SPECI FI CATION Title of the Invention f Lanthionine Derivatives 5 Techni cal
Field The present invention relates to a novel conpound show ng the
CaSR agoni st activity, and a food conposition containing the novel conpound
as well as a kokum -inparting agent. Background Art 10In recent years,
there has been the growi ng need for the consuners' taste and pal ate due to,
for instance, the diversificati SREGITRIBOATHOMN eating habits and this
correspondingly results in an increase in the need for the devel opnent of
an excel |l ent kokum -inparting agent, which can inpart "kokum " to various

foods. |n.this yespect,. the kokum .cannat he expressed 15 sinply in terns
of the fﬂw\}éeﬁigb%%’g‘é@}%@‘ ?L.‘%I?, gn PIVadte® a salty taste, a sour taste,

a bitter taste, and the taste called "UMAM" and it thus neans the taste
and palate which are reinforced even in the marginal tastes relating to the
f or egpi nJethneabfsdld t astes such as the thickness, the growth

(nout hful I ness), the continuity, and the harnony, in addition to the

f or egoi ng 20f iNke Ppreseet trasméion relatesGoe a hevelt temphamd showéng tlad €la®R sensi ng

receptor” (CaSR) is alsa called as "cal ciumreceptor”, the signals emtted
fron1theagé?ﬁgd%¥§%ﬁ%@ﬁé'?gg%gﬂ@PHEEHmEbHP?EPnV§¥ﬂB%§“WPHG§H6PUP€n@%ions

W thin aV‘}é}yggg&gﬁ%@%j%%%&%ggéﬁgnces havi ng such a CaSR agoni st activity

can thus be used as a ®imparting agent to foods or the like (see,
Pat ent D%@gﬁfﬁuﬂdgm Non- Pat ent Docunment 1 specified below). In addition,
gl ut at hi one has been known, for a long tine, as a conpound having a

kokuid - - i npar tingceact yedisy thélmnwbuebeegl titeagduivane want mtheysisimess’ Wi t hin
t he nol ecul e, ich is a sulfur atomcontaining 30 am no acid and

t her ef or E3steangobrkgte drede, frdmstenfenbles dorerpristiemso!l the lyemap\aatue,

\émrr{eflh r eh%%?tste?ﬂd ftﬁlrs E:onr%s%locnedintgpyeresstueitt:)si %Ill ta¥1 ?ﬂ]c%eggee igit\ﬂiengee%%oroghea bad
development of an excellent kokumi-imparting agent, which can impart
“kokumi” to various foods. In this respect, the kokumi cannot be expressed

15 simply in terms of the five basic tastes, i.e., a sweet taste, a salty taste, a
sour taste, a bitter taste, and the taste called “UMAMI” and it thus means
the taste and palate which are reinforced even in the marginal tastes
relating to the foregoing five basic tastes such as the thickness, the growth
(mouthfullness), the continuity, and the harmony, in addition to the foregoing

20  five basic tastes.

On the other hand, the “calcium sensing receptor” (CaSR) is also
called as “calcium receptor”, the signals emitted from the calcium sensing
receptor can control various kinds of functions within a living body and the
substances having such a CaSR agonist activity can thus be used as a

25  kokumi-imparting agent to foods or the like (see, Patent Document 1 and
Non-Patent Document 1 specified below).

In addition, glutathione has been known, for a long time, as a
compound having a kokumi--imparting activity. However, glutathione
contains cysteine, within the molecule, which is a sulfur atom-containing

30  amino acid and therefore, it would suffer from a number of problems, to be



Accordi ngly, there has been desired for the search of a nunmber of variation
conpounds, which have a CaSR agoni st activity, for finding out a 5
substance which has a nore excellent kokum -inparting function, in
particular, an initial taste type kokum -inparting function, which are
excellent in the stability, which can easily be produced at a | ow cost and
whi ch caovéneperet wKoklunklate tvafaranstdroedshe atabilioy aridetlsugpliyg ofit afi a

kokum -imparting agent, which contains such a useful substance and a 10
conposit@a@@ ~-inparting agent, which |ikew se contains the substance and

[l terature Pateit tmEnce Ras bEg drrirep e Trplnphhopugiernd
Publ i shegh, lintighnath ANAldsPAERE MR-e 472007 /aggﬁl?k%aac%% E’@ﬁ ﬁ%%gﬂﬁ%ﬂt :

Non- Pat ent Docunent™ 1: The Journal of Biol 6gical Yy, 85 (2),

pp. ¥01l6sidiRstaRBe Dvbidiosie Dfmbhe éxedleht ORokumi-ikdpddid MiunegbAalinobj ect
of the present invention to search a nunber of variation conpounds having a
CaSR agopaicwderi wint ynitirlotaide tyxpeobidkiumpispbsitiag cBingiomgwaictorare

excel l ent kokumi.-ipnparting function, and.myre patticularly to provide a
kokuni -iﬁwﬁﬁnﬁgna%ﬁﬁah%ﬁ%ﬁv 5he S SAEHS b b W56 A 2 v caRt éndand
conposi t - Lii , j | lkew t al ns
af or enen Pgﬁgg{g guﬁ@%ﬁ%em%ﬁ%g g%t P{\élgioglgbg Oig%teéﬁ%\(# ggaggéa@%?%g%fnfi&
activi t ykdisuielilmparfingog@dmatdéBivth kbnisind fudht RetsoRi ealbRintdh ey gsent
invention to provide a food conposition containing the substance in a
pr edét er cnmpdsito kosntmam mpartir@0dgent, whiholikewise borstaimy ¢he isobsttave nmade an
intensive investigation of a variety of conpounds and, as a result, have
found t haRdanohehyHirtaecekayvgta (e Shasemyshagvif incembipaagent ed by t he
follomﬁgg.%e %Igheioé"%la (1), which is a novel compound (hereunder, this
conpoun et % Fé? ¥ed to as the conpound of the present invention or
t he | ant hhaRtnB.dehbN@ti ve of (or 5 according to) the present invention)
has a high CaSR agonist activity and an extrenely excell ent
kokumi - i nd2atieind deumedritoh. Pdlephilel ehtios Publishbd Sintemertiderl Paveatalso found
that the addition of the conpound of the present invention thus discovered
woul ¢ pef®9T0PRd9pr oducti on of a favorable food conposition whose kokum

i rengt hened or inproved. Thus 10 the inventors have

(rich flavory is
conpl et egop at&néije‘}rﬁ" enti ons.
Non-Patent Document 1: The Journal of Biological Chemistry, 2010, 285
(2), pp. 1016-22.

20  Disclosure of the Invention
It 15 a principal object of the present invention to search a number of
variation compounds having a CaSR agonist activity in order to obtain a
substance having a more excellent kokumi-imparting function, and more
particularly to provide a kokumi-imparting agent, which contains the
25 foregoing substance, and a composite kokumi-imparting agent, which
likewise contains the aforementioned substance and another substance
having a CaSR agonist activity as well, in combination. It is a further
object of the present invention to provide a food composition containing the
substance in a predetermined concentration.

30 The inventors of this invention have made an intensive investigation



More specifically, the present invention herein provides a conpound having
a structure represented by the follow ng general fornmula (1) or an edible
salt thereof: 15(1) wherein RL and R2 each independently represent a
hydrogen atomor a | ower al kyl group having 1 to 3 carbon atons; A
represents a nmethylene group or an oxy group (-0-); and X represents an

al kyl eneofaouRiB8Y bNBohpbOnds GAHADOL AtQEEIL Ha¥ 986 d26h 4hat1aaRgioaind he

nmet hyl ene groups appearing in the al kyl ene group may be substituted with a
t hi o groderifa8ve havidg subfrudergrimpreéerBes-Yy; the fakywgrogamrad-fhymats i nmi no
group (-NH).or an alkyl-imno group having 1 to 3 carbon atonms (-NRa-,
wher ei n & Wé&%@eﬁ@@valncoamwmg uﬁlé\‘ifif»rfgﬂiC@@pgu@dr\’bﬂhb@tr@f%yethﬁd t hat

th | Kyl furth bstituted with. 1.to 6. alkyl
cach naviha BT ERgSHe Bt S e RBp! B ot Rianin SdErie b e tron
For eoni nacoral &9 (R rbbalt E3PRAR I, RRRCCHOR AERGCORIRESY L 1\ om

10 ppb tex9enR%y byxdwilest (ke @underaotinigs fisctéhiso rBfernneenicsast "thie food
conposition of the present invention"). The present invention further

provi desirwvargiammarenpdsa fovgdagenrit theoadditivmef, thescanpetthdafithe wesponent, a

d. ted by the f i f. | 1) . di bl It th f
Corbound cprseIi¢2 Y 4 e f rcaping Loymi e (L) o an el sall thel
present | YEDRLHAR" dhod@ Bk AN FiRMaddls iPSERABANVER LB EWBE, P OV des

a conposite
16 the inventors have completed the present inventions.
More specifically, the present invention herein provides a compound

having a structure represented by the following general formula (I) or an

edible salt thereofl:

NH, R
HO A N
hig \AN“M
0 0 X
OH
0

15 (D
wherein R1 and R2 each independently represent a hydrogen atom or a
lower alkyl group having 1 to 38 carbon atoms;
A represents a methylene group or an oxy group (-O-); and
X represents an alkylene group having 1 to 5 carbon atoms, provided
20 that one of the methylene groups appearing in the alkylene group may be
substituted with a thio group (-S-), a disulfide group (-S-S-), an oxy group
(-O-), an imino group (-NH-) or an alkyl-imino group having 1 to 3 carbon
atoms (-NRa-, wherein Ra represents an alkyl group having 1 to 3 carbon

atoms) and that the alkylene group may further be substituted with 1 to 6



kokum -inparting agent, which conprises (a) a conpound represented by the
foregoing general formula (1) or an edible salt thereof; and (b) one or at
| east two ami no acids or peptides selected fromthe group consisting of
y-Qu-X-G@y (wherein X represents an amno acid or an amno acid 15
derivative), y-Qu-Val-Y (wherein Y represents an amino acid or an am no
aci d der 4Nal icy®@ips ¥adH Hahbl, 1 ¥ SHedridatomé u-dy, y-Gu-Cys, y-Gu-Met,
y-Gu-Thr, y-Gu-Val, y-Gu-On, Asp-@y, Cys-Gy, Cys-Mt, G u-Cys,

d y- Cys, Leu- MQOW@@G yp@a@nlt/btln(f@r)twly (Emvyie@ L&Vﬁ:qu yedﬂqpesiaﬂ(m NH2,
y-Adu-Val-ol, y-du-Ser, y-d u-Tau, y-d u-_ Leu, 20
y-Q u- ||@nt9lr@a%0@g90% yepyaseriad %ﬁ%)foregomg anw&@e@ 0% & qsklalsent

Fol o ng Gl B gl Rui R R ey Ak b bu bR ES BE R B0t
whi chy i stii8 € Hlsoaer@med 16 85 "BEH fof Jo%p&é“ﬁoﬂro?@ﬁé ?&éé&ht%véxgﬁ%ﬁgﬁpound

represented by the foregoing general formula 25( or the sal t
thereof: (| ATheheresent Rivemticn R2'rtieac Iproﬂdepemdmkdmx irapaesapt agerdtydr ogen
atom or an al kyl group haV| ng 1 to 3 carbon atons; R3' represents
a hydr ogEMtAtBRE, &F alnky egtrlmprownﬁgm g gompansbrrepregeoned by bezy|

