T3 reﬁgfab&m:tfl lu“'?#) Wlﬂ‘h(l-‘@%h&c%'cart?onyl-fl-

cooling crystallization
neutralizing DPhenylpronylyzkralaning hod fsomad; u r(h@tm@ygarb@lx n8—aBeva—

pH range, a rrebm lﬁgoﬁqm%hhﬁgb t‘pﬁrqﬁ exP IalhEﬂ 1 ke. Anmong those -
crystallizati.on hods liu I(1:oncen&p Lr}g _aCryst ahpl zmgltgr) net hod
after. the pH adj ust me A (17ethoxycazrbpnylirdqxe pq‘r in view of
t he operabili t)d/alamneqL{aMlSNR)of' t9G¥/10]r e(sllﬂOtl gy 0. Gniysm@lle) is | tdﬁssculged
property, [ oper ng t -

nmet hod i g)%tor%lz’ac o & g @0 iﬁ %kv%vg rlgv(‘)ate{ %orﬁ%énﬂ%rggy
derivative (ICD)'ltalmﬂgom Iﬂhe sudfwdgs sagid: i ofsu f%t&:anc%c

bat ch-wi se 10 V81 agidl A, "edheant 006‘1“ @iﬂﬂﬁrl%Xt raefd | Obad®Rl hsh aéﬁfbsiti‘&te

l::aﬁe be .enpl oye(ﬁi FSPW%‘}E’?‘ rgangﬁ%%e\é ZdEEQyG @gﬁra t|.on E‘Qﬁeg °3
acetate, an -etimmediatelyketafber tinel add1t1dm,ke thd f obtmmmi:esmx‘;uret hels
ot her organlc sglu)fﬁlaeﬁﬂﬁh ixed uery;ufan dispePé’ed’sedwiithO”Qﬁﬁﬁfj}iﬂQ a
~ sufficient amount of hydrogen at an agitation power of a
15 range from 0.5 to 1 kW/m*® under the pressure of a range
from atmospheric pressure to 0.5 kg/cm2G, and reacted at a
range from 20° to 25°C. While the reaction is monitored
with HPLC, supply of hydrogen is stopped at the time when
hydrogen is absorbed in an extent from 90 % of the
20 required amount to somewhat more. Then, the atmosphere is
rapidly replaced with an inert gas such as nitrogen gas to
stop the reaction. The time required for reaction is at
most 10 hours. Pd-C is rapidly removed by filtration and |
the Pd-C cake is washed with a 5 to 10 % (w/w)
25 water—containing ethanol in the amount within a range from
the same volume as that of the Pd-C cake to two—fold
volume. After 250 ml of water is added to the resulting
filtrate, the filtrate was neutralized (pH 4.5) by slowly
adding dropwise an aqueous 30 % (w/w) sodium hydroxide
30 solution so that an inner temperature does not exceed a
range from 20° to 30°C.  The filtrate is concentrated at
the inner temperature of a range from 50° to 60C under
reduced pressure, and then concentrated wunder reduced
pressure with appropriately adding water to crystallize
35 slowly with replacing with water. Finally, the ethanol
content is at most 2 % (w/w), the sodium sulfate content
is 10 % (w/w) and the pH is 5.0. After cooling to an
inner temperature of a range from 20° to 25C, the



-.31 - ‘As the hal ogenated hydrocarbon there can be

enpl.oyed, for instance, net hyl ene chloride, chloroform and the
like. As the acetate, for exanple, a nornmal chain or branched chai n
alkyl ester having 1 to 5 carbon atons 5 is preferred in view of

i mprovenment in solubility of the 1-al #8xyCar bonyl - 3- phenyl pr opyl
derivative (rry. Particularly, ethyl acetate is npst

preferred.  That S, ethyl Lacetate is eral pose soI ent
and s easi_lyreS“itﬁ%&dl odTYRIAIS 1 ;BT | | Separas “E vedCemd;
of its 10 conpgeparatdry tbow ehmhateg }td'ment filtvte the et her, for

Dreforred - aoSUfetap, ELY C‘IY%% ﬂé’??ﬁ}f&f witfh, ek ol °a
nethyl i sobutyl Xbolthe, amountne ofor thee d i swapeef eis edaIIOWAang‘.O
them  methylgen %llmﬁﬁger' fiQehvly 15t0ace6|§‘_ra§n a N&01¢9)-et b%rﬂ%nyl-f}—

nmet hyl ene chl-or

. ol vent of
acetate and (ﬂ(j"c?élﬁ'ipr‘i’ Uf_%@&l“é‘?red QI}YSWQN of GEHRE ext on quahty
efficiency, easi(water contént:entdaltoarfl e¥si(weye) ofwetanbasisy. (yield: 75 to

In case of separ It e 0 xt

i mpurities aftesﬁbt pr VI OITEH% Q@?{}g gﬁ#hgw%ﬂ!uﬁl CH%’I{I ‘g(gltje%s 70°C

solution to trd mmigabge ol hammHghnistase followsovHPHE rl@lﬂgé}" foot less
exanpl e, a r | ggs ¢h y t Qgn HOE‘?

| ayer afterqelﬂxt ?IP%?I 39 2 e(%/%)l Ofm%eshgg é‘?rh \E/\S/gt N-E(V]\.}R 3% a;o ej li'x
range, prior 25P r@%t‘lﬁ]’ﬂaﬁlﬂﬁ gt mexg w/w), ‘the

1]: al kox_ygar bonylcoirtent phenyd:ﬁ)ropyl Nidﬂreﬁhomar(ﬂoh)ﬂ—fi-&ryclbhacylmnpgk)&
of avoi ding

.extracting 1- alagoxyca(r)lr:])oﬁ -gi-&%iat kﬁﬁnat Otlhe% nﬁ‘éir&’z}g{?@éal Ebﬁt?‘?t ) of
N=(1-carbo xy—gl-pheny propyl)— -alamne not more than 0 1.
15 % (w/w), the residue on ignition (residual substance
obtained - after ashing at a temperature of about 600°C ):
not more than 0.1 % (w/w). : ,
~ The production of N2-(1-ethoxycarbonyl—-3-
- phenylpropyl)-Né-trifluoroacetyl-L-lysin from N2-(1-

20 ethoxycarbonyl-3~oxo—3-phenylpropyl)~Né-trifluoroacetyl—
L-lysin by using the reaction solution obtained by the

Michael addition reaction will be explained hereinafter.

| Ne-trifluoroacetyl~L-lysine (140 g, 0.58 mole)
and ethyl trans—g —benzoylacrylate (120 g, 0.59 mole) are
25 added to 1300 ml of a 5 to 10 % (w/w) water—containing
. ethanol. Thereto an aqueous 4 N lithium hydroxide
solution (145 ml, 0.58 mole) is added at =-10C over 5
hours, followed by continuous stirring for 1 -hour. As the
amount of strong acid in the catalytic reduction in
30 addition to the amount for neutralization of an alkali,
97 % (w/w) sulfuric acid (138 g, 1.37 moles) is added with
maintaining at the inner temperature of at most 5C over
15 minutes. Insoluble matter is removed by
filtration and washed with 100 ml of a 5 to 10 % (w/w)
35 water—containing ethanol, and then the resulting = wash
liquid was mixed with the filtratez To the mixture of the
. filtrate and wash liquid, 10 % Pd-C (42 g) is added. The
mixture is sufficiently mixed and 'dispersed with supplying




30 . VWhen ‘the 1- al koxycar bonyl -3- phenyl propyl .

derivativwve (Il) is an. amno aci d derivative (Y 1is hydr oxyl
group in the above fornula (Il )), it is liable to be «crystallized
from the aqueous solution and, therefore, a separation ‘nethod by
means of the above crystallization 35" nélhot is preferably

used. Particularly the concentratlng crystallization met hod
(i ncluding a stallization thod b | aci ng a
Solution ”  ora; AUGCInt SRORRE OfdTArORREa At A <BRTRALL) WPWRE O &

- 32 - wat erar@tﬂromhcﬁ 5Ht@d1115kwm3| anﬂeefaﬂh@blwr&@nkeyd rafes

theé 1-al koxyc rb nyI enyl pr derjvatqd v s a d| pt1de
~derivative (Y i S(D;{kﬁﬁ{ ﬂpeeréspﬁ 0 h‘yd&‘&{%n gg'ouﬁngn W‘?é:t %9
formula (11)), at rmws t frame 525‘d| téi cﬁOTC t(JSuIMra’oe y scenderntgdtion: on{) 3

the aqueouss Spoylon sulfgpi ! BE(! Ok Bl | N3 ROd BingTRAnS Bf
t he above extr Ctj on met gﬁl S preferg% y errp oy d.

. separating oper% BRIG s acddri dased: gn o substeatser a ur €aHEVAlentst V‘?in?e

300[88[ rl C] Cnor nehé y réactdoge ibr afionfiored Sithr rARLC,pr ehsplyb! of f hgdrd@émer i3
(0} err

‘1-al koxycar bony?t%p pp'\é%yf'lme gémg}](@reogm(llls) al%sgrb%(% l%maﬂo eXtSEFd
derivative (Y ftram 90h>%lrof<ythe gequired iamounte to agemewhatomarea [Then)

the  crysigl|i{gét iagthos eréorlgucxt'ﬁﬁdl}at re lacbﬂrrpﬁi‘éﬁ Uag ﬁxtert”%asﬁsuél?ss

th 30 C
an Lerr |n m%rggen gr::lasn ni% éjto% e&ﬁe reacwt.lon. Iglthe time required
for reaction is at most 10 hours. Pd-C is rapidly removed

by filtration and the Pd—C cake is washed with a 5 to 10 %
(w/w) water—containing ethanol in the amount within a
15" range from the same volume as that of the Pd-C cake to
| two—fold volume. After 400 ml of water is added to the
resulting filtrate, the filtrate was neutralized (pH 5) by
slowly adding dropwise an aqueous 30 % (w/w) sodium
hydroxide solution so that an inner temperature does not
20 exceed a range from 20° to 30C. The filtrate is
' concentrated at the inner temperature of a range from
50° to 70C wunder reduced pressure, and then concentrated
under reduced pressure with appropriately adding water to
 crystallize slowly . with replacing with water. Finally,
25 the content of ethanol is at most 3 % (w/w) and the pH is
5.1.  After cooling to an inner temperature of a range
from 20° to 30C, the resulting crystals are separated
~with  centrifugal separator to eliminate the filtrate
sufficiently. = The crystals are washed with water in a
30 2-fold amount of the cake and water is allowed to
eliminate = sufficiently to obtain N?—(l-ethoxycarbonyl-3-
phenylpropyl)-Né-trifluoroacetyl-L-lysine crystals  having
good quality (1S/1IR = 75 to 85/15 to 25) (water content:
20 to 30 % (w/w) (wet basis) (yield: 60 to 70 %). The
35 quality after vacuum drying (40° to 70C, 30 mmHg to 0.1
mmHg) is as follows: HPLC purity: not less than 96 % _
(w/w), the -  content of N2~(1-ethoxycarbonyl-3-
cyclohexylpropyl)-N“-trifluoroacetyl-L—lysine: ' not '~ more



- tenperature of a range from 40 to . 70[err]C. The

crystallization at a high tenperature wthin the above range
contributes to giving a crystal having high purity and good
séparation property. 20 When - the

1- alkoxycarbonyl 3- phenylpropyl derlvézlve (rr)y is a di pepti de
derivative S , substltuent other than -hydroxyl group I n
the above r mul (II h stal lization conduc at
a t enper at u{:ﬁ ?R)tg gO[eﬁP¥C content apiof nilk‘ & OXYﬁﬁn

50[err]C, nore phehylmlﬂgylhthfmﬂubhamcetQﬂeLﬂ]y@metor mahby a more angehnom

0O to 20[err]C. 0.2 The aqueous solution in the separating process
of the present” i ng/en‘ﬁ'on neans an . aqueous sol ution essentially
contai ning water as a solvent (the content of 30 water in the solvent is
at least 70 % preferably at |east BEXMBESE preferably at |east 90
%9 . For exanple, it may contain ,a snmall, amount of the oth
solvent such as al cdke ({5 ESERt np| MVERtithol 1fsed TOF] he ?Ee&éﬁpﬁu)’
as far -~ as adescribetll uecand Isemialmthrtd:ﬂy 3eans of tiid er following

above crystall %",1%3%%&“ - il hgg be! ggh&fé‘c%odﬁrﬂhg's thé present

.Separated and  was nown
centri fugal sé@mfdﬂpnnls notp limitadeto the |Et:rrample$+ filtration under

reduced prggsure.  Afterhe he progress  of reactlon (consumpt10n33 of
above extractin operatl di f | ext.ractlon o ution i
concentrated ufB@FtIOLt mpsHH ln},e igFRdssur &t catal Peduction an

quantitative determmatlon of the separated product in the
Examples of the present invention were conducted basically
, by . using the following HPLC  analytical - method.
15 The equivalent of the strong acid based on an

1-alkoxycarbonyl-3-oxo—3-phenylpropyl derivative = (1)
(substrate) means an equivalent of the strong acid when
1 mole  of the -alkoxycarbonyl—3—oxo-3-phenylpropy1
. derivative (I ) is taken as 1 equivalent. :
- 20 Production of N—(l-ethoxycarbonyl—3—

phenylpropyl)—~L-alanine by  catalytic reduction of
N—(1—ethoxycarbonyl—3—-oxo~3-phenylpropyl)—L—-alanine -
Quantitative determination of progress of
reaction (consumption of reaction intermediate) and
25 product ' ' ' ' '
(HPLC) . - .
: Column: FINEPAK SIL-C18-5 commercially available
from JAPAN SPECTROSCOPIC CO., LTD.
4.6 mmg X 250 mm
30 Column temperature: 40°C
| Flow rate: 1.5 ml/min
Detection: - UV210 nm
Eluent: 60 mM phosphate buffer (pH 2.5)/
' acetonitrile = 85/15 (v/v) |
35 Quantitative - determination of N—(1-
ethoxycarbony1-3-cyclohexylpropyl)—L—alanme |
(HPLC) . . ,
Column: YMC-ODS-A-302 commercially available



pr.essure by a known nethod to give the 1- al koxycar bonyl - 3- phenyl pr opyl

derivativwe (I1). 5 Thus, -~ the _

1- al koxycar bonyl - 3- phenyl propyl derivative (Il) can be obtained in
hiigh ~yield in a range from70 to 90 % According to
the present invention, formation of ~thd3 = |
1- al koxycar bonyl - 3- cycl ohexyl pr opyl derivative 10 (cycl ohexyl form

(I'11) as a by-product at the ti of C ytic reduction is
(rgn Y 0.

controlled and, at the sane T boxy- 3- phenyl propyl
derivative (carboxy form (4\6 rimr@ad( d50anmy- product is effectively

renoved into t he aqu sol ot her hand, the desired
R R

15 1- alkoxycarbonyl (rn) can be
obtained in high vyiel lowrowatehd.0 aylii;ms salt sol ution f or med

by neutralizgation. Anopag gﬁ:ﬁbﬁp H?ffei‘éﬁﬂ‘él%fré@lﬁ) ter

1- al koxycar bonyl - 3- cycl ohexyl propyl ry e cycl ohexyl form
(rrr)y and 1-car boxy 3- phenyl prow) %@é‘reixvg:{ T4t 20 (carboxy. form
(1 \/)f by purifi cgt i on dEkuexl(ijIQt migedal Isplutionr eqfi rgﬁlyuhuﬂ ttprepare(é)g by
purification may be con ucted so fs élgn %v% apr ai/llh ig of
purity. t he E %egagl 1-al & bo
phenyl propyl derivative (I ), to pHsitspoweatiest hoxdjusting tﬁh@ pHes @f
invention ilg applied, there C%ﬂ bf‘eﬂﬂ’@ir@/e@olutloﬁhoﬁﬁ 25T &itH N5 %
conmbi nation of X and Y is LAIa ?"8 r ox %ro or tﬁqlll@
[err]-amino group of which is (W?n teH?g wid ech‘ll utiag, etﬂobéf
ggd delr(lzxyl ] gr?)ug ] InI thaﬂldmgastﬁgh |pur1tyr?ﬁtert do sgmyal@OOtlnﬁ
al koxycar bony phenyl pro t he
conbi nation of X and Y is_-L-Al a-®f ﬁ%l"&?%éoxy r‘\;zgo ol (')’f %%%P%Eys- :
[err]-anino group of - whi cProdustisiect ed Qﬁth amlN®= "G'é MQMT@'P@M

and hydr oxyl5 9rpmpyl)fit-Ni’f-Q:‘i'i!f:lﬁof'@éﬁcetyl—IQ*]!;%iri’éI l Z' ng i 1by*c rom thecataeﬂ%?l%us
solution and %%B%rg.tl ng 35 the %hngy ?_ _ O@_{({I‘I Bove
is preferably - I‘# t hal , nylR 016% = HOPYJ
several Ns—trlfluoroacetyl—L-lysme
Quantltatlve determination of progress of
reaction {consumption of reaction intermedi_ate) and
20 product
(HPLC)

Column. FINEPAK SIL-C18-5 commercially
available from JAPAN SPECTROSCOPIC
CO., LTD.

