[ err] - OXO- HOMOPHENYLALANI NE DERI VATI VES AND PROCESS FOR PRODUCI NG

HOMOPHENYLALANI NE DERI VATI VES BY REDUCI NG THE SAME 5
TECHNI CAL FI ELD The ‘present invention relates to a process for
produci ng an optically active honophenyl al ani ne derivative of the
general formula (1V): o [err] :
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(wherein Xerr] and X[err] are the sane or different and

represents a hydrogen atom:-an al kyl group containing 1 to 7 car

at ons,

an aryl group containing 6 to 10 carbon atons, an aral kyl

15 containing 7 to 10 carbon atons, a hydroxyl group, a hal ogen
a cyano group, a trifluoronethyl group, an al koxyl group contain
to 4 carboWWO9835%4ons, an al kyl nercapt o group contai ni ng PCIgPA/00580
atons or a nitro group) to an internediate 20 ‘therefor, nanely a

[err]

- oxo- honmophenyl al ani ne derivative, and to a process for the

producti on t her eof . The optically active honophenyl al an
-derivative which is represented by t he above 25 general formula (I1V)

(herelnafter referred to as ﬁﬁg%%Dalanlne derivative ( %2%9
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2 i nhi bitor"). As is described in Japanese Kokai Publication
Sho- 64- 71934, the above-nentioned honophenyl al ani ne derivative (1V) can
be readily derived into said 5 ACE i nhibitor follow ng conversion of its
am no group to a hydroxy group by reaction with nitrous aci d.
BACKGROUND ART 10 Among- t he so-far known processes for producing

t he above- WAP¥PMd optically active honophenyl al ani n@®CE@F804880 e (1 V),
there is a process using a biocatal yst such as an enzyne, and t he
process enpl oying the so-call ed asymTetrl c 15 synthesis w thout using any

bi ocat al yst such as an
: 3
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enzyne. As the above-nentioned process using a bi ocat al yst,

Japanese Kokai Publication Hei-01- - 79134, for instance, discloses a
process involving 20 asymet.ri ¢ deconposition of a correspondi ng

hydant oi n wi t h hydant oi nase, and Japanese Kokai Publ i cati on Hei-02-31694
di scl oses a process conprising asymmetrically hydrolyzing a
correspondiW@o%&®Honitrile with nitrile hydrol ase. 25 ThePETHPWHOESEes,
.however, require the use of a t oxi ¢ hydrocyani c acid conmpound in raw
mat eri al synt hesi s. Unites States Patent No. 5, 316, 943

di scl oses a process conprising trans-am nation of a 30 correspondi ng
-keto acid with transam nase and, in 4 the Journal of Organic Chem stry,
vol . 55, page 5567 (1990), there is disclosed a process conpri si ng
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3 keto acid as a material . In the Journal of the Anerican

Chem cal Soci ety, vol. 112, page 945 (1990), there is di scl osed a
process which conprises asymetrically 5 hydrolyzing a correspondi ng ester
using an enzyne and, in'the Bulletin of the Chem cal Society of

Japan, vol. age 918 (1982), there is disclosed a process conprising

asynnetrlcéYWN” &t ol yzing a correspondi ng acetyl deri vREHIP88/QN580n(

acyl ase. 10 These processes, however, are processes for racemc

resol ution, hence, theoretically, the desired - conpounds can be obtai ned
only in half amounts relative to the total ampunts of starting

‘racenat es. Anot her di sadvantage |igs, for exanple, in the 15 conplexity
of operational procedure. As the above-nentioned process
conprising T @syFatfr#atdyashesis, there may be nentioned the process
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Aneri can Chenical Society, vol. 114, page 1906 (1992)), the process

conpri sing hydrogenating a 4- . phenyl - 2- am nocrotoni c acid derivative
with an asymetric rhodi um conplex (the Journal of Organic 25
Chem stry, vol. 52, page 5142 (1987)) and the process conpri sing

reacting an optically active- gl ycine derivative wth phenyl propyl
brom de (tWO9B5934ournal of the American Chemical Soci et yPCT/BI98/0058B

. page 1103 (1986)), anong others. These processes 30 for asymetric

synt hesi s, however, require the use of an expensive catal yst or an
organonetal lic conmpound difficult to handle. As the

- above-nenti oned process conprising g optical resolution of the optically

active 35 honophenyl al ani ne derivative (1V), there may be
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mentioned, for exanple, the process conprising resolving a
correspondi ng N-fornyl  derivative usi ng phenet hyl am ne (Japanese Kokali
Publ i cati on Sho- 63-63646), the process conprising resolving a 5
correspondi ng net hyl ester using nmandelic acid (Japanese Kokali
Publ i cati on Sho- 63-145256) and the process conprising resolving a
correspondi W 935934 jcetyl conpound using brucine (the JoBEHER889580

Bi ol ogi cal Chem stry, vol. 122, page 348 (1937 to 10 1938)), anobng ot hers.
Theoretically, however, t hese processes can give the desired conpounds
only in half of the total anmounts of starting racemc m xture and
are al so di sadvantageous in that theirg operati onal procedures are
conplicated. 15 The so-far known processes thus cannot

necessari | Edfe(gaBd LS beTdmbi Bty (V) ; " In view of the foregoing,
it is an object of the present invention to provide an econonically
advant ageous and efficient process for producing 20 the above-nentioned
optically actihve honophenyl al ani ne derivative (1V), and an

i nternedi ate ef or and a process for producing it. 25
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The present invention relates to a [err]-oxo- honmophenyl al ani ne

5

derivative of the general formula (r):

[err]
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(wherein Xerr] and X err] are the sane or different and each
represents a hydrogen atom an al kyl -group containing 1 to 7 carbon
atons, an aryl group 5 containing 6 to 10 carbon atons, an aral kyl group
containing 7 to 10 carbon atons, a hydroxyl group, a hal ogen atom a
cyano group, a trifluoronethyl group, an al koxyl group containing 1 to
4 carbon  WOR8EAB4 an al kyl mercapto group containing 1 toPQIIEISEEE®HON
atonms or a nitro group, and R represents a phenyl group, a substituted
phenyl group or a napht hyl group) (hereinafter referred to as "[err]

- 0XO0- honophenyl al ani ne derivative (1)"). ' The present
Fnvention also relates to a 15 procesg for producing a

[ err] - oxo- honophenyl al ani ne derivative (I) which conprises reacting
[err]- 108z Syach yti2c0 26 T der N TEROT &P gékimat:. RiTBmmalza( | |
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20 (wherein Xerr] and X/ err] are as defined above)

6 (hereinafter referred to as "[err]-benzoylacrylic acid
derivative (11)") with a 1l-aryl ethyl am ne derivative of the general
formula (111): [err]
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5 (wherein Ris as defined above) (hereinafter referred to as

“1-aryl ethyl am ne derivative (I111)"). The present invention
further relates to a process for producing said honophenyl al ani ne 10
derivative (I1V) which conprises subjecting said [err]-

oxo- honmophenyl al ani ne derivative (1) to reduction reacti on.

DETAI LED DMSZP#/ISIMON OF THE | NVENTI ON 15 The presentPCGIAPWNOF80n | s
.described in further detail in the follow ng. According to the
present invention, the [err]-oxo- honophenyl al ani ne derivative (1),

whi ch is novel substance and can easily be prepared by the so- 20 called
-M chael addition reaction fromthe abgve- mentioned [err]-benzoyl acrylic
acid derivative (I1) and - the above-nentioned 1-aryl ethyl am ne derivative
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FRET 2o NT S VICERTAIENTE S, MBRANTEILiIcXD,
RGEMLEHIE2ILbTES, |

LEBMBREECENTR, v —AF Y ~RETNT 5= vEMK (
[) OafioRERRAENZOT. LHEEN (aS, 1S) THZr—AFV
—RET 2 NT S VHRBED SR a O HERED (S) THEHET 2=
NTS=viFBEE, IREEM (aR. 1R) THE 7 —AFV—FKET7x=
NT 5= EBBL S a OUBERES (R) THEAETT AT S VH.
 BEEARTELENTES, |

FREMBERIGR THRIZ. FRMBEE A, BRERELERRET 22
W7o 8K (IV) ERHERRLLTEBLIZLNTES, HBIIELT.
PAE. 2/ - NV—KkRSOBEEAVTERRKTALLTES, Hic. 7
FFUORBRESEOAN A v RREE. B0 /o b ST —-FEROTHE
T352EHTES,

EROES I LTBONEEBERLAET 22AT 5= VHEE (1V) &,
7oY. NCAE, Bz A5V, RABREBKDESEEERTF FARK
BHBuohdAMoFkickd, Xid, e FaFi @kl L, ¥BICEEEACE
RETEACH I EHTE S,

AFEFICEBVTR, M 7 VIMEBERUZ0RBHEZEX A LICLD,
BEEB—XSANT 7Y VEERE (1 1) CEEEHELLI -TYV LT



o

30 nentioned above is used in the above-nentioned addi tion reaction,
t he T-oxo-honmophenyl al anine . : 7
derivative is fornmed di astereosel ectively as a precipitate and,
therefore, an (R)- honophenyl al ani ne derivative or a (S)-
honophenyl al ani ne derivative can be produced with 5 very high optical
purity by "985 said [err]-oxo- honmophenyl al ani ne ®EMIIPIHG080
The reactions involved in the present i nvention can be shown below in
terms of reaction formula as follows: 10 [err]

12

NTIVBEK (11 1) o, 7—A%Y —hET 22MT 5= U HBE (

1) YT RFUABROEBHTHRLTHL I ENTE, B, ZOBBKk
EBERBICE - TRPERRAET 227 S VHEGL (1 V) RERET
W EDTE B,

AFRBOEREDON &
DUTiREAEZRB CARRBBATICHEL{RHET LN, ZRBRIINSEEHN
OHIIZREINS bOTIRIE,

EHH 1 _ _

(R, 1R) —N— (1 -7 z%FN) —7—AFYV—p—AbFY—FhET

= NVTS = VDK
PIYR=p—AbFY=B-RVYSANVT7INB20EmegELSY )~V

20mLiIciEOL. BEZ40°CICHEBHL7. 1 21meg (1358 © (R) —

1 -7 =%FN7 Iv%MA. 4 0°COEE. 1 5 BRI L. WH LKLk

ALBLABRTE b= FY V- KTEHERLBRREERLT, 1 7T0mgDH

B RHERLELT (R IR) ~N—= (1 =T 2xFN) —¢g—F4FYV—p—

AMFU—KRETI2ZNTSZ B (LG 2%) .

TLC (YYAH¥A) :REf=0, 55 (n—7% /=) Bel:k=4:1

1)

NMR (DMSO-ds &) 7. 8 (d, J=7. 5, 2H). 7. 5 (m.

5H) . 7. 1 (d. J=17. 5, 2H). 4. 5 (q. J=6. 8, 1H) .

3. 9 (s. 3H). 3. 8 (m. 1H). 3. 8 (m. 2H). 1. 6 (d.

J=6. 8, 3H) |

IR(KBr disk.cm™) 1680, 1600, 1570, 1380,

1250, 1180

B 160~161°C

[a] **» =—980. 2 (¢c=0. 051, MeOH: 1NH: SO, =3 : 1.

v/ v)




> al

In the practice of the present invention, exanpl es of the
above-nentioned [err]-benzoylacrylic acid derivative (I1), which are
preferred based on 15 the utility of the obtained honophenyl al ani ne
derivative (1V), are p-nethoxy- [err] -benzoylacrylic acid in which
X[err] is a p-nethoxy group and Xerr] is a  hydrogen atom and
unsubst it utWa@ 938934 - benzoyl acrylic acid in which X[ er rRCH/IP9800580dr ogen
atomand X[err] is a 20 hydrogen atom For said
[err]-benzoylacrylic acid derivative (I1), there exist the trans form

and the cis form
. 13

TR EAME: C. 69. 66 ;H. 6. 53 N, 4. 11
AFEE:C. 69. 71 ;H. 6. 47:N, 4. 28

Ll 2 _
(@R, I1R) = N—= (1 =T =2RFN) —y—~FFY=p—APFv—FkET
zZNFF=VRUY (@S, 1R) =N— (1 =7 x2%FN) —y—FFY—p
— A LFY—hRET 2 ZANT S VDER | |

PSS UVR=—Pp—APFU—B—RUJALNTIYNRL L OmgELT =N
20mLicENL. BEXZ20CICHAiLz. 240mg (158) @ (R) -
1 -723xFUT7Iv2MA. 20COTF1 SEBEARGLA. rHLckB%E
ABLIBETEERL T, gBU®EH/ELT (aR, IR) -N- (1 -7 zxF
W) -7 —FAFY—p—SF P F—FKET2=VT75=VKRU (aS. 1R) —
N— (1 =7xRFN) —7—AFYV-Dp—APRVY—KRET2=2NVTS5=D
BREMEPTATVAT—HE : 4 THBk. WEIT0mgo ZD2DITRAFV
Ae—DAHELT. ME56%. (aS. 1R) thiz. HPLCTHMLTH

U I

(aS. I R) 4k

TLC (YVAH5NL) ;Rf=0. 5§55 (n—7%/)—/V EBE:7k=4:1:
1) .

NMR (DMSO—-d: &) 7. 9 (d. J=7., 5. 2H) . T. 5 (m,
S5H). 7. 1 (d. J=1T. 5. 2H) . 4. 6 (gq. J=6. 8. 1 H).
3. 9 (s. 3H), 3. 8 (m\. 1H). 3. 6 (m. 2H) . 1. T (d.
J=6. 8. 3H)

EHEH 3

(@S, 18) ~N— (1= =zRFN) ~y—-AFY—p~A bFL—FKET

TS NTS=DER
FSUAR—D—RAFFV-B-RYSANAVTIVABL 1 OmegET Sy )~

20mLiciEd» L., BEZ40CIcHBHLA, 240mg (158 o (8) —




Said trans formcan easily be synthesized by a

8 known nethod, for exanple by the Friedel-Crafts reaction from an
aromati ¢ conmpound and mnal ei c anhydride (Organic Reactions, vol. 5, page
229 (1957)) or by dehydration condensation of an 5 acetophenone
derivative and glyoxylic acid (Japanese Kokai Publication

Sho- 52- 390289 98/35934 Said cis formcan be prepared, forPGIARIHINSES, by
isonerization of the trans formby |ight irradiation. 10 Sai d
trans formand cis formisoners both can be used in the M chael
addition reaction according to the present invention. However, the
trans form which is low in progegsing degree, is preferred

l— 72X FNTIVvEMA. 4 0°COEESRHMRE Lo RIGEEIC2 0m
Loxs /—nvERZ. Bicl OBRRAE L. LBz 58 L BEE
SRLT. 38 0mgPEBREBRELT (aS. 18) —N— (1 —T=%7
W) =7y —AFY—p—AbFY—RET 2o NT I8 PTATVAE
22—t ((aS. 18) &/ (aR. 18) &) 395 /5L ETH->/ (UFE
58%) o FHLARBESBLART & b= F Y A—KCERR L ARIRE
@meElLT (aS. 18) = N= (1 =T z2RFN) —7—AFV—Dp—APF¥
—FRETz2NTS5=0%EB
TLC (¥YA¥L) ;Rf=0., 55 (n—7%/—V:BBR:7Kk=4;1:
1)
NMR (DMSO-ds &) 7. 8 (d. J=7. 5, ZH). 7. 5 (m.
5H) . 7. 1 (dv J=17, 5. 2H), 4. 5 (g, J=6. 8. 1H).
3, 9 (s. 3H). 3. 8 (m. 1H). 3. 6 (m. 2H) . 1. 6 (d.
J=6. 8. 3H)
IR(KBr disk, cm') 1680, 1600, 1570, 1380,
1250, 1180 '
ABhA 160~161%C
(a] *° =+90. 1 (c=0. 051, MeOH: 1 NH. SO, =3 : 1.
v/ v)
TR KEBME:C. 69. T6;H, 6. 35;N. 4. 12

BHEfE:C. 69. 71 ;H, 6. 47;N, 4. 28

EHeH) 4 |
(aS, 18) “N—- (1 =T 2F%xFN) -y —-FFY—p—-F bFx¥Y—FKET
2= VT S VDA

FSYR-p— A b HY=—B—-XRYVSALNTI2YVIBE]1B85megixxy /—N
10mLic#EL. BEE40°CICREILA. 121mg (1. 1 H4B) o (
S) ~1—-T7z2XFATIVEMA., 40COTE1 5HHMRE L. LA
hREABLEABRETERLT. 21 0mgoaBEBELT (aS. 18) -



fromthe viewpoint of industrial utility. 15 “In the practice of the

present invention, 1- phenethylamne is preferred as the

1-aryl et hyl am ne derivative (I11), since it is the nbst inexpensive
one. Furthernore, thé optically active [err]-oxo- honophenyl al ani ne
derivative can be obtained by 20 using (S)-1-phenethyl am ne or

(R) - 1- phene¥Ry$EiBhe. : Said 1-aryl ethyl am ne der i \RETIPESQ0S30 ) oy
be a conmercial product as it is or a product purified t her efrom by
distillation, for instance. ' In the practice of the present

I nvention, the 25 process for producing the [err]-oxo-honophenyl al ani ne
-derivative (1) by subjecting said [earg]-benzoylacrylic acid derivative
(11) and said 1-arylethyl am ne derivative (I11) to addition reaction
may conprile; (1 o?’ﬁe% e ¥ TP st [RefrY wEE v aclyl Pc—at®d 30

derivati I d: l.ag derd ' [1) d I t
and | ow B I PR o B o 8 e o CR A SR 180y "

be menti ongd, (¥ o5 ex@phtes Ht-he- et hod conpri sing addi ng dropw se the
1-aryl ethylamne derivative 35 (Ill) to an ethanol solution of the [err]

R 5 |
(aS. 1S) = N—- (1= 22FN) —9—=AFY—p—LAbFV—FhE7
A =ZNT S DR _

FSYVR=—p—A MRV —B—-ROVANVTIZYNEE206meRTy /)~
10mLicE, L, BE%E40CICHE L. 100mg (0. 948) o (

S) —1=TxxFNTIEMA. 4 0COFTE 1 SERMRE Lo FHIL A
hBES>BLEBRTERLT, 165 mgDHBRBELT (S, 18) —
N=—(1-72FFN) —7—FFV—p—APFV—FcE72ZNVTS5=0%
3o NE42%. (aS. 18) 4& (aR. 18) DV TATVAT—
i85 : 1 5CThot,

L6 ~19

(S, 18S) = N— (1 -7 x2RXFNV) —¢g—FFV-—p—AbFv—-FKED
2= NV75=VRY (¢R, 18) =N— (1 -7 z%FN) —y—A%Y—Dp
— A bR —RETEZ7L2ZNT SV OERK

FSYR—D—A FFLU—B—RYVINTIUAR2 0 mgiE | IOmdiE
W2mLicENL., BEEZ40CICHMiL/K, 13mg (1. 138 O (S)
—1-T7zRAFNTIVERA, 40COEE I SHERB L. REELE%:
18mLOF7R M= MY KEBH (FE =YW :pH2. SEHK=28 : 2

v/v) A, HPLCTAH L, Bl RRTRBRUVTR7FVA<—k
T (a8. 18) - N=-(1=Z7xRFN) —7y—FFV—-—p—A I MNFV—FK=E
722V F75=VRU (aR. 18) - N— (1 -7 zRxFN) —y—FFYU—
P~ A MFY—RET 2 NT SV %8BI,

1, NLF, Z2DYT7AFVF=2—DAHEERT.