9-f1 nt.
0 but oxy 5 suRGIOGP A (0 5+ Bl Pt shesn MegebBRer s afso referred
9-f | uor eny} @mompﬁ'ﬁg%ﬂlggégﬂtpofthe%esenB?hver RRJPpent s a hydr oxyl

group, an a koxy group having”1°to 4 carbon at ons enzyl oxy group, an

am n@ group (ENHA)ditibnarthal kydsmtnhw@neldn Ukdvaxe ngrolid& 3 eahrlirRi@t ons; A
represents a nethylene group or an oxy group; and X represents an

al kKI Fnek@fmplmaarhlggéage@ats“dﬁclbofimfwlemw (gor awoaimbuﬂthtfepgnsented Péng )
met hyl ene groups inclu in the al kyl eng gro y stituted with a
thio gr o’ﬁ"ﬁ 1[05 1§§|%%D&éa]g gpuadp 6‘5(?“9‘?“@9% B:iﬁ tﬁgﬁ"%g amd dphope 6F adn

al kyl -i u 0 d t he aIk Iene group
mmy tur Chase RROURRIRY D84 & P%p‘ia%? B ANCHAS ek e AT

carbon af-oime-X-The Wﬁ%@(ﬁh OvieprbahteaBnala3@ind Qvidles KOKiKind ”Qélﬂt i ng
agent and a conposite kokum -inparting agent, which have an extrenely

exceld ender2GaticoRut Gluryai-ii (ighénenctY orpremnex el hento sicabiok iy aaridowhi ch
can easi 5|101d genvamve) y-Glu-Abu, y-Glu-Ala, y-Glu-Gly, yv-Glu-Cys, yv-Glu-Met,
y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, Cys-Gly, Cys-Met, Glu-Cys,
Gly-Cys, Leu-Asp, D-Cys, y-Glu-Met (0), y-Glu-y-Glu-Val, y-Glu-Val- NHo,
y-Glu-Val-ol, y-Glu-Ser, y-Glu-Tau, y-Glu-Cys (8-Me) (0), y-Glu- Leu,

20  y-Glu-Ile, y-Glu-t-Leu andy-Glu-Cys (S-Me).
Moreover, the present invention also provides a compound having a
structure represented by the following general formula (IA) or a chemically
acceptable salt thereof, which is useful as an intermediate for the

preparation of the compound represented by the foregoing general formula

25  (I) or the edible salt thereof:



prepared at a | ow cost. Moreover, the present invention can |ikew se
provi de an excellent food conposition which contains a substance having an
excel l ent kokum -inparting function in a concentration equal to or higher
than a predeterm ned |evel. Mde for Carrying Qut the Invention The present
invention will be described in nore detail below. 5 1In the present

i nvention, thesggerm"al kyl group having 1 to 3 carbon atons” herein used
means a |inear Br,anched aIkyIRﬂ;oup nd nore specifically, the alkyl
group having 1 to 3 rbon atons y b for instance, a nmethyl group, an
et hyl group, n- pr gy oup, sopropyl group, and preferably used
hereinilﬁﬂ,‘ 4 roup_or an ethyl 10group.

Mor eover R he te p haw-wgR2 to 3 carbon atons" herein

"al kyl -i mfno gro
used nmeans an i mAfi0o group substituted w an al kyl group having 1 to 3
carbon atons sucl¥ as those |i'sted abov Preferably used in the

present invention as the conpounds 15repyesented by the foregoing general
formula (1) include those specified bel RS The conpounds represented
by the general fornula (1), wherein Rlpand R2 each preferably represent a
hydrogen atom A preferably represents~a nmethyl ene group; 20X preferably
represents @abrinethylene group in which one of the nmethyl ene groups
included therein is substituted with a thio group and, in particular, a
group: -€HRr&nCR2: andrR2’ eachXuplepkardablly reppessens hyalrbetn ameichyt eme gr oup
in which gne of the pethylene groups thereof is replaced with a thio group,
or a tri @Tﬁﬁyﬁgrm aving 1to 3 carbon atoms;
- R3 represents a hydrogen atom, an alkyl group having 1 to 4 carbon
5 atoms, a benzyl group, or a 9-fluorenylmethyl group;
R4’ represents a t_-butoxycarbonyl group, a benzyloxy-carbonyl group,
or a 9-fluorenylmethyl-oxycarbonyl group;
R5 represents a hydroxyl group, an alkoxy group having 1 to 4 carbon
atoms, a benzyloxy group, an amino group (-NH3) or an alkylamino group
10 having 1 to 3 carbon atoms;
A represents a methylene group or an oxy group; and
X represents an alkylene group having 1 to 5 carbon atoms, provided
that one of the methylene groups included in the alkylene group may be
substituted with a thio group, a disulfide group, an oxy group, an imino
15 group or an alkyl-imino group having 1 to 3 carbon atoms and that the
alkylene group may further be substituted with 1 to 6 alkyl groups each
having 1 to 3 carbon atoms.
The present invention can also provide a kokumi-imparting agent and
a composite kokumi-imparting agent, which have an extremely excellent
20  kokumi-imparting function and excellent stability and which can easily be
prepared at a low cost. Moreover, the present invention can likewise

provide an excellent food composition which contains a substance having an

excellent kokumi-imparting function in a concentration equal to or higher



25 group which is substituted with an al kyl group having 1 to 3 carbon
atons and one of the nethylene groups of which is replaced with a thio
group, and X is particularly preferably a group selected from
-Cl-12-S-CH2-CH2-, -CH(CH3)-S-CH2-, or -CH2-S-CH(CH3)-; or X is |likew se
preferably a trinethylene group. 30Regarding the carbon atons a and b

present tihd BerblB@ralihbgleFdg. appearing in the conmpound represented by the
general formula (1), conpounds having any possible steric configuration may

be used in the present invention, but preferred configuration thereof are
t hose represented by the follow ng general formulas (1-1) and (1-2), with
t he conf dor $rirsyingpP et eine Eavastiethe fornula (1-1) being particul arly

preferted | naddiiLan D SIREEL g.te Sorben coprpeent fn he L
¢ HRQPYN 00 RIUNEERLht NoeHHh, BB ertn 2180 bofdhaving 1 to 3 carbon
atoms” herein used means a linear or branched alkyl group and more
specifically, the alkyl group having 1 to 3 carbon atoms may be, for instance,
a methyl group, an ethyl group, an n-propyl group, and an isopropyl group,
and preferably used herein include, for instance, a methyl group or an ethyl

10 group.

Moreover, the term “alkyl-imino group having 1 to 3 carbon atoms”
herein used means an imino group substituted with an alkyl group having 1
to 3 carbon atoms such as those listed above.

Preferably used 1n the present invention as the compounds

15  represented by the foregoing general formula (I) include those specified
below:

- The compounds represented by the general formula (I), wherein R1
and R2 each preferably represent a hydrogen atom;
| A preferably represents a methylene group;

20 X preferably represents a trimethylene group in which one of the
methylene groups included therein is substituted with a thio group and, in
particular, a group: -CHg2-S-CHoa-; or

X preferably represents a tetramethylene group in which one of the
methylene groups thereof 1s replaced with a thio group, or a trimethylene

25  group which is substituted with an alkyl group having 1 to 3 carbon atoms
and one of the methylene groups of which is replaced with a thio group, and
X 1is particularly preferably a group selected from -CH:-S-CHg-CHa-,
-CH(CH3)-S-CHg-, or -CH2-S-CH(CHas)-; or

X 18 likewise preferably a trimethylene group.

30 Regarding the carbon atoms a and b present in the ring structure



O 10More specifically, the conpounds specified below or edible salts
thereof are preferably used in the present invention as the conpounds
represented by the general formula (1) or the edible salts thereof: The
conpounds represented by the general formula (1) in which Rl and R2 each
represent a hydrogen atom A represents a nethylene group; 15 and X

repr esenggpdarihy Mt MHeenens QU] Stdislebéntle@d bA tdhed delePa0riovRiuld NED),
conpounds represented by the followi ng general forrmula (I-1a): (I-l1a) The
conpoundmpeprede fteedndarsheoksblowitege genéigalrationmulay phaksedNEH2O0tHdONH 0
OH - (ha) present invention, but preferred configuration thereof are those represented

by the following general formulas (I-1) and (I-2), with the configuration
5 represented by the formula (I-1) being particularly preferred. In addition,
with respect to the carbon c present in the compound, preferred are the

compounds each having an S-configuration:

NH, RT
HO A _Na
\rﬁk/ h \([(N-*RZ
0 0 K~y
OH
0
NH R1 0 NH, R1 0

(-1 {(1-2)

10 More specifically, the compounds specified below or edible salts thereof
are preferably used in the present invention as the compounds represented
by the geﬁeral formula (I} or the edible salts thereof:

The compounds represented by the general formula (I) in which R1
and R2 each represent a hydrogen atom; A represents a methylene group;

15  and X represents a trimethylene group substituted with a thio group;

The compounds represented by the following general formula (I-1a):



5The conmpounds having the follow ng steric configuration and represented by
the foregoing general formula (ha); anong these conpounds, either of the
conpounds represented by the followi ng structural fornmulas 8a to 8d can be
used in the present invention, with particularly preferably used herein

bei ng the conpound of the structural fornula 8b: 10 8a 8b 8c 8d
The conpounds represented by the foregoing general formula (1) in which Rl
and R2 each red‘H'gsent a hRbrogef atom A represents a methylene 5 group; X
represent@ a tetramet hyl epe grgpip substituted with a thio group or a
trimet hyl o) ) &, tituted with an al kyl group having 1 to 3
carbon atons|iand i n whilch onge of NtRaet hyl ene groups thereof is replaced
with a thio group; 0 X

}7—0H
0
(I-1a)

The compounds represented by the following general formula (Ila):

NH, Q

H
HOMN\ﬁL NH O
e 0\ oH
(ILa)
5 The compounds having the following steric configuration and

represented by the foregoing general formula (Ila); among these compounds,
either of the compounds represented by the following structural formulas 8a
to 8d can be used in the present invention, with particularly preferably used

herein being the compound of the structural formula 8b:

NH, H Q
0 0 ,H
. S OH

16

8a
@]
NH, y
b2
0 O
s OH
8b



The conpounds represented by the follow ng general fornulas (I1b) 10and

. (Jdlc): (Jib) NH20 HOrN-NH O 00 N) s-\OH wherein R represents an

al kyl group having 1 to 3 carbon atons. Speci fic exanpl es of the
foregoing edible salts include, for instance, amonium salts, al kali netal
salts (exanples thereof are, for instance, sodiumsalts and potassi um
salts, which are preferably used in the present 5 invention) and al kali ne
earth nmetal salts (exanples thereof are, for instance, calciumsalts and
nagneS|un1saIm&b whlc afe preferably used in the present invention); and
salts mn;ﬁbor es Iy5|ne salts and al ginates for the
sufficientl aC|d|c co oun s cording to the present invention.