25 ' 4.6 mmg X 250 mm
- Column temperature: 40°C

Flow rate: 1.0 ml/min

Detection: UV210 nm :

'Eluent: 60 mM phosphate buffer (pH 2.5)/

30 ' . acetonitrile = 65/35 (v/v) |
| Quantitative @~ determination of Nz—(1-
ethoxycarbonyl-3-cyclohexylpropyl)—N6—tr1f1uoroacety1-L—
lysine :
(HPLC) | |
35 Column: COSMOSIL 5C-18—-AR commercially

available from NACALAI TESQUE, INC.
4.6 mmg % 250 mm
Column temperature: 50°C



advantages such as that a large amount of the crystal S obt ai ned from

t he aqueous salt solution forned by . : - 34
- neutralization, that the step is sinple, that an organic

sol vent S not additionally used, and t hat t he

-1- car boxy- 3- phenyl propyl derivative (tarddoxy- form (1v) can be
efficiently renoved. It is partlcularly preferred 5 to separate .

N-(- 1- et hoxycar bonyl - 3- ph opyl ) - | ne- fornmed by usi ng
N-( 1-ethoxycarbonyl - 3- oxﬁﬂéwg )}p% pi} mlnL al ani ne. _ As
t he met hod of cr \Detattion: ng UVZIOm ' .
1- al koxycar bonyl - 3- phenyl 388 {I I Wrt N 1 t he
conbination of X and Y is ﬁ ﬁ\ ‘a- a bb\éﬁ? ? er 3r5lL Lys-,
[err]-am no group of which is protacetenitwileh= aﬁ2/28 ém&vl) protecting group-
and hydr oxyl 5group fromtlﬁoﬂqfé sol gftion, l-etm Eﬁ 1_5_

enpl oyed = a ncentratin stalllzatlon 'meth

sol vent ~ repl acQ YBrOEYl)sN TFT&&!QT&QCGWFI\O&’S% -péphaeu ng a sol uthyon
of. the ot h@atabdlwent reductionas I‘@ﬁCtIONZ—%pJ-éﬁh(ﬁ@c N e e

after the zaty thod after
the pH adj ust r@%f‘mbp@ﬁ*g %?4‘1%&0%#@&& Y%ﬁon rrﬁnemet hod by
adjusting the pHto the atQﬂﬂé'ltptatﬂmge deteeminatipf  of of onbi e8s of
Dmglr
t hereof, or tﬂhereb,bt(i%n as dé?lgﬁhi th g,\fe reea H]%Hral |1¥rterm et and -
rre

concentrat i ng aI i zat I on uding & ol vent
repl aci ng cryst t|on method by - replacing a solution of the

ot her sol vent (HPMJ) as
- | - Column: FINEPAK SIL-C18-5 commercially
available from JAPAN SPECTROSCOPIC
15 3 CO., LTD.
= | 4.6 mmg X 250 mm
Column temperature: 45C
Flow rate: 1.0 ml/min
Detection: UV210 nm -

20 ' Eluent: 60 mM phosphate buffer (pH 2.5)'/
acetonitrile = 65/35 (v/v)
Quantitative determination of -~ N2—(1-

ethoxycarbony1-3—cyclohexylpropyl)—Ns—trlfluoroacetyl-L—
- lysyl-L-proline

25 (HPLC) _
' Column: FINEPAK SIL-C18-5 commercially
available from JAPAN SPECTROSCOPIC
- CO., LTD. _
. 4.6 mmg X 250 mm
30 Column temperature: 45C
Flow rate: 0.8 ml/min-
Detection: UV210nm _
Eluent_: 60mM phosphate buffer (pH 2.5)/ .
. acetonitrile = 50/50 (v/v)

EXAMPLE 1
N-(1-ethoxycarbonyl-3—oxo0~3 —phenylpropyl)—L-
alamne [(IS/lR) = 9.0] (10.0 g, 34 mmoles) was added to



reacti,on solution) with water) after the pH adjustnment is 25 preferred.

In .crystallization, inpurities may be renoved by extracting
impurities after previously adjusting the pH of the aqueous solution to
t he pH range other than the above pH range, for exanple, a pH range

| ess than 3.1 or nore than 6.1, prior4bo trystallization for the
purpose of 30 avoiding inclusion of inpurities into the crystal.

0'to 100t o r] ¢ LRSY ittt yOF o % *utivey ¢ peeterpraiigibing, etbanel “sopesming
but . it is pré{®rabl gulfintic acidess THexatS0[50 r UC (WPWe pPrafarbhtathing
range from 4Q[§rﬁi E@_gggsqslg) 35  The,cryst It%zatLﬁﬂ %ﬁghﬂgi
tenperature witHMint 3 vy A tFHutBe 4 Qi R y¥aAg
having high poearrigd ousindin gdotirogepar atinospherepdatmospherial | preséere)
e S anry 5° undekYRASEShAIGRY! bf IahO iﬂﬁ{erggéﬁlptet@fﬁgﬁ]ré&uy 20C
Next, the proc@®d @ gitatipnspaweny&ftidnrange frogot §ihi dg 1n&W/m®
L8 oycar bo(aomen pforyeuanty o ekl B U or, Sttt
(I ?) W th which é%g@ﬁ#’gox%“ppl 3-8 eﬁ{ﬁ‘%ﬁ%ﬁ?l VeS| \ngPPSB?/e"&r eEféﬁt ﬁmﬁy
the formila (|hv_)when obﬁflstr&@l viis| |atu§erbe¢|mlv % Zmd_ somewha;:nmmre oft ithe
s S AR i o AM8 shelt | IngoRpIS eSSy
1- al koxycar bonyFeBIac wi nitrogen to op e reaction. was
' rapidly removed by filtration and the Pd-C cake was
- conscientiously washed with 10 ml of 7 % (w/w) water—
containing ethanol and 5 ml of water. After 30 ml of
15 water was added to the resulting filtrate, the filtrate
- was neutralized (pH 4.5) by slowly adding dropwise an
~aqueous 30 % (w/w) sodium hydroxide = solution. The
filtrate was concentrated at ~the inner temperature of a
range from 40° to 60C -under reduced pressure, and then
20 concentrated under reduced pressure with appropriately
adding water to obtain slurry with replacing with water.
The content of ethanol in the slurry was 3 % (w/w), the .
content of sodium sulfate was 9 % (w/w) and the pH was
5.0. After cooling to an inner temperature of 20C, the
25 crystal was filtered and washed with water in a 2-fold
~amount of the . cake. The resulting crystal was vacuum-—
dried (30 mmHg to 0.1 mmHg) at a range from 40° to 60°C to
obtain ~ N=(1(S)—ethoxycarbonyl-3-phenylpropyl)—L—alanine
(6.3 g 23 mmoles).. The yield was 75 %  HPLC purity:
30 99.3 % (w/w), the content of N-(1(R)~ethoxycarbonyi-3-
phenylpropyl)-L-alanine: not - detected, the content of
N-(1-ethoxycarbonyl-3~cyclohexylpropyl)~L-alanine: 0.1 %
(w/w), the content of N-(l-carboxy—3—phenylpropyl)-L-
alanine: less than 0.1 % (w/w), residue on ignition: 0.1 %
35 (w/w). ' :

| _ EXAMPLE 2
N2-(1-ethoxycarbonyl-3-oxo—3-phenylpropyl)-Né—



phenyl.propyl derivative can be obtained by crystallizing - or extracting.

in the presence of water to renove the - 1-carboxy-3-phenyl propyl
derivative (M ), . foll owed by  separating the : _

1-al koxycar bonyl - 3- phenyl propyl derivative 15 (11 ). The
above process may be the sane as the = éﬁparating process in the process
of the present |nvent|on for preparing  the

or ocess . pr ot bFIBIGraRbRBYERSIsina he | LSRG nca=or Wzmumosd}lﬁ e
?dgriggdcgfbgnvaﬁﬁ mﬂnollesz wageladdedi cto pd00t ‘mbf oft rlel) % (w/w) Og‘lrater-
poi nt Y yhgﬁfﬁﬁ?fig arkgggs%%?loon ‘?&g%e“rél pr@);? EWM@ 88%4
whi ch 25 varl eg‘hemtoa 50r % e§w/Wji twatermeonkainingt rﬁer%ode—G s(5.6orghl was :
within a range 98 %nﬁ [ e Jca'iﬁleﬁgeeﬁgé{ih&ﬂaﬂ ‘%v% %axched out C3ae

of the pH withi t ove rang
1- al koxycar bonyllply drpgeny| prbpgsphers i v @tm@SP]%‘FmF ,pressurp e ééfé@i’us the

30| ution bECOEE&oﬁdmﬁﬁglk(ﬁU an inner téﬁm eﬁ:mreal b alb@utobsﬁfcneldalndoyan .
whion e s agiartel BOKEN At A reR OB (10" ISEURET ot ¥
an acid or ansulaﬂuram , acid ushaSﬁ Dne spbstna'tet heb re@mulvaler@tS) saupplyon
ELOaI onvg;lrjggn Warhxdf I?thz |vat|v ( BleeI when hydrogen s
recrystgl | i zat?/@hs Pb%f oé){i) bip e\gﬁg aE'{q)rSn &h@ requ;qg(frpépount
recrystal lizati dmd or thenyti then dimosphereci ngast heapidlysol veplaced with
nitrogen to stop the reaction. ‘The amount of N2—(1-
. carboxy-3-phenylpropyl)-Né-trifluoroacetyl-L-lysine as. a
15 by-product based -on N?—(1-ethoxycarbonyl-3—-phenylpropyl)—
Né—trifluoroacetyl-L-lysine was 7 % (w/w). Pd-C was
rapidly removed by filtration and the Pd-C cake was
conscientiously washed with 10 ml of 7. % (w/w) water—
containing ethanol and 5 ml of water. After 100 ml of
20 water was added to the resulting filtrate, the filtrate
was neutralized (pH 4.6) by slowly adding dropwise an
aqueous 30 % (w/w) sodium hydroxide solution. = The
filtrate was concentrated at the inner temperature of a
range from 40° to 60C wunder reduced pressure, and then
25 concentrated under reduced pressure with appropriately
adding water to obtain slurry with replacing with water.
The content of ethanol in the slurry was 2 % (w/w), the
- content of sodium sulfate was 6 % (w/w) and the pH was
5.1. After cooling to an inner temperature of 25C, the
30 crystal of - N2-(1-ethoxycarbonyl-3-phenylpropyl)-Né-
trifluoroacetyl-L-lysine = was filtered and washed with
water in a  2-fold amount of the cake. The resulting
crystal was vacuum—dried (30 mmHg to 0.1 mmHg) at a range
from  40° to 60C to obtain N2—(l-ethoxycarbonyl—3-
35 phenylpropyl)-Né—trifluoroacetyl-L-lysine((1S/1R)=79/21)
54 g (12.6 mmoles). The yield was 80 % HPLC purity:
98.6 % (w/w), the. content of N2—(1—-ethoxycarbonyl~3-
cyclohexylpropyl)-Né-trifluoroacetyl-L-lysine: 0.2 - %




-.36 - o The recrystallization and. extraction can be

conducted by the sane crystalli zi ng net hod or extracting net hod of

t he above separating process. - The _

1-al koxycar bonyl - 3- phenyl propyl derivative 5 (I1) can al so be

obt ai ned by dissolving the 1- alﬂgxycarbonyl 3- phenyl pr opyl
derivative (Il) wth whi ch the 1- car boxy 3- phenyl propyl derivative
(I'V) coexists n en _lut i n or cing the
or gani ¢ sol &EIZW)w?f? gnf &rﬁ\g F#ebof‘ c ?&?&‘ épmﬂ; ?opyl 10
derivative (1V) trlﬂmnmcetyl-irrdysme;t al | 04 ng. (w/w), fesidue  on

1- alkoxycarbony nyy.prep derivative (rn) can al so be
obt ai ned h%ﬁsg&?v?dhg 2 %/W) 1- al koxycar bonyl - 3- phenyl propyl

derivative (I ) wth which the 1-carboxy-3-phenyl propyl derivative
(I'V) coexisgs in 15 an organic sol \BYAMPLBaghing the resulting

solution wth wat er .remove the 1-carboxys3:- ri,vative
(Iv), and crystalli zi ngt(f)sf?%m the - organic gye{:){] %p%ggﬁ%bo ﬁf’@e

washi ng. 3-phenylp‘mpylNTN@—tmfhiwoambé—brb@@ﬂsL—prdlﬁe car boxy- 3- 28

h | | -
P the prevencel YSURE, =hndl ¢ Eok? 4c§"%%°r¥$?)’ e Cﬁﬁﬁlh’f}c pedpctivn
derivative (II)Wvascagongucted taAfhe(T %y whw) wa er-contalnmgen :

{Ee N 1- %bko%ﬁaﬁh@pnwmﬁaﬁmgyl A @IOYNathéulfiﬁﬁtvaéémg aébbl}du@c 'ttbﬁgfthe
e car boxy- en propy iV

1- al koxycar bonyFa8€ n}/an RSr ol dé@ﬁ#ﬁl \Q”alfxa.ng Qunt of
purified so asulfurico aord hebased:remse shbstmalteiy 5f Evaalents) Pd-C
1- al koxycar bony NYhLe! r ti e

the 30 1-car bog&-fﬁ-y Eﬁd&@ﬂr OH; Cmglmtmﬁiltel \'a}iéé ar a%é W%\\é'h'éﬂ
the 1-al koxyca