9 benzoyl acrylic acid derivative (I1). When, in producing

t he [err]-oxo-honophenyl al ani ne derivative (1) by the addition reaction
nment i oned above, the (S)-form of 1-phenethylamne is used, 5 for
i nstance, a mxture of two diastereoners is formed, nanely a
[ err]-oxo- honophenyl al ani ne derivative having the ([err]S, 19)
confi gur at | B9 %85B¢pr esent ed by the general fornula (\VRCTAPISN058) er ]
16
%1
B MR [ CaS\ 18) #&:
_ (%) | (eR. 18) #&it
it 6 bS5 45 53:47
RIEGI T Ay - 90 56:43
SR 8 va=1-E 7N B0 60:40
RHEd) 9 BB F N - 80 59:41
R 1 0 FhZEFO7Z 2 90 55:45
L2 2—-7osr)—i 86 87:13
NEL N 1=7Fasy=n - | 81 g92: 8
IETIE THb 40 §2:38
B 1 4 EY TRV 90 70:30
K 1 5 A9 /=N 71 67:33
SEHG 1 6 DMF 70 80:20
HHsp 1 7 T MY 90 70:30
EHEPI1B | =y /—n/Kk(1/1) 67 81: 9
EEFLY | 7Eb=PUNL/Kk(L/1) ]| 60 68:32
EhEM 2 0

(@S, 18) =N— (1-FzXFA) —g—A4%Y—p—A by —hE7
1= VTS vOER

PV AR—Dp—APHFI—B~RUyYVALNT2VNER2 0 6meghTy /— IV
2O0mLICENIL. BREZ5 0CIKHWEMILA. 135mg (1. 1 MB) o (
S) —1—-7x2RFNANTIVEMZ. S0COEF 1 SEHMRIELE. FTHL L
EBEABUIBREREZRLT. 25 Smeonak#ELT (a8, 18) —
N- (1-7z%FA) —y—A%Y~—p—A b4y —hET22AT S =05
Bz, M7 8%, YPAFLAT—H ( (aS. 1S) 4/ (aR. 18)




—

10 (wherein Xerr] and X err] are as defined above) and a [err] -

oxo- honophenyl al ani ne derivative having the ([err]R 1S) configuration
as represented by the general fornula (Vl): 15 [err]
(wherein Xerr] and X err] are as defined above). In the above
addition reaction, the di astereoner ratio (([err]S,1S):( [err]R 1S)) is

general ly 2O%HPM (51 to 99% :(49 to 1% . The ([err]S, PL3)IPH8i0580i S

17
&) 395 /5l ETH-i,

£l 2 1

(@S, 18S) -~ N— (1 =J2XFN) —qg—AFY—p—A M E¥—kET

2= WT S = DA

FSYR—p—RA PFY—B—RUVANTIYALB500mgETS /=

[ OmLic#d L, BEES5 0CICEBLA, 323mg (1. 1%8) o (

S) —1=7x2RxFNTIVEMA, 50CO%xE | SBEMRELL. HLA

HhMESBLUIBREEBRLT, 65 0mgPBEERELT (2S5, 18) —~
CN=— (1= 2FFN) —qg—AFY—p—A PP Y—-KET2ZNWNTS5=20%.

B, KB 3%, VJTAFUAZ—H ((aS. 18) 6/ (aR. 18)

) 1395 /5B ETH -7

EHEH 2 2
(aS. 1S) = N=— (1 -7 =2FN) —qg—FFY—pD—AbFV—FKRET
=z = VT 5= DEM _
FPSVYR—Dp—RA MFIV—B—-RUVJANVTIINEEL., 0 gxxd /) —NV]
OmLicEH»L. BEE50CICH@ML/7. 646meg (1. 1HE) @ (S) .
— 1 =7 xRFNTIEMA. 50°COEF 1 SRMRA L. Tl LR
ZABLABREZERLT. 1. 27 g0RBHEBELT (¢S, 18) —N~-
(1= 2FFN) —¢g—FFY—Dp— A FV—FET72NT 20,
IRELB 0%, PTRATUAT—H ((aS. 18) 4/ (aR. 1 S_) %) &9

5/5EETH-7,

M2 3

(aS. 1S) -~ N— (1 =7 2xF)N) -9y —FFV—-—FKET72=NT 5=
DEK

NS UR=B—=—RUALIVTIZ7YNVELT6megdcy ) -2 0mLiZE,
L. BEZS50CICHMUL7. 121mg (1%8B) © (S) -1 —-ZxFN



10 | ess soluble in organic solvents and, therefore, t he

([err]S,1S) formcan be obtained with a di astereoner ratio of not |ess
t han 70% by filtration of the precipitate resulting fromthe 5 reaction
m xture when an appropriate sol vent system is selected. Furthernore, it
I's al so possible to obtain the ([err]S,1S) formwth a

di ast er eos eMEt18B35P3¢y of not |ess than 95% by sel ecti ngPEHAPIOER | on
conditions, for exanple, raising the reaction 10 tenperature. By
using the (R -form of 1-phenethylamne, it is also possible to
selectively obtain a r-oxo- honmophenyl al ani ne derivative having the
([err] R 1R) configuration simladly with a ratio of not less 15 than

95%to the (Ll Ll R s b B2 2 1 5 waIRm L. il Lkl 28 LR
ERUT, 24 0mgOEBILRELT (S, 1S) —N— (1 -J %%
Wy -7 —FFY—-FEITz2=2 V752 VRE (aR,. 18) =N~ (1—-7=
XFW) =y —FFV-RETz2ZNTS_VDRBEYE VT AF LA -
90 :10TH/i. MEB 1%, TEI=PYAM—KTEMARLOBHRKER L
LT (aS. 18) - N=-(1=-7=2%FN) —¢g—-FFY—KET2ZNTS
= vEBl.
TLC (YUHA%N) ;RE=0. 50 (n=TF%/—) B :7k=4:1:
1) . . .
NMR (DMSO- ds 6) 7.9 (d. J=17. 3. 2H). 7. 6 (d
'd, J=T7. 8. 7. 8. 1H). 1. 5 (dd. J=7. 3. 7. 8, 2H) .
7. 3 (m. SH). 4. 6 (q. J=6. 8, 1H). 3. 8 (m. 1H) .
3. 6§ (m. 2HY. 1. 7 (d. J=6. 8. 3H)
IR (KBr disk.cm™) 1690, 1630, 1610. 1570.
1380
Br 178~179°C (9@
(a] **» =+80. 9 (¢c=0. 047. MeOH: 1NH: SO, =3 : 1,
v/ v)
LA FEME:C. 72. 84 ;H, 6. 53 ;N. 4. 80
fFEME:C, 72, 7T1;H, 6. 44 ;N, 4. 71

EHES Z 4
(aS. 18) = N—~ (1—=T%XFN) —yv—F%FY-—p—SpDo—FkEI
ZNTSZVvDOER
FIVR=—p—=00O—B-ROJANTIIVINEBR2]1 0mgxxy /) —I5
mLizEAML., BEE6 0CIKEM LA, 144meg (1. 248 © (S) —
1 =Z2RFIVTIEMA. 6 0COETE 6 HRIG LA, ITHLA-TEBEA
BUARATERLT, 28 0mgOBELBELT (aS, 18) ~N— (1
—T7xRFN) —7—AFY -p—Jupn-—FhE¥TT2NT S 0E5 B,




As the so

menti oned,

nmet hanol ,
etc.; nit
sol vent s
sol vents
hexanet hy
hydr ocar b
ket one so
ket one,
sul f oxi de,
met hyl ac
t ol uene,
pent ane,

| vent to be used in the above addition reaction, there

for exanpl e, ‘aqueous sol vents; al cohol solvents, such

may be
as

et hanol , isopropanol, n-propanol, t- 20 butyl al cohol, n-hexanol,

rile solvents such as acetonitrile, propionitrile, etc.;

such as diethyl ether, dioxane, tetrahydrofuran, etc.;
suPWESIN4 (i et hyl f or mani de, di met hyl acet ani de, PEEJIPI8/00580
| phosphor am de, N-nethyl pyrrolidone, etc.; hal ogenat ed

et her
am de

on solvents such as nethyl ene chloride, chloroform etc.
Ivents such as acetone, nethyl ethyl ketone, nethyl t-butyl

etc.; sulfoxide or sulfonéd %ol vents such as 30 dinethyl

h
etﬂéﬁeﬁ BF ATV SR RS St bR s S B8 ne,
X\ BB T BLE7s, mmmﬁmm% CMBONT 4 | qlv%t%k%ﬁ#@%@xa”e

cycl ohexane, m xtures of the
BEKERL LT (aS. ' 18) =N ~(1—7;$?W)—7—¢$/—p—

sun—RET2NTS=VEBR,

TLC (YVAFN) ;RE=0, 65 (n—T¥/—: Bl :7k=14:1
1)

NMR (DMSO-—-d¢ + Y74 oB@ 6) 7. 9 (d. J=8. 8.
2H) . 7. 6 (d. J=8. 8, 2H) . 7. 5§ (m. 5H) . 4. 6 (q.
J=6. 8, 1H)..3. 9 (m. 1H). 3. 6 (m\. 2H) . 1. 6 (d.
J=6. 8. 3H)

IR (KBr disk.cm™) 1700, 1630, 1610, 1580.

1570, 1870

WA 172~174°%C

la] *°» =+24. 0 (c=0. 10, CH, CN:TFA=99:1. v/

v)

TR EAME:C. 65. 01 ;H, 5. 53 ; N, 4. 32
fHAfE:C. 65. 16 ;H. 5. 47 ;N, 4. 22

£ 2 5
(@S, 18) —N— (1 =T 2RxFN) —qy—FFY—p—AFIN—FKET =
—NT5=VDERK
FPZYR—D—R2FN—B—RISANTIVNLVEL I 0mgh LTy /) —I5
mLiCEMNL, BEZ6 0CICHEMLA, 144mg (1. 248) © (S) —
=7 2xFNT7I0%8 M. 6 0COEE 6 BRI Lo I LISk S
BLABETRRLT, 29 9megoHGEAELT (¢S, 18) =N- (1
— T2 RFN) — g —AFU—p—AFN—RET 2o NT S A B, R
95%, VTATVAw—H ((aS. 18) 4/ (aR. 1S) ) 97/
SUETH»feo WHLARBRERB LR, 7= FY L - kTEERLA
ERERELT (@S, 18) ~N— (1 —72kFN) —y—%FYV—p—




When a highly hydrophobic solvent is used in  the above addition

reaction, the diastereoner ratio of the [err]-oxo-honophenyl al ani ne
derivative obtained will be not nore than 70% and this is unfavorable
5 fromthe viewoint of yield. In a strongly hydrophilic solvent, the
progress of the reaction Is rather slow. In view of these, protic

solvents, W ?%sf?drticul ar al cohol solvents such as et han®CT/AP98/00580
propanol and i-propanol, are preferred and a 10 di astereoner ratio of not

| ess than 80% can be attai ned by using these. In the above
addition reaction, the m xing rati o between the above-nentioned
ferr]-benzoylacrylic aci d deri vaZ ove (I1) and the above-nentioned 1- 15

aryl et hyl \aﬁm’ @ed%_rgﬁ\zjat | y%_g,l.l L), enerally [err] - benzoyl acrylic

acid deri fanine derivative (111) = about 3:1 to
i 2ry| et hyl am ne%ﬁ%ﬁbg? Irfﬁa(bt : ?lon?égcigfggtég ﬁp?ﬂ(&j 4\t/\,fhﬁh ‘the
[efr]-benzbylacrylic acid
NMR (DMSO-d: + MU Z)NA BB &) 7. 9 (d. J=8. 5.
2H) . 7. 5 (m. 5H) . 7. 4 (d. J=8. 5, 2H) ., 4. 6 (q.
J=6. 4. 1H). 3. 9 (m. 1H). 3. 6 (m. 2H). 2. 4 (s.
3H) . 1. 6 (d. J=6. 4, 3H)
IR(KBr disk.cm™) 1680, 1630, 1610. 157060,
1560, 1370
M 205~20T7°%C
[ea] *» =+38, 0 (¢c=0., 10, CH; CN:TFA=99:1, v/
v)
SEHRMT KAME:C. 73. 21 :H. 6. 94 :N. 4. 49

STM{E:C. 73. 29;:H. 6. 80:N. 4. 50

KR 2 6 |

(aS, 18) = N— (1= 2RFN) —y—FFY—p—=z=bpo—kET =
VT S=VvOERK

FFYR=p—= b —B—RUYVALATIIUN®22 | mgi LY ) —I5
mLiICENL. BEX6 0CICHfiLA. 144meg (1. 2%E) © (S) —
1 = =2xFNTIEMA, 6 0°COTE 6BMRG L. WHLALHEA
BULLERREERLT, 29 0megDEBEHBELT (¢S, 1S) —N— (1
— T 2RFN) -9 —FFV-p— O —KET 22 NTS=VEBl, IR
85%. Y7TATVA<w—H ((aS. 18) &4/ (aR. 1S) ) {295,/
SULTH-7co FHUALERERBL®R, TEF= MY NV—KTHER L%
BHRERLLT (@S, 18S) = N— (1 =T 2%kFN) —qg—-FFY—p—
S hO—RET 2o VTS ARB,
TLC (YVA¥N) ;REf=0, 60 (n—TF%/)—Jl BB :7k=4: 1
1)




derivative (I1), aratio of 1:1to 1:1.51is preferred. The
reaction tenperature in the above addition reaction is preferably 0 to
80[err]C. Fromthe 25 viewpoint of the shortening of reaction tinme, 30 to
60[err]Cis nore preferred. The concentration in the above

addi tion reaction is preferably 0.1 to 20%for the [err]-
benzoyl acr yMWQMBH4 derivative (11). Since, 30 however, th@CTHESIONEA r at e
i.s slow at a smaller concentration, 1 to 20%is nore preferred. For
controlling the reaction, for exanple to expedite the reaction in the
early stage and thereafter obtain a diastereoner selectively, the
production 35 can al so be carried ou 1tby controlling the reaction

12 NMR (DMSO-d: + FUZADEf &) 8. 4 (d. J=8. 6.
2H) . 8. 2 (d. J=8, 6. 2H). 7. 5 (m. 5H) . 4. 6 (a,
J=6. 8, 1H). 4. 0 (m. 1H). 3. 7 (m. 2H). 1. 6 (d.
J=6. 8. 3H)

IR (KBr disk.cm™) 1700, 1630, 1570, 1520,
1380, 1350
MA 152~154%C
[a] ®'s =+23. 0 (c=0. 10, CH. CN: TFA=99:1, v/
v)
TR KAE:C. 63, 28 ;H. 5. 36 ;N. 8. 0686

ffEME:C. 63. 15 ;H. 5. 30;N., 8, 18

ElEH 2 7
(aS,lS)—N—(l—?:*%W)—7—¢*V—p~7wtu—¢%7

2T S=—vDERK

PSSV R=—Dp—TNFO—~B-RVSANVTIZVIEE]L I4dmgh Ay ) — )
ImLic#, L. BEE6 0CIKAMLA. L4dme (1. 248 o (8)
— 1= zRXRFNANT7IVEMA. 6 0°COTE 6 UL L. W LAKLRE
ABLEBEEERLT, 19 0megdBBAEMRELT (aS, 1S) —~N—
(1 —-T2RXFN) -y —FFY—D~-TNAU—-—FKET 2= NVT I V2B,
WRTO0%e V7PAFVAT—H ((aS. 1S) &%/ (aR., 18) &) 29
0/ 1 0ULETH 7o FTHLALRERBLI . T = bV L—KTER
BLABSHRSERLELT (aS. 18) =N~ (1 ~72&2FA) —y—FFV
—p - TNAO—RET 2 ZNT IV ERL,

TLC (YVA%N) ;RE=0. 65 (n—7% /- Bl :k=4:1:
1) |

NMR (DMSO-ds + PV 7Nt OfEEE &) 8. 0 (dd. J=8. 3.
5. 6. 2H) . 7. 6§ (m. 5H) . 7. 4 (dd. J=8. 3, 8. 3. 2
H) . 4. 6 (q. J=6. 8. 1H). 4. 0 (m. 1H). 3. 6 (m. 2



concentration, for exanple in a manner such that the reacti on between

[err]-benzoylacrylic acid . derivative (Il) and 1l-arylethylamne (1Il) is
carried out at a concentrati-on of 2% for the first 5 5 hours and then
dilution is made to 1% Since the above addition reaction is

accel erated under basic conditions, a base may be added as an additive
to the reacWOWI¥3%ture. As sai d base, there may be neRCTUIRB®OS8DOr
exanple, 10 am nes such as triethylamne, trinethylam ne,

di i sopropyl am ne, di azabi cycl ooctane, etc.; alkali met al car bonates
such as sodi um bi car bonat e, pot assi um bi car bonate, sodi um carbonat e,

pot assi um car bonat e, etc ; al kal? 2net al hydroxi des such as 15 sodium

hydroxide ota Si hydr oxi de, etc.; alkaline earth
nmet al hydr |de ngﬁéh as %alﬁl hﬁiydrOX| nmagnesi um hydr oxi de, '
bari um hydy gxi g B 8t Cd i t§ RNSicthom metjay wdrqxedﬁé 1 64£h .29 390,

hydr oxi de, zi nc hydrOX|de etc.; 20 quaternary ammoni um hydroxi des such as
tetranethyldhﬁomkumﬂhﬂdﬂoxddbe Oetraethylannonlun1 hydr oxi de,

benzyl tri hyI roxi de, etc.; and the |ike. In the
above addﬁ&f@ gﬁg gn hgﬁ% desired 25 product, nanely the [err]
- 0XO0- hormptt%}llzalnagl_pg 6. ger(lcv__atd vey (ol\) <an EeNi:s?IIﬁkeg,g pors li‘ns‘}g,nce, by
v) '
XA KAME:C. 68. 65 ;H. 5. 67 ;N. 4. 28
HMME:C. 68, 56 :H. 5. 75;:N. 4. 44