Furt hernoregp the edpbl elsal | i kewi se include, for instance, inorganic
10 salts with, for instargg, @Hochloric acid; or salts with organi c aci ds
such as acetic aC|d citric aC|d | actic acid, succinic acid, fumaric acid
and malic acid for tﬁe suff|C|entIy basi c conpounds accordlng to the

present invention. I n addition, exanples of the foregoing chemcally
acceptabl e salts include those Ilsted above in connection with the edible
salts. 15 (Préb@ratlo t hods) Typi cal nethods for the preparation
of the cemgpou ﬁ gnt invention wll be described belowin

detail:

8d
The compounds represented by the foregoing general formula (I) in
which R1 and R2 each represent a hydrogen atom; A represents a methylene
5  group; X represents a tetramethylene group substituted with a thio group or
a trimethylene group which is substituted with an alkyl group having 1 to 3
carbon atoms and in which one of the methylene groups thereof is replaced
with a thio group;
The compounds represented by the following general formulas (1Ib)

10 and (Ilc):

S
(IIb)
NH b Q
HOMN\KLNH 0!
© O g/ OH
(Tlc)



In this connection, it would sonetines be effective, fromthe viewooint of
t he production technique, in the follow ng preparation nethods, that sone
20 functional groups included in raw materials or internedi ates are
replaced with appropriate protective groups, i.e., groups each capabl e of
being easily converted into the initial functional groups, depending on the
ki nds of whigeeinURGEhasRnt ORAWIRY] didepaaldiat. 1 {8 cRFEstdYe groups can, if
necessary, be renoved to thus give each desired conmpound. As such
functional gr Sppcsfzczécatrhlehee afebhebforbi@ngdedibbe shhstianhele, dof nostgmoup,

hydr oxyl group, and_carbox group and exanpl es of protective groups

t her ef or AFRPRIYER adbs, | fﬁgﬁg}ng@ alﬁ -SB&S Ib}@ﬁyt Qjﬁ@fu@r@ Bée) instance,

e o SRR B Bt S Boa s AR it SR ey TR RIS R SR bhe Bt o)
benzyd gnpRHOBY a9 ﬁ%h)m@%ampm%%l Y13 RnQhQbIRS tBefOFoEfQ?e %&@gg%'nc roup.

These protective groups usable herein are escri in nor etail" in the

articl e edtiurh edits"dRrdbreghievienSsalipswhichHrgaprefeiyhestsn thehgetdiy d
edition, Witten by TW Geen & P.GM Wts, published by JOHN WLLY &

SONS, | vaenﬁ@@é W@ﬁ@éﬁ wieh grasupe bﬁra@s sy aplysinekylthendellgutadds &nd used

while ta |ng nsi d atlonth S alflcre ction conditions to be
used. Th 81@8’1 cl¥2 ic?lmtpﬂgn 6‘31] 8 eferi@fc STaFaltc LRVRRHON.

appropri p r C ve the
sane (degfl I %ﬁ?@ El‘é %?lnlgtgaslﬁgttg &gﬁl lgl{%%‘ Oltnt% ]? ?#%n?unc 0(%5 groups
Prot gl a@wtstaﬁh Fotl B8k hbE thyidrot e ricalch @Wirngh IRy &Mﬁéﬂg%wﬁéﬂa@%u%easused as
such functional groups, but the present invention is not restricted to

t hese spamtfq @méxawmcwl@,tlaatlb acid, suctivec eonhdunthnepeidsaend eolalby atide
gener al ;g rdlng to the present |nvent|on can, for instance,
be prepa %}PH yt SIhETE DA MES RECOs e thedereseneanwate.

In addltlon, examples of the foregoing chemically acceptable salts
include those listed above in connection with the edible salts.

15  (Preparation Methods)

Typical methods for the preparation of the compounds of the present

invention will be described below 1n detail:
In this connection, it would sometimes be effective, from the viewpoint
of the production technique, in the following preparation methods, that some
20 functional groups included in raw materials or intermediates are replaced
with appropriate protective groups, i.e., groups each capable of being easily
converted into the initial functional groups, depending on the kinds of the
functional groups. Thereafter, the protective groups can, if necessary, be
removed to thus give each desired compound. As such functional groups,
25  there may be listed, for instance, amino group, hydroxyl group, and carboxyl
group and examples of protective groups therefor include, for instance,
t-butoxycarbonyl group (Boc), benzyloxycarbonyl group (Chbz) and
9-fluorenylmethoxycarbonyl group (Fmoc) as protective groups for the amino
group; and t-butyl group (t-Bu) and benzyl group (Bn or Bzl) as protective

30  groups for the carboxyl group. These protective groups usable herein are

10



Synthesis Schene | 15 A i30H Rl' 0' (00R41.,NHR1'0 1 HNR OA N 3" N 2PIN
-R2" X0 X (I') Wherein the definitions of the substituents appearing in
these fornmulas are the sanme as those specified above in connection with the
foregoing general forrmula (1) or (1A). A compound (X) is
condensed with a glutamc acid derivative (XI) in 20 the presence of a base

whi l e usyag, i RoRdeBsatbnl RN altls BHEItIA" "Photective Groups in Organic
Synthesis”, the third edition, Written by T.W. Green & P.G.M. Wuts,
published by JOHN WILLY & SONS, INC. These protective groups may
appropriately be selected and used while taking into consideration the
5 gpecific reaction conditions to be used. The method disclosed in the
foregoing reference article can appropriately be applied to introduce a
protective group and to remove the same (deblocking). For instance, this
indicates that the functional groups Prot 1 and Prot 2 described in the
following production method are used as such functional groups, but the

10 present invention is not restricted to these specific examples at all.
The compound represented by the general formula (I) according to the
present invention can, for instance, be prepared according to the synthesis

scheme [ detailed below:

Synthesis Scheme |

15
RA
2 3,,o\ﬂ/k/ATOH
RY 0 0 RA< N R
o () oo

NH Rt o

P4
HO_ _A~_ _A_ _N
. \[(\/ \ér YQN—FQ

O X\;\
OH
6]

"

Wherein the definitions of the substituents appearing in these formulas are
the same as those specified above in connection with the foregoing general
formula (1) or (IA).

A compound (X) is condensed with a glutamic acid derivative (XI) in

20 the presence of a base while using a condensation agent to thus form a

11



y-gl utanyl conpound (XIl). Thereafter, all of the protective groups for the
carboxyl and am no groups of the conpound (XIl) are renoved to thus give a
desired conpound (1). The conpound represented by the general fornula (1)
prepared 5 according to the foregoing nethod can be isolated and purified
by any known techni que such as the concentration under reduced pressure,

the ext rgcgqu%y;e&d}nﬁwga\(m, qml%r@éﬂét all bzald gRoRpd(el: r&hﬁs for the

chr omat ogr aphy chni que I'n addi tion, the conpound“represented by the
f or egoi ngugener ahd hodimal @"olups\dﬁ thé céthpoand (R2I) &ach mepidesetiusagitydr ogen
atomand X is_a 10 grou -CH2-S-CH2- as an exanple of the starting

mat eri al @Wetéémnpﬂwm( stance be prepared according to the follow ng

synt hesi s sch | ven bel ow. Synthesjs Sche , Prot3 10, Prot,
VIIVITIIx 15 ‘\J}ﬁgr 8(?‘H F!BPBH EQQ%SWB%&‘ i Epéﬁ’a%‘?ﬂ | ejorﬁ%;geégmprgwépn ate
protecti f d (I11)
ot st ASHER ARRARK R Hhdthol com i Rl i BEHBca P SO RRRNAY (1))
Then a thicheiqes seempeund doMednirstidhe@ad&@drddif@ugbyekberd, Qﬁ@téx@fhcl@i%hween the
resulting 20 conpound (I1V) and an al kyl halide in the presence of a base.
Af t er pawtibadlsglvent, the crystallization and/or the chromatography technique.
In addition, the compound represented by the foregoing general
formula in which R1" and R2 each represent a hydrogen atom and X is a
10 group: -CH2-S5-CH2- as an example of the starting material (X) can, for
instance, be prepared according to the following synthesis scheme II given

below:

Synthesis Scheme i1

HN,F’rot3
}
o \/%ro‘Prot P
t ~ -~ ~
Prot, < “NH ot~ OV Prot, NH Prot, NH
ey
Prot;” \r(l\/ ) Prot/ THVSH F:‘ot/o\n)vS\/tw(()\Prot4
0 o} O
IV Vi

Prot
Vill

15  wherein Prot 1 to Prot 4 independently represent appropriate protective
groups, respectively.

If explaining in detail, a compound (III) is first reduced with

triphenylphosphine or the like to form a thiol (IV). Then a thicether

compound (VI) i1s prepared through the reaction between the resulting

20 compound (1V) and an alkyl halide in the presence of a base. After partially

12



removi ng the protective groups of the resulting conmpound (VI), the latter
is converted into a cyclic conmpound (VIII) in the presence of a base while
usi ng a condensation agent. After the renpoval of the protective group of
the am no group present on the conpound (VII1), then the resulting conpound
is 5 condensed with a glutam c acid derivative (X) using an appropriate
condensat : . - %W% t e fQrml a
(X pregxtaéﬁg%blgggg%oer%ecggqﬁrg orego%n{;e%g#gl?:%%r?l ggglgn@@%’gﬁs’éo{agteg gand
purifi eccopwertiel inse aafycHayokpowndt @ID)iigudePiebeds 6ebaoanearild asingn under
reduced pressure, 10 the extraction wth a solvent, the crystallization
and/ or theovdeosstioyrageny. t édteri Hue removal et pegichiyesgarty vf that er i al

(X) in which X represents tetramet hy roup substituted with a thio
group caipe’ gw%%q%%%%b%ﬁamuﬂg,é‘ﬁgﬁ ESU HBECEPIRSNING LS

synt hesi -, o.an dj e et ho sed for. the
o7 opdr at CARERRCR e B A EaE O e R BBl otF  HPRRme e
Wher ei n dopglctehiiBhiioens of the substituents appearing in these conpounds
are the sanme as those already specified above and n is 2. 20The foregoing
starti ng mat efhal cqpouiml wheipebsetitedpbestnt emeral ifomhhid 60 graugred
substituted with a thio group, which is substituted with an al kyl group
havi ng 12acer@ngdpiba fategatne prrreparey pmdsilydatet and diurgfied by keefisk! ow ng
synt hesi s. schene |V, and accor,ding,to the sanme procedures used above in
Sonnect iGN KHOTHetesPRIHTAE T Oh 261 i e EPRE IRy e O B S PS5 Rt s
Schege |Ye extraction with a solvent, the crystallization and/or the chromatography
technique.

The foregoing starting material (X) in which X represents a
tetramethylene group substituted with a thio group can be synthesized
according to, for instance, the following synthesis scheme 1II, and according

15  to the same method used for the preparation of the foregoing compound:

Synthesis Scheme I11

Hr P
i I‘ N S
T’J’éﬁfo Proty
fﬁrlﬁ;\NH Proty “NH Q\«" Frod Nl Proty “MH
Bs 5 — — o S .
[ Proy W) ~5) 3 Prog " SH Prntz"OY'l -fgt\}rnj\nfg Prots
C 0 0 0
i 1% L
H 2
Proty.. - - -
roty B M Froty—N., )1 MM O M2 NH 0
ar b “ —_— Y, ee—————nr
HO., JS " © Prﬁlt; \Se["’{ri p E;J:“’ f F?iﬁl
9] O Froty
Vil Vil 1%

Wherein the definitions of the substituents appearing in these compounds
are the same as those already specified above and n is 2.