1

n9¥ prlop W)/ai“fa& r= t?m)ammg ? Wa_ter
5. (10 ml) ‘was added to the resulting filtrate Whlch was
neutralized (pH 4.6) by slowly adding dropwise an aqueous
30 % (w/w) sodium hydroxide solution. The filtrate was
concentrated under reduced pressurer at the inner
temperature of 20C to remove ethanol. - After cooling to
20 10°c, 50 ml of cold water was added, followed by
extracting three times with 50 ml of methylene chloride at
a range from 5° to 15C. The resulting methylene chloride
layer was washed with 20 ml of cold water at a range from
5° to 15C, and then kept in a freezer for 2 days. After
25 ice is removed, the layer was concentrated under reduced
'~ pressure at an inner temperature of at most 20°C to give a
concentrate ~ containing - N2—(l-ethoxycarbonyl-3-
phenylpropyl)~N®-trifluoroacetyl-L-lysyl-L-proline
[(1S/1R) = 2} The yield was 80 %  The content of
30 Nz—( 1-ethoxycarbonyl—-3—-cyclohexylpropyl)-Né~-
trifluoroacetyl-L-lysyl-L-proline was 0.2 % (w/w) and
the content of N2—(1-carboxy—3—phenylpropyl)-N6—
triﬂuoroacetyl—L—lysyl-prroline was 0.1 % (w/w). The
resulting  concentrate was completely  concentrated to
35 dryness and, after dissolving it in 20 ml of methyl
t-butyl ether, the solution was concentrated wusing an
evaporator (bath temperature: 207C) to reduce the volume
to  half. A seed crystal of N2-(1(S)-ethoxycarbonyl-3-



-pr.esence of water, using the above process. Next, the

process of the present invention for obt ai ni ng : '
N-{1(S) - et hoxycar bonyl - 3- phenyl propyl )-L- 35 alanine by crystallization
from N-(1(S)-ethoxycarbonyl - 3-phenyl propyl )-L-alanine wth

whi ch at | east one of =~ 48 -

N- ( 1- car boxy- 3- phenyl propyl ) - L- al ani ne and . - :
L o Bl oy LESEAR oy e
g (|S) t et hoxyﬁfw liadylbd;rangxpltgeyl obyoti b - Lr\;ﬂsﬁnidﬂgﬁii:alliuedan b?irragu&l@uﬁng ~ to
Zgrrv:a?in{/e), g’) S&?Fadt heﬁ}iig cgggﬁzé%q%%ti ver‘zleren‘gg%‘al.tn{é c?‘)s('gtal Wen
t he desired rapidlyl ( $jlteredyxy @aadoorthen3- washeghemithr o@y| mll - afancoeled -
oventi o 1o Ssometyl © F RBEHDD et AdhYRRAREETE | | 1T B ves e s
solution in 10 1%‘@?5@5’55 Fter tglj‘r%ra{b‘toé‘sent %h%véﬁﬁ%ﬂpg i tWekhoRgYSt
he et al i 28t e A e L L LY DU feter A e
}\I-((a lg?gar boxy-3-sg’ﬂ‘é‘ﬂ§gprow )fl}%gtéﬂ%%ggl n@fo%ﬁf}iﬁ. at&/- pﬂ'ﬁﬂfxt B
cat al Kt ic rleductl‘ieﬁnligﬁagdns lr3 gnDWeﬂli n__txugoneudurue?z's;rsmg;t i bhs slurlr'sird at
Q?\d Ehg I?ﬁemar_m%f.e%egﬂbeeéphsné 1 ele%l(.) i:lrmufltl was S%’fgqy rrhaﬁl_&? ?he
1(S) - et hoxycar bd®yHaANghe GFVEFApyW}ag - rapidly filtered, and then ° washed
with 2 ml of cooled methyl t-butyl ether/methylcyclohexane
(7/3 (v/v)) immediately after filtration. The resulting
. crystal was vacuum-dried (30 mmHg to 1 mmHg) at a range
15 from 20° to 45C and mixed with a mixture of 10 ml . of
water and 0.24 g of sodium carbonate. An aqueous 10 %
(w/w) sodium hydroxide solution was slowly added at 40C
to maintain the pH not less than 12.5. Four hours after
the addition, the pH was adjusted to 8 with 35 % (w/w)
20 hydrochloric acid, 10 ml of methylene chloride was added,
and then the pH was adjusted to 5 by adding 35 % (w/w)
hydrochloric . acid. The methylene chloride layer was
separated and the aqueous layer was concentrated under
reduced pressure by using an evaporator (bath temperature:
25 45C). The aqueous layer was concentrated to reduce the
volume to quarter, and then stirred at room temperature
for 4 hours to give a thick slurry. The resulting
crystal was filtered and washed with 2 ml of water. The
resulting wet crystal was vacuum—dried (30 mmHg to 1 mmHg)
30 at 50C to give Nz-—(1(S)-carboxy—3—pheny1propy1)-L—lysyl-
L-proline dihydrate - (lysinoprildihydrate) (0.9 g 2.1
mmoles). The yield was 33 % HPLC purity: 98 % (w/w),
the content of a diketopiperazine derivative: less than
0.1 % (w/w). |

35 ' .
EXAMPLE 4
N—(1-ethoxycarbonyl-3—-oxo—3-phenylpropyl)-L-
alanine [(1S/1R) = 9.0] 5.0 g (17 mmoles) was added to



al.ani ne crystal lized is increased by t he salti ng-oUt 20 effect.

In particular, sodiumsulfate is preferred. I n the above
crystallizing nethod, the pHis adjusted to a value near

i soelectric point of N (1- ‘et hoxycar bonyl - 3- phenyl propyl ) - L- al ani ne.
Al t hough t he i soelectric poim 48 -

N- (1- et hoxycar bonyl - 3- phenyl propyl)- 25 L-al ani ne IS pH 4.6, it
is - obtained crys alljzation yield, if the H is-, .
adjusted to pH 084 HR [@hrl0. % 1 L retegproniaining q!:h@noi) containing

The resulting cy5t N H@lserfahem@ msmed(wﬁmi watefh@csnmhirgctsd P»yPdsCng
a net hod such az (ifan";gél ggd ?(’1% segg%a suredfltltratlon d
filtration R du¥® eﬁlr & catdlytie” re yGrion , was, carrie
found that, woat the hydaogenn atmosplhette or(abmoapherichy pr‘eesum)al wirider

duct t
(rare}prgy: gg i %2%) Of:%gd IE]@ car éP(;gng %I}eogéﬁ) i ﬁtarﬁe fr(\?mmth
which® N( 1 thl&y 8 oGl - xoaIB peHa) ;qnomw;erL-qﬁ o hange from
i somer coeX).5tsto 1 lkVWms (aftouhER) of3t ﬂmc%hbéﬂywﬁ substrate: 3

phenylpropyl) L- alanlne for o ether

5871 PPN RPRssh D tonly, ot ! émg@ at thetime
can be effectlveryemehyvkdgent ast Iabseq‘mrbumsel)ut% oof byhe required amount.
crystallizi d n u S I d he
reaction |2?er@ ate thé atrhaﬁghef’é* %F gp‘i g-' nglagy usﬂpﬁh E l)govetto
cr yst allizi ng n'atﬁad the reactlon reSl rate reactlon
' intermediate was 10 % the formation rate of N-(1~-

ethoxycarbonyl-3—pheny1propy1)—L—alamne was 82 %, the
content  of N—( l-ethoxycarbonyl—3—cyclohexylpropyl)—L-
15 alanine was 0.2 % (w/w) and the content of N—(l-carboxy-
3-phenylpropyl)-L—alanine was 7 %  (w/w). Pd-C was
" rapidly removed by filtration and the Pd-C cake was
conscientiously washed with 10 ml of 7 % (w/w) water—
containing ethanol and 5 ml of water. After 30 ml of
20 water was added to the resulting filtrate, the filtrate
was neutralized (pH 4.5) by slowly adding dropwise an
aqueous 30 % (w/w) sodium hydroxide solution.  The
filtrate was concentrated at the inner temperature of 50T
under reduced pressure, and then concentrated = under
25 reduced pressure with appropriately - adding water to give a
slurry with replacing with water. The content of ethanol
in the slurry was 2 % (w/w), the content of sodium sulfate
was 9 % (w/w) and the pH was 5.0. After coohng to an
inner température of 20C, the crystal was filtered and
30 washed with water in a 2-fold amount of the cake. The
resulting crystal was vacuum—dried (30 mmHg to 1 mmHg) at
a range from 40° to 60C to give ' N—-(1(S)—ethoxycarbonyl-3-
phenylpropyl)-L-alanine (3.1 g 11 mmoles). The yield
was 73 %  HPLC purity: 99.1 % (w/w), the content of
- 35 N—-(1(R)—ethoxycarbonyl—-3-phenylpropyl)~L—-alanine: 0.1 %
(w/w), the content  of N—(1~ethoxycarbonyl-3-
cyclohexylpropyl)-L-alanine: - 0.2 % (w/w), the content of
N-(1-carboxy—3-phenylpropyl)-L-alanine: 0.1 % (w/w).



Ne( 1,(S)-et hoxycar bonyl - 3- oxo- 3-phenyl propyl) L- al ani ne W th

‘whi ch

i somer

N-( 1(R) - et hoxycar bonyl - 3- oxo- 3- phenyl propyl ) - L-al ani ne
coexists can be  easily obt ai ned, for exanple, by

subjecting the ethyl [err]-benzoyl 10 - acrylate and (S)-alani né to
the M chael addition reaction i N7t h&®0pr &sence of a base such as an

al kal i
nmet al

Exam ned Patent Publication No 2286

N- (1- et hoxycar bgn

nmetal hydroxide, an al.kali netal carbonate, an alkali

hydr ogencar bonate or am ne ribed in - Japanese
ERMELE;

aAd 15 Japanese Unexam ned

Pat ent Publication No. 12$EGQi‘i1ﬂﬁé’roacetyl-L—lysme V\hmll b% mmoles)

anount

at nost

obt ai ned

phenylpropyl) L |ne %I
In crystalliza®

of one él V\ﬂ'—?{}ﬁ ﬂ?ﬁlg]eﬁgﬁf‘éﬂ%ﬁ%‘he ?29? a

" §§m Frmoli)®

30 wernee raddedg 1R col3d gumdti of i 6 éérpl(og//@m) tWater-mmtaﬁunge
hi g flgﬁb Lty cﬁiéo’tfss) et OXHﬁ?f\B?”My(ﬁ'omde solution élz .5

mea@m elgét- e ONEr rff@f&d J fglﬁ)%we o by

val ue near lsoelo@nttmmuml dtiefinid ( ¥or2530 minutes. The formation rate

T8 WreferablyFha s 10 I"”fla%*ﬂngcaggo%ﬁ%'? %@r%g%lz%@?%?wﬁ'ﬁ‘"

present inventi ¢ﬁ1ﬂﬂ0roace(tb'l7;{|.Tleg1e was

an amount of

3&12 eet Egﬁyq@r b:‘%{%ﬁn@ tOpg:h)e L’t me f a”ﬂ'i? éb)talﬁiéStﬁédﬁgﬁbhon 'in
N-(1(S)-et hoxyc 3 Bh y | GATsnt f_or neu&rmmféoncoﬂf aid® nglkali, &7y

smal |
i somer,
even

35 N-( 1(9S) - et harirsgesony| lmoxmsgtphlenymtbgm ywas alzemoned by tfi

whi ch

amount - o (W/w)( Bulfuric Qtdmquamogyl 135phamplgs)opyas - hddedniwith

i f

® ngtaimpilfl & 4, Mo coladin®' B Yot 9" BiED, s,

tra 1on

- N- (151 ( Rimckt RBsY CAltaRY! v?a@xqvﬁsmn)(ﬂfﬂhowﬂ ml Of- 36 A% Nqw/w)

LS00 o 7 -SRI ctanol, and G L “Rebitng wash

liquid was mixed with the filtratee To the mixture of the
filtrate and wash, 50 % (w/w) water—containing 5 % Pd-C
(15 g) was added and the catalytic reduction was carried
20 out in hydrogen atmosphere of a pressure range of
atmospheric pressure to 1 kg/cm2G under the conditions of
an inner temperature of about 35C and an agitation power
of 1 kW/m® (sulfuric acid concentrationn 1.1 "N,
amount of sulfuric acid based on N2?-(1-ethoxycarbonyl—
25  3—oxo~3-phenylpropyl)-Né—trifluoroacetyl-L-lysine: ' 6
equivalents). Supply of hydrogen was . stopped at the time
when hydrogen is absorbed in 90 % of the required amount.
Then, the atmosphere was rapidly replaced with nitrogen to
stop the reaction. The residual rate of the reaction

30 intermediate was 5 %  the formation rate of
N2?—(1-ethoxycarbonyl-3—phenylpropyl)-Né—trifluoroacetyl—

L-lysine ((1S/1R) = 79/21) was 80 %, the content of
N2—( 1-ethoxycarbony1-3—cyclohexylpropyl)—Ns- '
trifluoroacetyl-L-lysine was 0.2 % (w/w) and the content
35 of NZ—(1-carboxy—3—phenylpropyl)-Né—-trifluoroacetyl-L—
lysine was 14 % (w/w). Pd-C was rapidly removed by
~filtration and the Pd-C cake was washed with 30 ml of 6 %
(w/w) water—containing ethanol. After 125 ml of water



- .39 - invention wll be expl ained herei nafter, however the

invention is not linmted to the enbodi nent s. - The pr.oduction . -
of~ N-( 1-ethoxycarbonyl - phenyl propyl )-L- aI anine ~from N(

1-et hoxycar bonyl - 3- oxo- 3- 5 phenyl propyl)-L-alanine will be expl ai ned.

N-(1- et hoxycar bonyl - 3-oxo- 3- phenyl pr opyl ﬁlL-‘ al anine [(1S/1R) = 90/10]
(100 g, 0.34 nole) is dissolved’ in 1100 m of a5to 15 % (W w)

wat er - cont ai ni ng_et han ontajnin subpst rat e
concentration 18"3 /LE %ﬁnt %Sﬁuﬁéﬂgf u?ﬂ&m é&l(t

substrate: - ﬁeutmlw@d er{pH) . 4.60hebpt slowlyo ddidlifg (d&fbmhsles add%d;ue@nd

mxed - and - dPbpefec WY pdibf BRRRRde TeSlMiGn 7, hel HIbGAE o

hydrogen at an a:gncamtmtedomemmiera 15‘ed1uae¢je f pressures taatl kwheB urihmer

t he pressuregof ¢ émi’@?%f 8 pdﬁ ﬁ 0 & 5115]9/ cgﬁ&i e
reacted at a fom 2 reactlon I'S
moni't or ed Pﬁ’ oWaﬁy t heoQling \Hifenan

hydrogen is absdmhexd lrt@np@ettané f rofn 9025%:@]‘ tlﬂhe20 crystal r edofiro INA—(1le

Gas such s it f%%é%v 132 Bgh St By - N oGRS FH LY L O o€
for reaction - idysine wamstfilteredurand pwasheds with diwatesmoind 8y 2-fold
filtration gpd amodrte B#- Gkékecdlde. WasTre V‘!'ééhlﬁn% t ery8tdle (W[alé’) 3§cuum— |

oot i i i AT A SETRE o g W1
ethoxycarbonyl-3—phenylpropyl)-Né—trifluoroacetyl-L-
lysine ((1S/1R) = 79/21) (13.0 g 30 nmmoles). The
yield was® 60 % HPLC  opurityy 97 % (w/w), the
15 content - of . N2-(l-ethoxycarbonyl—3—cyclohexylpropyl)-N¢-
trifluoroacetyl-L-lysine: 0.2 % - (w/w), the content
of N2~( l-carboxy—3—pheny1propyl) =N¢© —tnfluoroacetyl—L—
lysine: 0.1 % (w/w)

20 ' EXAMPLE 6

: N-(1—ethoxycarbonyl-3—oxo—3—phenylpropy1)—L—
alanine [(1S/1R) = 9.0] (10.0 g, 34 mmoles) was added to
105 ml of 7 % (w/w) water—containing ethanol containing
1.9 N sulfuric acid. Thereto 5 % Pd-alumina (2.0 g) was