Eiefi 2 8 |
(a8, 18S) = N— (1 =7 x2FxFN) —qg—FFV)—p—~T 2= )V—FKE7
=N TS5=vOER
FSVR—D—TxZN—=B—RUSANTIINER25 2meg: A7) -
SmLiIcBNL. BEZ6 0 CIKHETMLIA. 144mg (1. 2H8) 0 (S)
—1=—7xRFNTIVEMA. 6 0COTFE6BMRG L . W LAREE
 ABLABEEEBRLT, 32 0mePEBERELT (S, 18) —N=-
(1 =T 2RFN) —7—FFV—p-T 2= —hET N7 5= 5B,
IRELB T %o V7ATVA<T—H ((aS. 18) %/ (aR. 18) %) 29
S5/5RETHoe THLAKBEZRELLE. 7= Y NV-—KkTHES
LBtRstiRERELT (aS., 1S) - N~ (1 =7=2RXFN) —y—FFJ—
P—TxZV—FRET 2ZNT S %8,
TLC (YYAHX¥N) ;Rf=0. 80 (n—7F/—N EB:k=14:1
1)
NMR (DMSO—des + bY 74 of# 6) 8. 0 (d. J=8. 2.
2H). 7. 9 (d. J=8. 2. 2H) . 7. 8 (d. J=8. 3, 2H) .
7. 5 (m\. 8H) . 4. 6 (gq. J=6, 8, 1H) . 4. 0 (m. 1H) .
3. 7 (m. 2H). 1. 8 (d. J=6. 8. 3H)
IR(KBr disk.cm™') 1680, 1640, 1620, 1510,
1380




filtering off the desired product forned as a precipitate during the
reaction. The filtration may be perfornmed after heating and
concentrating 30 the reaction m xture. Further purification nay be

carried out by fractionation by col um chr omat ogr aphy or HPLC or by
recrystallization using an acetonitrile-water system for instance,

as a sol vent WO 9835845| 5o possible to isolate said 35 desire®CEIBWNIBOf t er
conversion to the 13

correspondi ng hydrochl oride, sulfate or the like by addi ng an acid such
as hydrochloric acid or sulfuric acid to the reaction system w t hout

del ay after the above addition reactBon. 5 It is also possible to

carry out t%ﬁ)é'exlt83~l 85T

[@) "' =+42. 0 (c=0. 10, CH. CN: TFA=88:1. v/

v)

SEEM EAME:C. 77. 24 :;H. 6, 11;N. 3. 91
MEMm:C. 77. 19 ;H, 6. 21 ;N, 3. 75

K 2 9
(aS. 18) —N— (1-7x3xFN) —¢y—FFYV—Dp. m—=VA I+~
REZ72=NT SO
FSYR—p.m—YRPFEV—B-RUISANTIIVNBR2I36mgEAY
J—=5mLiciEth L. BEE6 0CKHEH LA, 144meg (1. 248 o
(8) =1 —7xxFNTIv%MA. 6 0°COEFEHHMREABL. HHLE
B ESBULIBRATERLT. 28 6megopaasktB®ELT (aS. 18) —
N—=—(1=F2RAFN) —y—FFVY-p. mM—PAPMFY—KETZNT I
ZvhiBi. IREB 0%. VTAFUA=—H ((aS. 18) #%/ (aR. 1
S) &) 95 /5lETh-tce FHLAKLBRZRALILR. TEIM=FU L
— K TEHER LABHRERELT (¢S, 1S) —N—- (1 =7 %FNV) —
Y—AFV-p. M- TP AIMNF—RETT NT I EB
TLC (YUAFA) ;RE=0, T0 (n—7F/~/N B8:K=4:1:
1)
NMR (DMSO—-ds +bYT7NAuBEBE o) 7. 6 (d. J=8. 5.
1H). 7. 5 (m. 5H). 7. 1 (d. J=8. 5, 2H) . 4. 6 (aq.
J=6., 8, 1H). 3. 9 (m. 1H). 3. 9 (s. 3H) . 8. 8 (s,
3H). 3. 6 (m., 2H). 1. 6 (d. J=6. B, 3H)
IR((KBr disk.cm™') 1680, 1620, 1580, 1570,
1510, 1460, 1420, 1380, 1270 |
M| 171~173%C
[a] 25 =+34. 0 (c=0. 10, CH: CN: TFA=89:1, v/

v)




reduction procedure after adding sulfuric acid or hydrochloric acid in
an anount not |ess than an equi valent to the [err]-oxo-honophenyl al ani ne
derivative (I) fornmed by the above addition 10 reaction. In
accordance with the present invention, the above- nenti oned _
honophenyl al ani ne derivative (1V) can be obtai ned by subjecting the
above [err] WQRRS934 honpphenyl al ani ne derivative (1) to r ®SHTPISNESSNS
reaction. As the reaction to be used for said reduction
reaction, there may be nentioned, for exanple, the catal ytic reduction
reaction in the presence of a nmetal catalyst; the so-called O enmmensen
reduction 20 reaction in an acidic se@lyent in the presence of a net al
such as zinc, zinc amalgam nmercury or tin or the like; the reduction

reaction ugt#SHT ISR Ee; C. Bt he Peliuckiofi.r 8ati ¥n dsi fg3a silicon hydride
conpound; the redugtj reactd on coympri,Ssi g 25, copver,t i the ketone to a
t hi oket al a;r#%i%r i0 g'tﬁepﬁafflfeg'uéi ?19' &ané*y :hggkel ; the

and t hen eddci'n
reduction reaction conprising converting the ketone to a correspondi ng
t osyl hydrazone and t hen reduci ng the same with sodi um borohydride; the
30 reducti G0 on conprising once reducing the ketone with a netal

hydride and phen GONQURL BN 429 . oA75=LDaRK ,
TH)—=N10mLiZ1 0mLD0. SHEHHEEMA. Chi32TmegD
(aR. I1R) = N— (1 =7 x2RXFN) —7—FFV—pD—- X PF¥—FKET
TZNTIZVEMATHERL. CORBEICS OmgD 1 0%/35 YV Lh—
AL EMA BBLIEHS 2 0°C. BETTREBNET » o RISRMBER
BlApBL. BREFELTEONABEKEIHHIPLCEAVWTAMT S
EiED105mgD (R) —p—APFY—FET22NT 520 %81 I
25 0%,

TLC (XVA%N) ;RI=0, 3T (n—=T%)—V: BBt : k=4 :1:

1)

NMR (D: O. HCl1form. 6) 7. 1 (d. J=7. 3. 2H) . 6.
8 (d. J=7. 3, 2H). 3. 9 (t. J=6. 8. 1H). 3. 7 (s.
3H). 2. 6 (m, 2H), 2. 1 (m. 2H)"

ME 234°C

{a) *'5 =—30. 6 (¢c=0. 1. 5MHCI)

PlEDF =53, Eab& U F T HIiAN - VYZFL = FT - Jp/S
¥ (Bull, Chem. Soc. Jpn. ). 55%, 918FH (1982
) OFEEZRAVWTERLIZ (R) —p—AMFV—FRET22NTS5ZVER
Lic—F Uk |

EHEH 3 1

(8) ~p—A+Fv—hET 2= NTS5=VDERK

% /—=N10mLiC10mL®D0. 5REHEBREZMA. Chic163megD
(aS. 18) - N— (1 —-7xzxFN) —v—-FFV—p—-AbFV—FET
ZNTIoVERBATEREL. COBSRIC4AOMED L 0%/55 99 Lj1—




further reduction in the presence of a netal cat al yst. Anong
them the catalytic reductlon reaction 35 in the presence of a netal

catalyst is preferred 14 because
of inexpensiveness. As the netal catalyst to be used in said
catal ytic reduction reaction, there nay be menti oned, for exanple,

pal | adi um cWPAPF¥BL such as 5 pall adi um carbon, pal | adi umRGEAPRPASRD

pal | adi um oxi de, Pd-BaSOerr], Pd-CaCJerr], Pd-Al[err]derr],

pal | adi um tri phenyl phosphine, Pd[P(Clerr]Herr])[err]][err], Lindlar
catal yst, col l oi dal palladium etc.; platinumcatalysts such as

pl ati num oxi de, platinumcarbon, et § nickel 10 catalysts such as Raney
nickel eto L 240% CHA VAR5 5 00, 5 QETAREMER -0 KISHMBER
51A8L. @ﬁ%@%bk&slyj—w KroBERIEILICLD, AR
UAEBRERELT84meD (8) —p—APFV—kRkET22NTS=v%
87, X8 0%,

TLC (#VAFN) ;RE=0, 37T (n—-7%/—V EBR:7k=4:1:
1)

NMR (D. O, HC1form., &) 7. 1 (d. J=7. 3. 2H) . 6.
8 (dv J=7. 3. 2H)., 3, 9 (t. J=6. 8. 1H). 3. 7 (s.

3H) . 2. 6 (m. 2H). 2. 1 (m. 2H)

Ml 234°C ;

lal o =+30, 8 (c=0.-1, 8MHC1)

PEDF—FE, EaVd v T riAN - YHTFL—FT - Ten
»(Bull. Chem. Soc. Jpn. ). 55%, 918K (10882
) oFBEEAVWTERLLE (S) —D—~ A PFV—KET 2 NTIT= U ESR
2iZ—HU 7. |

KR 3 2
(S) ~hRET 2= VTS5 VvORK
#/-A10mLiz1 0mL@D0. 5REHBEMA. SN2 98mgdD
(aS. 18) —N— (1 =7 =2RFN) 9 —AFFY—FKE?72=NT5=V
ZMATHERL. CORBSREICIOImED 1 0 %35 V76— Ko2MA. B
BLENRS 20T, 5 RAETKEBMET > 12 KIGRMEERIIABL. BLH
EEELLR. 9/ - NV-KOoBRERTHI LD, HEHRERLLT
125megd (S) —FET2=NTS5=%Bl, NLT 0%
TLC (YVAHN) Rf=0, 34 (n—=T9 )N :HB:Kk=4:1
1)
NMR (D. O, HCl1form. 6) 7. 2 (m. 5H). 3. 8 (t. J
=6. B. 1H). 2. 6 (m\, 2H). 2. 1 (m. 2H)
BAER. Yry—FN e F T o A—H=9yy - Fy3IXPpYJ—(J. Org. C




such as zinc powder; and the |like. Anong them pal | adi um catal ysts are

preferred since they can give the products in high yields. In
parti cul ar, pal | adi um carbon is preferred fromthe viewpoint of 15
selectivity In the above catal ytic reduction reaction, a
reduci ng agent such as nentioned bel ow can be used. As the reducing

agent, ther¥ORg@35%t nentioned, for exanpl e, hydrogen; f{RETHPS/ANSSY
formc acid salts; 20 netal hydrides; metals such as zinc, zinc anal gam

mercury, tin, etc.; hydrazine; silicon hydride conpounds; Raney ni ckel,
and the like. Amobng them - hydrogen, formic acid, formc aci d salts and
met al hydri des are preferred because of |nexpenS| veness As

said formc aC|d salts t here

formate, do@®m) ~ %B3%nt25 Bri é Kyl arﬂTBrfF&rﬁFﬁ%%% éhé%%‘%%‘- anmoni um
As said tioned. f R
s 530 L) g e DR, B O 00, for examl e sodun

reaction c@r&pr?@peed- 4 4. ngl dl:y:and on gmdcyuel ds vvhen it is carried out
in a polar protic solvent in the presence of an acid for |antance.

35 AsLh K0 7aTifthd <t Her e el & Fredt fohist? A 8¢ * FEIRPY = ()
iol. Chem. ). 122#, 3485.(1937~1038H R#oH

ETHELE (S) —hET7 2= VT7S5=vERELR2II—F L

EX oMK

AERPOD 7 —FFV-RET2ZNT S U/HREEE. LBROBY THBDT.
BENICEL I OHRHBMESECLD, LRAREERET2=NT 5=V
FEE (IV) 28508 TEXS, -



15 exanpl e, mneral acids such as sulfuric acid, hydrochl oric

acid and phosphoric acid. The addition level of said acid is preferably
about 1 to 30 equivalents relative to the [err]-oxo- 5
honmophenyl al ani ne derivative (I). Wien it is bel ow 1 equivalent, the
reduction reaction will not proceed to a satisfactory extent in sone

i nstances. WOMBFEH it exceeds 30 equival ents, the postreaRET/ 9800580

treat ment beconmes conplicated. 10 As said polar protic solvent, there
may be menti oned, for exanple, water, alcohol, acetic acid, and

m xtures of these. Fromthe viewpoint of operability, alcoholic

sol vents such as net hanol, et handl?, n-propanol and i-propanol are
preferred. 15 As an exanpl e bove reduction reaction, t he
reaction to be carried out in a mf i d-

1. TFie—sx (1) ;

xl

2

X O HN_ _R
CH,

(Kb, X' BRUX? . A—XRBUE->T. kEEF. REH1~TD7 0+
WE, REBE~10DTY—NE, BEET~1 0075 bFNE, KBRE.
NaFVRF. YTI)E. PIITNFOAFNE REMLI~4DTNAFIV
. RRBR1I~4DTAFNAINAT I EXB=oEERT. RIZ. 7220
. BR7 2= NVERXB+7FNVEERT,. ) TEINELE2HHLTEr —
AFY—HEZ2ZNT 5= FEEEK,

2. X' p—APXFVETHD, X* K, KERFTH2HERKHEL RO
7 —FFYV—RET 2 NT 5= B,

3. X' M, KERFTHY., X* I, KEREFTHhsH KA RO v - %
FY-—FRET2ZNT S5V,

4, R, 7=x2=VETHEHKEL. 2X3I3ZBOy —4FV—-FET =z
VT S B,

5. MHEEBAN. (aR. 1R) Thaskrmatl., 2. sRB4EZROr — A
FYU-RET 2NT IS VERE,

e



cont ai ni ng al cohol sol vent using hydrogen as the reduci ng agent is

explained in the foll ow ng. To

([err] R 1R - N- (1- phenet hyl )-[ err] - oxo- p- net hoxy- 20 honophenyl al anine is
added about 1 to 100% of pal | adi um carbon as the catal yst, and the
reaction is carried out at O to 100[err]C, preferably at 5 to

70[err] C, uWa®I# ogen as the reduci ng agent- and an RNCTHMBR/Q0E80

sol vent, such as ethanol, as the solvent, 25 in the presence of an acid
such as a mneral acid as nmentioned above, for several to 80 hours with
stirring, whereby al nbst quantitative conversion to

(‘R) - p- met hoxyhonophenyl al ani ne can be &ttained. It Is also possible to
reduce the reaction tine by 30 increasing the anount of the catal yst.

In the above catalytic reduction reaction, the asynmmetry at a position

of the [errg-ox yl ni | i ve (lo)wii$ srsateminned.
Theref ore, %‘hoﬁ%ﬁﬁﬁﬁyﬁgrgﬁ?ﬁg‘d@??vggﬁﬁgﬁﬁ§§?%g 25 éﬁgjféfﬁggﬁ?fgd¢ation
at a positidbem cane? - = V7 35 = v Rillk,

7. MEFEEMN (aR. 1R) Thsry—FFYV-—FET 2= NT7TS=VBR
hEVKRES (¢S, 1R) THE7—FFV—KET2ZNT 5= VEEEK
LOBAMTSHEMKRAL, 2. IRBIRRO 7 —FFV-—FKET2ZNT 5
= iRk,

8. VHUHERBMN (aS. 18) THd7—4FV—FET2=NTS=UFEE
hETHREL (aR. 1S) THB7—A%V—hET 2207 5= YRk
LDOREVTHIHEREL., 2. IXRIBBOr —-AFV —FKET72=NTF

= UEEELK,

9. Ti—mxX (11,

Xl

X ~CO0H )
x? o
(R, X' BUX? E. A—XIZER-T. kERF. REHI~TOT7LF
LNE. REBE6~100T7V—NVE, REMT~1 0073 NVFLE. KBE.
N VBEFE, YTIE. PTG OAFNE. BRERI~4DTFINL
B BEHI~4DTNVFERNVANVAT M EXR G = boEEET, ) TRENLBEB
—NVV4WTQU&&§$%&\T%—&K(III):

* c L M S *



16 synt hesi zed fromthe corresponding [err]-oxo-
honmophenyl al ani ne derivative having the ([err]S, 1S configuration, and
a honophenyl al ani ne derivative having the (R) configuration at a
position froma 5 <corresponding [err]-oxo-honophenylal anine derivative
having the ([err]R 1R) configuration. After conpletion of the
above cat al MAWB5934 reduction reaction, the catal yst is seperamosnyssand
then the solvent is renoved, and the 10 honophenyl al ani ne derivative (I1V)
can be obt ai ned as highly pure crystals. If necessary, they can be
recrystallized using a solvent such as an ethanol - wat er system for
instance. Further, they can be pusi fi ed al so by using an i on exchange
resin such 15 as a cation exchange resin or by reversed phase

chr omat ogr aphy, for instance. The optically active
honnphenylahﬂgine derivative (1V) obtained in the above manner can
easily be deri %1 the ACE inhibitor nentioned 20 above by a
conventional mnethod géherally used in pepti de synthesis, such as the
aci d chloride mefHad,

(Xh, Rid. 7=, Bia7 2= NWVEXRFTFLVEEEST, ) TRXh
531 -T7Y—=NZTFNTIVHERELERBGEIEA I LA24METETRE—HS

(1) ;
x!
o COOH )
2
X 0 HN_ _R
Y .
CH,

(R, X' . X* RORWE. FEEAL. ) TRENDy—A4FV—hET =
ST S = DS A .

10, X' Bp—APFVETHD, X®? HWKEBFTHBEB-—-RVYYSAINVT
JYNBREREEBVABERFAIBRO y —FF YV —hET 7 2 NT 5= 05FY
thoWBFHE,

11. X' BPKRKREFTHD., X® BKEEFTREEB-RXVYLIVTIVN
RFEELHVLIFHKRFIRBD y —AFY —F T2 NVT7 5= vHEREGEDOE
Ehik. '

12, 1 —=7Y—NxFN7 I UBREN, | -T2 FNTIvTHBEHEK
O, 10Xl 1Dy —AFY—-FET72=2NT S5 Uik dbE i,

* [ L M S *




NCA net hod, active ester nethod or m xed acid anhydri de nethod, or

after conversion to the hydroxy form 25 In accordance with the
present invention, the [ err]-oxo-honmophenyl al ani ne derivative (I) can
be obt ai ned di astereosel ectively and in very high yields fromthe
[err] -benzo& acrgll Ic acid derivative (I'l) and the optically active
1-aryl et hyl| WR%@593¢ derivative (111), which are inexpensi VRCT/B8/00580
adapting the M chael addition reaction and the treat ment net hod
therefor, and further said  derivative (I) -can be derived by reduction
into the optically active honophenyl al ani ne derivative (1V) 35 in high
yi el ds. 30 17

13, 1=-7xXFNTIvH (S) #Xik (R) THAHEKE] 208K
Dy —F*Y—hET 2207 5 = VBBHEONE S,

14, RIBEBRA, 7TVa—-VREBTCHAEKIES. 10, 11, 12X
13BWDy —AFV—FT 7= VT7 S vERKOMNEHE,

15, TFi—&k (I) ;

(P, X' RUX? 3. A—XREL T, KERF. BEK1I~TOT71x
NVE, RREE~10DTY—NVE BREKT~1 007 S5V, ki,
NOTFVRF. VT/E MYV 7T urFE REBI~ALDOTLIF VI
E.REBLI~1DTNFNANAT IV ER R boEEERT, RIZL 7220
. BRT7 2 VEXRBF7FVEERT, ) TRINE7—AFV-—FET =
=NT S CBFRBEERBUURGICHT I L28%ETATR—BR (1V) ;

x]

_ a_,COOH v

x2
NH;

(Rep, X' BRUX® @B, BIERERL. ) TRINBFET 2= NVT7 5= VBN

* [ L M S *




MODES FOR CARRYI NG QUT THE | NVENTI ON The foll ow ng exanpl es
illustrate the present i nvention in further detail. They are, however,
by 5 no neans limtative of the scope of the present i nventi on.