20 The foregoing starting material (X) in which X represents a

13



HN,

Prot' HN1 ProtHN, Prot, HOSH HGs, Prot, 020 Prot, VWherein the

definitions of the substituents appearing in these conpounds are the sane
as those al ready specified above. The foregoing starting nmateri al

(X)

in which X represents a 10 trimethyl ene group substituted with an oxy

group can be synthesized according to, for instance, the follow ng

h . Tl ¥ 1 1!1] . f
By e EmRSIATh ARG o WSABAR 1RSHILIEE o

an alkyl group having 1 to 3 carbon atoms, can be synthesized according to
the following synthesis scheme IV, and according to the same procedures
used above in connection with the preparation of the foregoing compound:

5 Svnthesis Scheme IV

Prot

f«"rot Prot
=l
(% TL HOY'\’S” “OY'\/ I f
F’rot
Prot,

Prot
Pmt " 0 0 "
H /\L
_ HN,, g
—®  Prot,., /gr I\ —— Prot;” N”"f&\ N_ 60 Prot e "N «RE
Prot, 5/2 0 L53 0
R R

Wherein the definitions of the substituents appearing in these compounds
are the same as those already specified above.
The foregoing starting material (X) in which X represents a
10  trimethylene group substituted with an oxy group can be synthesized
according to, for instance, the following synthesis scheme V:

Svnthesis Scheme V

1) Method for the Synthesis of Cyclic Compounds using Aziridine
Derivatives:

OH

BF3-Et20 NHPNZ NHFmoc
PNZNQ CHCI3
" +
,,//, o]
CO_Me MeD,C COt-Bu

z FmiocHN COt-Bu

a o)
NH, NHEmoc ErmockN H HN H
s
/j\/o \A
Me0,C CoH COMe COR,
0 o}

15 2) Method for the Synthesis of Cyclic Compounds through the Intermolecular

KEtherification:

14



0 FrnpcHNCO2t - BuMe02CCO, t - Bu NHFntcFnocHN No 15 2) Method for the Synthesis

of Cyclic Conpounds through the Internolecul ar
Me02CC) c. 02H No 3) Method for the

----re- BocHNCO2Me CbzHNCO t - Bu

Synt hesis of Cyclic Conpounds through the Intranol ecul ar

L

BocHN CO,Me  chzHN CO,tBu

NH, NHCbz HOBt

/k/o\/K
MeO,C COH

3) Method for

TEA S

the Synthesis

Intramolecular Etherification:

OH

CiH

ChzHN COH H N CO.Me

NaH
NHBog
Ag2O
8}
MeO,C

of Cychc

T E&
ChzHN \[
o
ChzHN Y
NaH
e rrrr——
CO,Me
0

Etherification: vy, OH Ag20

Et herification:

NHCbz
R

€O,t-Bu

WSC  CbzHN

Compounds through the

HOBt
WSC
CO Me

HA N
)\Cosz'
o

The lanthionine derivative according to the present invention has an

excellent kokumi-imparting effect to other substance and therefore, the

5 derivative can be used as a kokumi-imparting agent.

The lanthionine

derivative according to the present invention can be used in such a manner

that it is incorporated into a food composition to which desired kokumi

should be imparted in an amount ranging from 10 ppb to 99.9% by mass,

preferably 0.05 ppm to 99.9% by mass and more preferably 0.1 ppm to 99.9%

10 by mass on the basis of the total mass of the food composition.

More

specifically, according to another aspect, the present invention relates to a

food composition containing a lanthionine derivative and preferably to a food

composition containing a lanthionine derivative in an amount ranging from

0.05 ppm to 99.9%.

15



OH HOBt WSC TEA3 CbzHNCO, HH2NCO2 Ve The | ant hi oni ne derivative
according to the present invention has an excellent kokum -inparting effect
to other substance and therefore, the derivative can be used as a

kokum -inmparting agent. The | anthionine derivative according to the present
i nvention can be used in such a manner that it is incorporated into a food

conposition t } L: - shoulyd. - | r i rangi ng
from 10 ppb tgadggbg%}o’ g@ﬁ%@&h‘%&:ﬁgﬁé}oa %dg?lggtfﬁmﬁf %F%Bég%%glﬁaﬁn%ggﬁ%nd nore
pr ef er abinwe@itibrppiedrabRRt A &hbyt RS 0RE ot i RAS nSatehid 6r toldhin@ss of
the food conposition. Mire specifically, according to another aspect, the

present seleehetli fvony dleagesipt ormiftoog of anposidcidnsednhaisndingn alhsnhhtoni ne
derivati d preferably to a food conposition containing a |anthionine
dor i vat | (ISEH: BHCIEHD S S | YLOSB Doy -Piparbetegldd)), inorganic smiscover

if using e hi onj ne. derivat.i ve. accordi ng, t.o t r,esent. i nyention in
conbi gnat %‘%(ﬁ, %% ? ‘E&"g&{“ Fég)s?’t(geo necBhér *g%}:}c??a errar aF?WE_ag’ga?sgﬁlﬁ‘& ﬁ’s’é‘gsect ed
from t heoOrOUR SRS HHAK PR ¥hAD B HS) PYER,AS] §@Ay_oﬂmg w}ﬁm%]% AMBO)
nucl ei ¢ acids such as inosine nono-phosphate {INP , Inorganic salts 5 such
as sodi usnkdhard Hekuarigancempeied vatichthas obisbrvenl adicth uaing audabitioss ki nds
of yeast extracts, the forner can provide a preferred seasoni ng which has

an enhantst materi! fas seaspanss W thelf hathelseseentaatinewfubedgntuohirat her raw
mat eri al ;for seasoni ngs, Ré ihtself. The concentration .of the | anthjionine
dor i vat | SUTRREEE GROGTERIE A (e DaRTeTtnyBYTIEN WHARR (UPRE Phe SaRe n 10
conbinat | j .f 0 i e w.oat eri.al: fof..s I: n
appr%)d;;r i %@g?y%gigﬁ t&y"t}g%gﬂog?g(%%%i éltel{{e?} gﬁiﬁl ?‘E%t%hta%ef%r ? gg\/\%%lﬂggﬁsa% ng into

consi der gbppridtely suddtshplonsess ordinary Akyanel et et Wh@%bkﬂgg ihtd an
exanpl e, however, it would be sufficient that the |anthionine derivative
accor di neprisoderadgiqur dbentesudisent | gmspry usedrganadaptnoertluntiogi ndrf mam about
15 0.1 p‘g}fm t o, about 500 .Epm a]Z]SExpre sed ig}f}erms of the final K6
concent r &¥418Rle, howeygy, eV inles eRt SYRGERY Biat the lestonkyk derivatdsns t he

25te LG SANL RS, BRERIEETh A L0ALA PSP ET Bl BB
nor ey pegilfpsalthyalot® S08rppieansprbe ddaest @ rhli shthesienhaneediaven. i n the
mar gi nal tastes with respect
In the present invention, the term “kokumi” means the taste which
cannot be expressed by the five basic tastes, i.e., sweet taste, salty taste, sour
taste, bitter taste and umami (deliciousness) and more specifically the term
means the taste which is enhanced even in the marginal tastes with respect
20 to the foregoing five basic tastes such as the thickness, the growth
(mouthfullness), the continuity and the harmony, in addition to the
enhancement of the foregoing five basic tastes. In this respect, the term
“kokumi-imparting)” means that not only the five basic tastes represented by
sweet taste, salty taste, sour taste, bitter taste and UMAMI taste are
25 enhanced, but also the marginal tastes with respect to the foregoing five
basic tastes such as the thickness, the growth (mouthfullness), the
continuity and the harmony are imparted to any desired food. Alternatively,
this may likewise be called as “flavor-enhancing effect”. Accordingly, the

compound of the present invention can likewise be referred to as “flavor

30  enhancer”. The compound of the present invention can be used as a sweet

16



20 to the foregoing five basic tastes such as the thickness, the growh
(nout hful I ness), the continuity and the harnony, in addition to the
enhancenent of the foregoing five basic tastes. In this respect, the term
"kokum -inparting)" neans that not only the five basic tastes represented
by sweet taste, salty taste, sour taste, bitter taste and UMAM taste are

25 enha i t.ast | respect. t otk oi ng
five basyots sdHhnfurd LB, PRLO A qrk e Fo ol Vo TRk n i LR (e
cont i nui éphB0er bhanharemyerdighdeparted to any desired food. Al ternatively,
this may |ikew se be called as "flavor-enhancing effect". Accordingly, the
conpound of tleagddsentthientsstt hod wantd moalil searyewitdf gra ebhpse dstimkl avor 30
enhancer”, The conpound of the_ present invention can he used as a sweet
taste erMAiPiceating Rt thcambe é‘e@#h%fi&%ﬁ? ipited fastesneldatapeernd &ttt ¢ er

taste enhancer ,or ap _u 1 .enhancer . | n_addi-ti.on, the taste and pal ate
woul @ vargtat it et e SRS e aiter callplly THUE Y sl DERERE ed to
as initighckpst GeMbdthesp@ntifabdwriber R 1aRlA {itd hhPLiamLEaliae time
el apsed after eating. This is sinply a relative concept. Cener al?y

speaki ngandhahevefter ttheta aré iddfiredste bet tiee Maddiresdrastiedandet iee abhgr taste

are defined to be the flavor sensed during the termranging fromO to 2
seconds, ragng §romm @ toek saconfgi Bgrihe dhe 2ewm rangeenfivs drid Sorecondahndr 5

seconds, after, eating, r.espectively. Noreaver, t combined 10 jnitial and .
middl e tU5P8sHK re%c%‘%ﬁflgﬁ’eﬁgtie‘&eqa&rrgef@rsp‘é 1‘fedy'as%rﬁ?‘f‘?raltﬁﬁi @aEedst e*  and
t he .gonhi ) t : [ i [ Ve r 0 as

s o e mpid] Bhd Hnfl A0 aSicsdne ARSRIBLEATREAIENT o At D RIANLERYED 22 |
be the tmste sadseHe dedrhbihddhenideen £:a0gifee fhemO ok Sormpradsiadllyer

eating and the "mddle-after taste" is defined to be the taste sensed 15
duri ng tiederred rtoramngirdpleadtar2tast ondSirtloeanorm dha0'iskcdmdslde ttestedat | ng.
Regar di n]gLﬁteE_e val uati on based aon_the fgregoi ng three divisions, it would
be di f fiedtetinegrtoftethsaiiers %%@egp@e%ﬁ& GAErBARIgIRA RN OdAd esvrandst e the
taste th £y td at [ enti on-on, the emal uat.ion of .each
speci fi cgfg%ong%ghgn {ﬁggefr@rd glé?ﬁe¥ égtg:%mr%ng%}”ﬁg?d %%%ee%ﬁ 3%%1180{?181153§ed on
the w0 PQdh¥ithiaRsm FaGEAGIRAbMY2 UsEshds to ardiie] 8bf Rebnf adcsUbsiANCce
having a CaSR activity on the kokum and flavoring pattern can be confirned
by a netReghrsiuch the emaluatyanbh spl ¢t the ftregom getlalenativisioridyét tvasidbef a
sanpl e us_ig[ng gnelists. As such an organol eptic _test for evaluating the
taste ofd: igéﬁﬁwet:h@t rareliphgy(DeEsqssyEg eatgr somphe padcealppte thastasdbscl osed
i n Exanmples the instant patent,specification, ,but th resent .i.nvention
s not rAeRRiL By eERate BRI ghofi¢ Srantition i EadREPrTAL f on,
the term;(HRRInIRARSHRE #akCiMRnSRNH AKHLEERE oDk &1 BE! Ro%L C the
class C of the 7-tinme transnenbrane receptor and it Is also referred to as
cal cioum dietemiOfs. gdnerbiivsisefeci fi cation, the term 30 "CaSR agoni st" neans a

substance which is linked to the CaSR to thereby activate the sanme. In
addi tion, thelheeHechet pvanbstausrhavisgd i(aShiastiypecid thatiokmmeand t hat a

ligand i,s |linked o CaSR,to activa a guani pe nucl eoti de-1inked protein
and 1o tHSIBHYE PRUREHT BN AT b PE v BF hsuE e iy SRR S hot Vi ty”
means thg, PEEPRRLEGS 1Ak 2aSWPTH2ICeSHAR WBAle panelists. As such an

organoleptic test for evaluating the taste of a sample, there may be listed, for

e

25 1instance, the test disclosed in Examples of the instant patent specification,
but the present invention is not restricted to these specific methods.