25 added and the catalytic reduction was carried out in

~ hydrogen atmosphere (atmospheric pressure) under the

conditions of an inner temperature of a range from 15°
to 25C and an agitation power of a range from 0.5 to
1 kW/m® (amount of sulfuric acid based on substrate: 6

30 equivalents). Supply of hydrogen was stopped at the time

~ when hydrogen is absorbed in 90 % of the required amount.
And then, the atmosphere was rapidly 'replaced with
nitrogen to stop ' the reaction. The formation rate of
N—(1-ethoxycarbonyl-3—phenylpropyl)-L-alanine was 80 %,

35 the amount of N-(1l-ethoxycarbonyl-3—cyclohexylpropyl)-L~"
alanine(cyclohexyl form) as a byproduct based on N-(1-
ethoxycarbonyl-3—phenylpropyl)~L—alanine was 0.2 % (w/w)
and the " amount of N-(1-carboxy—3-phenylpropyl)~L-alanine



volune.. After 250 ml of water is edded to the resulting filtrate, the

filtrate .was neutralized (pH 4.5) by slowy addi ng dropwi se an aqueous
30- % (W w) sodi um hydroxide 30 solution . 'so that an inner ‘tenperature
does not exceed a range from 20 to 30C. The filtrate is
concentrated at the inner tenperatur®2of~a range from 50 to 60[err]C
under reduced pressure and then concentrated under reduced
pressure with a ate dlng er to.crystallize 35 slowly wth
replacing wit hgg I Was - 11363 (W/Wanol content is. at nmost 2 %
(W w), the sodium sulfate cont ent Is 10 % (vv/w) and the pH is 5.0.
After cooling to  an I nner -terrperat range from 20 to
25[err]C, the Eﬂ{ﬁ\dPﬂﬁ 7° - 40 - resulting .

crystals “are separ at éh'(l-e'thXVcarboayl-ri’t'fQJ@a‘IS—phenerhamm}d)-LT 0
elimnate thke r uffi tl The cr d

wth water I5 aléﬂlhb ?@%/&RZ un'f9 g? (Ee e }17 ﬁ'i\/\glter ﬁl owe tqtg
elimnate suf fil Qaemﬂlﬂy ofp t g{)ﬁng—ﬁlena IND P¥ear § 3 containing

phetnyl ltoro%lz Lla(bg/rN nSulfuchEyabﬁlS Tlh@etlag 5729;)19&—0 (gt@'l Y was @ddedr
33; ?'? y aft e? . Féﬁgt ésllb'éé}l%/m w?@[ eF%ned 8§B hYéiré’gfn

mHg) is as foI latbmsphem: mqsphmcl mssure)t hamdego the (eonditionse of
content of O/ﬂ-l:%? yféiﬁ?ﬁfét‘uré of ap%ﬂélapfﬂeiﬂ)l!?at&“%% M an

nore than cont en

N-(1- et hoxycar bé‘g}a ’éy@\omxﬂ prdppydnge rrom . Q}%nF‘Hel kW{m® ({amoung 5 of
0. 1 % (ww), sulfuriccoatieht baged on substrate: 6 equivalents). Supply

of hydrogen was stopped at the time when hydrogen is
absorbed in 90 % of the required amount. And then, the

15 atmosphere was rapidly replaced with nitrogen to stop the
reaction. The - formation rate of N—-(1-ethoxycarbonyl-
3-phenylpropyl)~-L-alanine was 80 %, the amount of N-(1-
ethoxycarbonyl—3—cyclohexylpropyl)-L—alanine (cyclohexyl
from) as a byproduct based on N-(1—-ethoxycarbonyl—-3-

20 phenylpropyl)—L-alanine' was 0.1 % (w/w) and the amount of
N—=( 1-carboxy—3—phenylpropyl)—L-a1amne as a by—-product
was 11 % (w/w). . : '

. EXAMPLE 8 and COMPARATIVE EXAMPLE 1
25 NZ2-(1-ethoxycarbonyl—3-oxo—3—phenylpropyl)—N&-
trifluoroacetyl-L-lysine [(1S/1R) = 79/21] (7.0 g  15.7
mmoles) was added to 100 ml of 30 % (w/w) water—containing
ethanol containing a predetermined amount of sulfuric

acid. The concentration of sulfuric acid and the
30 equivalent thereof based on N—-(l-ethoxycarbonyl-3-oxo—-3—
- phenylpropyl)-Né—-trifluoroacetyl-L-lysine - (substrate) in .

the solution are shown in Table 1. 5 % Pd-C (2. 8 g) was
added and the catalytic reduction was carried out in
hydrogen atmosphere (atmospheric pressure) wunder the
35 conditions of the inner temperature of 20C and ‘an
agitation power of 1 kW/mS. - While the reaction was
monitored with HPLC, the reaction was stopped at the time
when the residual rate of the reaction intermediate was



N-( 1-carboxy-3- phenyl propyl )-L-al ani ne: not nmore-than 0.1 15 % (ww),
the . resi.due’ on i gnition (residual substance. obt ai ned after ashing
at; a tenperature of about 600[err]C): not nore than 0.1 %(W/vv)

The - production of N err]-(.1-ethoxycarbonyl - 3-

phenyl propyl)-Nerr]-trifluoroacetyl-L- Iy§|3 = from Nlerr]-( 1- 20
et hoxycar bonyl - 3- oxo- 3- phenyl propyl )-N6-trifl uor oacetyl L-lysin by

usi ng the reacti,Qqn solu t ai_ne t he ch ddition rea tion
Wil be expl ai ndl hdr e i}%f ?"@&}fe I"*here ' GFe IﬁhOtWI?fl%ﬁﬁr me yll'eq_mr?é'

(() 1%518 lg-,) 0. 582““3% the aano&ridatioﬁrarlsat[eerrbf t}e?%%zglac@thbﬁsreaﬁﬂc&ﬁrt lg, '
: nol e) are _ 0 cont ai_pi ng
et hanol . - Thereéaph%ﬁlyfmbiﬁ r"k}uorp%g%ly&n}. iL HPoxi de V\%n(iol uti orjl-'?1
(145 m, 0.58 amgunt is addbd at NPof(dreflox ngl-3-cyclohexylpvopwlied
by continuoug steLii muoféﬁ(?éyw&ysnfé the( ¥Cf¥e t- of¢ (?Jnrlpng agéd ing

the catalytic reduction in I'on

-neutralization praguch kal i, 97 % (VWN) sul fuNl c(]acﬁtgoeq%r@m}ﬂ_§7
nol es) i s added phéﬂ‘}r]propﬁl)\-l—N?-atﬂ!fnﬁ)r@hcém—]_ﬁ-[ﬁlnbeITper ature of at nost
5[err] C over . mnutes. | nsol ubl e matter IS rermved by
filtration and Washed with 100 M of a 5to 10 % (ww 35

wat er-containing ethanol, and then the resulting wash i quid was
mxed with the filtrate. To the m xture of the filtrate and wash
liquid, 10 % Pd-C (42 g) is added. The - m xture is sufficiently m xed -

and di spersed with supplying _ o : - 41 -



a sufficient amount of hydrogen at an agitation power of a range fraom
0.5 to 1:kWnB under the pressure of a range f
pressure to 1 kg/cnferr]G and reacted _
0.35 mol/L, -sulfuric acid

30[err]C (substrate concentration:
concentration: 1.3 N, anount of
substrate: 4 equivalents). Wi | e

absorbed in an extent ffrom 90 %o
more. Then, 10 the atnosphere s rap
as nitrogen gas to stop the“r ctl
reaction is at nost 10 hourls. '%’

and the Pd-C cake is washed w t

ethanol in the anount it hi

of the Pd-C cake to t wo- f vo
to the resul ting fiItrate‘D t he
by slowy adding dropw seg*an

hydr oxi de sol ution so that Jan igner t
range from 20 to 30[erfr]C. The
the ‘inner tenperature of a grange
reduced pressure, and then condent r at
appropriately adding water |to . cry
with water. Finally, 25 theggonte
the pHis 5.1. After |cool@%Rg t
from 20 to 30[err]C, thg regultin
centrifugal separator to el§m nat
The crystals are washed | w v wat
cake and water is all ovJed to

N2- ( 1- et hoxycarbonyl - 3- rﬁnyl pr
crystals having = good qualco,t.y (1
content: 20 to 30 %(\A(W):

‘5?

Table 1
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35 gual ity after vacuum drying (40 t:o 70[err] C, 30 mmtHg to. 0.1 - nrHg)

Is -as ftollows: HPLC purity:” not less tham 96 % (W w, t he

cont ent of  Nerr]-( -ethoxycarbonyl - 3- :

cycl ohexyl propyl)-Nerr]-trifluoroacetyl-L-lysine: not nor e

- 42 - than 0.3 % (ww, the TonPént~ of Nerr]-( 1-carboxy- 3-
phenyl propyl)-N err] -trifluoroacetyl-L-Iysine: not nor e t han %
(W w)

veniion is  more spAGRPTARg ,to Ui eRRE, manmer aéxpﬁytneégéesﬁeé
means of the ifolExample 2 Ekhﬂplmzarbtltontfrmntbheb&'esunﬂltingstﬁeaictmhat

the present ti ed t t he es 0

The progress SOI'*H&?eaC 8{“3%#;8 rrptldtglg Q I§)&ﬁwéacttlhg? effect of
i nternedi ate) remoOviegt althel c cydlelexyl orform anby puyiticationt i vwas not
determ natiog of. eé%n{z%gar ated product in the Exanpl es of the present

I nvention were con basically by using t he fol |l owi ng HPLC
anal yti cal met hod. 15 'The equi valent of the strong acid based
‘on an 1- al koxycar bonyl - 3- oxo- 3- pheEKAMPDEyQ derivative ()

é?“bsiLZt.e)1”§?E§x§2ar§3ﬁ“‘\”ﬂ§§%&év??§ﬁg Lk S rhendBbox -, i
taken as 1 equi algnine [1@)§/1R) = @ctg,on34 mmoleshf was a dEd tO a
N-(1-et hoxyqer b%ﬁk‘tu?e of Pheny{wrapy lwateratantdifing P¥than6pt 8bitdifing a
reduction
predetermlned amount of sulfuric acid. The concentration
of sulfuric acid and the  equivalent thereof  based
on | N-(1-ethoxycarbonyl-3-oxo—3—phenylpropyl)-L-alanine
(substrate) in the solution are shown in Table 2. 50 %
15 (w/w) water—containing 5 % Pd-C (4.0 g) was added and the
catalytic reduction was carried out in hydrogen atmosphere
(atmospheric pressure) under the conditions of the inner
temperature of 20C and an agitation power of a range from
0.5 to 1 kW/m®. While the reaction was monitored with
20 HPLC, the reaction was stopped when the formation rate of
- N-(1-ethoxycarbonyl-3—phenylpropyl)-L-alanine was about
80 %. The formation: rate (%) of N—-(l-ethoxycarbonyl-3-
phenylpropyl)~-L-alanine, and the amount (¥ (w/w)) of
N-(1-ethoxycarbonyl-3-cyclohexylpropyl)-L-alanine | -
25 (cyclohexyl form) as a Dbyproduct based on N-(1-
ethoxycarbonyl-3-phenylpropyl)-L?_-alanine were examined.
The result are shown in Table 2. '



N ¢ 1 et hoxycar bonyl - 3- oxo- 3- phenyl propyl ) - L-al ani ne

Quantitatirve determnation -of - .progress  -of . reaction
(consunption of reaction internediate) and 25 product (HPLO)
Col um: FINEPAK SIL-C18-5 conmmerciall y - avai I abl e
from JAPAN SPECTROSCOPI C CO., LTD. 56 - 4.6 nmjerr] x 250
mm 30 Col umm terrpe_rature: 40[err] C - Flowrate: 1.5
m/mn _ Detection. UV210 nm S Eluent: 60 mM
phosphate buffer (pH 2.5)/ acetonitrile = 85/15°
(v/v) 35 Quantgitative determ nation of N( 1-
et hoxycar bonyl - 3- cycl ohexyl propyl)-L-al ani ne (HPLO)
Col um: YMC- ODS- A- 302 commerci al l y [avai | abl e
- 43 - _ & from|YMC CO., LTD. 4.6
mierr] x 150 nm - g- Col ym tenperature: 25[erf]C
Flow rate:. 1.0 n1/mn5 o Detection: different{al refractoneter,
(RI) Shod_ex R -71 . .S 53 El yend: wwmxed: &plmtign | of  sol ution
prepared by ' *g’ >~ |di%®sPvPNg®B. B ofOKHRPO4 in 900 m  of
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high purity water, adjusting the pH of 10 : the

resulting solution to 2.5 with 85 % - (w'w)

H err] P err] aqueous solution, followed by : addi ng
hi-gh purity water to give 1000 m . of solution, and
1500 ml of et hanol ~ Produc®iion—  of : :

N err]-(1-ethoxycarbonyl - 3-phenyl 15

propyl) - N[err] trifluoroacetyl y i ne - cat al
reduction N[ err] %(c %l? Q’c%x&@ar%yﬁ@é‘%xﬁlﬁﬁnﬁﬁerﬂﬁ pF%?)‘S/I flescribed
Nl err]-trifl uor mceEmplé ysl,nethe separation ffumntithet iresultidgt erehdeionon

nterhediate)  SOWHoD | PihceondbbRiE T AS a “resdf® U efferkeopf

Sl L- C18-5 conmeremmiving the cyclohexyl form abyi | giinification) APwdis not

SPECTROSCOPI- _ CO., LTD. 25 4.6
mierr] x 250 r%eqcogmzed. Colum tenperature: 40[err]C :
Flowrate: 1.0 m/min - Detection: WV210 nm

El uent: 60 nM phosphate buffer (OMPARATEVE EXAMPLE 2

gfc etoni t {\ll[ L?r']: i ?5/1?’5 (v V)N-( 1—ethoxycarbony%—oxo—ag-p\henylppgﬁ}gls ntnat on

et hoxycar anyI :ﬂlmymeol{e(iﬁl/ﬂ)Rprl )9.00ef10.0 rgf | 3ér aumeoleg) - was addedi te a
avei 1 bl e 2m B - PR whtek b ARIHE" Ciahl], conteining 2
250 mm e ex@)r athr e sulfyrde ecid. The ‘concentration

of sulfuric ac1d and the equivalent thereof based
on N-(1-ethoxycarbonyl—-3-oxo—3-phenylpropyl)~L-alanine
(substrate) in the solution are shown in Table 3. 50 %

15 (w/w) water—containing 5 % Pd-C (4.0 g) was added and the

- catalytic reduction was carried out in hydrogen atmosphere

(atmosphere pressure) under' the conditions of the inner
temperature of 20°C and an agitation power of a range from
0.5 to 1 kW/m3. While the reaction was monitored with

20 - HPLC, the reaction was stopped when the formation rate of
N-(1—ethoxycarbonyl-3~phenylpropyl)~L—-alanine was about
80 % The formation rate (%) of N—-(1-ethoxycarbonyl-3- .
phenylpropyl)~L-alanine, and the amount (% (w/w)) of
N-(1-ethoxycarbonyl—-3—cyclohexylpropyl)-L—-alanine

25 (cyclohexyl . form) as a by-product based on N-(1-
ethoxycarbonyl-3-phenylpropyl)~L-alanine were examined.
The result are shown in Table 3. ' '



- 44 - _ o Fl ow r at e: 2.0 m/mn - Det ecti on:

»

uv210nm = ° El uent . . 60mM phosphat e- buffer (pH 2.5)/

acetonitrile = 72/28 (v/iv) 5 Pr oducti on of

N[err]-( 1-ethoxycarbonyl - 3- : '

phenyl propyl)-Nerr]-trifluoroacetyl-L-Ty$8 -1=proline by

catal ytic reduction of N err]-(1-ethoxycarbonyl - 3- oxo- 3-

phenyl propyl )-N err]-trifluoroacetyl-L-1ysyl-L-proline

Quantitative determ nation - of progress of 10 reaction
(consunption of reaction i nt er nedi at e) and product - (HPLCO)
Col um: FINEPAK SI L-C18-5 comjercially avail able
from JAPAN SPECTROSCOPI C 15 - CO., LTD.