Example 1 Synt hesi s of ([err]R 1R) - N- (1- phenethyl )-[err]-oxo-P- 10

met hoxy- honophenyl al ani ne Tr ans- p- net hoxy-[err]-benzoyl acrylic
acid (206 nWpP9835934as di ssolved in 20 nL of ethanol, and tPbherresioosso
tenperature was adjusted to 40[err]C. (R)-1- Phenet hyl am ne (121 ng, 1
equi val ent) was added, 15 and the reaction was carried out at 40[err]C for
15 hours. The resulting precipitate was filtered off,

recrystallized from acetonitrile-wager, and then dried under vacuumto
give 170 nmg of ([err] R, 1IR) - N- (1- phenet hyl ) -[ err] - oxo- p- net hoxy- 20
-honnphenyﬁﬁpéﬂﬁﬁﬁﬁbs white needle crystals (yield 529 . TLC (silica
gel); Rf 0.55 (n-butanol :acetic acid:water = 4:1:1). NVR
(DIVBOd[err],[err]): 7.9 (d,J =7.5 2H, 7.5 (m 5H), 25 7.1 (d, J
= 7.5, 2HL 64.5 ¥GhEREHN €BR.1IHR) THEr —-AFV—RET=NTS5=VE

BEEERL. aNOIKREN (R) THEIREZ 2=IVTS5S = VFEEALR
BT A2HRE] SEROFRET 2o NT S = vERBONE FiE,

17. UBKEEAYN (aS. 18) THdy—FFYV—-FcET2=NVNTS5=UEE
ﬁ#%ﬁmb.a&QIWEE#(S)T$6$%7;:w75:>%ﬁﬁéﬂ
BT A2HREL SHRMOFET 22 N7 S5 = vERKORE S,

18, BAERGY., EBMEOEETTITILOTHAERAEI 5. 1 6XiT-
1 TRRBOFRET N7 S VvEREDOREHE,

19, BEAELTAKRZAVAERIEIS, 16, 1 Tl 8EWD++E
72T S5 vRBEONERFE,

20, BEFELTHFRELAOVIHRELS, 16, 1 T2 8RO+
TT 2 ZNTS=vEBGONEFE,

21, ZBMEN, SSUYLHBTCHIERTLI 8. 1 9XZ2 0BEDO*
BT 2 NT IS rBEEOMETE,

22, BERE%E. EBESUCTNI-ARABABDTITI DO THAHEREAL
5. 16, 17, 18, 19, 20Xi32 1BMWDOKRET7 2=NVT 5= FHEK

DRIEF o

23. Ta—&x (I1) ;

* c L M S *



3.9 (s, 3H, 3.8 (m 1H), 3.6 (m 2H), 1.6 (d, J=6.8 3H.

IR (KBr disk, cnferr]): 1680, 1600, 1570, 1380, 1250, 1180. 30 Melting
point: 160 to 161f[err]C. [err] =-90.2 (c = 0.051, MeOH: 1 N
Herr]SdJerr] = 3:1, v/iv): El emrent al anal ysi s: Found . C,
69.66; H, 6.53; N, 4.11, Cal culated: C, 69.71; H 6.47; N, 4.28. 35

18 EXVO P59 Synthesis of ([err]R R)-N (1-phendamnapys/oosser r |

- 0X0- p- met hoxy- honmophenyl al anine and ( [err]S, 1R)-N (1-Phen-

ethyl) - [err] -oxo-p-methoxy-honophenyl al anine 5
Tr ans- p- net hoxy-[err]-benzoyl acrylic acid (410 ng)
. ' 3 2

2
X 0

(P, X' RUX? 3. A—XRBL->T, kFERF. REM I ~TO07NF
VE, REME~100T7 Y —E, B#RKT~1 00T I 0FNE, KBE.
NaFVRF. VT PV TINFOAFAE, REK1~4DTLIFIN
E.BEBI~4OTNFNVAINAT FPEXEZ= buEEtxd. ) TRINSES
—RYSANT 7Y VEERES . TRE—&RA (111)

NHg\rR a

CH,

(X, Riz. 7z=NVE. BRIz VEXEBF7FVEE2ET, ) TRSh
21 -TY—NIFNT I VvERKLEARGEETH S TE—BR (1)

xl

2

X 0 HN_ _R
Y
CH,

(X, X', X* RURR. FidE@L. ) TRIhbyr —FF/—KET =
AT S UvBERELRTRIGICHT 224 ETATRMA (IV)

* 4 L M S *



- was dissolved in 20 nL of ethanol, and the tenperature was adjusted to
20[err]C. (R -1- Phenet hyl am ne (240 ng, 1 equivalent) was added,
and the reaction was carried out at 20[err]C for 15 10 hours. The
resulting precipitate was filtered off and dried under vacuumto give a
m xture of (a R 1R) -N-(1-phenethyl)- [err] -oxo-p-nethoxy-honophenyl -
al ani ne andWO[%88%P46, 1R) - N- (1- phenet hyl ) -[err] - oxo- p- PCT/IP98/00580
met hoxy- honophenyl al ani ne as a white precipitate 15 with a di astereoner
ratio of 6:4. 370 ng of the white precipitate was yielded. The yield
was 56% as the total of the two diastereoners. The ( [err]S, 1R
formwas isolated and purified by HBLE. ([err]S,1R) form 20 TLC
(silica gel); Rf = 0.55 (n-butanol:acetic acid:water = 4:1:1). NVR
(DVMsO-d[err],[err]): 7.9 (d, J =7.5, 2H), 7.5 (m 5H), : 7.1 (d, J
= 7.5 2H), 46 (q J =6.8 1H), 3.9 (s, 3H), 3.8 (m 1H), 3.6
(m 2H), 1.7%( 25 J =6.8, 3H. Exanpl e 3 Synt hesi s of
([err]S, 1S)- henet hyl )- [err]-oxo-p- met hoxyhonophenyl al ani ne 30
Trans- p- net h rrj]- benz%\él acrylic acid (410 ng)

)

xz
NH,

(Rp, X' BRUX? X, BiiCEHAL) TRINBZFET 2 NT S BRL
DOREFE.

R N O 1



- was -dissolved in 20 nL of ethanol, and the tenperature was adjw#f¥L19
40t% (9)-1- Phenet hyl am ne (240 ny, 1lrequival ent) was added, and
the reaction was carried out at 40[err]C for 5 hours. 35 Ethanol (20 nlL)
was added to the reaction m xture

19 and the reaction was continueti for further 10 hours. The
resulting precipitate was filtered off and dried under vacuumto give
380 nmg of ([err]S, 1S)-N(1- phenethyl) - [err] '

- 0X0- p- met hoxy- honophepyl al anine_as. a 5 _ _white precipitat The
di ast er eoner TWF}‘@H@AN B PERIVAHRESS)A ESSotFPRss
t han 95/ 5pRORPUCING HOMQPHE AGANIINR RIIIVEXT BW BY| REMUOINGas
recrystalyﬁﬁgds N acetonitrile-water to give (a

5 : TECHNICAL FIELD
The present'invention relates to a process for
producing an optically active homophenylalanine
derivative of the general formula (IV):

xl

o ,CO0H W)

x2
NH,

10 :
(wherein X! and X? are the same or different and
each represents a hydrogen atom, an alkyl group
containing 1 to 7 carbon atoms, an aryl group
containing 6 to 10 carbon atoms, an aralkyl group

15 containing 7 to 10 carbon atoms, a hydroxyl group,
a halogen atom, a cyano group, a trifluoromethyl
group, an alkoxyl group containing 1 to 4 carbon
atoms, an alkylmercapto group containing 1 to 4
carbon atoms or a nitro group), to an intermediate

20 therefor, namely a 7 -oxo-homophenylalanine
derivative, and to a process for the production
thereof. |

The optically active homophenylalanine
derivative which is fepresented by the above

25 general formula (IV) (hereinafter referred to as
"homophenylalanine derivative (IV)") is an amino
acid that is very important as a constituent of
medicinals, in particular an angiotensin converting
enzyme inhibitor (hereinafter referred to as "ACE

Pt
- GW{IC [N x-2 /v
¥ GwA



S, 1S) -N- (1-phenethyl) - [err] -oxo-p-nethoxy- 10 honophenyl al ani ne as

white needl e crystals. TLC (silica gel); Rf = 0.55 (n-butanol:acetic
acid:water = 4:1:1). NVR (DVBO-d[err], [err]): 7.9 (d, J = 7.5, 2H),
7.5 (m 5H), 7.1 (d, J =7.5 2H), 4.5(q, J =6.8, 1H, 15

3.9 (s, 3H, 3.8 (m 1H), 3.6 (m 2H), 26 (d, J =6.8, 3H.

IR (KBr disk, cnferr]): 1680, 1600, 1570, 1380, 1250, 1180. Mel ting
point: 160 to 161t. 20 [err] = +90.1 (c = 0.051, MeOH:'1 N Herr]SOerr] =
3:1, -v/iv). %aenental anal ysi s: Found : C 69.76; H 6.35; N
4.12; ahdhit 69.71: H 6.47: N 4.28. 25 Exanple 4

Synthesis of ([eis] $dSecitpadndimydappmmeseoXokrl Publication

met hoxy- h h I e ¥ X rylic

aci d (1850@9? W é‘h@@:il‘ssgpvedabov@ %ne?. an)éoﬂr?&ﬁﬂaehﬁflz%}o’laﬁ&ryé

t enper at ur%eﬁéé’aa’éi}ﬂ’& L Yd &f{%rPFCre?@}lf deriped i RFoafaLd( 121 ny,
1.1 eqgsi vaAeBt Anwsbadaesd, foll@ﬁﬂnfgha:diﬁﬂetxisllbwa%ﬂtattsedmﬂuﬁoat 40[err]C

for 15 5P +d"e HPYELLY BE8HDP 6§ e Lbh! ¥ £fnHitrous

acid.

_ BACKGROUND ART

10 Among the so-far known processes for producing
the above-mentioned optically active '
homophenylalanine derivative (IV), there is a
process using a biocatalyst such as an ehzyme, and
the process employing the so-called asymmetric

15 synthesis without using any biocatalyst such as an
enzyme. _.

As the above-mentioned process using a
biocatalyst, Japanese Kokai Publication Hei-01l-
79134, for instance, discloses a process involving

20 asymmetric decomposition of a corresponding
hydantoin with hydantoinase, and Japanese Kokai
Publication Hei-02-31694 discloses a process
comprising asymmetrically hydrolyzing a
corresponding aminonitrile with nitrile hydrolase.

25 These processes, however, require the use of a
toxic hydrocyanic acid compound in raw méterial
synthesis.

Unites States Patent No. 5,316,943 discloses a
process comprising trans-amination of a

30 corresponding keto acid with transaminase and, in
the Journal of Organic Chemistry, vol. 55, page
5567 (1990), there is disclosed a process
comprising reductively aminating a corresponding
keto acid using phenylalanine dehydrogenase. These

35 processes, however,.require the use of an expensive



and dried under vacuumto give 210 ng of ([err]S, 1S) N 35 (1-phenethyl)-
[ err] -‘oxo-p-nmethoxy-honophenyl al ani ne as

20 a white precipitate. The yield was 71% The di astereoner ratio
(([err]S,1S) form([err]R 1S) form was not |ess than 95/5.. 5
Exanple 5 - Synthesis of ([err]sS, 1S)3N- (1-phenethyl)-[err]-oxo-p-

et hoxy- homophenyl al ani ne Trans- p- net hoxy-[err]-benzoyl acrylic
acid (206 ny) was dissolved in 10 nmL of ethanol, and the 10

t enperature,was_ agdjusted_to 0 LC. (S -1- Phenet hyl am ne (109 ,
0.9 equi EPER: ) V\g &ftield, M@ ‘L’gf‘ialt‘he reaction was carri)éd out a§ 40[g!rgr]C
for 15 In the: Journal of the American Chemical

Society, vol. 112, page 945 (1990), there is
disclosed a process which comprises asymmetrically
5 hydrolyzing a corresponding ester using an enzyme
and, in the Bulletin of the Chemical Society of
Japan, vol. 55, page 918 (1982), there is disclosed
a process comprising asymmetrically hydrolyzing a
corresponding acetyl derivative using acylase.

10 These processes, however, are processes for racemic
resolution, hence, theoretically, the desired
compounds can be obtained only in half amounts
relative to the total amounts of starting racemates.

" Another disadvantage lies, for example, in the

15 complexity of operational procedure.

As the above-mentioned process comprising
asymmetric synthesis, there may be mentioned the
process in which a chloroacetyl containing compound
is reduced with an asymmetric boron complex

20 followed by rearrangement (the Journal of the
American Chemical Socilety, vol. 114, page 1906
(1992)), the process comprising hydrogenating a 4-
phenyl-2-aminocrotonic acid derivative with an
asymmetric rhodium complex (the Journal of Organic

25 Chemistry, vol. 52, page 5142 (1987)) and the
process comprising reacting an optically active
glycine derivative with phenylpropyl bromide (the
Journal 6f the American Chemical Society, vol. 108,
page 1103 (1986)), among others. These processes

30 for asymmetric synthesis, however, require the use
of an expensive catalyst or an organometallic
compound difficult to handle. '

As the above-mentioned process‘comprising
optical resolution of the optically active

35 homophenylalanine derivative (IV), there may be



hours. The resulting precipitate was filtered off and dried under
vacuumto give 165 ng of ([err]S,1S)-N 15 (1-phenethyl)- [err] ,

- 0X0- p- met hoxy- honophenyl al ani ne as a white precipitate. The yield was
42% The di astereomer ratio between the ([err]S,1S) formand (a

R, 1S) formwas about 85: 15. 20 Exanpl4es 6 to 19 Synt hesis of _
([err]S,1S)-N-(1-phenethyl)-[err]-oxo-p- met hoxy- homophenyl al ani ne and
([err]R 1S)-N-(1- phenethyl) [ err]-oxo- p- net hoxy- hom)gheny:algnlne2 "
Tr ans r pzQyl acr lic was .di ssol ved in

of a sgl \r}g%p@%%%lg ]anﬁ ¥ "fgéeé 1€ﬁ8n&’(5?1‘égg§nﬁ'e‘?'a¥’5|i§jvﬁg adj usted to
40[eru(:resokwiny-Hmmermﬁsmondﬂm@ nY,- fodmgduidet tuad)ivas added,

and the r@@@frﬂg)npwaieo@ﬁﬂ%mé "\‘tJaﬁﬂiéﬁ%@eC K8kai p&ﬁﬂ%fiolhe whol e

reaction pnj xture was A agueous acet oni tri
(acetomt$$Pe4£ﬁP§P g?'s&qﬁ BROGHR$S. §Pmp%izin9 vFegrd whagy fed by
HPLC. 5 CQFmﬁﬂﬁthMﬁ@(1dehmlhﬂ@téELﬂsI¢? ﬁﬂfﬂ@le'acid

h h n r] P =

oo b ot paspse sk r ey Whg Bl o TSI IGIE5R) ang g they
d|asteuxﬂ%PGQﬁ$ocﬁﬂﬂmiﬁﬁnﬁﬁﬁé991Ving a Gorresponding N-

acetyl compound using brucine (the Journal of
Biological Chemistry, vol. 122, page 348 (1937 to

10 1938)), among others. Theoreticaily, however,
these processes can give the desired compounds only
in half of the total amounts of starting racemic
mixture and are also disadvantageous in that their
operational procedures are complicated.

15 | The so-far known processes thus cannot
necessarily be said to be satisfactory.

In view of the foregoing, it is an object of
the present invention to provide an economically
advantageous and efficient process for producing

20 the above-mentioned optically active
homophenylalénine derivative (IV), and an
intermediate therefor and a process for producing
it.

25 SUMMARf OF THE INVENTION

The present inventlion relates to a 7 -oxo-
homophenylalanine derivative of the general formula

(I):



21 In Table 1, the yield is for total of the two

di'ast efeoners. S5 Table 1 Sol vent ' Yield
([err]S, 195 (% form
([err] R 1S): form ratio
Exanpl e 6 = Hexane 5 45 53: 47 - Exanple 7
Tol uene 90 56: 43 Exanpl e 8 Chl or of orm
80 60: 40 Exanpl e 9 Et hyl acetate 90 59: 41

x!

o _~COOH )
2
x 0 HN_ _R
\11'
CH,

(wherein X' and X? are the same or different and
each represents a hydrogen atom, an alkyl group
containing 1 to 7 carbon atoms, an aryl group

5 containing 6 to 10 carbon atoms, an aralkyl group
containing 7 to 10 carbon atoms, a hydroxyl group,
a halogen atom, a cyano group, a trifluoromethyl
group, an alkoxyl group containing 1 to 4 carbon
atoms, an alkylimercapto group containing 1 to 4

10 carbon atoms or a nitro group, and R represents a
phenyl group, a substituted phenyl group or a
naphthyl group)  (hereinafter referred to as "7 -oxo-
homophenylalanine derivative (I)").

The present invention also relates to a

15 process for producing a 7 -oxo-homophenylalanine
derivative (I) which comprises reacting a B -
benzoylacrylic acid derivative of the general
formula(II):

xl

X _-CO0H

2
X 0
20 '
(wherein X! and X? are as defined above)



Exanpl-e 10 Tetrahydrof uran | 90 55: 45 Exanpl e 11

2- Pr opanol : 86 87:13 Exanple 12 1-Propanol

87 - 92: 8 Exanpl e 13 Acetone - 40 62: 38
Exanmpl e 14 Et hanol 90 70: 30 Exanmpl e 15

Met hanol ' _ 71 67:83 Exanple 16 DV -

70 .80: 20 Exanple 17 Acetonitrile 90 70: 30
Exanpl e 18 Ethanol/water (1/1) 67 91:9 Exanpl e 19
Acetonitrile/water (1/1) 60 68: 32 Exanpl e 20 Synt hesi s
~of ([err] $hegye PREnaieferred rfoors pt B -bepzakgcraicb®en@id ani ne
10 demiean-1wes hona-) t) r itgnzay lacyy e tact and @ nO) was

di ssol ved 4i , _ - dj d
Sorerr] o deksPata vl Bende. SANLIAT, rormhTPU LS MO0 SN VST 1O

and the reaction was carried out at 50[err]C for 15 15 hours. The
resul ting precipitat;iwas filtered off and dried under vacuumto give

255 f (N8 N-
mg of ([er¥s? i

CH;

(wherein R is as defined above) (hereinafter
referred to as "l-arylethylamine derivative (III)").
‘The present invention further relates to a
process for producing said homophenylalanine
10 derivative (1IV) which comprises subjecting said 7 -
oxo-homophenylalanine derivative (I) to reduction
reaction.

DETAILED DESCRIPTION OF THE INVENTION
15 The preseﬁt invention is described in further
detail in the following.

According to the present invention, the 7 -oxo-
homophenylalanine derivative (I), which is novel
substance and can easily be prepared by the so-

20 called Michael addition reaction from the above-
mentioned B -benzoylacrylic acid derivative (II) and
the above-mentioned l-arylethylamine derivative .
(III), is used as an intermediate, and the above-
mentioned homophenylalanine derivative (IV) can

25 easily be produced by reducing said 7 -oxo-
homophenylalanine derivative (I) in the presence of
a metal catalyst..