In this specification, the term “CaSR” means the calcium sensing

receptor, which belongs to the class C of the 7-time transmembrane receptor

and it is also referred to as calcium receptor. In this specification, the term

30 “CaSR agonist” means a substance which is linked to the CaSR to thereby

17



5it can be linked wth CaSR to thus activate the sane. A met hod for
screeni ng a conpound havi ng such a CaSR agoni st activity, which conprises
the followi ng steps, will specifically be described bel ow, but the present
invention is by no neans limted to these steps at all. 1) A step of
adding a test substance to a CaSR activity-determ ning system 10 for the
determ i t S det grm.ni e activity of
t he tes?ﬁé&@?g{lhge;ggm% Engf[é tglgy%%ﬂ’c?@n%atr%?%g % é%ctgs aStcf?i }/llgtég?agbgltgrsved when
t he testspmuifidateeneamdded slidarddad liohsdriveGadieno theivhests gubsinance is
not added, .. 3) Astep for selecting a specific test substance which
shows a Wadrotagehingedipraet windytovteredyt wensgubstanale. | Meadeer, the  The
CaSR activity.c be determ.ne r instance, ,using a determnation

by, f
syst em i Eh sagtﬁ’géStoﬁ‘CtéVlEBé’?meéEﬁégPé’I’BP%&‘ﬁ e58iSHyStansR suphethedll | my
be one gapakie RlLANAIgERaRYPlYIBKPIARSINgRCARR Or a recombi nant cel |

carrying gene exogeneously 1 ntroduce 0 the 20 sane. The

foregoi ng CaSR @ethod tyr det&MThBI H%onySHaMN Il S8H W TR tRoalN
particul ar one inasnmuch as it can detect the |inkage (reaction) between an
act i vat i amwth stlambeccanpriGasSkheelowddi ngppan vatl spadfitallwabel dgandedt he
activati oq sugst%gece) specific to CaSR, or it_can transmt detectable

si gnal s RELEWi AUt Hee prasent Ayephieby sommeans Hpttebie Biese sirpgyat pleact i on)

bet ween }.h 5 aetiation substance and en. a, CaSR. acti vi is

det ect edf)tﬁr%%ﬁ’%laé H?’%ﬁ(r:%t qgﬁu&fa‘taﬁlcg%f)easg%sﬁjgggﬁg&det%%’émf% Sé’ﬁ%%?ance can
be 59 | ugdgad ot AdteriinBasn BfCARRGHIRIURLEQNaAAt b BEdrASnELE ther@ggkNg CaSR,
preferred is a human CaSR encoded by the human CaSR gene regi stered under

t he GenBanliAccfidsi teat NabsthMc800388. 30 In this connection, the CaSR is not
restricted to the protein coded by the gene having the foregoing gene
sequenceadndtapayl dm o s ithe (eadhaeiaeds obseryied yhee thavesigsudshomsl iogy wi t h

t he foregpj S ence of not.le t han 609 ref erab ot less than 80%
and nor egg‘%leg?‘@}tggﬁ%tﬁg’ﬁew Wbﬁ}éiﬁgé%at E’i”ﬁ’ﬁﬁ% 1861‘%"%'@%@% can code a
rotein i td. 0N e | 1R, %ﬁfﬁ [.Qn can be
gxan‘i Inedir)(ta)%lse p?ogs%?%gdﬁgséé)%gleﬁnée{séS\E/\,i@tﬁﬁlétr?rﬁgé(r}glﬁasrgﬁ%e erm}fr%ilé%éhgs(raly change

of tihe el@Bhfy &heurd gt sabsemeedswlddadcal ciumis added or any change of the
concentration in calciumions within the cells. The origins of the

f or egoi ng CaSFharanBt actsityi eeedbeodptarniivediabyofies in6tamne, speoifac
exanpl es, t hereof .i ncl ude not .only CaSR derived fraom man, but alsg_those
der i ved JGtBRMEITIR] AELCRt WRAF Ak et eEL FopahiRet aitbecss S@S R at , and

dog. d ' Vit firmed
by i he L oo B AERELBEAI A MY End bl Akl CRsRESFOp 5 ™
f ragmentyedémbhes@otell C@lrkyiRRr aASR Wahe @x@éé}h&%ﬁliﬁ%ﬁtx@ﬁﬁﬁe@rin% fhagment

thereof, or an in vitro systemcontaining CaSR or ‘a protein as a fragment
t her?@of .same. The foregoing CaSR activity-determining system is not restricted to

any particular one inasmuch as it can detect the linkage (reaction) between
an activation substance and CaSR when adding an extracellular ligand (the
activation substance) specific to CaSR; or it can transmit detectable signals
within the cell in response to the formation of linkage (reaction) between the
25  activation substance and CaSR. When a CaSR activity is detected through
the reaction with a test substance, the test substance can be so judged that it

has a CaSR-stimulation activity.
As the foregoing CaSR, preferred is a human CaSR encoded by the
human CaSR gene registered under the GenBank Accession No. NM_000388.
30 In this connection, the CaSR is not restricted to the protein coded by the gene
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The followng is an exanple of such a nethod for confirmng the CaSR
activity, which nakes use of a living cell, but the present invention is
not restricted to this nmethod. 20The expression of CaSR is carried out by
cultivating cells such as the ovocytes originated from xenopus, the ovary
cells derived from hanmster or the human fetal renal cells. Mre

specific Az XL i eal i | i.ng, into
nost col T2y g (HAGEARRATRAR pCRAy abAnE MO RLEED St B ALHY

mai nt ai Nkdge BYOFRNEURHNBENES Withthe! RRegbicaSRReneeE ddl 1bhe thek mef, the
reconbi nant plasm d per se or the cRNA obtained by the use of the

r econbi nprefepitdy mat dsssathanpBate andn nelvec prafehylsiyonoyi keas tietrh@d%ar a
fluorescent indicator for detecting any ipcrease in_the cal ciumcontent of
the cel 936 Pe2tidbel e8P HeCYH 8cRidPironay e 8cewr Relvaetion. ady tesi red
react.i on, g}ogniéi IeI§ ghﬁ ecgfor e%si qn, of I%:aSR LS confi r.rredtbl? t he detection
of the VEEREWE VS APE TGO, Ped FY 3&‘?‘%\5’9&%9%@88&%. r&ir used are
the ovocytsn Wil SROueE 1898 B8R Obf #he 'é%dtﬁa%eédngﬁﬁ ogéa%ﬁl c
current in response to a calciumconcentration on the order of about 5 mV
or the cwhehvatigdncéd hddédrorwdmy khthee eifithei @mcehtifatitor 6sceht@mdisgst o a
fluorescent 5 indicator is observed. Then the sane procedures used above
are repeditddniheicellehangi ng the cal ci um concentration to thus deternine the

| ci tion-d /. b tly, a. soluti .of t est
Cbst ance. havh G oK DR CEIE T GHnE o) RO AU SBBIRLod ARPERURBMOTEAM | <
; [ Ien. | t I | d
he oot 1AReT OF £y e R 20 o ne BRI CAIENCER LM B <

measur edalso thbus déabved Trdaig dIN&iLASHr ag0RhE it divig Yoloindthacd aabusdibst ance.
Moreover, as tests for determning the CaSR activity, there may be listed,

for instzicendidegse described in the foll owing Test Exanples of this
speci fication ut the present, inventjon.is not. restricted to these
specific onesAig‘é‘ls hgen, feser eﬁn@%‘@@%‘ﬁp@%ﬁ?ﬁ{@%’éﬂ}’nﬁalﬂ FAHHG e Bkt
accordi t i t] 1. No i.ds ok tides used in
conbi na’?tlQI gngic’/\% tB ﬁ fpﬁgﬁﬁghtc ’inT({)ﬁjiq1 e&gtlasr %3%}?\%11 o("]TX%t? ﬁ%s graésﬁéﬁg 9 %@éﬁﬁn n are

one 16r  afhdr8HS bell WRe A A8 AGIHISh %np@%xbsl@@a@ 86 tL£ - fghPd L NErgsOWR _
consisting of y-AQu-X-A@y wherein 20 represents an amno acid or an am no

aci d derawan viteo syst@mnedfahining€aBRorVa pegeis entisiragmani nbewoifd or an ami no
aci d derivatiyve

, Y-Adu-Abu, y-Qu-Ala, y-Gu-Ay, y-du-Cys, y-du-Mt,
y-G u-Thr, y-Befalgwing iepg. eyaimple-s }gﬁ,a @«%h@ﬁf Jor ypdineing the CayR,
dy-Cys,_Leu: Asp, . - t.(0), wid uyy- 4 u-Val. - u-.Val - NH2,
v o vt e e s Yoo of FlvibBleet MR R S el o et Lo
y- G u- I I ietMe@iUntihbkethetsly- @ u-Cys (S-Me). In this respect, the term
"am no acid" includes neutral am no acids such as Ay, Ala, Val, Leu, Ile,
Ser 20Thr, CysThdekpréAsion @ GaSRr B, cdiyiedand by beltivabiglvell@phdioagahds such
as Asp and du; basic am no acids such as Lys, Arg and H's; aromatic am no
aci ds suipcatesParagIRyed Arm Prgnopaiid the wivesy icAls degisiedr {roni hemssenior hi ne,
a-amno tlfl%t Klr,l}n%naf:eltgl’ rer%loe{lvcaelllls.neMc?roer épee%:(l:flicrgﬁly, %ﬂg e%%}‘ésfsri‘ﬁi of CaSR ecan
be realized by introducing, into host cells, a product obtained by the
transformation of a plasmid maintaining exogenous genes with cloned CaSR
25  gene in the form of the recombinant plasmid per se or the cRNA obtained by
the use of the recombinant plasmid as a template. An electrophysiological
method or a fluorescent indicator for detecting any increase in the calcium
content of the cells can be used for the detection of the occurrence of any
desired reaction.