4.6 mjerr] x 250 mm Col ym - tenperat ur 45[err] C

Flowrate: 1.0 M/mn Detlection: UV2 10 nm 20
El uent: 60 nM phosphate buffeér
acetonitrile = 65/35 (v/v)
of ‘N err]-(1- - .
et hoxycar bonyl - 3- cycl ohexyl pr g
| ysyl -L-proline 25 (HPLQ
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3 . ~ Colum tenperature: 45[err]C . ~ Flowrate: 0.8

m/mn - Detection: .UWV210nm - . : El uent: 60nM
phesphat e buf f er (pH 2. 5)/ ' acetonitrile = 50/50
(v/v) 35 EXAMPLE 1 N(

| - et hoxycar bonyl - 3- oxo- 3- phenyl propyl ) ~L- 59 - —al ani ne [(1S/1R) = 9.0]
(10.0 g, 34 mmol es) was added to - 45 -

105 mM of 7 % (ww water- cont lnln noI contal ni n N s Ifu.rl
acid. Thereto 50 % (w wAGHF ?'ng:o &‘ 5% @ Ot€§t

and the catal ytiin rEﬁampi@n Wasthe csepamdwmt frormydhegereaﬂﬁirgohe’eactlon
(at mospheric pr . er |t|o of, a rt r of
about 20[err]C %%f%ﬁh %?t atclbgﬁuﬁgégr of gnggh#s?@ﬁ] aﬁ? gﬁféc%
kwWnferr] (amemavingof thesul ¢yclobexyki dformasbor purlflcammtrawas mot
equi val ents) .5 %@3 ifh hydrogen was stopped at the tinme. when hydr.ogen
I s absorbed |n 90 sonmewhat nore of the 10 required amount. And

t hen, the atm)sphere was rapidly replaced with nitrogen to stop
the reaction. Pd-C was rapidly reEBXWMPIE f0ltration and the Pd-C

containg ethanot and - HArotBREL & ' tha s Safle, Cmafinck (A "pAF  described
added to the inesBxample fl,|tthe e cataligicfinedustion wass cerried i eutl (toH
4.5) ‘by sl OVM/ ¢eng 4r oORMLEFoA" solution containing 10 % (w/w) of
N—(l(R)-ethoxycarbonyl— —phenylpropyl)-L-alanine, 0.1 %
(w/w) of N-(1-ethoxycarbonyl-3—cyclohexylpropyl)-L—-
alanine and 7 % (w/w) of N—(l-carboxy-3—phenylpropyl)-L-
alanine, based on N—(1(S)-ethoxycarbonyl—S—phenylpropyl)—
15 L~alanine, respectively. The reaction yield was 85 %
According to the same manner as that described in Example
1, the crystallization from_ the reaction solution was
carried out to give N-(1(S)—ethoxycarbonyl—3-
phenylpropyl)-L-alanine (6.3 g, 23 mmoles). The yield
20 from , N-(1(S)—-ethoxycarbonyl-3—-oxo—3—phenylpropyl)-L-
alanine: 75 % HPLC purity : 99.0 % (w/w), the content of
N—(1(R)—ethoxycarbonyl-3—phenylpropyl)—L—alanine: not
detected, the - content of N-(1-ethoxycarbonyl-3-
cyclohexylpropyl)-L-alanine;: 0.1 % (w/w), the content
25 of N—(1-carboxy-3-phenylpropyl)-L-alanine: 0.1 % (w/w),

. residue on ignition: 0.1 % (w/w).

EXAMPLE 11
N-(1(S)—ethoxycarbonyl-3—phenylpropyl)-L-

30 alanine (40.0 g) (purity: 95 % (w/w), content of pure
substance: 38.0 g) containing 3.0 % (w/w) of N-(1(R)-
ethoxycarbonyl-3-phenylpropyl)-L-alanine and 1.0 % (w/w)
- of - N—(1-carboxy—-3-phenylpropyl)-L-alanine =was added to
400 ml of water. With stirring, 15 ml of 35 % (w/w)
35 - hydrochloric acid was added. To the resulting solution,
80 g of 50 % (w/w) water—containing active carbon was
added, followed by stirring for 30 minutes. The active
carbon was removed by filtration under reduced pressure, -



aqueous 30 % (ww sodium hydroxide solution. The filtrate . was
concentrated at the inner tenperature of a range from 40 to '
60ferr] C under reduced pressure, and then 20 concentrated under reduced
pressure wth appropriately adding water to obtain slurry with
replacing with water..  The content of &0hamol in the slurry was 3 %
(wWw), the content of sodiumsulfate was 9 % (wWw and the pH was
5.0. After cooling to .an inn t erature of 20[err] the 25 crystal
was filtered aﬁﬁa wiashe vm“flﬁl'r‘ \/\g r inL £f ZW%:PE' A(?f&ﬁﬁun&%f rteﬁgi/tmg
cake. The resuffiltrate cramsl al wash viiquidh weredr ngiked30 thdig toystallization

t f t | . .

N (1(S) -t hoi?%on@ﬂ’ggéﬁghg B‘?‘«S‘E{A Ridhg with addipg, an, agueqys; 3Q, %
The yield was 7%wow) Heodiymir i hydraxideo. sobition wyat t thecomnent témperature
N-(1(R) - eth banyl 3 b L-al.ani ne: t add

the  hont one’ CRE @Y ragige froff098" DEBDYSdT, BvEP TE- houfy | ASTTAC ekl
0.1 % (w wdepogitdon fntantcrysgal wRs( %ﬁ?@oﬁ-:ﬂp helny| dfisglly - the

al ani ne: l-ess tipih Gvak Yadjdsed resi diif oandgnilé oRolkidn% whs (d¥ivded at
EXAVPLE 2 /

N - - :
1- et hoxycar bony[22% ox§0%. Bﬁg%P;ﬁT opyPE- \fystpl of  N=(1(S)-ethoxycarbonyl-3-

- 46 - trif iphenyipeopyl)tLtglanine [ (w8s1R)filtered 7andl] washed gwith
15, 7 mol es)nagrddad oo Wterl ORI Yekiftig VerFhtal waS"' Yaluifin-dried
. (gb clJang' to 0.1 ) at a range from 40° to 60C to give

33.8 g of N~(1(S)—ethoxycarbonyl-3—phenylpropyl)-L-
alanine. The yield was 89 % HPLC purity: 99.5 % (w/w),
the = content of N—(1(R)-ethoxycarbonyl-B-phenylpropyl)4L-
15 alanine was 0.1 % (w/w), the content of N—(l-carboxy—-3—
phenylpropyl)-L—-alanine: less than 0.1 % (w/w).

INDUSTRIAL APPLICABILITY
_ According to the ©present invention, it is
20 possible to produce the l-alkoxycarbonyl-3-phenylpropyl
~ derivative (II) having good quality, which contains a
very .- small amount of the 1-alkoxycarbonyl-3-
cyclohexylpropyl derivative (cyclohexyl form) () and the
1-carboxy—3—-phenylpropyl derivative (carboxy form) (IV),
25 simply and efficiently, in good productivity. :



Thereto 50 % ( vv/wlJ wat er - cont ai ni ng 5 % Pd- C (5. 6 g) was 5 added and the

catalytic redu I!“/ﬂl' l"l out in - hydrogen atnosphere

(at nospheric t he conditions of an inner tenperature
of about 35[err]C and ‘an agltatlon power of a range fromO 5tol
kWnierr] (anount of sulfuric acid~ b&ded™ on

equi val ents). Supply 10 of hydrogen was stopped TS SHEET HASrBEEMdn
hydrogen is absorbed in 90 % and so m of tHEPLAGAIUI red tamount .
And then, the atnosphere was rapidly Msa =~ nitrogen -to

stop the -reaction. -The amount of Nerr]-( 1- _
car boxy- 3- phenyl propyl ) - Ng- t . fl uoroace |l ysin as a by- produCt
based on Nerr]-(1-etho bonyI h&ﬁﬁ%ﬁ %or plje?)aran

N[ err]-trifluorda Qarbp -My propyl (Wi 1vat1pe| C repeasentedr apbyl y

rermved by f|5| t hRkl %;1 .Pd- C cake was conscientiously washed
W th '; /op(%‘v{? &eter- " containing ethanol and 5 m of
wat er . After 100 mM of 20 water was .added to the resulting '

filtrate, the filtrate was neutralized (pH 4.6) by sl owl y addi ng
dr opwi se an aqueous CH 4N1:H§eoh:mn—x hydr oxi de (g(oi ution. The
filtrate was_ concentraked at tfie inner|tenperature range from

40 to 60[ err] C under reduced pressure, andcig@mr 25 .concentrat ed .under
reduced prggsure wth appropriately addi ng water to obtain slurry
with replacing vvrth ter The .content of, et hano gﬁslurry was
2 % (ww, the whereip: ol 8di 3§lulg§?'épw\/a 6185 (V :an

5.1. After cool-lbg, teVakn |ﬁ-|0r|n—terr=pbya-t-ur@rof-lﬂ5[-errirc, which30 we-rmmml
of N err]- oXygar. Qﬂlﬁll 3-phenyl p [ - ' .
trifluoroacetyl (3]&'&;’%. néf: fi ?gged ag{d;n)émyﬂ E%re] protecﬁed W\I/\Fatf e
in a 2-fold Mllntpfﬂtﬁcﬁlé’lg ca&@uD,Thé( ngsuhvdrexyl group: al s —Gly,
vacuum dri ed 5 36-Igig +9le). 1-Vat) Prod [@N0@  groupOMrepfbserited 6Myer rihe
to obtain N[eer]F (ﬁ et hoxycarbonyl 3- 35

phenyl propyl ) -N ri 1 uor oacetyl -L-1ysine((1S/ 1R) =79/ 21) 5.4 ¢
(12.6 mol es). The yield was 80 %  HPLC purity 98.6 % (ww,. the
_content of Nerr]-(1 xycar bon q
i S
| COOH, ~  COOH, COOH, COOH,
‘ CHg ] .
=H<CH3 | |
_N@ - N
-
COOH ' CH2COOH . COOH .,
30 .
| - S o CH30 OCHgy
0 .
. : CHj
o P
COOH, COOH , or COOH
This Sheet Has Been Re
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cycl ohexyl propyl ) - N[ err]-trifl uoroacetyl L-1 ysine: 0.2 %
- 47 - . f Nerr]-(1-carboxy-3- phenyl propyl) N[err]
(o1 uorcaceryt HINVARMRRTHON ™2™ i " esabe™ on

ignition: 0.2 %(wW.*

Usi ng N2 (1-et hoxycar b68yl =3- ¢:lIS SHERT T HAS BEEN
3-phenyl propyl)-Nerr] -trifluoroacetyl-L-Iysyl-l-prol RERLACED [ (1S]1R) =
2] (5.0 g, 9.4 ol s) he catal ytic reduction conaucted in
70 m of 7 % W genrtalgerlotog@hkmOmﬁborX ati feym 124 group

sul furic acid réﬁfz‘&’éﬂt@g byothéhﬁ)rmulasarre manner as that described in

Exanple 1 (anount of sulfuric acid based on substrate: 5
equi val ents) . Pd- C was renoved by filtration and the Pd-C cake was
washed - with 20 m  of W W W) wat er-containing ethanol. Water 15

(10 mM) wag added to

! resulting filtrate which
-neutralized “(pH 4.6) b

( ity onddi ng dropwi se an aquefQus |
(ww) sodium hydroxid¢ sollutign. The filtrate was

%
r at ed

under reduced press I nner t enyyg ur . 20[err]C
to renove ethanaol ._ ooling to 20 1Q[err]C, 50 m 0
water was added, followe@ by extraclolrng three tines with 50 m of
nmet hyl ene chl ori de at a range from 5 to 15[err]C. The resulting
met hyl ene chlgor -l ayegtoMas; shed Wik, f col at a rapge
from 5 [llg .Lj‘lgfic?r C, na 1s i.n ab?l?gezeppfo c&fg@is&ﬁgAfter ,%B

| - koxycar nyl—3-oxo- -pheny propyl derivative

represented by the formula (I ):

o @—C—CHZ-—CH—X—Y (1)
15 I | o

0 I COOR

wherein R, X and Y are the same as the defined above; the
above—mentioned catalytic reduction being carried out in
20 an alcohol or a solvent containing the alcohol in the
presence of 'a strong acid having a concentration of 0.4 to
5 N, the amount of the strong acid being at least 3
~ equivalents based on  one equivalent  of the
1-alkoxycarbonyl-3-oxo—3-phenylpropyl  derivative (1  mole)
25 to control a  formation = of an l—alkoxycarbonyl—34-

cyclohexylpropyl derivative represented by the formula
(Im ): '

- CHy;—CHy—CH—X—Y (111)

COOR
wherein R, X and Y are the same as the defined above.