According to the present invention, when the
optically active l-arylethylamine derivative (III)

30 mentioned above is used in the above-mentioned
addition reaction, the 7 -oxo-homophenylalanine



(1-phenethyl)- [err] -oxo-p-nethoxy-honophenyl al ani ne. as a white

précipittate. The yield was 78% The di astereoner ratio (([err]S, 1S)
form ([err]R 1S) form) was 20 not |ess than 95/5. Exanpl e 21

22 Synthesis of ([err]S,1S)-N(1-phenethyl)-[err]-oxo-p-

met hoxy- honophenyl al ani ne Tr alms- p- net hoxy-[err]-benzoyl acrylic
acid (500 ng) was dissolved in 10 nL of ethanol, and the 5 tenperature
was adjusted to 50[err]C. (S)-1- Phenet hyl am ne (323 ng, 1.1

emﬂvaleg€¥i$%%f¥gegs formed diastereoselectively as a

' precipitate and, therefore, an (R)-
homophenylalanine derivative or a (S)-
hombphénylalanine derivative can be produced with

5 very high optical purity by reducing said 7 -oxo-
homophenylalanine derivative.

The reactions involved in the present

invention can be shown below in terms of reaction
formula as follows:

10
x! \
X C00H g, - a CO0H
2
X2 a NHy R = X 0 HN__ _R
. | CHj CH,
xl
H]
xz
NH;

In the practice of the present invention,
examples of the above-mentioned B -benzoylacrylic
acid derivative (II), which are preferred based on

15 the utility of the obtained homophenylalanine
derivative (IV), are p-methoxy—B-benzoylacrylic
acid in which X! is a p-methoxy group and X? is a
hydrogen atom, and unsubstituted B-benzoylacrjlic
acid in which X! is a hydrogen atom and X? is a

20 hydrogen atom.

For said B -benzoylacrylic acid derivative (II),
there exist the trans form and the cis form.

Said trans form can easily be synthesized by a



and the reaction was carried out at 50[err]C for 15 hours. The

resulti'ng precipitate was filtered off and dried under vacuumto give
650 ng of ([err]S,1S)-N- 10 (1-phenethyl)- [err]

- 0X0- p- met hoxy- honophenyl al ani ne as a white precipitate. The yield was
83% The di astereonmer ratio (([err8S,1S) form ([err]R 1S) form was
not | ess than 95/5. 15 Exanple 22 Synt hesi s of
([err]S,1S)-N(1-phenethyl)- [err] 0X0- p- met hoxy- honmophenyl al ani ne

mor ot ARSI meied o0 ARaN felRE e R ue0ed TraFERL (g "1
Phenet hyresicielios46Engm BNl agomat bat Q)OWBQUM@IG ma kegdict he reaction

was carr 5 &o Urgeoilh re ldd Ngo@r eci pi tate was
filter edhgl f]mli‘i%te pbr%:bre&%ndgrej%agﬁﬁ%q’fo glove e5 E’ggté g[grr] S,1S)-N- 25
a

(1- phenel‘ﬂﬁ%”érﬂr oRE- feRyHEAL 1o SRR HF‘é’rﬁ%‘én a white
precigit acetdphetichd drsr 80%t ik and dbgoaydoher akdido (([err] S, 1S)

form ([ e drb & K x4 Pub11¥at £8% $1E-3Y 239029 Fxanple 23
Said cis form can be prepared, for instance,
by isomerization of the trans form by light
irradiation.

10 Said trans form and cis form isomers both can .
be used in the Michael addition reaction according
to the present invention. However, the trans form,
which is low in processing degree,,is-preferred
from the viewpoint of lindustrial utility.

15 In the practice of the present invention, 1-
phenethylamine is preferred as the l-arylethylamine
derivative (III), since it is the most inexpensive
one. Furthermore, the optically active 7 -oxo-
homophenylalanine derivative can be obtained by

20 using (S)-1l-phenethylamine or (R)-l-phenethylamine.

Said l-arylethylamine derivative (III) may be .
a commercial product as it is or a product purified
therefrom by distillation, for instance.

In the practice of the present invention, the

25 process for producing the 7 -oxo-homophenylalanine
derivative (1) by subjecting said B -benzoylacrylic
acid derivative (II) and said l-arylethylamine
derivative (II1) to addition reaction may comprise,
for example, mixing said f$ -benzoylacrylic acid

30 derivative (II) and said l-arylethylamine
derivative (III) in a solvent and allowing the
reaction to proceed. More specificaliy, there may
be mentioned, for example, the method comprising
adding dropwise the l-arylethylamine derivative

35 (III) to an ethanol solution of the B -



Synthesis of ([err]S, 1S)-N(1-phenethyl)-r-oxo- honophenyl al ani ne

Trans-['err]-benzoylacrylic acid (176 ng) was . dissolved in 20 nL of

et hanol, and the tenperature 35 was adjusted to 50[err] C

(S)-1- Phenethylanlne (121 nmg, 23

1 equival ent) was added, and the reactPon was carried out -at 50[err]C
for 15 hours. The resultlng precipitate was filtered off and dried
under vacuum to give 240 ng of a mxture of ([err]S,1S)-N-(1- 5

(1- phenetis +?r9ﬁe$¢?vﬁci@p%9#yé MEPRIRERe L) i

(1- phenet 0X0- phen whi te precipitate with
a di ast ereoner Wheho dinapamducing0:tiie TheowiceihiomepiBdiylalanine

Recr yst aldd 284la@Mm 6001 ) bICAHD hbidi1er Y8her LB¥€ion mentioned
[err]szuﬁoQZﬁléﬁe”?ﬁy }orm of l-phenethylamine is used,

5 for instance, a mixture of two diastereomers is
formed, namely a 7 -oxo-homophenylalanine derivative
having the (@S,1S) configuration as represented by
the general formula (V):

. x!
oS_ COOH ™
x? O HN
18
CH,
10 _ _
(whereln X! and X* are as defined above) and a 7 -
oxo-homophenylalanine derivative having the (@R,1S)
"configuration as represented by the general formula
(VI): '
15 '
1
COOH (V)
X2 |
(o) HN,_ .
1S
CH,

(wherein X! and X? are as defined above).

In the above addition reaction, the
diastereomer ratio ((@S,1S):(@R,1S)) is generally
20 about (51 to 99%):(49 to 1%). The (€S,1S) form is



10 oxo- hormophenyl al ani ne as white plate crystals TLC (silica gel); Rf

='0.50"(n-but anol : acetic acid:water =4:1:1). NVR (DNBC)d[err]
[err]) 7.9 (d, J =7.3, 2H, 7.6 (dd, . . J=7.3, 7.8, 1H), 7.5 (dd,

=7.3, 7.8, 2H), 15 . 7.3 (m 5H), 4.6 (q, J = 6.8, Hﬂ, 3.8 (m 1H),
3 6 (m 2H), 1.7 (d, J = 6.8, 3H). 10/ R (KBr disk, cnferr]): 1690, 1630,
1610, 1570, 1380. N@Itlng point: 178 to 179[err]C (deconposi tion).

[err] = +80.9 (c = 0.047, MeOH: 1 N H[err]SC{err] 3:1, v/iv). 20 Elenenta

anal ysi s: E 7 . 80; | cul ated: C,
72.71; HIeE 948 %Hrm?ll?l in grgaéxg pLyenEs & &M he%ihse%‘?fg%e'
([err] S, tHe N (dlSpllaﬂetﬁph:)n [@an] b@(ooptainedhwm h&m)phenyl al ani ne

Tr ans- p- afllﬁeéwddlebe&@wiac% i&oeciﬂaé;l‘en@% 3 W di ssolved in 5 niL
of ethanaql,_ and erature was adj uste gn60[err (S)-1- 30

Phenct ny Pk BESEAAR 1GE 100 cpaRd Bh At SuEoRithing SHAM RS  eaoti on
was - Car r recaoti oal ﬁﬂkemﬂé:ﬁnmdsmnuapproprﬂaxeesumné@tpsqstbhmte was

fil teredi%ffséﬁ'.gctedd“ FhPHS T SEEUMLL SVa RSl FRH16hE o 15 -N-(1-
obtain the (@S,1S) form with a diastereoselectivity
of not less than 95% by selecting the reaction
conditions, for example, raising the reaction

10 temperature.

By using the (R)-form of l-phenethylamine, it
is also possible to selecti?ely obtain a 7 -oxo-
homophenylalanine derivative having the (@R, 1R)
configuration similarly with a ratio of not less

15. than 95% to the (&¢S,1R) form.

As the solvent to be used in the above
addition reactibn, thére may be mentioned, for
example, agueous solvents; alcohol solvents, such
as methanol, ethanol, isopropanol, n-propanol, t-

20 butyl alcohol, n-hexanol, etc.; nitrile solvents
such as acetonitrile, propionitrile, etc.; ether
solvents such as diethyl ether, dioxane,
tetrahydrofuran, etc.; amide solvents such as
dimethylformamide, dimethylacetamide,

25 hexamethylphosphoramide, N-methylpyrrolidone, etc.:
halogenated hydrocarbon solvents such as methylene
chloride, chloroform, etc.; ketone solvents such as
acetone, methYl ethyl ketone, methyl t-butyl ketone,
etc.; sulfoxide or sulfone solvents such as

30 dimethyl sulfoxide, sulfolane, etc.: ester solvents
such as ethyl acetate, methyl acetate, etc.;
aromatic hydrpcarbon solvents such as benzene,
toluene, xylene, etc.; aliphatic hydrocarbon
solvents such as hexane, pentane, cyclohexane,

35 etc.; and mixtures of these.



phenethyl) -[err]-oxo-p-chl oro- honophenyl al ani ne as a

white precipitate. The yield was 85% The di astereoner ratio
(([err]S 1S) form ([err]R 1S) forn) was not | ess than 99/1. The
precipitate collected by filtration was recrystallized from
acetonitrile- 5 water to give ([err]S11S)-N(1-phenethyl)-[err]-oxo-p-
chl or o- honophenyl al ani ne as white needl e crystals TLC (silica gel); Rf
= 0.65 (n-butanol:acetic aC|d mater 4:1:1). NNR (DMSO-d[err] +

trifluoroacetic,_acid, [EEUR1Y h ﬁo do s lv t , 7d6 éj J =
8.8. 2H), 7.5 (Wpesa 4 ?a plogsg. fH} écsgl(*ﬁ? 1%R 3.6 (m
2H) , the abévedadditdch Bepctionl,RYHEr ddiadteesboaier) ratd®, 1630,

1610, ]EQQE'gﬁg Y -oxo- homophenylalanine derivative obtained
will be not more than 70% and this is unfavorable
5 from the viewpoint of yleld. In a strongly
hydrophilic solvent, the progress of the reaction
is rather slow. In view of these, protid solvents,
in particular alcohol solvents such as ethanol, n-
propanol and i-propanol, are preferred and a

10 diastereomer ratio of not less than 80% can be
attained by using these.

In the above addition reaction, the mixing
ratio between the above-mentioned B -benzoylacrylic
acid derivative (II) and the above-mentioned 1-

15 arylethylamine derivative (III) is generally B8 -
benzoylacrylic acid derivative (II):1-
arylethylamine derivative (III) = about 3:1 to 1:3.
Since, however, the reaction rate is faster when
the l-arylethylamine derivative (III) is in excess

20 as compared with the B -benzoylacrylic acid
derivative (II), a ratio of 1:1 to 1:1.5 is
preferred.

The reaction temperature in the above addition
reaction is preferably 0 to 80T. From the

25 viewpoint of the éhorténing of reaction time, 30 to
60C is more preferred.

The concentration in the above addition
reaction is preferably 0.1 to 20% for the 8-
benzoylacrylic acid derivative (II). Since,

300 however, the reaction rate is slow at a smaller
concentration, 1 to 20% is more preferred. For
controlling the reaction, for example to expedite
the reaction in the early stage and theréafter
obtain a diastereomer selectively, the production

35 can also be carried out by controlling the reaction



-

1370. 15 Melting point: 172 to 174[err]C [err] = +24.0 (c = 0. 10,

CH'err]CN: TFA = 99: 1, v/ V). El enental anal ysis: Found : C,
65.01; H, 5.53; N, 4.32; Cal cul ated: C, 65.16; H, 5.47; N, 4.22. 20
Exanpl e 25 Synthesis of ([err]S,1S)-N(1-phenethyl)-[err]-oxo-p-

met hyl - homophenyl al ani ne Trank2p-net hyl -[err]-benzoyl-acrylic acid
(190 ng) 25 was dissolved in 5 nL of ethanol, and the t enper at ure was
adjusted to 60[err]C. (S)-1- Phenet hyl ami ne (144 ny, 1.2 equivalents)

The esul 1oRg s EE sl £ RN e kMRCEE L1 ” A dhaB gt B BRI ED Souum 1 o
gi ve 299 tigeofrqdetijod 1ishtmeen B -bphnamyhalcrylierjacid

- 0X0- p- Med &b vprppRenyt b aRine fSatylet 'J.taGinPh%Ci(piifEe-i The yield was
95% The | astereoner ratio err]S,1S) form ([err st form was
not | ess SHER 39u$hea%ré‘cicpﬂ?éggt&#F%E’f‘ecP%yZ% £ort the Flred
recryStallihetirfs oandcetivent dirution is made to 1%.

Since the above addition reaction is
accelerated under basic conditions, a base may be
added as an additive to the reaction mixture. As
sald base, there may be mentioned, for example,

10 amines such as triethylamine, trimethylamine,
diisopropylamine, diazabicyclooctane, etc.; alkali
metal carbonates such as sodium bicarbonate,
potassium bicarbonate, sodium carbonate, potassium
carbonate, etc.; alkali metal hydroxides such as

15 sodium hydroxide, potassium hydroxide, lithium
hydroxide, efc.; alkaline earth metal hydroxides
such as calcium hydroxide, magnesium hydroxide,
barium hydroxide, etc.; transition metal hydroxides
such as iron hydroxide, zinc hydroxide, etc.:;

20 qﬁaternary ammonium hydroxides such as
tetramethylammonium hydroxide, tetraethylammonium
hydroxide, benzyltrimethylammonium hydroxide, etc.:
and the 1like.

In the abbve addition reaction, the desired

25 product, namely the 7 -oxo-homophenylalanine
derivative (I) can be isolated, for instance, by
filtering off the desired product formed as a
precipitate during the reaction. The filtration
may be performed after heating and concentrating

30 the reaction mixture. Further purification may be
carried out by fractionation'by column
chromatography or HPLC or by recrystallization
using an acetonitrile-water system, for instance,
as a solvent. It is also possible to isolate said

35 desired product after conversion to the



25 water to give ([err]S, 1S)-N-(1-phenethyl)-[err]-oxo-p-

met’hyl -’honmophenyl al ani ne as white needl e crystals. TLC (silica gel); Rf
=-0.60 (n-butanol:acetic acid:water = 4:1:1). 5 NWR (DVMBO-d[err] +
trifluoroacetic acid, [err]): 7.9 (d, J = 8.5 2H), 7.5 (m 5H,
7.4 (d, J = 8.5, 2H), 4.6 (9,13 = 6.4, 1H, 3.9 (m 1IH, 3.6 (m
2H) , 2.4 (s, 3H), 1.6 (d, J = 6.4, 3H). | R (KBr disk
cnferr]): 1680, 1630, 1610, 1570, 1560, 10 1370. N@Iting poi nt :

205 to 207 7. 0.10 err 9 1 v/iv).
El enent al© ﬁEl‘%&?g di‘lg Fohﬁdir hq ("cid?s sl gg e4 34%)
Cal cul at coly @ddBng9.arH, a6isD; sulph4£ﬂ hydrocﬂarqdlce eeid or

sulfuric acid to the reaction system without delay
after the above addition reaction.

5 It is also possible to carry out the next
reduction procedure aftexr adding sulfuric acid or
hydrochloric acid in an amount not less than an
equivalent to the 7 -oxo-homophenylalanine
derivative (I) formed by the above addition

10 reaction.

In accordance with the present invention, the
above-mentioned homophenylalanine derivative (IV)
can be obtained by subjecting the above 7 -oxo-
homophenylalanine derivative (I) to reduction

15 reaction. _ S

As the reaction to be used for saild reduction
reaction, there may be mentioned, for example, the
catalytic reduction reaction in the presence of a
metal catalyst; the so-called Clemmensen reduction

20 reaction in an acidic solvent in the presence of a
metal such as zinc, zinc amalgam, mercury or tin or
the like; the reduction reaction using hydrazine;
the reduction reaction using a silicon hydride
compound; the reduction reaction comprising

25 converting the ketone to a thioketal and then
reducing the latter using Raney nickel; the
reduction reaction comprising converting the ketone
to a corresponding tosylhydrazone and then
reducing the same with sodium borohydride; the

30 reduction reaction comprising once reducing the
ketone with a metal hydride and then conducting
further reduction in the presence of a metal
catalyst.

_ Among them, the catalytic:reduction reaction

35 in the presence of a metal catalyst 1is preferred



Synt hesi
ni'tro-ho
(221 ng)
adj ust ed
was adde
resultin
290 ng o
- 0X0-p-n
85% The
not | ess

([err]S
yel l ow n

r ecryst a'&&@@ﬂgftrﬁn 2eR/AUBE 1 bl react 1% £7 the M Vﬂa

s of ([err]S,1S)-N(1-phenethyl)-[err]-oxo-p-

nmophenyl al ani ne 20 Trans-p-nitro-[err]-benzoylacrylic acid
was ‘di ssolved in 5 nL of ethanol, and the t enperature was

to 60[err]C. (S)-1- Phenet hyl ami ne (144 ny, 1.2 equival ents)

d, and the reaction was cddied out at 60t for 6 hours. 25 The:

g precipitate was filtered off and dried under vacuumto give

f ([err]S, 1S)-N(1- phenet hyl)- [err]

| al ani ne .as_a yel l ow precipitate. The ylel

d was

b SaRIREENY FE
BEEst 2t e IRSG*PRE, 0t (?Tgfﬂ 'S, 1S) form ([err]R 1S) form was 30

t han @& Sthehangtadi piatedysd | bot b ysed jfnl sadid on was

(0).4¢]

B e

35 acs d: wmjﬂadihmréhrbon, palladium hydroxide, palladium

10

15

20

25

30

35

oxide, Pd-BaSO,, Pd-CaCO,, P4d-Al,0,, palladium-
triphenylphosphine, P4A[P(C/H;),],, Lindlar catalyst,
colloidal palladium, etc.; platinum catalysts such
as platinum oxide, platinum-carbon, etc.; nickel
catalysts such as Raney nickel etc.; zinc catalysts
such as zinc powder; and the like. Among them,
palladium catalysts are preferred since they can
give the products in high yields. In particular,
palladium-carbon is preferred from the viewpoint of
selectivity . .

In the above catalytic reduction reaction, a
reducing agent such as mentioned below'can be used.
As the reducing agent, there may be mentioned, for
example, hydrogen; formic acid, formic acid salts;
metal hydrides; metals such as zinc, zinc amalgam,
mercury, tin, etc.; hydrazine; silicon hydride
compounds; Raney nickel, and the like. Among them,
hydrogen, formic acid, formic acid salts and metal
hydrides are preferred because of inexpensiveness.