30 Initially, the expression of CaSR is confirmed by the detection of the
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Mor eover, the am no acids or peptides used in conbination with the

| ant hi oni ne derivative of the present invention may |ikew se be, for
i nstance, artificially synthesized am no acids (each having a

non- pr ot ei naceous configuration) such as tert-I|eucine, cycloleucine,
a-am no-i sobutyric acid, 5 L-penicillamne, allo-threonine and

al | o-i So%ﬁ%;g%@s o Bt GOANSHLLAD: o dR RGN ¢ BAREAY Ned hibhfhPept] de:

y-d u- X- e one of oregol ng am no<aci ds erirvatives thereof,

but it isviiveéenaiitly showadithe gﬁb@ie@laabnaaf_cher 1@&@@@1@9%&&@1«1&%@%1@ han
cysteine (Cys). In this specification, amno acid residues wll

be expr em@n’sa ttoea ncsalciﬁni(&t)heeritmhtiow og theboeddracti aheut respdctarvedey: (1)

a a | Al 3) Val 4) L L 5) lk:
501 cuct pabs d efls Tue rfhithe, Stsiint Hpishyieatanieo pouasamcenys osi ne:

h di
Sy o PeinthERpRRASEn?) dhe (hE Shift Blicelihds bY8) afoudte r%@sévcﬁ o Acid:
(16) d Uwhgeut:ﬁ‘%%méct% cék?am%&c&ﬁ%&gltaetmlﬁkte@ FchMLt W1hem (19)

Cys: Cystelne; Pro: Proline; (21) On: Onithine; ar cosi ne;

(23) G tcorﬁehlttdthoméelaér?dk)ncbd- Vallul{serublidy, aNeshkaldmef (2-wat rmmltmdec aci d);
20( 25) N-Leu (or Nle): Norleucine; (26) Abu: a-Am nobutyric Acid; (27) Tau:
Taurine: (ug:g])g MEpRCHtER Ry TpPEIH S &0 20put 10dd o tadout Llewd eprreoy ,CJ e:

crl o ugine (. Al AL ORI oL, 2L L ahap o) 5B
al | o SOA&%&??H the presence of the foregoing test substance is measured to thus
determine the CaSR agonist activity of the test substance.

Moreover, as tests for determining the CaSR activity, there may be
listed, for instance, those described in the following Test Examples of this
specification, but the present invention is not restricted to these specific ones

15 atall

In the composite kokumi-imparting agent according to the present
invention, the amino acids or peptides used in combination with the
lanthionine derivative of the present invention are one or at least two amino
acids or peptides selected from the group consisting of y-Glu-X-Gly wherein

20 X represents an amino acid or an amino acid derivative, y-Glu-Val-Y wherein
Y represents an amino acid or an amino acid derivative, y-Glu-Abu,
v-Glu-Ala, y-Glu-Gly, v-Glu-Cys, y-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn,
Asp-Gly, Cys-Gly, Cys-Met, Glu-Cys, Gly-Cys, Leu-Asp, D-Cys, y-Glu-Met (0),
v-Glu-y-Glu-Val, y-Glu-Val-NH», vy-Glu-Val-ol, vy-Glu-Ser, vy-Glu-Tau,

256 y-Glu-Cys (8-Me) (0), y-Glu-Leu, y-Glu-lle, y-Glu-t-Leu andy-Glu-Cys (S-Me).
In this respect, the term “amino acid” includes neutral amino acids such as
Gly, Ala, Val, Leu, Ile, Ser, Thr, Cys, Met, Asn, Gln, Pro, Hyp and t-Leu;
acidic amino acids such as Asp and Glu; basic amino acids such as Lys, Arg
and His; aromatic amino acids such as Phe, Tyr and Trp; and homoserine,

30 citrulline, ornithine, a-amino butyric acid, norvaline, norleucine, and taurine.

20



Furthernore, the term"am no acid derivative" neans various kinds of
derivatives of the foregoing am no acids and such derivatives include, for
i nstance, special amino acids, artificially synthesized am no acids, am no
al cohols, or the foregoing am no acids in which the term nal carbonyl
groups 30 and/or amino groups, or the side chains thereof such as thiol

group of MGURLS! e RS BUPSELALE] HBR HaLd ofy QLySURRELL B Sy Speci fic

exanpl es such su s1nc gr oups, droxyl

group, ammﬁzaﬁgur@m@tml@%@%rgém,veﬂhbhqngymméBleffzﬂxhs%a@ps and
various kinds of protective groups. Specific exanples of the foregoing

am no acarttibciddyi \S&hth{&zem@dmd&) Nagidai (daehr diaving: a Ahgn(iNG29inaceous
S-nitrocysteine: 0{5 (SNO); S-nethylcysteine: Cys (S-Me); S-allyl cgst ei ne:
Oys (S afenfigurafion) neeah @e: tevallengipe, a:ﬁalomqmm a-amino-1sobutyric " aci

(2 azg)noSrret In t connect,i.on, the.pept,i de:

oy %ﬁ@la@lyeuéila'}?#?wg %%&“P.]éa M6 s 12 JEpoaRert »eg%t ed by

t he foll t d t he
foregoin grglrr%il g a;/llg% H{ %{%% iag ﬁtd%(f gﬁ)a%@%\é? ?gpﬁ%%% at these
pepti desaganh dvideon d%mivfaw(fiegash%té(hfcmltat i ereforabB atiyarhidPReRT bPG | ny-G u

means that another amino acid residue is |inked to the glutamc acid
t hr ough dedvetivedhgteofothgr thaesemsteior (Cye).y- position of the latter. 15

SN trosog)ut gt e () The,Lant o on e degvatves, and the o egoi o
?ﬁre;y%;mfesf(ew ng@ab%%ma@%n%hloe%ﬁe(c\ﬁ%r cially avail abl e ones. Moreover,
(1) Gly: Glycine; (2) Ala: Alanine; (3) Val: Valine;
(4) Leu: Leucine; (5)lle: Isoleucine; (6) Met: Methionine;
(7) Phe: Phenylalanine; (8) Tyr: Tyrosine; (9) Trp: Tryptophane;
(10) His: Histidine; (11) Lys: Lysine; (12) Arg: Arginine;
15 (13) Ser: Serine; (14) Thr: Threonine; (15) Asp: Aspartic Acid;
(16) Glu: Glutamic Acid; (17) Asn: Asparagine;
(18) Gln; Glutamine; (19) Cys: Cysteine; (20) Pro: Proline;
(21) Orn: Ornithine; (22) Sar: Sarcosine; (23) Cit: Citrulline;
(24) N-Val (or Nva): Norvaline (2-aminovaleric acid):
20 (25) N-Leu (or Nle): Norleucine; (26) Abu: «a-Aminobutyric Acid;
(27) Tau: Taurine, {(28) Hyp: Hydroxy-proline;
(29) t-Leu: tert-Leucine; (30) Cle: Cycloleucine;
(31) Aib: a-Amino-isobutyric Acid (2-methylalanine);
(32) Pen: L-Penicillamine; (33) allo-Thr: allo-threonine;
25 (34) allo-lle: allo-Isoleucine.

Furthermore, the term “amino acid derivative” means various kinds of
derivatives of the foregoing amino acids and such derivatives include, for
instance, special amino acids, artificially synthesized amino acids, amino
alcohols, or the foregoing amino acids in which the terminal carbonyl groups

30  and/or amino groups, or the side chains thereof such as thiol group of

21



20 necessary, according to any known nmethod such as (1) a chem cal
preparation nmethod or (2) a nethod for the preparation thereof while using
an enzynme, with the chem cal synthesis nethod being nore convenient. Wen
chem cally synthesizing the | anthionine derivative and the am no acid or
pepti de used in conbination therewith, the peptide nay be sem -synthesi zed
or syntheskz: i : i de- . I L he hsted, for
nst ancer HRoSar AbsRRERLHE SYRHORE et Gl SES B R E
chem cal ychsyibdtesienitH gneratbedkyTheupephtdesmyipkhrs 2841 ae6ep didigide the
foregoi ng nethod can be purified by the usual technique such as the

i on- exc hargesc htlgnatoge aphyps.ectirm gue;pd, belfoayé psedpphadeyhiighs pardsor mance
l'i quid chyomat ography techni que_or the affinity chromatography technique.
Such a s@ﬁ iROpARE FEpHPee SYRRCHEG exafeblesd of othmdoreroingbatyenacisept i de

purifi cation net hod,have been wel. .kno ha~this art. . Eur Dr e,
then br ol A TEnE Oy e e e sre i atsing: GYRISSOR de
used in i W eTaRpl i r A i i f an
R e A S i AR e D
pr epar edVakbidtgi rgid ovalins! i (Esdance 3-hleehviel hodadoscl Used. i n The thanphl et
of the published International Patent plication No. WO 2004/011653. In
ot her wotdsechinathadentidd: vrGh-GypdpiN@eGhnused tinrthiinapedfichosylisgroup i s
converted into its ester.or.amgde formis reacted wth another j no acid
whtoh 1 SoeeE e RaEt i hd el Suu R Ha e 8o oS BaP B or oup
IS te N [ i n hen t he
e e S G A (el
product . mERas RRAt thlesPp QHuddd @RheZYdR SulBR st Rire, | TheUdgnhdIok-)
instance, a culture of a m croorgani smhaving an ability to produce an

i nt endedaprgarine inyHduceiehnb dbind siroitheh e nminor ood garidm 1ssbhhtédo2bhef rom t he
culture or a product. obtained by treating the cell bodies of the

mi cr oor gélﬁﬁt%%w se1d ﬁ}éf%@g} %%-Cﬁifw&srﬁﬁpwﬁet @8r thred-nassbipe 1 the

m cr oor i sm Mreover, the peptides usable in the present invention are
sonetines present in plants such as vegetables and fruits, m croorgani sns
such as 30 yeast, and other naturally occurring substances, in addition to
t hose synthesized according to the forgg%gng enzymati cal |y synt hesi zi ng
and chem cal ly synthesizing nmethods. |fy¥hey are naturally occurring ones,
it is also possible to extract themfromthe naturally occurring substance
and to use the sanme in the present invention. The kokum -inparting
agent or the conposite kokum -inparti agent according to the present

i nvention may %e used as a i Wi t hout subjeéfting the sane to any
further treatment or after Bblendingfthe sage with carrier acceptable as
an i ngredpent-cfor fo ever ages and/&r ot herc-seasoni ng i ngredi ents.
Exanpl es of suc i i ent s

ZlHite.