35 2. A process as claimed in Claim 1 wherein
a  l-carboxy—3-phenylpropyl derivative as a by—product
represented by the formula (IV ):

e
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25 ice is renpoved, the Iayer concentrated under reduced

pressure.at an | Imﬂm’m of at nost 20[err]Cto give a
concentrate N err]-( 1-ethoxycar bonyl

phenyl propyl ) - N[ err] Strhf I"uorsoaeetyl -L-lysyl-L-pro
The "yield was 80 % The content —of 630 N er} irﬁ@ SHEET Hﬁs’ BEE
1- et hoxycar bonyl - 3- cycl ohexy! propyl ) - N[ err]- REPLACED
trifluoroacetyl-L-lysyl-L-proline was ~ 0.2 % (W w and he
cont ent - of N e ( 1-carboxy-3-phenyl propyl)-Nerr]-
trifluoroacetyl-L-1ysyl Cr}? E@g—%ﬁ—f/ﬁ—Y(V"/W)- The

.resulting concentrate , letly concentrated 5‘5 dryness
and, after dissolving in 20 m o Jat hyl t- butyI et her,

the solution was concentrated usi ng an. evaporator (bath

Lemperatur e: 5 2 53( HEIPC arbCthdOlghife as fhe "Hekined Agbo9gts
- 48 - phenmmy@ﬂ peraquqqus*»f | RfeRseacin ythe - pyesenqe pef| wgger which
vas . addedt an(is”’é&np]@ly%ﬂ' Ofb"\@iialﬁi‘ﬁﬁk?l :ﬁlfeedsbbbrﬁglamﬁgt?olsiep@taaéd then
a refrigerator crvstal .was idly filter an
then washed wt t‘]‘ f:ﬁfﬁx% 139_ @hﬁ#lp;ppylt bqﬁr ya@i represe %y
et her/ net hyl cyclthieexdoemula7/ g1 ) (from) a remﬁont ebolutidn er obtainedat ibyn.
The resul tiypg dﬁ%\ ?éytsécﬁic1 was dissolved in 10 m of nmethyl t-butyl

et her andth _ uton crystal'lized by allowng to stand in
a refrlgerator Wth V|gorously stirring the slurry at 10

10[err]C, 3 m of nethyl @clohepraness was dchiméd iadCldim The wherfedfiulthieng

crystal was rapigy b Lier ¢d. n ARd1180 Y8SPAY4.6 + 1.5

15 4. A process as claimed in Claim 1, 2 or 3
. wherein Y is hydroxyl group. -

5. A process as claimed in Claim 4 wherein X is

~L~Ala-. |

20 : _

6. A process as claimed in Claim 4 wherein X is

=L-Lys—, ® —amino group of which is protected with an acyl
protecting group. '

25 | 7. A process as claimed in Claim 4, 5 or 6
wherein the  separation of  the 1-alkoxycarbonyl—3-
phenylpropyl derivative represented by the formula (II) is
carried out by crystallization from the aqueous solution. '

30 - 8 A process as claimed in Claim 7 wherein
crystallization is carried out at temperatures not less
than 30°C . '

_ 9. A process as claimed in Claim 1, 2, 3, 4, 5,

35 6, 7 or 8 wherein a Michael addition reaction mixture
which  contains the 1-alkoxycarbonyl-3-oxo~3—phenylpropyl
derivative represented by the formula (1) obtained by
Michael addition reaction of a A —benzoyl acrylate. and an

This Sheet Has Been Re[ilace
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“W_th 2 m of cooled net hyI t- bufyl et'her/ met hyl cycl ohexane (7/3 (viv))

i mediratel y . The resulting.. crystal was =~
vacuum:dri ed (SH ll “'IH[Imnm at a range 15 from 20[err] to 45[err]C

and m xed with a*m &t ur e "of s10* of “wat er anf

carbonate. An aqueous 10 % (vv/w) sodbdm trydr ))W u Ag s sl ow y
added- at 40[err]C to maintain the pH not |efs t hatEPLAGER. r. ‘hours
after t he addi.ti on, e pH was ag justed to 8 Qﬁ?gS % (W W) 20

hydr ochl ori c acAEIN@Q rﬂCl f @t hyd enBeEVaEIVele Hhereddedor a and Thenzawle

pH-was adj ust edatpyfatey ﬁiﬂil 0 dplpfideWor a hderiehive i Q:he@éd)ﬂ isTh@ised
net hyl ene chl grl de | k?y e(xvaa separated and the aqueous |ayer
was concentr at ic r BBy pressure by using an evaporator (bath
tenperature: 25 45[err]C). The aqueous |ayer was concentrat ed to reduce

t he : voI_urge to quarter a%dcg}mﬁrry r(tﬁﬂ?ﬁ&t res ntleq’perzat%re

for 4 hours to ive I'ng’ crys aI
was filtered an® wdshdd o;rtr9 owherein van eplcohphe a wates uicontignieof c which

was vacuum dri e@s(é’@xﬁ@iﬁ‘@ 500 %L ( WWB% %Ouséél ad Q*’ehhﬁon selvetitye

N err]-(1(S)-carboxy-3 phenyl propyl lysyl - L-proline dihydrate
(lysinoprildi hydr at e) (0.9 g, 2.1  moles). The yield was 33 %
HPLC purity: 98 % (ww), 1l. tAheprocessenas otaumd dink e€lapinpelhz wierein an
derivative: 1gl € ang, ) of3

EXAMPLE 4 10 %?coﬁcﬁ (?I{t%ar bons“f’h)é: oxo SWf)thenyI pro a%% 1:om 2
al ani ne [ (1S/ 1Rfto= 309%oiwéwa, 1@ uged A é@?ct%ﬁ§ §@l¥@@

12. A process as claimed in Claim 1, 2, 3, 4, 5,
6, 7, 8 9, 10 or 11 wherein sulfuric acid is used as .a
15 strong acid. ' ‘ '

13. A process as claimed in Claim 1, 2, 3, 4, 5,

6, 7, 8 9, 10, 11 or 12 wherein said strong acid is used

in a concer;tration' within a range from 3 to 15 equivalents

20 based on 1 mole of the l-alkoxycarbonyl-3~oxo—3-
phenylpropyl derivative represented by the formula. (I) as
a 1 equivalent. |

14. A process as claimed in Claim 1, 2’ 3, 4, 5,
25 6, 7, 8 9, 10, 11, 12 or 13 wherem a palladium catalyst
is used as a reduction catalyst

15, A process as claimed in Claim 14 wherein
- Pd-C, Pd-alumina or Pd-zeolite is wused as a reduction
30 catalyst.

16. A process as claimed in Claim 1, 2, 3, 4, 5,
6, 7, 8 9, 10, 11, 12, 13, 14 or 15 wherein a reaction
temperature of catalytic reduction is within a range from

35 10° to 35C.

17. A process as claimed in Claim 1, 2, 3, 4,
5, 6, 7, 8 9, 10, 11, 12, 13 14, 15 or 16 wherein a

This Sheet Has Been Re [i
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- 49 - 100 mmr cont ai ni ng et hanol cont ai ni ng 0.5
N HC". ‘fhereto 50 mﬂ"ﬂm" taining'5 % Pd-.C (5.0 g) was added .
and®t he catal ytic I Jmﬂm @rrl ed. out i'n hydrogen atnosphere '
(at nospheric pressufe)® uhdel 5s 't ~conditions ef.an._ jnper tenperature of
a range from about 15 to 25[err]C and a@bagit {THS SHEFRHAST pEN pnge from .
0.5 ][O 1f kag[err] (am)unt of HC bﬁsed on subst at e: F}?EPLAC@@UW en';)szj
Supply of hydro p t the tine , or bed in
90 % of the req% regﬁ ‘gf %?'Gﬂ'ogﬁ@n In} pgaid rr@@‘pﬂé’rtbc wareduation yig epvizhed
with nitrogen t@ rangeo I‘Omhatmosphermnpreé'étﬁ'e resRdiglcmegi e of the
reaction internmediate was 10 % the formation rate of N (1-

et hoxycar bonyI 3- phenyl propyl ) - L- al anine. . was 82 % the cont ent

of 'N-( 1-ethoxycar bontj)g/ aﬁcﬁmﬁwyaﬁr ctaimed._ - inl 5Claimani nezvvag 042 %’

(ww and theﬁccﬁjteﬁ; &, N9( 1-iqprb phepy! popy{ ] - L-al api n
7% (wWw. L1 Pl( lzrerrlt:)%edﬂbyqq?llmatqon?? nWheFﬁE"l

Pd-C cake vvas HE@SYJHEI oﬁ?ﬁ? Clipsheteagtion 188 ni stappeds befove an
wat er - cont dﬂﬁ@ﬁg iateanepresented by the Wokrfiula; After 30 nl of 20
water was added to the resulting filtrate, the filtrate - was
neutralized (pH 4.5) by slow y addi ng dropvxﬁ se an aqueous . 30 % -
(ww) sodium hydroxide s The filtrate was concentrated at
the inner tdfperature of 50[ CHU‘h@é‘IZ‘TGﬁm@G—E’ressure and then
concentrated under 25 reduc redsure with hppropriately adding water -to
give a slurry wth repl acing WOt wat er . CO@Rontent of ethanol :
in the slurry vvasZ%(W/vv), the content of sodiumsulfate was 9 %

S0Ler TG the ?;g*‘ﬁmo% o n0Y Coed O R, st O W ARET datined. fhbaye
amount of the c - resulting crystal was vacuumdried (30 mrHg to
1 mtHg) at 15 -a range from 40 to 60[err]C to give
N-(1(S)-ethoxycarbonyl-3- 19 A process for  obtaining an 1-alkoxy—
carbonyl—3-pheny1propy1 - derivative which is
characterized by crystallizing or extracting in  the
pre'sence of water  the 1-alkoxycarbohyl—S-phenylpr’opyl |
20 derivative represented by. the formula (II )' with which a
- l-carboxy-3-phenylpropyl  derivative represented by the
formula (V) coexists to separate the 1-alkoxycarbonyl-3-
phenylpropyl derivative represented by the formula (I1)

and to remove a 1-carboxy—3-phenylpropyl derivative
25 represented by the formula (V).

20. A process fdr - obtaining an N-(1(S)—

ethoxycarbonyl-3-phenylpropyl)—L-alamne - which . is
characterized by crystallizing N-(1(S)~ethoxycarbonyl—-
30 3-phenylpropyl)-L-alanine with  which = at  lesst
one - of N—(1—carboxy-3—phenylpropyl)—L-alamne and
(N—(1(R)-ethoxycarbonyl-3-phenylpropyl)-L—alamne ' coékist '

in an aqueous  solution to give N=(1(S)—~ethoxycarbonyl-

. 3-phenylpropyl)~L-alanine and to remove N-(1~-carboxy-
3-phenylpropyl)~L-alanine = - and (N

. _ ~(1(R)—ethox bonyl—

3—pheny1propyl)—L-a1anine. . yearbony!

This Sheet Has Been R 21. A p rocess as claimed ih Claim 19 or 20
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phenyl propyl ) - LW 11 mmol es). The vyield was 73

% HPLC purity the content of 35
N-{ 1R et hoxycar‘ l‘ Iﬂ m pyI) L- al ani ng:e—0Q. 1 () the

cont ent oxycar bonyl - 3- c| EmehQHEEITpHmeENL-aI ani ne:
0.2 % (ww, the content of O N(1- tarﬁﬁxy 3 henylmgmgg) L-aljanine: 0.1
% (W W) . _
EXAMPLE 5 N -trifl uor oacety si ne . , 0 es)
and et hyl trwherbmr]a bpHz ovalaer yoh téa“% 1@‘12‘\9/0 5‘9& IF#}DI% )pﬁ 4&%%
added to 125 of 6 % (ww water-contai ni ng 5 ethanol. An
aqueous 4 N |itHium hydroxide solution (12.5 m, 50 mmol es) was
added at -8[err]C over 2 hours, followed by continuous stirring for
30 mnutes. The formation rate  of . - ———  Nerr]-(

1- et hoxycar bonyl - 3- oxo- 3- phenyl propyl ) - N[ err] trifluoroacetyl-L-1ysine

~was 90 % - As an arount of aTHOShegtiHa e at the tinme of the
catalytic reduction, in addi ti t for neutralization of
an al kali, 97 % (W w sulfuric

75 mmol es) was added with
mai ntai ning at an inner tenperature of at nost O[err] C over .15 m nut es.

"The insoluble matter was renoved by filtration 15 and the filtrate

was washed with 125 m of 6 % (ww  Wwater-containing ethanol, and
then the resulting wash liquid was m xed with the filtrate. To the
m xture of the filtrate and wash, 50 % (w w) water-containing 5 % Pd-C

(15 g) was added and the catal yti C reductl on was carried



20 6gt in hydrogen atnosphere of a pressure range of

at mesphe¥ic pressure to 1 kg/cni-err]G under the conditions of an

i nher tenperature of about 35 err]C and an agitation power ~ of 1

kW n8 (sulfuric aci d concentration: 1.1 N, amount  of

sulfuric acid based on Nerr]-( 1-©t h@%yc'érbonyl- 25

3- oxo- 3- phenyl propyl )-Nerr]-trifluoroacetyl-L-lysine: 6 .

equi val ents). Supply of hydrogen was st EA%TT the ti when hydr ogen
is absorbed in 90 % of the required ano Then, the at nosphere was

rapidl'y replaced with nitrogen to stop the reaction. The resi dual

rate -of  the reaction 3§, mbg{)aﬁg'é at egp, Waf_alk%xyc%bon}tlhg—phgﬂwﬁldp%

rate of NLerr]-(

1-et hoxycar bonyfleriviativg/| phaying - Nittle] - amauntor o%fcetl,mpurltlesl_ |3 negood
((18/1R) = 579(1ﬁé1)1t washy 80a %suﬁil% CQffRient of and MNaRFHlly- ( productlve

1- ethoxycarbonyl clohe r opyl err] uoroacet IyS|ne
was 0.2 % (w w)Ph ﬁ%‘g ises talxﬁggil c1ng

(l;vlc\?v;boxgd Cphehzhhm:mda}bbhyhﬂ]*cbm-ﬁw?gtylb I )éSIt ne Pgaﬂvatidve %
was washed w tﬁq3elw&éo&é’w% v%zlal rongr con g%‘ﬁ#ngg et Egnol &&?Fl

125 m of watapd obtained by ytic redution. deing caggied ad@@a
to the reggltimg ardi lalésisl. ofhar fsbl&érﬁ:tecoﬂ@ﬁm ”%Héahl&ﬁibl(piﬂdftﬁb

byI sltova y ad'?'lhn% dr opwi seg\gn aquégﬁe%%t éFb% H%Hé‘?vg sogl um gra&ég t
sol uti on. e r r 8dull B e O a
the inner 5 0e4rpdraat W& OoN, 6afher r pcumtr edficethehe stobonge amdhabél,ngandtt

then 50 m glagpat eg wagdivaldhes adigdd Abher 091%0”&9.1%91&?6‘- of the
1-alkoxycarbonyl—-3-oxo—3—-phenylpropyl derivative (1  mole).

s i
‘.- R ‘.3
.

&

J
t
2




.fnneLw,tenperature of . 25[err]C, the crystal of Nerr]-(1-

et hoxycar bonyl - 3- phenyl.propyl )-N err]-trifl uoroacetyl -L- | ysi ne - was
filtered and washed with=-water in a 2-fold 10 arount of the cake.
. The resulting crystal was vacuum dried (30 mmHg to 1 nmHg) at

60[err]C to give N efrhnglation of Amended Description and Claims

et hoxycar bonyl - 3- phenyl - r4 - t1igigk! c i ne -
et hoxycar bony -3 pheny! g1ap¥dn ARSI 3, 1508 WAHERCRFKIE 34 of PLT e

9 : .
HPLC purity: 97 % (ww, the 15 content of . Nerr]-(

% .

d

1- et hoxycar bonyl - 3- cycl ohexyl propyl )-N err] - trifluoroacetyl-L-1ysine
0.2 % (ww), t he cont ent of N err]-(

1- carboxy- 3- phenyl propyl )-N err]-trifluoroacetyl-L- lysine: 0.1 %
(wWw. 20 . _ . EXAMPLE 6 N (

1- et hoxycar bonyl - 3- oxo- 3- phenyl propyl )-L- - alanine [(1S/1R) = 9.0] (10.0
g, 34 moles) was added to ~ 105 m of 7 % (ww water-containing ethanol
cont ai ni ng 1.9 N sulfuric acid. Thereto 5 % Pd-alunina (2.0 g) was 25
added and the catalytic reduction was carried out in hydr ogen
at nosphere (atnospheric pressure) wunder the conditions of an inner
tenperature of a range from 15 to 25[err]C and an agitation power of a
range from0. 5 to -1 kWnierr] (anount of sulfuric acid based on :
substrate: 6 30 equivalents). Supply of hydrogen was stopped at the tine
when hydrogen is absorbed in 90 % of the required anount. And then,
the atnosphere was rapidly replaced wth nitrogen to stop the

reaction. The formation rate of

N- (1- et hoxycar bonyl - 3- phenyl propyl ) -L-al anine  was 80 % 35 the
anount ~ of N- ( 1- et hoxycar bonyl - 3- cycl ohexyl propyl ) - L-

al ani ne(cycl ohexyl form as a by-product based on N (1-

et hoxycar bonyl - 3- phenyl propyl )-L-alanine was 0.2 % (W w) and the
anount of N-( 1-carboxy-3-phenyl propyl)-L-al ani ne -