As said formic acid salts, there may be
mentioned, for example, ammonium formate, sodium
formate, triethylemmonium formate and the like.

henylalanlne as

%ﬂgﬂgx%ﬁgl%rlp k@ﬂ}umrcatéix?%ﬁ ERShofSacet i ¢

As said metal hydrides, there may be mentioned,

for example, sodium borohydride, NaB(CN)H,, and the
like.

The above reduction reaction can proceed
mildly and in good yields when it is carried out in
a polar protic solvent in the presence of an acid,
for instance. _

As said acid, there may be mentioned, for



26 NVR (DMSO-d[err] + trifluoroacetic acid, [err]) 8.4 (d, J

‘8.6, 2H), 8.2 (d, J =8.6, 2H), 7.5 (m 5H), 4.6 (q, J = 6.8,
1m 4.0 (m 1H, 3.7 (m 2H), 1.6 (d, J = 6.8, SW 5 IR (KBr
disk, cnerr]): 1700, 1630, 1570, 1520, 1380, 1350. Nbltlng poi nt
152 to 154[err]C. [err] = +23.0 (dﬁz 0.10, CHerr]CN: TFA = 99:1, v/v)
El enental analysis: 10 Found : C, 63.28; H 5.36; N, 8.06;
Calculated C 63 15; H 5.30; N, 8.18. Exanple 27 . Synthesis of

(Lerr]s, er:&ﬁﬂ@%@éi B%rir 5 OBUdh ﬁggdﬁ&ri‘&”\aﬁgfgy' al ani ne

Tr ans- p- enzo Iacry a8 i‘ssolved in 3 L
of met haMdra kogic ag ﬂpéﬁﬁi@bo\ﬁdﬁ‘%ﬁﬁ@st%i@e 6dker]C. (9S)-1-

Phenet hylgga e i6k41 8Vell dre@dv@l aetid ¥8S paiedra®l pndpbha reacti on was
carried out at 60[err]C for 6 haurs
to 30 equivalents relative to the 7 -oxo-

5 homophenylalanine derivative (I). When it is below
1 equivalent, the reduction reaction will not
proceed to a satisfactory extent in some instances.
When 1t exceeds 30 equivalents, the postreaction
treatment becomes complicated.

10 As sald polar protic solvenf, there may be
mentioned, for example, water, alcohol, acetic acid,
and mixtures of these. From the viewpoint of
operabilility, alcoholic solvents such as methanol,
ethanol, n-propanol and i-propanol are preferred.

15 As an example of the above reduction reaction,
the reaction to be carried out in a mineral acid-
containing alcohol solvent using hydrogen as the
reducing agent is explained in the following.

To (aR,lR)-N—(l-phenethyl)—T-oxo-p—methoxy-

20 homophenylalanine is added about 1 to 100% of
palladium-carbon as the catalyst, and the reaction
is carried out at 0 to 100C, preferably at 5 to
70C, using hydrogen as the reducing agent and an
alcoholic solvent, such as ethanol, as the solvent,

25 1in the presence of an acid such as a mineral acid
as mentioned above, for several to 80 hours with
stirring, whereby almost quantitative conversion to
(R)-p-methoxyhomophenylalanine can be attained. It
is also possible to reduce the reaction time by

30 increasing the amount of the catalyst.

In the above catalytic reduction reaction, the
asymmetry at ¢ position of the 7 -oxo-
homophenylalahine derivative (I) is retained.
Therefore, a homophenylalanine derivative having

35 the (S) configuration at d position can be



-

The resulting precipitate was filtered off and . dried under vacuumto

gi Ve 190 nmg of ([err]S, 1S)-N-(1- phenethyl)- [err]

- 0X0- p- fl uor o- honophenyl al ani ne as a white precipitate. The yield was
70% The 25 diastereoner ratio (([err]S,1S) form([err]R 1S) forn) was

not |ess than 90/10. The precipitate cbél ected by filtrati-on was
recrystalli'zed fromacetonitrile- water to give
([err]S,1S)-N(1-phenethyl)-[err]-oxo- p- quoro honDphenyIaIanlne as
white needle r ials go TL éﬁ%llca = 0.65 - but anol : acetic
aci d: wat e¥Y tj‘ TRR 8oH % ?P°P‘H?9I uof 6 fc acid, 6): 8.0
(dd, homopﬂeny&dﬂaﬁiﬁeZhﬁri%diivb Tedvidgs tide, (s, 1S) 8.3,

? 3, Zﬂ cén@ﬁéhr&ti&h8’aﬂﬁ 4H%ﬂ6%h§%ylalanyﬂe ée@ﬁ#ﬁt%U@ 1.6 (d,
having the (R) configuration at ¢ position from a

5 corresponding 7 -oxo-homophenylalanine derivative
having the (@R,1R) configuration.
After completion of the above catalytic
- reduction reaction, the catalyst is separated, and
then the solvent is removed, and the

10 homophenylalanine derivative (IV) can be obtained
as highly pure crystals. If necessary, they can be
.-recrystallized using a solvent such as an ethanol-
water system, for instance. Further, they can be
purified also by using an ion exchange resin such

15 as a cation exchange resin or by reversed phase
chromatography,-for instance.

. The optically active homophenylalanine
derivative (IV) obtained in the above manner can
easily be derived into the ACE inhibitor mentioned

20 above by a conventional method generally used in

' peptide synthesis, such as the acid chloride method,
NCA method, active ester method or mixed acid
anhydride method, or after con#ersion to the
hydroxy form.

25 In accordance with the bresent invention, the
T -oxo-homophenylalanine derivative (I) can be
obtained diastereoselectively and in very high
yvyields from the f -benzoylacrylic acid derivative
(II) and the optically active l-arylethylamine

30 derivative (III), which are inexpensive, by
adapting the Michael addition reaction and the
treatment method therefor, and further said
derivative (I) can be derived by reduction into the
optically active homophenylalanine derivative (IV)

35 in high yields.



IR (KBr disk, cnferr]): 1700, 1650, 1600, 1350, 1290, 1220, 1160.

Melting point: 175 to 177[err]C. [err] = 4+26.0 (c = 0.10, CH err]CN: TFA
= 99:1, v/v). b5 .Elenental analysis: Found . C, 68.65; H 5.67; N
4. 29; Cal cul ated: C, 68.56; H, 5.75; N, 4.44. Exanmpl e 28 10
Synthesis of ([err]S, 1S)-N-(1-pheneth}?)-[err]-oxo-p- ‘

phenyl - honophenyl al ani ne Trans- p- phenyl -[err] -benzoyl acrylic acid
(252 ny) was di ssolved in 5 nL of methanol, and the tenperature was
adjusted to 60[err]C. (S)-1- 15 Phenethylam ne (144 ng, 1.2 equival ents)
was added, and the reaction was carried out at 60[err]C for 6 hours.

The resul ting precMiRESe FQR CARRIINGOOPUTIEHE INYEHTI@Ner vacuumto.
give 320 ng of @heyrES1iOwdhilexamphyei NYWstf£EE] the present

- 0X0- p- phenyl - honophenyl al anj ne as, a 20 _whi t reci pitate. The yield was
87% The 1“VQHB§9&1$%qu€ﬁ?8r(ﬂ%ﬁ??éfﬂaﬁ?gﬂﬁﬂ%%rr%ﬁﬁgﬁefgr Yas
not | &ss hbam&ans IMeitreecipet st thel exdepebpf théi [preseont was
recrystal lized g&gﬁgacetonitrile- water to give

=phe

([err]s, 13PVE€R y

net hyl ) -r-oxo-p- 25 phenyl - honophenyl al ani ne as white
needl e crystals. '

Example. 1
Synthesis of (®R,1R)-N-(l-phenethyl)-7-0x0o-p-
10 methoxy-homophenylalanine '
Trans-p-methoxy- 8 -benzoylacrylic acid (206 mg)
was dissolved in 20 mL of ethanol, and the
temperature was adjusted to 40C. (R)-1-
Phenethylamine (121 mg, 1 equivalent) was added,

15 and the reaction was carried out at 40T for 15
hours. The resulting precipitate was filtered off,
recrystallized from acetonitrile-water, and then
dried under vacuum to give 170 mg of
(@R,1R)-N-(l-phenethyl)-7 -~oxo-p-methoxy-

20 homophenylalanine as white needle crystals (yield
52%). _ _

TLC (silica gel): Rf = 0.55 (n-butanol:acetic
acid:water = 4:1:1).
NMR (DMSO-d,, 06): 7.9 (4, J = 7.5, 2H), 7.5 (m, 5H),

.25 7.1 (4, J = 7.5, 2H), 4.5 (q, J = 6.8, 1lH),

3.9 (s, 3H), 3.8 {m, 1H), 3.6 (m, 2H), 1.6 (4,
J = 6.8, 3H). .
IR (KBr disk, om''): 1680, 1600, 1570, 1380, 1250,

1180.
30 Melting point: 160 to 161T.
fael1?°, = -90.2 (¢ = 0.051, MeOH:1 N H,S0, = 3:1, Vv/v).
Elemental analysis:
Found : C, 69.66; H, 6.53; N, 4.11;

Calculated: C, 69.71; H, 6.47; N, 4.28.
35



TLC (silica gel); Rf = 0.80 (n-butanol:acetic acid:water = 4:1:1).

NVR (DVBO-d[err] + trifluoroacetic acid, 6): 8.0 (d, J =8.2, 2H),
7.9 (d, J =8.2, 2H, 7.8 (d, J 30 =8.3 2H, 7.5 (m 8H), 4.6 (q, J
= 6.8, 1H, 4.0 (m 1H, 3.7 (m 2H), 1.6 (d, J = 6.8, 3H). I R
(KBr disk, cnferr]): 1680, 1640, 1620,18.510, 1380. Mel ting point: 183
to 185[err]C [err] = +42.0 (¢ = 0.10, CHerr]CNTFA = 99:1, v/v). 35
El emrent al anal ysi s: 28 Found

C T77. %ﬁ&alwpl% 2. N, 3. 91:

10

15

20

25

30

35

Synthesis of (@R,1R)-N-(l-phenethyl)-7 -oxo-p-
methoxy-homophenylalanine and (®S,1R)-N-(1l-phen-
ethyl)-7 -oxo-p-methoxy-homophenylalanine
;Trans-p-methoxy-B-benzoylacrYlic acid (410 mg)
was dissolved in 20 mL of ethanol, and the
temperature was adjusted to 20C. (R)-1-
Phenethylamine (240 mg, 1 equivalent) was added,
and the reaction was carried out at 20T for 15
hours. The resulting precipitate was filtered off

and dried under vacuum to give a mixture of («

R,1R)-N-(l-phenethyl)-7 -oxo-p-methoxy-homophenyl-

alanine and (&¢S,1R)-N-(l1l-phenethyl)-7 -oxo-p-

methoxy homophenylalanine as a white precipitate

with a diastereomer ratio of 6:4. 370 mg of the

white precipitate was yielded. The yield was 56%

as the total of the two diastereomers. The (aS,1R)

form was isolated and purified by HPLC.

(asS,1R) form:

TLC (silica gel); Rf = 0.55 (n-butanol:acetic

acid:water = 4:1:1). '

NMR (DMsO-d4,, 06): 7.9 (4, J = 7.5, 2H), 7.5 (m, 5H),
7.1 (4, J = 7.5, 2H), 4.6 (g, J = 6.8, 1H),
3.9 (s, 3H), 3.8 (m, 1H), 3.6 (m, 2H), 1.7 (4,
J = 6.8, 3H).

Example 3
Synthesis of (®S,1S)-N-(1l-phenethyl)-7 -0oxo-p-
methoxyhomophenylalanine

Trans-p-methoxy-f -benzoylacrylic acid (410 mg)
was dissolved in 20 mL of ethanol, and the

temperature was adjusted to 40C. (s)-1-
Phenethylamine (240 mg, 1 equivalent) was added,

and the reaction was carried out at 407C for 5 hours.
Ethanol (20 mL) was added to the reaction mixture

Cal cul ated: C, 77.19; H, 6.21; N, 3.75.
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Exanple 29 5 Synthesis of ([err]S, 15)-N-(1-phenethyl)-r-oxo-p, m

di et hoxy- honophenyl al ani ne

Trans- p, m di met hoxy-[err]-benzoylacrylic acid (236 ng) was di ssolved in
5 nL of nethanol, and the tenperature was adjusted to 60[err]C.
(S)-1-Phenethyl- 10 amne (144 ng, 1.B%equival ents) was added, and the
reaction was carried out at 60[err]C for 6 hours. The resul ting
precipitate was filtered off and dried under vacuumto give 286 ngy of

S, t h
fgig” r#%?neéﬁ&yr(ﬁéﬁﬁenw@%%nlh?%infgdef%ﬁlﬁgﬁﬁQEHM%%IB°uﬁ%e yi el d
was 80% THﬁeresudltéSt@rBMip&tmq(‘[Jasr]ﬂls)arfetﬂ o fferaj® 1S) form
vas  MELESSIABRE SPhSudees G (360 ik 6 oty 15) N1 ]2t ion vas

([err]s, B 9&9(Jl£§mé?rg%f‘r§)ﬂn’|}°rer"}e%&@xpﬁnhQGOPdlmhéﬂsﬂmt)MpMyaal ani ne
as whst e wigedle precaystalts. ThEL@iéstb%&ﬁé): ﬁtroo (7(0as 15)
(n- but anq, acet(|§ 1s"3‘rff wat er —4n Hiess tl}tl\é?( Y {
trifluoroaREM/d &&y 93m)7 wag (ny 12% B 8 /1-’H) Y'%esl‘%m 5H)
7.1 (d, B&%3.5 Thee, precipitaﬂte cpllected, byH):‘lBt:Ba(tmoriH)ias?: 9 (s
T ety el o ety o, B!
(l1-phenethyl)-7 -oxo-p-methoxy-
10 homophenylalanine as white needle crystals.
TLC (silica gel); Rf = 0.55 (n-butanol:acetic
acld:water = 4:1:1).
NMR (DMSO-d,, 0): 7.9 (4, J = 7.5, 2H), 7.5 (m, 5H),
7f1 (d, J = 7.5, 2H), 4.5 (q, J = 6.8, 1H),
15 3.9 (s, 3H), 3.8 (m, 1H), 3.6 (m, 2H), 1.6 (4,
J = 6.8, 3H). ' _
IR (KBr disk, cm™): 1680, 1600, 1570, 1380, 1250,
1180.
Melting point: 160 to 161T.
20 [cx]"n = +90.1 (¢ = 0.051, MeOH:1 N H,S0, = 3:1, v/v).
Elemental analysis: :
Found : C, 69.76; H, 6.35; N, 4.12;
Calculated: C, 69.71; H, 6.47;: N, 4.28.

25 Example 4
Synthesis of (®S,15)-N-(1l-phenethyl)-7 -oxo-p-
methoxy-homophenylalanine
Trans-p-méthoxy-ﬂ-benzoylacrylic acid (185 mg)
was dissolved in 10 mL of ethanol, and the

30 temperature was adjusted to 40TC. (8)-1-
Phenethylamine (121 mg, 1.1 equivalent) was added,

and the reaction was carried out at 40T for 15

hours. The resulting precipitate was filtered off

and dried under vacuum to give 210 mg of (@S,1S)-N-
35 (1-phenethyl)-7 -oxo-p-methoxy-homophenylalanine as



30, . Melting point: 171 to 173[err]C [err] = +34.0 (c = 0.10,

CH err]CN: TFA = 99:1, v/v). El enent al anal ysi s: Found . G
67.08; H 6.66; N, 3.83; Cal culated: C, 67.11; H, 6.49; N 3.92. 35

29 Exanpl e 30 Synt hesis of (R)-p-methoxy-honophenyl al ani ne

To 10 nL of ethanol was added 10 nL of29®.5 N sul furic acid, and 327 ny
of ([err] R 1IR-N-(1- 5 phenethyl)- [err] -oxo-p-nethoxy-honmophenylal ani ne
was added thereto and dissolved therein. To this m xed sol ution was

added 50 ggwﬁfit@WbWéfﬂi%@@r bojne y181% WHEOGHRL! ogpigs carried out

at 20[err&
iastereomer ratio ((¢s,1S) form/(@R,1S) form) was
not less than 95/5.

5 Example 5 _
Synthesis of (@S,1S)-N-(l-phenethyl)-7 -oxo-p-
methoxy-homophenylalanine
Trans-p-methoxy- B -benzoylacrylic acid (206 mg)
. was dissolved in 10 mL of ethanol, and the
10 temperature was adjusted to 40C. (S)-1-
Phenethylamine (109 mg, 0.9 equivalent) was added,

and the reaction was carried out at 40T for 15
hours. The resulting precipitate was filtered off
and dried under vacuum to give 165 mg of (as,18)~N-

15 (1-phenethyl)-T—oxo-p-methoxy—hoﬁophenylalanine as
a white precipitate. The yield was 42%. The

dliastereomer ratio between the (&S,1S) form and (ca
R,1S) form was about 85:15.

20 Examples 6 to 19
Synthesis of (@S,1S)~-N-(1-phenethyl)-7 -oxo-p-
methoxy-homophenylalanine and (@R,1S)-N-(1-
phenethvl)-T-oxo-p-methoky-homophenvlalanine

Trans-p-methoxy—B-benzoylacrylic acid (20 mg)
25 was dissolved in 2 mL of a solvent specified in

Table 1, and the temperature was adjusted to 40T.
(S)-1-Phenethylamine (13 mg, 1.1 equivalents) was
added, and the reaction was carried out at 40T for
15 hours. The whole reaction mixture was added to
30 18 mL of aqueous acetonitrile (acetonitrile:buffer
solution (pH 2.5) = 8:2, v/v) an& analyzed by HPLC.
(€¢S,15)-N-(1-phenethyl)-7 -oxo-p-methoxy-
homophenylalanine and (aR,lS)-N-(l-phenethyl)-T-
oxo-p-methoxy-homophenylalanine were obtained with
35 the yield and diastereomer ratio shown in Table 1.



at mospheric pressure with stirring. After the 10
was filtered off under

sucti on,

reaction,
the solvent was distilled off,

white solid thus obtai ned was subjected to reversed

105 ng of (R)-p-nethoxy-

(silica gel); Rf = 0.37 (n-butanol:ace2lc acid:water = 4:1:1).
.(D[err]O, HO form 6): 7.1 (d, J = 7.3, 2H) 68 (d, J .3,
2H), 3.9 (t, J =6.8, 1H), 3.7 (s, 2.6 (m 2H), 2.1 (m 2H

homophenyl al ani ne.

t he catal yst

%ﬁel\/glbf)llggdg?;n%@ ?ﬁﬂf%h& e?léea([ﬁ;%%gnti%m ?%r( qzo‘f%ose %5 thEewo

(R) - p- netdbag-tenepmEiys al ani ne
the 25 Bulletin of the Chem cal
Exanpl e 31

(1982) .
30 °  To 10 nL of

et hanol
phenethyl)

[err]

vol .