X
™
O

15 S-Nitrosoglutathione (GNSO)

The lanthionine derivatives and the foregoing amino acids or peptides
used in combination with the lanthionine derivatives may, if any, be those
commercially available ones. Moreover, they may likewise be prepared, if

20  necessary, according to any known method such as (1) a chemical
preparation method or (2) a method for the preparation thereof while using

an enzyme, with the chemical synthesis method being more convenient.
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10 include flavor, saccharides, sweeteners, edible fibers, vitamns, am no
aci ds such as sodiumglutamate (M5G, nucleic acids such as inosine
nonophosphate (1 MP), inorganic salts such as sodium chloride, and organic
acids such as citric acid, as well as a variety of yeast extracts. The

| ant hi oni ne derivative and the am no acid or peptide used in 15 conbination
t her ewi t Whmyctenicallyhentiosaiviof el lhathivhene Hbgvhart hindniHees derd ¥aki ve and
the amino acid or peptide used in conbination therewith can formsalts, it

i s suffiei eeptideatusede s a¢arsbiaragigrhdheseeithi ctlid yedeptmby ebansemii bl e
ones and specific¢c exanp] es of such salts include ampniumsalts, salts with
al kal i STHRESiER wraﬁgné%%ﬁla%é aﬁalgp%tpﬁggﬁﬁrﬁyr%ﬁp%@ dgviee. allgreieay deeart h

nmetal s sy a Cl n esi al um.num sal.t s, zing salts, . salts

W th or olRA” Taf P " T RREE e PR R B e R ok

pyr o) i digdEgoiRk PRhEAIAALy PLPRIRSL]A8g antkidbayc! q*HzcﬁX%{éma@% Adspalts wth
basi ¢ am no acids such as arginine and |ysine, for the aci ch groups of the
f or egoi ngeededingatd viee dobgamnenattiod @m peppurdéed ush ths wanbaxyhngiepup. 25
Mor eover, specific exanples of such salts include salts with inorganic

aci ds suthags hydr suhesehansscraromatosurply derhniphosthitoreveraed dvhasiet ri ¢

aci d and,_hydrobr.om ¢ rboxg/l i C i ds fisuch as

acid, salts with organic_c
Bceti o Rt BTRPIRARES o TR GRE e R o) CCRIC f (rmihe SEMHI: ar tar i
acid, s i ' AN ci tyr id, .0l ' of ic
aci d, eﬁ%ﬁz‘pﬁ}a@o%;&y E‘Iecar% F% Sg%%l?gl, g%%ﬁﬁsg %%%tgﬁ? Qég#ﬁ}:% ‘Ji; 21*1%%% , lactic
aci o oxatd chachtbseqansiebeptideighrefichtiorlmahad Havandesaksl Widwin @hgani ¢
sul foni c _acids such as nethanesul fonic acid, benzenesul fonic acid and
p-tol uentddsakt oni c acid, for the basic groups of the foregoing derivative
and am no acid or peptide. The | anthi onine derjvative, the kokum -inparting
agenta. the f %rt@}e Bposi .heéh,ptr_SPa]flﬁg gt&ﬁrﬁé@it Ok r}f‘f%‘éﬁ t3 i tbf@enzj
accordi 10 ..an r uch as a dry
poudery Faii WL B3] NEED i oBlh s ARE A MO T T e iR
physi cal wRepgakigs ubberesf endge! and MtHioQired M4 1iVe arldNgre amino
kokum -inmparting agent, the food 10 conposition, or the conposite .
kok ursi - |ar![:nférmn m?p@gl?ntalacb@_rmepgrﬁtf&) at:t{gdmngzi@gtfor MG b i) tﬁmn nbﬁh?éeg whi | e
i ncor por ati.ng into a variety o ods . and beverages such as a food, a
bever agelisglnged 1k dBe Ripeplet 0§¥h¢/\ﬁ§%ﬁﬁ§?%ﬂm¥@a¢w ifeheReApBliceteRve, the

kokum -i atxt A =l he_food conposition, or .tthe c osi e

_kokum' - |Iqr7183a?‘1ti(ib %g]o_g‘gjent%ﬁg’mg?dﬁﬁar to 15 thé I%frneos%(f‘}fl ?rn%%?%tﬁéwl}oée

i ncor por@binifal tarbdkl Brotds i€t Rirtd LS BOdRBVE' A0S BUGH 185eAtbgod, a
beverage, and a seasoning, the final anount of the |anthionine derivative

and t hosweithf atdibeammmaacids whiclt e ipept fidesstasedsudh aordy aatinonaoMit h t he
former are not restricted to particular anmounts, inasnuch as they can show
t he esi Wheseeaihorybirewe ipiegsted) ety presange dor peptidemneduofionhe

| ant hi oni ne derivative and/or .t.hat,of t.he amno acid.or t tide each
range f r%yé‘b%tﬁm?(ghﬁﬁbt CorElps 9{3‘3?’55’/?39 %ggé?el%“%ﬁ &t é’b‘ifg?%{]gg@tth@.&"05 ppm
to abouty;99. 9% BYiFBs $rARMcTOME, PLEhBRAR YA i bQUte; 9- 9% by
mass, re%lpectt%l ve‘?gi}, oﬁ)rtﬁemggsrlﬁ}s @?Bt hetﬂtrot aPﬁbrr%s%zjov tmelgg%%dg eélger age or
seasoni ngichide, Mer linkeanceh | culigirpr €5 anmibfoesdhiom Havihs a4 HbiRGsIbbl e to
i ncorporate other additives acceﬁt abl e for foods and beverages such as any
sol i d orpHodyga¢ éin intended peptide; the cell bodies of the microorganism isolated
25 from the culture or a product obtained by treating the cell bodies of the
microorganism; or the peptide-production enzyme derived from the
microorganism.
Moreover, the peptides usable in the present invention are sometimes

present in plants such as vegetables and fruits, microorganisms such as

30  yeast, and other naturally occurring substances, in addition to those
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carrier and appropriate seasoning ingredients, into a variety of foods and
beverages such as a food, a beverage, and a seasoning, which conprise the
| ant hi oni ne derivative, the kokum -inparting agent, the food conposition,
or 30 the conposite kokum -inparting agent according to the present

i nventi on, incorporated into the sane. Exanpl es of the foregoing

carriersy g@gdgéy&gaﬁ%ﬁ ;tgf %}3? eforﬁg(?lhgs %nzﬁﬁ%r fc@ilg g]mﬁf? 131“%%&[ yI ene

fatty acr gI yceri ene oxyet arc

gl ycol , &ﬁérﬂﬁéﬂ?tdﬂrﬁkﬁé@zﬁ@f Rictlasdd. atlf Yhae hde %r;@raazy 8&h@tiny oddsbymsn, am no
acids, water and physi ol ogi cal saline. The foregoi ng seasoni ng

i ngr edi exlss msebimto pettact chenh frons e hhtwradhescandinmpyulstaany aadas known
inthis art, but specjfic exanples thereof may be those already descri bed
above. useﬁheSamﬁﬁ@tbéﬁﬁéﬁ¥§lﬁweﬂﬁénforegorng carriers and other seasoning
|ngred|ents g ar e.not strrcte ng

art | r, ran
t he for egoi n %‘ﬁ‘r“% 1m61|r Hﬁeﬁggn t(ﬁfe §8a§‘5)m8§8?1ff§c§0 ?‘l‘g@pé‘ﬁf}ngne and
it is noagéﬂtra&spdlhg tmﬁe %éernqﬁkf@ﬁup d}\f"‘%%eﬂt s'és&fs’oh‘i’ﬁ%wﬁ

conditions for the cultivation thereo he net ods for the extractron

t her eof quigdettihey tiet hoce tb@rmytﬂilethe’xeiﬁbﬁlﬁﬂént)tﬁr afrer btarRlinBheeX fle, withe yeast
15 extract usable herein may be one subjected to any treatnent, for

i nst ance? chsder ceetabht as tate mgnedienti for nd%msdn’eevmgeemndé@n otherr eat nent
and/ or pul verizat.ion The, present invention will now be

descr i betr AN dnGERPRCbe) SFaRIRS rof STERCETRY (1 PINEoMh R Esaltpl e,
DU 1 LR, L SO (OB Ry le SRS Th Ve o
( Froc- L-Qesr Chs Bupaiuh, g}marﬁaté ugvsy) - nﬁﬁ%léi@x)é%?dsb%\&’éh LagyShbéige
di-t-butyl ester, 4.81 nmmol) in a m xed solvent of 25 tetrahydrofuran (58.5
m.) and mateph¢niGitel(JMPemargabis sdltphodphi medium chloride, and organic
acids such as citric acid, as well as a variety of yeast extracts.
The lanthionine derivative and the amino acid or peptide used in

15 combinaﬁon therewith may be in the form of salts. When the lanthionine
derivative and the amino acid or peptide used in combination therewith can
form salts, it 1s sufficient that the salts are pharmaceutically acceptable and
edible ones and specific examples of such salts include ammonium salts,
salts with alkali metals such as sodium and potassium, salts with alkaline

20  earth metals such as calcium and magnesium, aluminum salts, zinc salts,
salts with organic amines such as triethylamine, ethanolamine, morpholine,
pyrrolidine, piperidine, piperazine and dicyclo-hexylamine, and salts with
basic amino acids such as arginine and lysine, for the acidic groups of the
foregoing derivative and amino acid or peptide such as carboxyl gropup.

25  Moreover, specific examples of such salts include salts with inorganic acids
such as hydrochloric acid, sulfuric acid, phosphoric acid, nitric acid and
hydrobromic acid, salts with organic carboxylic acids such as acetic acid,
citric acid, benzoic acid, maleic acid, fumaric acid, tartaric acid, suceinic acid,

tannic acid, butyric acid, hibenzoic acid, pamoic acid, enanthic acid, decanoic

30 acid, theoclic acid, salicylic acid, lactic acid, oxalic acid, mandelic acid and

24



(5.28 mol) was added to the resulting solution with ice cooling and the
tenperature of the resulting mxture (reaction |iquid) was brought back to
roomtenperature, followed by the stirring of the same for 4 hours. The
reaction liquid was cool ed and then a 10% aqueous solution of citric acid

(60 30 n) was added to the reaction |liquid. The tenperature of the
resultin y brought bhack.to .roomte era re a t he

li quid vv%ls 1@'&? ‘?ieﬁét & 1‘9% y‘frggﬁé{f §P§C ?’éoa%‘_i)s Sr‘h‘%‘ g‘gﬁf}ba hus

obt ai nedawas buRshedubhit @&dr&mp{, 1B AGUEAN i€ ATTD oS aikd béals %b&%g gnd then
concentrated to thus give an oily residue. y resid urified 5
usi ng a shd foraggely deelwitivd mbdexane-weidytr pepﬁﬂet e) to thus obt ai n Conpound
1 as an oily ;%roduct. CYield: 97% ESI M5 nmlz 422.4 (M+Na) 1H NMR (400
Mz, CDC13) 61lhe Bmthoming)denvegvé.2khe fokumpdmpaking aderd, hrokmyd, 4. 41
(2H, 7.32 (2H, 7.41 (2H, t,
J=7. Hz?omi?o%lg Oleﬁ’rp e J‘lofméo% q“’%ﬂ“‘?ﬂﬂ 1(‘%?1)&1 BER ﬁ&%@h?iwﬁecthe BUCSH 0
Exanpl e éres%)ﬁ@ﬁﬂ@ér@%l%ﬁgoﬂy%@g % dRETE-NAtH 859 }ﬂ%g ptogﬁde%g%%%?% 1 (6.04

mol ) prepared I n
paste and a solution without any restriction in the physical properties

thereof.
The lanthionine derivative, the kokumi-imparting agent, the food

10 composition, or the composite kokumi-imparting agent according to the
present Invention can be used while incorporating it into a variety of foods
and beverages such as a food, a beverage, and a seasoning.

When using the lanthionine derivative, the kokumi-imparting agent,
the food composition, or the composite kokumi-imparting agent according to

15 the present invention while incorporating it into a variety of foods and
beverages such as a food, a beverage, and a seasoning, the final amount of
the lanthionine derivative and those of the amino acids or the peptides used
in combination with the former are not restricted to particular amounts,
mnasmuch as they can show the desired effect of the present invention, but

20 the amount of the lanthionine derivative and/or that of the amino acid or the
peptide each range from about 10 ppb to about 99.9% by mass, preferably
about 0.05 ppm to about 99.9% by mass and more preferably about 0.1 ppm
to about 99.9% by mass, respectively, on the basis of the total mass of the
food, beverage or seasoning or the like.