) 52 - as a by-product was 14 %(w/w) o

EXAMPLE, 7 N- ( 1- et hoxycar.bonyl - 3- oxo- 3- phenyl propyl )-L- 5
~al ani ne [(1S/1R). = 9.0] (5.0 g, 17 mmol es) was added to 100 m of

t ol uene- denat ured anhydrous et hanol contai ni ng - 1.0 Nsulfuric acid..
Thereto 5 % Pd-C (1.5 g) was added = add the catal ytic reduction was
carried out in hydrogen at nosphere (atnospheric pressure) under the
-conditions of 10 an inner tenperature from 15 to 25[err]C and
an agitation power of a range from @%@ﬁ?a&ln{err] (anount of

sul furic acid based on substrate: 6 equivalents). Supply of
hydr ogen was stopped at the tine sorbed in 90 % of
the required amount. And then, t%@%%%@%rapi dly repl aced

with nitrogen to stop IhALKOXYGARBONYL-3TPHENYAPRORYIn DEREVATIVE N-(

1- et hoxycar bgnyl - 3- phenyl propyl )-L-al anine was 80 % the anount of
N-( 1- et hoxycar bonyl - 3- cycl ohexyl propyl ) - L-al ani ne (cycl ohexyl
fron) as a by-product based on N (1- &W&)(ﬂ% 20

phenyl propyl ) - L- al ani ne WpgeO. hrisént W idvéntiba ari’é!ﬁttesOf to & ( technical

(a5 PR PRl TR | canpaaResS e | prepifing ,/%n
N[ e][|r] ( 1-et h?)kyaikolanarb& pxd @hnhR) glm‘quzl%ﬂ) Nerivitive (hereinafter
“trifluoroac ne - e o

was added tgmllo éfr%lk‘iléé1 o'alé/é vv/t\% vt er gg‘ont al nél%ogycﬂrbor&ﬁ 3 phenmo?ﬁrl

erivative (II )’ ) represented by the formula (11 ):

<:>FCH24CH[—CH—X—Y | (1)
/o 1 |

15 | B 'COOR

wherein R is an alkyl group, X is -Ala-, -Gly-, -Leu-,

-lle-, -Val-, -Orn-, -Lys— . or -Hly-, in which  —amino
_ groups of -Orn-, -Lys— and -Hly~ are protected with an
20 acyl protecting group, Y is hydroxyl grfoup
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e.t hanol containing a predetermned anount of sulfuric - acid. The
concentration of sulfuric acid and- the 30 equivalent thereof based.
on , N-(1-ethoxycarbonyl - 3- ox0- 3- - : ) ’

phenyl propyl)-Nerr]-trifluor oacetyl L-lysine (subst ret e) in t he
solution are shown in TabI e 1. % Pd-—€ (2 & g) was added and the
catal ytic reduct I on carri ed .out in hydrogen at mosphere

(at nospheric ?‘g re) under .the 35 condltlo% of the |nner
t enper at ur e Qﬁerr] C cempriges agf-"‘t1 ower &geduging\y g, an

Wiile the rea@*—alkbxy‘@?bonylw grtpﬂ@yd; t he reacti on wheivatapeed
at the tinme when I du rgl f the react,rf) | nt er pedi_at

was - (herei érre SO. 3 o6 1-alko Xgl“%f‘ﬁ'ﬁg?e
are shown the tona-Beghenylj)rbwl dexdoative, (1’)@) fmpm'asmed rdye thé

Nerr]-( 1- eshoi( rpil
3- phenyl propyl ) - r -t r?fl uor oacetyl - L-1ysi ne, and t he anount
of N err]-( 1 et hoxycar bonyl - 3-cycl ohexyl propyl )- 5

N[err]-trifluoroacetyl-L- \ne (cycl ohexyl form as a
by- product ~  based _@—GH—CH —O\frer xj—(vy 1- et hoxy(cqrponyl 3-
phenyl propyl)-Nerr]-trif oafjet yl L | ysi ne.
- . o 0 COOR
10 . o .
wherein R, X and Y are the same as the defined above, an
1-alkoxycarbonyl—-3—phenylpropyl - derivative (11) having
little . amount of impurities can simply, efficiently and
in good  productivity be produced and  obtained.
15 The - 1-alkoxycarbonyl-3—phenylpropyl derivative  (II),
particularly one having 1S—configuration, is a very useful
compound as a drug or an intermediate thereof,
particularly  various antihypertensive  agents such as
enalapril . and lisinopril, or an intermediate thereof.
20 - .
BACKGROUND ART .
A method of obtaining an 1-alkoxycarbonyl-3-




54 - - [err] . - o - 55 -

Aecording to the same manner as that descri bed in Exanple 2, the
separation from the resulfing reaction “soldtion was conducted.

As a result, the effect of removing the cyclohexyl form by
purification was not 5 recognized. = 9 - EXAMPLE
9 1- et hoxycar bonyl 3- 0xo0- 3- phenyl propyl ) - L- al ani ne :
[ (1S/ 1R). :90] 34 mml was. added to a 10 mixture of 7 % (ww)
wat er - cont ai ni ngg}ﬁ’ﬁgh‘g‘? rc?é’ﬁ?ﬁ by thepfagmaula dlhld  anount of sulfuric
acid. The concentration sul furic acid -and the eqw val ent

t hereof based on '

1- et hoxycar bonyl - 3- ox ne (subst rate) in the
solution are shown-in @ﬁz—?ﬂ(mﬁtvrxet er-cont ai Githy 5 % Pd-C
(4.0 g) was added and t cat alytic keduction was carried out in _
hydrogen at nosphere (at nospheri c pr B) under the conditions of ‘the
i nner tenperature of 20[err]C-and an agitation power of a range from
0. 5to 1 kW npbergin Wi lie tam ralkel i ot NRNI fgor & yth_apy_HPL‘f:e the
reacti on was stenged _t he_foroatiqn rate of

1- et hoxycar bony| - 8& Y5 al aftne Was HIBpoudn  which o —amino
formation rate8F uso nat holysar bang| -Hly— are protected with an
phenyl pr opyl0 - Lacatlaprm?ectu@dgrélﬁ? Ya'i@Ll‘Hrdrdx?l é%%
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- N-( 1- et hoxycar bonyl - 3- cycl ohexyl propyl ) - L-al anine 25 - ( Fy_’&ﬁ%ﬁ@&‘VENT SHER)
~as a by-product based on N (1- '
et hoxycar bonyl

- 3- phenyl propyl ) - L= al ani ne wer'e ~ exam npd doasul ti
are shown in Table 2. - 56 - [err ' 17Aﬁﬂe1€j’99
- 57 - . ' According to theTsa nanner as that® ' I n

Exanple 1, the separ ation from the resulting reactipn sol ution
~conduct ed. result, the effect of novi ng the Cyclonexyt-
form by purifi c&‘hlﬁlﬂ was nGOMPLIges gni Zedcatalytlcaﬁ redu %/ -an
COVP,rA]\RATI VEb EXA!LPélRo&ycarbonyl-3—oxo-ﬂ—bhenylprolpyl (18 )' der]lvaztl_ve
1- et hoxycar bony =L . al ani ne 1S/1R) = 9.0 10.0
g, 34 nmol es) vv{égg e%&ggﬁpﬂgnﬁ%gr@#}h% ()]f )7 % (W w) water-containing

et hanol containing a predeterm ned .anpbunt of sulfuric acid. The

concentratiop

10

15

20

25

30

35

of sul c acid- and the equi val ent thereof based
' C—CHy;—CH—X-—Y (1)

Il |
o COOR

wherein R, X and Y are the same as the defined above; the .
above—mentioned catalytic reduction being carried out in
an alcohol or a solvent containing the alcohol in the
presence of a strong acid having a concentration of 0.4
to 5 N, the amount of the strong acid being at least 3
equivalents ~ based on one equivalent of the
1-alkoxycarbonyl-3-oxo—3—phenylpropyl  derivative - (1 mole)
to control a  formation of an 1-alkoxycarbonyl—3—
cyclohexylpropyl derivative represented by the formula

(m ):
O—CHZ—Cﬂz—CH—X—Y (I1D)
' o S

COOR

" wherein R, X and Y are the same as the deflned above

(Claim 1);

a process as claimed in Claim 1 wherein in separating the
1-alkoxycarbonyl—-3—phenylpropyl derivative represented by
the formula (II) from a reaction solution obtained by
catalytic reduction, by crystallization or . extraction
of the - derivative represented by the formula (II), a
1-carboxy—3-phenylpropyl  derivative represented by the
formula (IV): | a : : '

_©—CHZ—CH2—CH-—_X—FY. (1v)
l |

COOH

wherein X and Y are the same as the defined above as a
by-product, is removed to separate the 1-alkoxycarbonyl-3-



: c")‘n - N-(, 1-ethoxycar bohyl - 3- 0x0- 3- phenyl propyl ) - L-al anine
(substrate) in the solution are shown in Table 3. 50 %15 (ww

wat er-containing 5 % Pd-C (4.0 g) was added and the catal ytic reduction
was carried out in hydrogen atnosphere _(atnosphere’ pressure) under
the conditions of the inner  tenperdlura of 20[err]C and an agitation

power of a range from 5 to 1 kWnferr]. Wile the reaction was
nonitored with 2

0.
action was sto edvvhnth for rat

(. 15t howycar BBRUVIRFORIny G OpAYe | - XERFS By anghe” Tormetac, (e
formation rat e(Cl@i/ﬁa, @); N-( 1-ethoxycarbonyl -
phenyl propyl ) - L; aI
E etKoﬁycg?]bz)ny"fl (P Sg%hg‘gyl ?IEIE? ﬁ’[mgpé{m E]g ﬁée(q%écltﬁﬁeﬁﬁro%grqﬁld dg
a by-product na‘a'etcallznd toq\;%! :l: 1.5 (Claim 3);
et hoxycar bong '-g pﬁ‘FdBésBr Ogy! )clégﬁédm'l?le CHERE 1, ©XaWeqd wherEl® Nesykt

are shown in Ta
- 59 - a‘ﬁ@%.% to the same’ manner as that described
a process as claimed in Claim 1, 2 or 3 wherein X is -

—-L-Lys—, o —amino group of which is protected with an acyl
protecting group (Claim 6); S o

10 a process as claimed in Claim 5 or 6 wherein the
separation - of the -alkoxycarbonyl-S-phenylpropyl'
derivative represented by the formula (II) is carried out
by crystallization from the aqueous solution (Claim 7 );

a process as claimed in Claim 7 wherein crystallization is

15 carried out at temperatures not less than 30°C (Claim 8);

' a process as claimed in Claim 1, 2, 3, 5 6, 7 or 8
wherein a Michael addition reaction mixture which contains
the 1-alkoxycarbonyl—3—oxo—3—phenylpropyl derivative
represented by the formula (I ) obtained by Michael

20 addition reaction of a g —benzoyl acrylate and an amino
cacid or a derivative thereof is used for catalytic
reduction (Claim 9); '

a process as claimed in Claim 1, 2, 3, 5 6, 7, 8 or 9
wherein an alcohol, a water content of which is at most

25 50 % (w/w), is used as a reaction solvent (Claim 10);

- a process as claimed in Claim 10 wherein an alcohol, - a
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in Exanple 1, the  separation from the resulting reaction solution

was conducted. © As - a result, the effect of renmoving the
cyclohexyl form by purification was not 5 recognized. '
EXAMPLE 10 : According to the_sanme nmanner as that descri bed
in Exanple 1, the catalytic reduction #as Carried out to 10 give a
reaction solution containing 10 % (ww of N- (

N (0 1 et hoxycar BAEST - SBBERHtFBED Wigh, s Within 4 Srange aﬁm(%%wﬁ%f%
N-( 1-carboxy- 3(-vp)‘why liprugad )asLa reactibansolventbfJain 1b)y - |
N-(1(S)-eth s 3- @l t h
Feaction: yiel & 3336*%%% B bamielY b Glaim B 2 8 Srofh T § g 107
described in Ex%pl wherein heSUIf:W§t aﬂpldzatlﬁonusﬁ ondSthe s@m oramd

solution wa§ " (Clafd' Mpd ~out gi ve

N-(1(S)-et hoxycar bon ro L-al 6.

nol es) . The 2 e% a{sr(ﬁlg]mea/ ? @{# -1 z%n é g 9 8 9 0,
1('S) - et hoxycar bbhycbr 32 xwhérginesgidrsipphy- aeld is mwumea 75 % HPLC purity
1 99.0 %(WwW,q ]E“Ee'&?

N-(1(R) -et hoxycgas%{]y g he(r}{‘/'} propyla) E288Sni rf11é°m 3 1"‘:’n 15 e IY {18
t he cont ent 1o et MOl car 8bny| the -alkoxycarbonyl—3-oxo— -

cycl ohexyl p1@pyp hehyﬁir@ijyme der19aﬁ1ve %'epl(éﬂeﬂted tlﬁe théonfcﬁ:ﬁﬁul%.5 (of) as

N-(1- carboxy3 r o al anisne: - 0. w w) , resi due on
i gni tion: %/ﬂ divitent (bl 3 EXAI\/PLE 11

N( 1(S)- et hoxgcepmcass 3spialaimed o | )Claim3d, &,ar8,neb, (80.9, 8) 9(pdlity

95 % (ww), nt f ur upst nt;ai n 3. %
(vv/w)oof N-(l( Y, qr?t etﬁ 1%)ar ?m;Q eﬁé]gdro%gl Emgﬁgm %e hgén% # %
(W w) ?dlic aRpeatAlyst r{g%l{ yl)-L-alanine was added to

400 nl of \‘nat ea. pniceSs s rd:larlgedlinmCIaﬁm3514 Yowleveih Fd-(Q)ydPdedluating

acid was addeg, pdOebife iGOHELA'4W a FRUHELRY catalyst (Claim 15);
a process as claimed in Claim 1, 2, 3, 5, 6, 7, 8 9, 10,
11, 12, 13, 14 or 15 wherein a reaction temperature of
, catalytic reduction is within a range from 10° to 35C
20 (Claim 16); | -
a process as claimed in Claim 1, 2, 3, 5 6, 7, 8 9, 10,
11, 12, 13, 14, 15 or 16 wherein a pressure of hydrogen in
said catalytic reduction is within a range from |
atmospheric pressure to 2 kg/cm2G (Claim 17); |
25 a process as claimed in Claim 1, 2, 3, 5 6, 7, 8 9, 10,
11, 12, 13, 14, 15 16 or 17 wherein said catalytic
reduction reaction is stopped before an intermediate
represented by the formula: -

30 . | _@CH—CHZ—CH—X—Y
| u

OH = COOR

wherein R, X and Y are the same as the defined above
35 disappears (Claim 18);
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8.0 g of 50 % (ww) water-containing - active carbon was - added,

followed by 'stirring for 30 minutes. The active carbon was
rempved by filtration under reduced pressure, : e
- 60 - and washed wth 100 m of water. After the resulting
filtrate and wash liquid were m x8d, 13the crystallization was

carried out under stirring with adding an aqueous 30 % (ww) sodium
hydr oxi de sol ut,ion at the inner te rature 5 of r e om 25 to.-
30[err]C over & hoBFOCESks ar}l%gsul ?)%%auu Sepo@tloﬁl—éf@?{; ¥ganhonyl-3—
st?rted at pH ﬁhenﬂpmbw)—lﬁzﬁé?mnﬁ pH welickdj ustisd t chafacterazedt he by
sol ution was st err - t T_
1(S) - et hoxycar bé#ﬁ%ylgfng henyl pro gyg(gi %F}gﬁw&gr bgﬁgls%r%%e?‘é'}@go&l;nld
washed with 10a1a$1®ned inf theerpresemeer eafil @tngleast yxng whs Nv(almoanbdxyed
(30 mtHg to A. 40to [err] -
of N-(1(S)- ﬁyc Eb”ﬂ’}’?] 9 pﬁen pr opyl Qﬂlﬁ?m%ﬂm}éyc;%ﬁéw
89 % HPLC purl ng hdn caéhte%ﬂueougf sojpgion ‘to glve
1(R) - et hoxycar bNHyl(s; eﬂ@ds&y 1-3—pllénﬁb@opyn—l\ﬁralaﬁuﬁe%(\/\I/W) theand

f boxy-.3- = L= f 0.
comtant o (oo Uiy | OGS ki) PR O i
According to N'e(1(Rb'rdslmycarbonnl'r?omhen){lprOBYDﬁL’mlnbI e to (ﬁlauuce

t he 1-al kg ycgo?g%IJB phenyl pr opyI _ deri vat | ve (1) having good

~qual it ~whi ch nt al ns mal | nt ., of th
?a| koiycarbonyﬁ 3process as claimed ’ in Claim dWherein a pH v_af_ue of

said aqueous solution is pH 4 6 £ 1. 5 (Cla1m 21).