55,

sul furic acid,

synt hesi zed by the process described in
Soci ety of Japan,
Synt hesi s of (S)-p-nmethoxy-honophenyl al ani ne
was added 10 nmL of 0.5 N
and 1g3 nigagflé[grr]s 1S) N-(l-

page 918

and the
phase HPLC to give
The yield was 50%

- 0X0- p- net-hoxy=—honopheggighgE Mo WS audet e G &1 sep! ved |
therein.| To this m xed (%) form:
(aR,1S) form
ratlo
Example 6 Hexane 45 53:47
Example 7 Toluene 20 56:43
Example 8 Chloroform 80 60:40
Example 9 | Ethyl acetate 20 59:41
Example 10 Tetrahydrofuran 90 55:45
Example 11 2-Propanol 86 87:13
Example 12 1-Propanol 87 92:8
Example 13 Acetone 40 62:38
Example 14 Ethanol 90 70:30
Example 15 Methanol 71 67:33
Example 16 DMF 70 80:20
Example 17 Acetonitrile 90 70:30
Example 18 Ethanol /water (1/1) 67 91:9
Example 19 Acetonitrile/water (1/1) 60 68:32

Example 20
Synthesis of (@S,1S)-N-(l-phenethyl)-7 -oxo-p-
methoxy-homophenylalanine

10 Trans-p-methoxy- 8 -benzoylacrylic acid (206 mg)
was dissolved in 20 mL of ethanol, and the

temperature was adjusted to 50C. (s8)-1-
Phenethylamine (135 mg, 1.1 equivalents) was added,

. and the reaction was carried out at 50C for 15

15 hours. The resulting precipitate was filtered off
and dried under wvacuum to give 255 mg of (&¢S,1S)-N-
(l-phenethyl)-T-oxo—p-methoxy—homophenjlalanine as
a white precipitate. The yield was 78%. The

_ diastereomer ratio ((aS,18) form/(aR,1S) form) was

20 not less than 95/5.

Example 21



solution was added 40 ng of 10% pal | adi um carbon, 35 and hydrogenation was

carried out at 50[err]C under 5 30
at nospheres with stirring. After the reaction, the catal yst was
filtered off under suction, the solvent was distilled off, and the
solid obtained: was recrystallized 22 om et hanol -water to give 84 ng 5 of
(S) - p- met hoxy- honophenyl al anine as white cubic crystals. The yield was
80% TLC (silica gel); Rf 0. 37 (n-butanol:acetic acid: water =
4:1:1). 5 C 7. = 7.3, 2H), 6.8 10

(d, J = P%E 518 : T -0X@aP=5 6 (m 2H),
2.1 (m mm&thoxy-homophenylalanine

Trans-p-methoxy- 8 -benzoylacrylic acid (500 mg)
was dissolved in 10 mL of ethanol, and the

5 temperature was adjusted to 50C. (s)-1-
Phenethylamine (323 mg, 1.1 equivalents) was added,
and the reaction was carried out at 50T for 15
hours. The resulting precipitate was filtered off
and dried under vacuum to give 650 mg of (a&S,1S)-N-
10 (1-phenethyl)- 7 -oxo-p-methoxy-homophenylalanine as
a white precipitate. The yield was 83%. The

diastereomer ratio ((¢S,1S) form/(aR,18) form) was
‘not less than 95/5.

15 Example 22
Synthesis of (®S,1S)-N-(l-phenethyl)-7 -0xo-p-
methoxy-homophenylalanine |
Trans-p-methoxy- 3 -benzoylacrylic acid (1.0 g)
was dissolved in 10 mlL of ethanol, and the

20 temperature was adjusted to 50C. (S)-1-
Phenethylamine (646 mg, 1.1 equivalents) was added,

and the reaction was carried out at 50C for 15
hours. The resulting precipitate was filtered off
and dried under vacuum to give 1.27 g of (®S,1S)-N-

25 (l1-phenethyl)-7 -oxo-p-methoxy-homophenylalanine as
a white precipitate. The yield was 80%. The
diastereomer ratio ((@¢S,1S) form/(aR,1S) form) was
not less than 95/5.

30 Example 23
Synthesis of (@S,1S)-N-(l-phenethyl)-7 -oxo0-~
homophenylalanine

Trans- 8 -benzoylacrylic acid (176 mg) was
‘dissolved in 20 mL of ethanol, and the temperature

35 was adjusted to 50TC. (S)-1-Phenethylamine (121 mg,




Mel ting
above da
(S)-p-ne
t he
(1982).
10 nL of
([err]S,
t hereto
of 10% p
under 5
was filt
solid ob

of (S)-hd&®phé&N o#4fi MI REws MirEvde of ¢S-AS) -Frd Yteld was 70%
TLC (5i | iptregelthy X -7 CoXxb {hohvipti®hyaediasine a@acdd(vmrerns)4nl: 1).

10

15

20

25

point: 234[err]C. [err] = +30.8 (¢ = 0.1, 5 MHO).
ta were in conplete agreenent with 15 those for

The

t hoxy- honophenyl al ani ne synt hesi zed by the process described in

Bul letin of the Chemi cal Society of Japan, vol. 55, page 918

20 Exanple 32 Synt hesi s 2% ( S) - honophenyl al ani ne

To

et hanol was added 10 nL of 0.5 N sul furic acid, and 298 ng of
1S)-N-(1- phenet hyl ) -[err] - oxo- honophenyl al ani ne was added 25

nd, dj tsherepn.. JJo ghi } X ol ytion was added 30
gl I%‘g{lléi’}oéciéggg ,q,,gg aarﬁiéf)%édrcs%'erauaﬁgc?n ﬂe/aécgg‘rorrf e‘aagut at 20[er??C
carniedgspieteatni 506Gt fom N5 Aoearst he Theacresmlthng cat al yst

I ned was recrystallized fromethanol -water to give 12

(1-phenethyl) -7 -oxo-homophenylalanine as a white
precipitate with ‘a diastereomer ratio of about
90:10. The yield was 81%. Recrystallization from
acetonitrile-water gave (¢S,1S)-N-(1-phenethyl)-7 -
oxo-homophenylalanine as white plate crystalé.

TLC (silica gel):; Rf = 0.50 (n-butanol:acetic
acid:water = 4:1:1).

NMR (DMSO-d,, 0): 7.9 (d,
' J = 7.3, 7.8, 1H), 7.

7.3, 2H), 7.6 (dd,

dd, J = 7.3, 7.8, 2H),
7.3 (m, 5H), 4.6 (q, 6.8, 1H), 3.8 (m, 1H),
3.6 (m, 2H), 1.7 (4, 6.8, 3H).

IR (KBr disk, cm™*): 1690, 1630, 1610, 1570, 1380.

Melting point: 178 to 179C (decomposition).

~ I

L= I - I & 1 -

[@]?*, = +80.9 (c = 0.047, MeOH:1 N H,S0, = 3:1, v/v).

Elemental analysis:
Found : C, 72.84; H, 6.53; N, 4.80;
Calculated: C, 72.71; H, 6.44; N, 4.71.

Example 24
Synthesis of (®S,18)-N-(l1-phenethyl)-7 -oxo-p-
chloro-homophenylalanine

Trans-p-chloro- 3 -benzoylacrylic acid (210 mg)

. was dissolved in 5 mlL. of ethanol, and the

30

temperature was adjusted to 60C. (s)-1-
Phenethylamine (144 mg, 1.2 equivalents) was added,
and the reaction was carried out at 60C for 6 hours.
The resulting precipitate was filtered off and

dried under vacuum to give 280 mg of («&®S,18)-N-(1-
phenethyl)- 7 -oxo-p-chloro-homophenylalanine as a

?;x‘f‘éicﬂbfitbﬁigér waiSt £t d P8a30 150! YAl desed i{ﬂéé‘fd_ﬂ{éuug\nd t 28



31 NVR (Dlerr]OQ HA form [err]): 7.2 (m 5H), 3.9 (t, J =

6.8, 1H: 2.6 (m 2H), 2.1 (m 2H). The optical rotation was
measured after conversion to the nethyl ester by the nethod 5 described
in the Journal of Organic Chem stry, vol. . 55, page 5567 (1990).

[err] = +44.5 (¢ = 1.0, 0.1 MHQ). 24 The above data were in

conpl ete agreenent with t hose for (S)-honophenyl al ani ne produced by the
10 process described'in the Journal of Biological Chem stry, vol. 122,

number 34@?#%3@65r£%317p19ate; 19@@3‘ yield was 85%. Th'eNDUSTRI AL

APPLI| CAB

diastereomer ratio ((a¢sS,1S) form/(@R,1S) form) was
not less than 99/1. The precipitate collected by
filtration was recrystallized from acetonitrile-

5 water to give (@S,1S)-N-(l-phenethyl)-7 -oxo-p-
chloro-homophenylalanine as white needle crystals.
TLC (silica gel); Rf = 0.65 (n-butanol:acetic
acid:water = 4:1:1).
NMR (DMSO-d, + trifluoroacetic acid, 0): 7.9 (d, J

10 =8.8, 2H), 7.6 (4, J = 8.8, 2H), 7.5 (m, 5H),
4.6 (q, J = 6.8, 1H), 3.9 (m, 1H), 3.6 (m, 2H),
1.6 (4, J = 6.8, 3H).
1)=

IR (KBr disk, cm’
1370.

15 Melting point: 172 to 174T.
[@]®, = +24.0 (c = 0.10, CH,CN:TFA = 99:1, v/v).
Elemental analysis:
Found : C, 65.01; H, 5.53; N, 4.32;
Calculated: C, 65.16; H, 5.47;: N, 4.22.

1700, 1630, 1610, 1580, 1570,

20
Example 25
Synthesis of (®§,1S)-N-(l-phenethyl)-7 -oxo-p-
methyl-homophenylalanine
} Trans-p-methyl- 3 -benzoylacrylic acid (190 mg)
25 was dissolved in 5 mL of ethanol, and the

temperature was adjusted to 60TC. (s)-1-
Phenethylamine (144 mg, 1.2 equivalents) was added,

and the reaction was carried out at 60C for 6 hours.
The resulting precipitate was filtered off and

30 dried under vacuum to give 299 mg of (®S,1S)-N-(1-
phenethyl) -7 -oxo-p-methyl-homophenylalanine as a
white precipitate. The yield was 95%. The
"diastereomer ratio ((¢S,1S8) form/(aR,1S) form) was
not less than 97/3. The precipitate collected by

35 filtration was recrystallized from acetonitrile-



15 The [err] -oxo-honophenyl al ani ne derivative of the pr esent

i nvention is as nentioned herei nabove and, therefore, the optically
active honmophenyl al ani ne | derivatives (1V) can be obtained therefrom by
an econon1ca||y excel l ent and efficient production 20 process.

32 CLAI MBS 1. A

[ err]-oxo-honophenyl al ani ne derivative of the general formula (l1): 5

[err] .
water to give (®¢S,1S)-N-(l-phenethyl)-7 -oxo-p-
methyl-homophenylalanine as white needle crystals.
TLC (silica gel); RE = 0.60 (n-butanol:acetic
acid:water = 4:1:1).
5 NMR (DMSO-d, + trifluoroacetic acid, 0 ): 7.9 (4, J
- 8.5, 2H), 7.5 (m, 5H), 7.4 (d, J = 8.5, 2H),
4.6 (q, J = 6.4, 1H), 3.9 (m, 1H), 3.6 (m, 2H),
2.4 (s, 3H), 1.6 (d, J = 6.4, 3H).
IR (KBr disk, cm''): 1680, 1630, 1610, 1570, 1560,
10 1370. |
Melting point: 205 to 207T.
[@1%°, = +33.0 (c = 0.10, CH,CN:TFA = 99:1, v/v).
Elemental analysis:
Found : C, 73.21; H, 6.94; N, 4.49;
15 Calculated: C, 73.29; H, 6.80; N, 4.50.

Example 26
Synthesis of (&@S,1S)-N-(1-phenethyl)-7 -oxo-p-
nitro-homophenylalanine
20 Trans-p-nitro-f -benzoylacrylic acid (221 mg)
- was dissolved in 5 mL of. ethanol, and the
temperature was adjusted to 60TC. (S)-1-
Phenethylamine (144 mg, 1.2 equivalents) was added,

and the reaction was carried out at 60C for 6 hours.

25 The resulting precipitate was filtered off and '
dried under vacuum to give 290 mg of (@S,1S8)-N-(1-
phenethyl)- 7 -oxo-p-nitro-homophenylalanine as a
vellow precipitate. The yield was 85%. The
diastereomer ratio ((as,1S8) form/(aR,1S) form) was

30 not less than 95/5. The precipitate collected by

| filtration was recrystallized from acetonitrile-
water to give (@S,1S)-N-(l-phenethyl)-7 -oxo-p-
nitro-homophenylalanine as yellow needle crystals.
TLC (silica gel); Rf = 0.60 (n-butanol:acetic

35 acid:water = 4:1:1).



(wherein X err] and X err] are the sane or different and each

represents a hydrogen atom an al kyl group containing 1 to 7 carbon
atons, an aryl group 10 containing 6 to 10 carbon atons, an aralkyl group
containing 7 to 10 carbon atons, a hydroxyl group, a hal ogen atom a
cyano group, a trifluoronethyl gro@p, an al koxyl group containing 1 to
4 carbon ~atoms, an al kyl mercapto group containing 1 to 4 15 carbon
atons or a nitro group; and R represents a phenyl group, a substituted
phenyl grou%éor a nqghtgyl froup). a4 2.8A

r - 0x0- horSMBe A PMES de ek rifiIReToReREILqiAR1 R0 ddirm8- 4@ eif x1 is a
p- met hoxy geodp. Gnd 2K )es r B .i2s & hydr cged. &t,0@H), 7.5 (m, 5H),

4.6 (q, J = 6.8, 1H), 4.0 (m, 1H), 3.7 (m, 2H),
1.6 (d, J = 6.8, 3H).
5 IR (KBr disk, cm™'): 1700, 1630, 1570, 1520, 1380,
1350. .
Melting point: 152 to 154T.
[@]%°, = +23.0 (c = 0.10, CH,CN:TFA = 99:1, v/v).
Elemental analysis: :
10 Found : C, 63.28; H, 5.36; N, 8.06;
Calculated: C, 63.15; H, 5.30; N, 8.18.

Example 27
Synthesis of (¢S,15)-N-(1-phenethyl)-7-0X0-p-
15 fluoro-homophenylalanine
Trans-p-fluoro-f -benzoylacrylic acid (194 mg)
was dissolved in 3 mL of methanol, and the

temperature was adjusted to 60C. (S)-1-
Phenethylamine (144 mg, 1.2 equivalents) was added,
20 and the reaction was carried out at 60C for 6 hours..
The resulting precipitate was filtered off and
dried under vacﬁum to give 190 mg of (aS,1S8)-N-(1-
phenethyl) -7 -oxo-p-fluoro-homophenylalanine as a
white precipitate. The yield was 70%. The
25 diastereomer ratio ((@S,1S) form/(Q&GR,1S) form) was
not less than 90/10. The precipitate collected by
filtration was recryétallized from acetonitrile-
water to give (as,1S8S)-N-(1-phenethyl) -7 -oxo-p-
f£fluoro- homophenylalanine as white needle crystals.
30 TLC (silica gel); Rf = 0.65 (n-butanol:acetic
acld:water = 4:1:1).
NMR (DMSO-d, + trifluoroacetic acid, 0): 8.0 (dd,
J =8.3, 5.6, 2H), 7.5 (m, 5H), 7.4 (dd, J =
8.3, 8.3, 2H), 4.6 (q, J = 6.8, 1H), 4.0 (m,
35 1H), 3.6 (m, 2H), 1.6 (4, J 6.8, 3H).



3. ,A [err]-oxo-honophenyl al ani ne derivative according to Caim1,
wherein X err] is a hydrogen atom 25 and X/ err] is a hydrogen atom

4. A [err]-oxo-honophenyl al ani ne derivative .

33 according to Caim1, 2 or 3, wherein Ris a phenyl group.
5. A [err]-oxo-honophenyl al ani ne deri va¥ive

IR (KBr disk, cm™'): 1700, 1650, 1600, 1350, 1290,

1220, 1160.

Melting point: 175 to 177T.

[@®}?, = +26.0 (¢ = 0.10, CH,CN:TFA
5 Elemental analysis:

Found : C, 68.65; H, 5.67; N, 4.29;

Calculated: C, 68.56; H, 5.75; N, 4.44.

99:1, v/v).

Example 28
10 Synthesis of (&S,15)-N-(1-phenethyl)-7-oxo-p-
phenyl-homophenylalanine
Trans-p—phenyl-B-benzoylacrylic acid (252 mg)
was dissolved in 5 mL of methanol, and the

temperature was adjusted to 60T. (S)-1-
15 Phenethylamine (144 mg, 1.2 equivalents) was added,
and the reaction was carried out at 60C for 6 hours.
The resulting precipitate was filtered off and
- dried under vacuum to give 320 mg of (@S,1S)-N-(1-
phenethyl) - 7 -oxo-p-phenyl-homophenylalanine as a
20 white precipitate. The yield was 87%. The
diastereomer ratio ((@®S,1S8) form/(QR,1S) form) was
not less than 95/5. The precipitate collected by
filtration was recrystallized from acetonitrile-
water to give (a¢s,18)-N-(1-phenethyl)-7 -oxo-p-
25 phenyl-homophenylalanine as white needle crystals.
' TLC (silica gel); Rf = 0.80 (n-butanol:acetic
acid:water = 4:1:1).
NMR (DMSO-d, + trifluoroacetic acid, 6): 8.0 (4.,
J 8.2, 2H), 7.9 (4, J 8.2, 2H), 7.8 (d, J
8.3, 2H), 7.5 (m, 8H), 4.6 (g, J = 6.8, 1H),
4.0 (m, 1H), 3.7 (m, 2H), 1.6 (d, J = 6.8, 3H).
IR (KBr disk, cm''): 1680, 1640, 1620, 1510, 1380.
Melting point: 183 to 185T.
[a1?, = +42.0 (¢ = 0.10, CH,CN:TFA = 99:1, v/v).
35 Elemental analysis:

30



5 according to Caim1, 2, 3 or 4, wherein the configuration is

([érr] R 1R). 6. A [err] oxo- honophenyl al ani ne derivative
according to C|a|n11 2, 3 or 4, wherein the 10 configuration is
([err]S, 1S). 7. A [err]-oxo-honophenyl al ani ne derivative
according to Claiml, 2, 3 or 4 which28ccurs as a m xture-of the

[ err]-oxo-honophenyl al ani ne derivative 15 having the ([err]R 1R
configuration and the [err] 0Xx0- honDphenyIaIanlne derivative having
the ([er

) LA
[err]- ?%‘hﬁphenyl dl a I’ng e#?V/aﬁ 've 261acc%rd?n3]t'o Caim1, 2, 3 or 4
whi ch oc@ﬁ]scaéad:ed e xt r7e b9 : t Hla r6 oRd-:hdhppBeA al ani ne derivative
having the ([err]S,1S) configuration and the [err]-oxo-
honmophenyl al ani ne derivative having the ([err]R 1S) configuration. 25
9. A pr Pi& %P oducing a [err]- oxo- honophenyl al ani ne derivati ve

of the 9g A fhelsAdNUbE (@S,1S)-N-(1-phenethyl)-7 -oxo-p,m-
‘dimethoxy-homophenylalanine
Trans-p,m-dimethoxy- B -benzoylacrylic acid (236
mg) was dissolved in 5 mL of methanol, and the
temperature was adjusted to 60C. (S)-1-Phenethyl-
10 amine (144 mg, 1.2 equivalents) was added, and the

reaction was carried out at 60C for 6 hours. The
resulting precipitate was filtered off and dried
under vacuum to give 286 mg of (&S,1S)-N-(1-
phenethyl)-T-oxo-p,m-dimethoxy-homophenylalanihe as
15 a white precipitate. The yield was 80%. The
diastereomer ratio ((®S,18) form/(aR,1lS) form) was
not less than 95/5. The precipitate collected by
filtration was recrystalllized from acetonitrile-
water to give (2S,1S)-N-(1l-phenethyl)-7 -oxo-p,m-
20 dimethoxy-homophenylalanine as white needle
crystals. |
TLC (silica gel); Rf = 0.70 (n-butanol:acetic
acid:water = 4:1:1). _
NMR (DMSO-d, + trifluorocacetic acid, 0): 7.6 (d,J =
25 8.5, 1H), 7.5 (m, 5H), 7.1 (d, J = 8.5, 2H),
4.6 (q, J = 6.8, 1H), 3.9 (m, 1H), 3.9 (s, 3H),
3.8 (s, 3H), 3.6 (m, 2H), 1.6 (d, J = 6.8, 3H).
IR (KBr disk, cm™'): 1680, 1620, 1590, 1570, 1510,
1460, 1420, 1380, 1270.
30 Melting point: 171 to 173TC.
[®}*, = +34.0 (c = 0.10, CH,CN:TFA = 99:1, v/v).
Elemental analysis:
Found : C, 67.08; H, 6.66; N, 3.83;
Calculated: C, 67.11; H, 6.49; N, 3.92.

35



(1): i 34 | [err] . (wherein
X[err] ‘and X[ err] are the sanme or different and each represents a
hydrogen atom an al kyl group

29

Example 30

To 10 mL of ethanol was added 10 mL of 0.5 N
sulfuric acid, and 327 mg of (GR,1R)-N-(1-

5 phenethyl)—T—oxo—p-methoxy-homophenylalanine was
added thereto and dissolved therein. To this mixed
solution was added 50 mg of 10% palladium-carbon,
and hydrogenation was carried out at 20C and
atmospheric pressure with stirring. After the

10 reaction, the catalyst was filtered off under
suction, the solvent was distilled off, and the
white solid thus obtained was subjected to reversed
phase HPLC to give 105 mg of (R)-p-methoxy-
homophenylalanine. The yield was 50%.

15 TLC (silica gel): Rf = 0.37 (n-butanol:acetic
acld:water = 4:1:1).

NMR (D,0, HC1l form, 06): 7.1 (4, J = 7.3, 2H), 6.8

(a, J = 7.3, 2H), 3.9 (t, J = 6.8, 1H), 3.7 (s,

3H), 2.6 (m, 2H), 2.1 (m, 2H).

20 Melting point: 234%C.

[@]%°, = -30.6 (¢ = 0.1, 5 M HCl).

The above data were in complete agreement with
those for (R)-p-methoxy-homophenylalanine
synthesized by the process described in the

25 Bulletin of the Chemical Society of Japan, vol. 55,
page 918 (1982).

Example 31

30 To 10 mL of ethanol was added 10 mL of 0.5 N

~ sulfuric acid, and 163 mg of (&¢S,1S)-N-(1-
phehethyl)—T-oxo—p-methoxy-homophenylalanine was
added thereto and dissolved therein. To this mixed
solution was added 40 mg of 10% palladium-carbon,

35 anq hydrogenation was carried out at 50T under-5



containing 1 to 7 carbon atons, an aryl group 5 containing 6 to 10 carbon

atoms, “an aral kyl gr.oup containing 7 to 10 carbon atons, a hydroxyl
group, a hal ogen atom a cyano group, a trifluoronethyl group, an
al koxyl group containing 1 to 4 carbon atons, an al kyl mercapto group

containing 1 to 4 10 carbon atons or &80nitro group; and R represents a
phenyl group, a substituted phenyl group or a napht hyl group) which
conprises reacting a [err]- benzoyl acrylic acid derivative of the

e perkgSBHehAR Hasls) st BrE.  Arsep anol MREERR.C e,
general tertalyst wébkl [Diltered off under suction, the
solvent was distilled off, and the solid obtained
was recrystallized from ethanol-water to give 84 mg-
5 of (S)-p-methoxy-homophenylalanine as white cubic
crystals. The yield was 80%.
TLC (silica gel); Rf = 0.37 (n-butanol:acetic
acid:water = 4:1:1).
NMR (D,0, HCl1l form, 06): 7.1 (d, J = 7.3, 2H), 6.8
10 (d, J = 7.3, 2H), 3.9 (t, J = 6.8, 1H), 3.7 (s,
3H), 2.6 (m, 2H), 2.1 (m, 2H).
Melting point: 2347TC.
[¢]%°, = +30.8 (c = 0.1, 5 M HC1).
The above data were in complete agreement with
15 those for (S)-p-methoxy-homophenylalanine

synthesized by the process described in the
Bulletin of the Chemical Soclety of Japan._vol} 55,
page 918 (1982).

20 Example 32

Synthesis of (S)-homophenylalanine
To 10 mL of ethanol was added 10 mL of 0.5 N

sulfuric acid, and 298 mg of (&S,1S)-N-(1-
phenethyl) -7 ~-oxo-homophenylalanine was added

25 thereto and dissolved therein. To this mixed
solution was added 30 mg of 10% palladium-carbon,
and hydrogenation was carried out at 20C under 5
atmospheres with stirring. After the reaction, the
catalyst was filtered off under suction, the

30 solvent was distilled off, and the solid obtained

' was recrystallized from ethanol-water to give 125
mg of (S)-homophenylalanine as white needle
crystals. The yield was 70%.
TLC (silica gel): Rf = 0.34 (n-butanol:acetic

35 acid:water = 4:1:1).



35 _ [err] _ (wherein Ris as defined above). 10.
A process for producing a [err]-oxo- 5 honophenyl al anine derivative

according to Caim9, wherein a [err]-benzoylacrylic acid derivative in
mhlgh X[err] is a p-nethoxy group and X err] is a hydrogen atomis
used. ) : 31 : _

NMR (D,0, HCl form, 0): 7.2 (m, 5H), 3.9 (t, J =
6.8,1H), 2.6 (m, 2H), 2.1 (m, 2H).
The optical rotation was measured after
conversion to the methyl ester by the method
5 described in the Journal of Organic Chemistry, vol.
55, page 5567 (1990).
[a]’% = +44.5 (¢ = 1.0, 0.1 M HCl).
The above data were in complete agreement with
those for (S)-homophenylalanine produced by the
10 process described in the Journal of Biological
Chemistry, vol. 122, number 348 (pages 1937 to
1938).

INDUSTRIAL APPLICABILITY
15 The T-oxo-homophenylalanine derivative of the
.present invention is as mentioned hereinabove and,
therefore, the optically active homophenylalanine
derivatives (IV) can be obtained therefrom by an
economically excellent and efficient production
20 process.



10 . 11. A process for producing a [err]- dxo- honophenyl al ani ne

deri vative according-to daim9, wherein a [err]-benzoylacrylic acid
derivative in which X[err] is a hydrogen atomand X[ err] is a hydrogen
atomis used. 15 12. A process for producing a T-o0xo-' _
honophenyl al ani ne derivative accordlngﬁlo Caim9, 10 or 11, wherein
the 1-aryl ethylam ne derivative I s 1-phenet hyl am ne. 20 . 13. A
process for producing a [err]-oxo- honophenyl al ani ne derivative
according to Caim12, mhereln Lgﬁ ;phenethylamine is in the (S) form
or (R form 25 %‘ ss for producing a [err]-oxo-
honmophenyl al ani ne derivative accordlng to daim?9, 10, 11, 12 or 13,

wherein an al cghol ﬁolcf/ees;d%omow&ﬂyi%fmiﬁ%afééfﬂv%%1%%“ of0

15. Arnoqgssdgne g ﬂula (1)

5

(wherein X! and X? are the same or different and
each represents a hydrogen atom, an alkyl group

_ containing 1 to 7 carbon atoms, an aryl group

10 containing 6 to 10 carbon atoms, an aralkyl group
containing 7 to 10 carbon atoms, a hydroxyl group,
a halogen atom, a cyano group, a trifluoromethyl
group, an alkoxyl group containing 1 to 4 carbon
atoms, an alkylmercapto group containing 1 to 4

15 carbon atoms or a nitro group; and R represents a
phenyl group, a substituted phenyl group or a
naphthyl group). |

2. A 7 -oxo-homophenylalanine derivative
20 according to Claim 1, wherein X! is a p-methoxy
group and X? is a hydrogen atom.

3. A 7 -oxo-homophenylalanine derivative
according to Claim 1, wherein X! is a hydrogen atom
25 and X? is a hydrogen atom.

4. A T—oxo—homophenylalanine derivative

* c L M H *



36 honophenyl al ani ne derivative of the general fornula (1v):

[err] 5 (wherein Xferr] and Xerr] are the sane or different and
each represents a hydrogen atom an al kyl group containing 1 to 7
carbon atons, an aryl group containing 6 to 10 carbon atons, an aral kyl
gr oup containing 7 to 10 carbon atggs, a hydroxyl group,

according to Claim 1, 2 or 3, wherein R is a phenyl
group. '

5. A 7 -oxo-homophenylalanine derivative
5 according to Claim 1, 2, 3 or 4, wherein the

configuration is (R, 1R).

6. A 7 -oxo-homophenylalanine derivative
according to Claim 1, 2, 3 or 4, wherein the

10 configuration is (@S,1S8).

7. A 7 -oxo-homophenylalanine derivative
according to Claim 1, 2, 3 or 4 which occurs as a
mixture of the 7 -oxo-homophenylalanine derivative

15 having the (QR,1R) configuration and the 7 -oxo-

homophenylalanine derivative having the (@S,1R)
configuration. '

8. A T-oxo—homophénylalanine-derivative
20 according to Claim 1, 2, 3 or 4 which occurs as a
mixture of the 7 -oxo-homophenylalanine derivative
‘having the (@S,1S) configuration and the 7 -oxo-
homophenylalanine derivative having the (@R,1S)
- configuration.
25
9. A process for producing a. 7 -oxo-
homophenylalanine derivative of the general formula

(1I):

AR



10 a hal ogen atom a cyano group, a trifluoronethyl group, an al koxyl
group containing 1 to 4 carbon atons, an al kyl mercapto group contai ni ng
l1to 4 carbon atonms or a nitro group) which conprises subj ecting a
[err]-oxo- honnphenylalanlne derivative of 15 the general formula (1):

[err] (wherein X err] andaX[err] are as defined above and R
represents a phenyl group, a substituted phenyl 20 group or a napht hyl
group) to reduction reaction. 16. A process for producing a

(wherein X! and X? are the same or different and
each represents a hydrogen atom, an alkyl group
- containing 1 .to 7 carbon atoms, an aryl group
5 containing 6 to 10 carbon atoms, an aralkyl group
containing 7 to 10 carbon atoms, a hydroxyl group,
a halogen atom, a cyano group, a trifluoromethyl
group, an alkoxyl group containing 1 to 4 carbon
_ atoms, an alkylmercapto group containing 1 to 4
10 carbon atoms or a nitro group: and R represehts a
phenyl group, a substituted phenyl group or a
naphthyl group) which comprises reacting a 8-
benzoylacrylic acid derivative of the general
formula (II):
15

x‘l

X ~C00H qpy

2
X 0

(wherein X' and X® are as defined above) with a 1-
arylethylamine derivative of the general formula
(111):

* c L M H] *



37 honophenyl al ani ne derivative according to C aim 15, wherein a

[ err]-oxo- honophenyl al ani ne derivative having - the ([err]R 1R)
~configuration is used to produce the correspondi ng honophenyl al ani ne
derivative having 5 the (R) configuration at the a position.

17. A process for producing a hono@Benyl al ani ne derivative according to
C ai m 15, wherein a [err]-oxo-honmophenyl al ani ne derivative having 10
the ( [err]S,1S) configuration is used to produce the correspondi ng
honophenyl al ani ne derivative having the (S) configuration at the a

posi tion. NH, R ' '

_ _ \\r’ (I
CH;

(wherein R is as defined above).

10. A process for producing a 7 -oxo-
5 homophenylalanine derivative according to Claim 9,
wherein a B-benzoylacrylic acid derivative in which
X! is a p-methoxy group and X? is a hydrogen atom is
used.

10 11. A process for producing a 7 -oxo-
homophenylalanine derivative abcording to Claim 9,
wherein a B-benzoylacrylié acid derivative in which
X! 1is a hydrogen atom and X? is a hydrogen atom is
used.

15
12. A process for producing a 7 -oxo-
homophenylalanine derivative according to Claim 9,
10 or 11, wherein the l-arylethylamine derivative
is 1-phenethy1amine, '

20

13. A process for producing a 7 -oxo-
homophenylalanine derivative accofding to Claim 12,
wherein the l1-phenethylamine is in the (S) form or
(R) form.

25 |

14. A process for producing a 7 -oxo-
homophenylalanine derivative according to Claim 9,
10, 11, 12 or 13, wherein an alcohol solvent is
used as the reaction solvent.

30

15. A process for producing a

* [ L M S *



18. A process for producing a 15 honophenyl al ani ne derivative according fo

d ai m 15, 16 or 17, wherein the reduction reaction is carri‘ed out
in the presence of the netal catalyst. 19. A process for
produci ng a 20 honophenyl al ani ne derivative according to C ai m 15, 16,
17 or 18, wherein hydrogen is used as 8ae reduci ng agent.

20:. A process for producing a 25 honophenyl al ani ne derivative according to
Cl ai m 15, 16, 17 or 18, wherein a formic acid salt is used as t he
reduci ng 21. LOCE $S for duci ng a 30
hormphenyﬁgﬁ'%n?hen J&atapine a%EEB‘ Y(? Q& {:rﬁf&gegerfé‘ of oFBufher ei n
the netal (EXt)ad yst is a pall adi um cat al yst. 22. A process

for producing a 35 honophenyl al ani ne derivative according to Caim 15,

o ,OO00H

5 (wherein X' and Xz are the'same or different and
each represents a hydrogen atom, an alkyl group
containing 1 to 7 carbon atoms, an aryllgroup
containing 6 to 10 carbon atoms, an aralkyl group
containing 7 to 10 carbon atoms, a hydroxyl group,

10 a halogen atom, a cyano group, a trifluoromethyl
group, an alkoxyl group containing 1 to 4 carbon
atoms, an alkylmercapto group containing 1 to 4
carbon atoms or a nitro group) which comprises

subjecting a 7 -oxo-homophenylalanine derivative of
15 the general formula (I):

(wherein X' and X? are as defined above and R
represents a phenyl group, a substituted phenyl
20 group or a naphthyl group) to reduction reaction.

16. A process for producing a

* C L M s *



16, 17, 18, 19, 20 or 21, wherein the reduction reaction i

38

carried out in an al cohol sol vent containing a mneral acid. 5
23. A process for producing a honophenyl al ani ne derivative of the
general fornula (1v): [err]

10

15

20

25

30

35

37

homophenylalanine derivative according to Claim 15,
wherein a 7 -oxo-homophenylalanine derivative having
the (&R, 1R) configuratibn'is used to produce the
corresponding homophenylalanine derivative having
the (R) configuration at the ¢ position.

17. A process for producing a _
homophenylalanine derivative according to Claim 15,
wherein a 7 -oxo-homophenylalanine derivative having
the (aS,1S) configuration is used to produce the
corresponding homophenylalanine derivative having
the (S) configuration at the @ position.

18. A process for producing a
homophenylalanine derivative according to Claim 15,
16 or 17, wherein the reduction reaction 1s carried
out in the presence of the metal catalyst.

19. A process for producing a
homophenylalanine derivative according to Claim 15,
16, 17 or 18, wherein hydrogen is used as the
reducing agent.

20. A process for producing a
homophenylalanine derivative according to Claim 15,
16, 17 or 18, wherein a formic acid salt is used as
the reducing agent.

21. A process for producing a
homophenylalanine derivative according to Claim 18,
19 or 20, wherein the metal catalyst is a palladium
catalyst.

22. A process for producing a
homophenylalanine derivative according to Claim 15,

U



10 (wherein Xerr] and X err] are the same or different and each

represénhts a hydrogen atom an al kyl group containing 1 to 7 carbon
atons, an aryl group containing 6 to 10 carbon atons, an aral kyl group
containing 7 to 10 carbon atons, a hydroxyl group, 15 a halogen atom a
cyano group, a trifluoronethyl grog®, an al koxyl group containing 1 to
4 carbon atons, an al kyl nercapto group containing 1 to 4 car bon
atons or a nitro group) which conprises reacting a [err]-benzoylacrylic

o . . : | 11): err
aci d quYQV‘THPfl%WEES,g%%”gL.g¥puwﬁgie2n the re&ucgion

reaction is carried out in an alcohol solvent
containing a mineral acid.

5 23. A process for producing a

homophenylalanine derivative of the general formula
(IV):

xl

gz::l\~/’\\F’COOH ()
X

NH;

10 (wherein X! and X? are the same or different and
each represents a hydrogen atom, an alkyl group
containing 1 to 7 carbon atoms, an aryl group
containing 6 to 10 carbon atoms, an aralkyl group
containing 7 to 10 carbon atoms, a hjdroxyl group,

15 a halogen atom, a cyano group, a trifluoromethyl
group, an alkoxyl group containing 1 to 4 carbon
atoms, an alkylmercapto group containing 1 to 4
carbon atoms or a nitro'group) which comprises

reacting a B-benzoylacrylic acid derivative of.the
20 general formula (II): '

xl

N, _~COOH (m
2
X 0O

(wherein X' and X? are as defined above) with a 1-
arylethylamine derivative of the general formula

ONER) ) MY



-39

fornmul a

(wherein Xerr] and X err] are as defined abové) wth a 1-
aryl et'hyl am ne derivative of the general

(rrry: [err]
39

(wherein R represents a phenyl group, a substituted

phenyl group or a naphthyl group) and subjecting to
reduction reaction the resulting 7 -oxo-homophenyl-
alanine derivative of the general formula (I):

(wherein X!, X* and R are as defined above).

A



-

(wherein R represents a phenyl group, a substituted 5 phenyl group or a

napht hyl group) and subjecting to. - reduction reaction the resulting

[ err]-oxo-honmophenyl - al ani ne derivative of the general formula (I):

[err] 10 (wherein Xerr], Xerr] and R are as defi ned above).
ABSTRACT

The present invention provides an ‘
economically advantageous and efficient process for
5 producing an optically active homophenylalanine
derivative of the general formula (IV), and an
intermediate therefor and a process for producing
it.
The present invention relates to a process for'
10 producing homophenylalanine derivative of the
general formula (IV) which comprises reacting a 8-
benzoylacrylic acid derivative of the general
formula (II) with a l-arylethylamine derivative of
the general formula (III) and reducing the

15 resultant 7 -oxo-homophenylalanine derivative of the
general formula (I).
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