BEST MODE FOR CARRYING OUT THE INVENTION
15 A process for preparing the l-alkoxycarbonyl-3-
phenylpropyl derivative represented by the formula (II)
by catalytically reducing the  1-alkoxycarbonyl-3—-oxo—3-
. phenylpropyl derivative represented by the formula (I ) in
the present invention will be explained. L

20. ~ In the present invention, the 1-alkoxycarbonyl-
3-phenylpropy1 ~derivative represented by the
formula (1) is produced by catalytically reducing
the 1-alkoxycarbonyl—3—oxo~3—phenylpropyl derivative

represented by the. formula (I) in an alcohol or a solvent

25 containing the alcohol in the- presence of a strong acid
having a concentration of 0.4 to 5 N, the amount of the
strong acid being at least 3 equivalents based on one
equivalent of the = 1-alkoxycarbonyl—3—oxo—3—phenylpropyl
derlvatlve represented by the formula (I ) (1 mole).

30 In the . 1-alkoxycarbonyl~3—oxo~3—phenylpropyl
derivative represented by the formula (I ):

C—'—CHg—CH-—'X'—Y (1)
'll | _ _

0 COOR
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c;-/cl ohexyl propyl' derivative (cycl dhexyi for n')' (I'11) and the -
1-car boxy- 3- phenyl propyl derivative (carboxy form (1V), 25 sinply and

effi.ciently, in good. productivity. - 61 -

CLAIM - 1. (Arended) In a process for preparing an an
1-a|koxycarbonyI-B-phenyIpropy1 deri vatilde — represented 5 by the formla
(rr)y: [err] (rry . wherein Ris an aIkyI group, Xis -Aa-,

- whi ch
igr?/]_ aning lb'l?bs ig,r a W‘f’ﬁtra%w&&ed R they yDreS@né’ iﬁvgmmmd Ruiish -
an acyl prot ectiang ollylp, group. hy Wsually grampalkyl group62having 1 to 8

- carbon atoms, preferably a normal chain or branched chain

alkyl group having 1 to 4 carbon. atoms are preferable in
5 view of easiness of preparing the above substrate or
easiness of eliminating in case of ‘hydrolysis. As the
concrete examples thereof there can be employed, for
instance, methyl group, ethyl group, and the like. Among
them, ethyl group is preferable because it can be commonly

10 used as various antihypertensive agents such as enalapril

or an 1ntermed1ate thereof. | | o

As the X in the formula (I) there can be
employed, - —Ala-, -Gly~, -Leu-, -Ile-~, -Val-, -Orn-, -Lys—
or -Hly-, in which o —amino group of -Orn~, -Lys— and

15 -Hly- are protected with an acyl protecting group. They

mean an amino acid residue wherein each one of hydrogen
atom and hydroxy group is removed from amino group and
carboxyl = group, ' respectively of alanine, glycine,
leucine, = isoleucine, valine, ornithine, lysine or

20 homolysine in which  —amino group of ornithine, lysine.

and homolysine are protected with an acyl protecting
group. ' ' _ g

As the Y in the formula (I) there can be
employed, hydroxy group, -Ala, -Gly, -Leuy, -lIle, -Val,

25 -Pro, a group represented by the formula:
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whi ch conprlses _catalytically 'reducing" an _1-alkdxy-

car bonyl - _ derlvatlve ' _represented by t he
formJIa(I ) : [err] (D)

wherein R mmn““]é“llﬁll Pni“farre as. the defined above; the

above- nent i reductl on —beébhg —carried out in 10 an

al cohol or & Sol'veft ‘containi ng the alcohol in the presence of a
strong acid having a concentration of O. 5 N, the anount of the
strong acid being at least 3 equi va@]e&MS based on one
equi val ent of t he - 1- al koxycar bonyl - 3- oxo- 3- phenyl pr opyl

derivative (1 = nole) cont.r a  formatio of__an_.
1- al koxycar bonyl - 3- cy I-o@?ﬂl‘g@pan dfr i VREQGHES r&&ﬁeseﬂ’f@&?“ﬁ% 1§t
formul a (I'llan: 1-ea1k]ox3@arbony1-3-phenylpropyl derivative represe(xted)
wherein R g r\gv ol Afus¢ )as t he defined above. 25

ocess as ot

(Anmended) A pr al. e n Caiml wherein ‘in separating the
-1- al koxycar bonyl - 3- phenylpropyl derivative represented by the formula
(Il froma reaction ution obtained by catalytic reduction, a
1- b | -3- 30 heny Wl d by t f I V) :

car oxy p en() Cﬁgu@%y_ecr}gp_r}es_eqte y {}?) ormula (1V)
' COOR '

10 : _
wherein R is an alkyl group, X is -—Ala-, -Gly-, -Leu—,
-Ile-, —Val-, -Orn-, -Lys— or -Hly-, in which « —amino
groups -of -Orn-, -Lys— and -Hly- are protected with
an acyl protecting" group, Y is hydroxyl group,
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-

- 63- [err] . — '(IV) -5 wherein X and Y are the sane
he defined above as uct, is renoved to separate the

Dy koice o Y pron dei vl ve Feprssant i by o Tor i
strong aC|d i*s feutralized to pH 4.6 =. %62 - 4. (Cancel |l ed)

15 5. (Anended) A process as clainmed in Cdaim 1, 2 or 3
wherein X is -L-

nded) yocess as claiped in
Caiml, 2 20W Qia'?; wRemgrisesx .@atabrtug;gﬁy [elrﬁ]ju%fﬂgqo #oupl-aikamitch
i's prot ect %hﬁbohbl%*—@@d*&%ﬁéxﬁ%r@ﬂylgr OUderivative  represehtedAnersied)

A process as cl in.Cl 6 wherein the separati on of
t he 1- al koxyc ti}qﬁf? {mga (aizgl phenyl propyl derivative represented by

the fornula (II) is . ried out by crystalllzatlonfromthe aqueous -
solution. g @-W%%—@H—de in QGahym 7 wherein

I I
‘0 COOR

wherein R, X and Y are the same as the defined above; the
above-mentioned catalytic reduction being carried out in

10 an alcohol or a solvent containing the alcohol in the
presence’ of a strong acid having a concentration of 0.4 to
5 N, the amount of the strong acid being at least 3
equivalents based on one equivalent - of the -
1-alkoxycarbonyl—3—oxo—3~phenylpropyl derivative (1  mole)

15 to control -a formation = of an 1-alkoxycarbonyl—3-
cyclohexylpropyl derivative represented by the formula
(I ): : '

20 <:>FCH2—CHr—CH—X—Y (m)
|

COOR

wherein R, X and Y are the same as the defined above.
25 :
_ 2. (Amended) A process as claimed in Claim 1
wherein in separating the 1-alkoxycarbonyl-3-phenylpropyl
derivative represented by the formula (II) from a reaction
solution obtained by catalytic reduction, a l-carboxyl-3- -
30 phenylpropyl derivative represented by the formula (IV):
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R ——

crystallization is carried out at tenperatures not less 30 than

30[err] C. 9. (Amended) A process as clained in Caim 1,
or 8 wherein a M chael addition reaction m xture 35

Whl ch conHH' "l, 'I ”, oxycar bonyl - 3- oxo- 3- pheny! pr opy! derivative
represent e I Ia (1 ) obtabded by M chael addition
reaction of a [err]- enzoyl acrylate and an - 64 -

amino acid or a derivative thereof is used for catalytic

reducti on. : ' (Amended) A process as clainmed in ;
Cam 1, - 5 2', 3, Y/ _or, whanrel nvansal cohol r content
~of which is at nost 5@-% Cﬂ EP? nx Ya react | onvﬁlbe) -
sol vent . : . 11. A process%a(? c]_kal med in Caim210 wherein an
10 alcohol, a water- content of which is 9 a range from 2 to
30 % (W w, ks used as a reaction solvent. 12. (Amended)
A process s claimed in daim 1, : -2, 3, 5 6, 7, 8-9, 10 or

11 wherein suwherein Xciandi & ara5thesessime asstthenglefined above as a
: by-product, is removed to separate the l-alkoxycarbonyl—-3—
phenylpropyl derivative represented by the formula (II).

10 - .
3. A process as claimed in Claim 2 wherein the
~ strong acid is neutralized to pH 4.6 + 15.
4. (Cancelled)
15 o

5. (Mended) A piocess as claimed in Claim 1, 2
or 3 wherein X is =L—Ala—.

6. (Amended) A process as c1a1med in Claim 1, 2 2
20 or 3 wherein X is- -L-Lys—, o —amino group of which
protected with an. acyl protecting group.

_ _ 7. (Amended) A process as claimed in Claim 5 or
6  wherein the separation of the -alkoxycarbonyl-3—_

25 phenylpropyl derivative represented by the formula (II)
carried out by crystallization from the aqueous solution.

8.: A process as claimed in Claim 7 wherein
crystallizaticn is carried out at temperatures not less
30 than 30°C . '

(Amended) A process as claimed in Claim

1 2, 3 5 6, 7 or 8 wherein a Michael addition reaction
mixture o

35 which -contains the 1-alkoxycarbonyl-3—oxo—3-pheny1propyl

derivative represented by the formula (I) obtained by

Michael addition _reaction of a B —benzoyl acrylate and an
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13. (Amended) A process as clained in Cdaim 1, 2, 3, 5 6, 7,
8, 9, 10, 11 or T2 Wherein said strong acid . Is used in a =
concertration from 3 to’ 15° 20 equivalents based
on 1 nmole of ”“I“l E"I EﬂfE bonyl - 0x0- 3- phenyl propyl
derivative represente ernmula - 64 =(l1) as a 1 equivalent.

14. (Anended) A process as clainmed in Caiml, 25 2, 3, 5, 6, 7, 8, 9,

10, 11, 12 or 13 wherein a pall adium . lyst is used as a
reducti on catal @@ino- acid or a derivatiye Ath@ﬁﬁﬂips§ awsedc| forre catalytic
Caim 14 V\'her?ed*uctlon. . Pd-C, ‘Pd-alumina or Pd-zeolite is used as

~a reduction 30 catalyst. 16. (Anmended) A process as
cIaimadinCIaiml-_' 2, 3,5 6, 7,8, 9, 10, 11, 12, 13, 14 or 15
wherein a reacti @0. t(aMnended) eAof protedsyt as reldimed orini sClaifhi 1, a

35 range from 19[ epr] gt 035Fer 7 0ces

in daim 1g1 9 3, 5”“5 [7 ﬂ%é@éﬁﬂgﬂgﬁg%l%lllgﬁa 3, éfﬂ{tg@
or 16 -wherein of eWhlgﬂlbss%reat omosky Ahgdh (WAW)sailsl usedal 98i @ reartdenon
is  wthin aggrmtfromatrmspherlc pressure to 2 kg/cnferr] G '

11. A process as claimed in Claim 10 wherein an
10 alcohol, a water content of which is within a range from 2
. to 30 % (w/w), is used as a reaction solvent.

12. (Aménded) A process as claimed in ' Claim 1,
2, 3, 5 6, 7, 8 9, 10 or 11 wherein sulfuric acid is
15 wused as a strong acid. | |

_ 13. (Amended) A process as claimed -in Claim 1,

2 3 5 6 7 8 9,10, 11 or 12 wherein said strong acid

is used in a concentration within- a range from 3 to 15

20 equivalents based on 1 mole of the l-alkoxycarbonyl-3-

- oxo—3-phenylpropyl derivative represented by the formula
(I) as a 1 equivalent.

| 14. (Amended) A process as claimed in Claim 1,
25 2,3, 5 6, 7, 8 9, 10, 11, 12 or 13 wherein a palladium
catalyst is used as a reduction catalyst.

15. A pfoC&ss. as claimed in Claim 14 wherein
_ Pd-C, Pd-alumina or Pd—zeohte is used as a reduction
30  catalyst.

16. (Amended) A process as claimed in Claim 1,

2, 3, 5 6 7,8 9, 10, 11, 12, 13, 14 or 15 wherein a

reaction temperature of catalytic reduction is within a
35 range from 10° to 35TC.

F.{mecwm SHEET 17. '(Aménded) A process as claimed in Claim 1,

J et —
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5 18. (Arrendéd) A process as claimed in Qaim 1, 2, 3, 5,

6, 7, 8 9, 10, 171, 147715, 16 or 17 - wherein said cat aI ytic
reducti on reac before an intermedi ate represented by
't he formul a: [er H"'Iﬁ",nﬂmmgl n R X and Y are the sanme as the
defined above 15+disappearss -« = 65197 (cCancelled) 20.

A process . for obtaining an N-(l(S)- 20
et hoxycar bonyl - 3- phenyl propyl ) -L-al api ne_ - . '
characterized i .3, Al $i % |16  wherein

3- phenyl propyl )alL- pkessm iof  thedrogeresefice sa:lii fatalytbst redwctdon &f

IIIQ(R) 1efﬁ(r)>t:%grg 9?% %gﬁ%%mli}%ﬂd%%ﬁ:}ress%(tq r12 ég/%zc"aqueous

sol ution to give: N (1(S)-et hoxycar bonyl - 3- phenyl propyl ) - L-al ani ne
and to regove N-(.1-¢ggrb he py n

(N-( "1(R) - et hoxycar bonyl - 8. -p en Fprgpy é S%I aé%ngai@%u in Cmiﬂ'Zl
(Arended) A _pré:.eés_a‘y&_gﬁa.ded B 81 15, 16 or 17

- 66 - wherein  said catalyt;c reduct1on reaction is  stopped

before an intefmediat'e represented by the formula:

L @—?H—CHZ—CH—X—Y
_ L [

OH COOR

'wherein .' R, X and Y are the same as the defined above
15 disappears.

19. (Cancelled)

20. A process for  obtaining an  N-(1(S)-
20 ethoxycarbonyl-3-phenylpropyl)~L—alanine which is
characterized by crystallizing N—(1(S)-ethoxycarbonyl—
3-phenylpropyl)-L-alanine in the presence of at least
one of  N—(1-carboxy—3-phenylpropyl)-L-alanine and
(N-(1(R)—ethoxycarbonyl-3—phenylpropyl)-L-alanine ' in
25 an aqueous  solution to give N—(1(S)-ethoxycarbonyli-
3-phenylpropyl)-L—a1arﬁne ~and to remove N-(l—carboxy—
3-phenylpropyl)-L-alanine and (N-(1(R)~ethoxycarbonyl-
3-phenylpropyl)-L-alanine. '

30 21. (Amended) A process as claimed in Claim 20

REPLACEMENT SHEET
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wherei-a a pH val-ue—of —said ~aqueous solution is pH 4.6 [err] 1.5.

R

[

- 66 -—

wherein a pH value of
1.5.

1

said aqueous solution is PH 4.6 £

[ 3w n}]
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