25 In the present invention, it is also possible to incorporate other
additives acceptable for foods and beverages such as any solid or liquid
carrier and appropriate seasoning ingredients, into a variety of foods and
beverages such as a food, a beverage, and a seasoning, which comprise the
lanthionine derivative, the kokumi-imparting agent, the food composition, or

30 the composite kokumi-imparting agent according to the present invention,
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15 1 in dehydrated di nmethyl formam de (60 nL), followed by the addition, to
the resulting solution, Boc-iodo-D Al a- Owve

(N-t-but oxycar bonyl- 3-i odo- Dal ani ne net hyl ester) (6.20 nmol) and then

cesi um carbonate (6.02 nmol) and the subsequent stirring of the resulting
m xture (reaction liquid) at roomtenperature over night. The reaction
liquid was then cgol ed, followed by 20 the addition of a 10% aqueous citric

aci d sol HGOEROHE 80 heFarREer (30 m), the extraction of the mixture with
ethyl acetat eE&QQxHﬂE% of 3 fbpg%cgﬁ%g%%%{e?g ’ilf_{']l(ﬂ{det %glﬁ?%&(a%gt&s'e,”%ﬁcﬂ;set he

aqueous phase wth ethyl aceta e or phases’ t'hus obt ai ned
were conbidiel, t agethes], ddareonhogd aiganifphnse }ﬁ@?e‘ﬁﬁ?&%@ difeqr der,
with a 10% aqueous citric acid solution (50 nL) 25 and an aqueous conmon
sal t sol bydmxyesoyinsiarcandthnlenet glycol, garlyexptthsenwasodotmentatat edid The
resulting oily resid was purified using a sjlica gel colum

( n- héxangsterigelaidns atbbayming apHyg asids euehsasdryaelogiradisplingr oduct .

Yield: 66% E , L2 + NVR (.4Q0 A 13 . 1.45 (9H,
5 1 a9 (on, 1oy Diflisfi et RN I e T eiomey (4 e
(2H d, Jﬁ&-@aﬁ%&ar@wﬂﬁe‘s‘krﬁ)@vﬁ 2ch1D art b3t sfekitic BEShmplaSeifrbg) ma3z 80 _(1H,
brd, J=6.8 Hz), 7.32 (2H, m), 7.40 (2H, t, J=7.2 Hz), 7.63 (2H, , 1.77
(2H, d, tloketlizydy descbadplevd: Synt hesis of Conmpound 4 10 (Step 1):
Conpound 2 (4.01 mmol ) prepared in Exanple 2 was dissolved in 70 nL of

di chl or onet haA&e coptentyef bae tenegorrs epTasn)d odisr shasrningdugreliehts
resujtin olutio he resulting mxture (reaction liquid) was stirred at
roonh en%%ciﬁ%er Eoﬁlgersttlgﬁ@dht&ﬁl}y B%Htl?ll"llg‘rrréﬁ £ion Iiquid was concentrated to
thus give a rasi A, 1 : rasi C I.ni npound
315 wes used T T UReTh R TR hsted e AR SRR R0
assunpt i gy tdmat aidét W ebidliefitddin elepelnddvasrass wikeh 10iPeeH00%0 tHHFNDC

NH2TFA HOC]VE 030 t(St ep 2): Dehydrated dinethylformam de (60 nl) was added
t o Conpotmyligions for the cultivation thereof and the methods for the extraction
thereof and the methods for the treatment of the same. Moreover, the yeast
15  extract usable herein may be one subjected to any treatment, for instance,
'heat—treatment, treatment with an enzyme, concentration treatment and/or
pulverization treatment.
The present invention will now be described in more detail below with
reference to the following Examples, but the following Examples never limit
20  the scope of the present invention at all.
Examples
Example 1: Synthesis of Compound 1
There was dissolved (Fmoc-L-Cys-Ot-Bu)s (N,N’-difluorenyl-

methoxycarbonyl-L-cystine di-t-butyl ester, 4.81 mmol) in a mixed solvent of
25  tetrahydrofuran (58.5 ml) and water (1.5 mlL). Then tributyl phosphine
(5.28 mmol) was added to the resulting solution with ice cooling and the
temperature of the resulting mixture (reaction liquid) was brought back to
room temperature, followed by the stirring of the same for 4 hours. The
reaction liquid was cooled and then a 10% aqueous solution of citric acid (60

30 mlb) was added to the reaction liquid. The temperature of the resulting
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20 (equivalent to 4.01 mml) prepared in the foregoing step 1 with ice
cooling to give a uniformsolution and then diisopropyl et hylam ne (8.04
nmol ) was dropwi se added to the uniform solution. The tenperature of the
resulting mxture (reaction liquid) was brought back to room tenperature,
carbonyl bis-imdazole (8.10 mmol) was added to the m xture and the
reaction_j.i.qui t.h T I ] r eat t. A 10%
aqueous %%OP ?‘ycﬂ%%%%%agl Eﬁ%{t&%&nﬁ?e{v‘?g?‘g gg@?&%ﬁiﬁehgﬂge%lc iﬁgﬁ‘ﬁ?i i d under
cool i ng afghastadr withOete@Ndiita@n$60 HiTE). t eMmesalaie phhst BBus 8864ineR Wadui d was
brought back to roomtenperature, the reaction |liquid was then extracted
Wit h et hyiasheét atigh (800 )of tame aguewss cpimasen wasltf sohitem extd atdteed Wit h
ethyl acetate and _the resulting organic phases were conbi ned together. This
or gani ¢ pHsaRHEdies HEgs B alwlh tesiding agUo gslycrasidee a¢as pesifiad on (50

m.x2),. and then once w th an ,agueous n,salt | ution, followed . by the
Conctht r P ot YRR R IRSSEEERTT DR AP dp RGur abP e SmtRasLl ¢ | ng
10 resi dyg wWasiPiFdchicgd using a silica gel colum (n-hexane-ethyl acetate)
to thus give Con%lf)uné: 4 as an oily product. Yield: 39% (overall yield for
the forel§nildg9T4o steps). ESI M5 mlz 448.5 (MtNa)- H NMR (400 MHz, CDC13)
62.71 (1H_.dd, J=9.2, 14.4 Hz), 2.78-2.90(2H, m, 15 3.02 (1H d, J=14.4

Hz), 3.8BSIMS mjz 428.36M VRt . J=6.8 Hz), 4.40 (2H, d, J=6.8 Hz), 4.56

S5 oy B of ViR, (HOE )t 50 kanC ehre o8 slm) B8 (B 4o 5e88 (G

J=7. 8, Hz}3.., O N,.. N appke- 4. thes) und 6
(St eﬁJ 1) ?{Z)ro‘i'go[rﬁ%gar‘? =?-5?*1(.‘?4@%-%gérﬁﬁpgfﬁa”’?n}%@n%e @% %h@gﬁ%&g added
a 10% o, phal. 2 18 di7 et (291, fo eeme ¢y spl7gtben o 478 1H-anhd the resulting

m xture (reaction liquid) was stirred at roomtenperature for 30

NHFmoc
t-BuO SH

0]
1

Example 2: Synthesis of Compound 2

There was dissolved the compound 1 (6.04 mmol) prepared in Example

15 11in dehydrated dimethylformamide (60 mL), followed by the addition, to the
resulting solution, Boc-iodo-D-Ala-OMe  (N-t-butoxycarbonyl-3-iodo-D-
alanine methyl ester) (6.20 mmol) and then cesium carbonate (6.02 mmol)

and the subsequent stirring of the resulting mixture (reaction liquid) af roomn
temperature over night. The reaction liquid was then cooled, followed by

20  the addition of a 10% aqueous citric acid solution (50 ml.) and water (30 mL),
the extraction of the mixture with ethyl acetate (60 mL), and the extraction,

for the second time, of the aqueous phase with ethyl acetate (60 mL). The
organic phases thus obtained were combined together, the combined organic
phase was washed, in order, with a 10% aqueous citric acid solution (50 mL)

25 and an aqueous common salt solution (50 mL), and then the organic phase
was concentrated. The resulting oily residue was purified using a silica gel

column (n-hexane-ethyl acetate) to thus give Compound 2 as an cily product.
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m nutes. The reaction |iquid was then concentrated to give a residue 25
cont ai ni ng Conpound 5. The residue was used in the subsequent reaction

Wi t hout any pretreatnent on the assunption that the yield of Conmpound 5

was assunmed to be 100% O HzN,i-NH O NsOwe 5 (Step 2): There was

di ssol ved Boc-L-G u-OBu (N-t-butoxycarbonyl-L- glutamc acid a-t-butyl
ester) (x]z%f]g: g8gnl ) in dehydrated dinmethylformamde 5 (9 nL) and then there
were added, to the resulting solution, HOBt H20 (1-hydroxybenzotriazole
hydr at e) EGI 8§ ok 1anad VB¢

HC1( 1- ( 3-di net hyl am nopr opyl) - 3- et hoxycar bodi i m de hydrochl oride) (1.90

mol ) antHt NeARt(HE0rMELd, tGCIDGLai Xtludd (BHs sst 1.49e@Hats)r 8dr (BfpenaBite for 15
m nut es. the m xture, there was adde npound 5 (equivalent to 1.54
ol ) suSHErtled-TolHh GREthoF 4Rt o d¢ I HorAE Hos EaM: Mon Svits

cont inued at t r r er ni A r t.i.0 i.quiLd was
concent rgtPg’dk,) J‘#%g]rf; é§%5’e§?ﬁég}g§5%6,hg@§ ?@eﬁ%@?i Wg’af égl @EL ,t’ gf’“ﬁ}%

acet ate {199 Mk} (aRd pyatery (039 Jrid=4@ Hfjus separate the mxture into phases
and to renove the organi c phase and the aqueous phase was further extracted
with ethyl acetate (50 15 nlL) The organi c phases were conbi ned, washed with
an aqueous sodi um bi carbonate solution (50 nL) and an aqueous conmon salt
solution (50 nL)NHFwmblcowgkBby t he concentrati on of the organic phase to
give ap i ke residuk, THg.resulting paste-like residue was purified
usi ng a S?HQ% gel ?Bl\ﬁrr%\@’n@ﬁ]eexane- ethyl acetate) to thus give Conpound 6
as an oily presluct. 20Yield: 81% (overall yield for the foregoing two

steps). ESI M5 miz 490.0 (1VI+H)+ 1H NVR (300 MHz, CDC13) 5 1.44 (9H, s),
1.46 (9H, s), 1.90 (1H, m, 2.17 (1H m, 2.32 (2H m, 2.60 (1H dd,

J=10.5, {kdadh B, SInPes 88CHAPouTky 4 3- 18

10 (Step 1): Compound 2 (4.01 mmol) prepared in Example 2 was dissolved in 70

ml of dichloromethane, trifluorcacetic acid (70 mL) was then added to the
resulting solution, the resulting mixture (reaction liquid) was stirred at room
temperature for one hour, and the reaction liquid was concentrated to thus
give a residue containing Compound 3. The residue containing Compound 3
15 was used In the subsequent step without any pretreatment on the

assumption that the yield of the compound was assumed to be 100%.

NHFmoc NH,*TFA
HO S OMe

0 3 O

(Step 2): Dehydrated dimethylformamide (60 mL) was added to Compound 3
20  (equivalent to 4.01 mmol) prepared in the foregoing step 1 with ice cooling to
give a uniform solution and then diisopropylethylamine (8.04 mmol) was
dropwise added to the uniform solution. The temperature of the resulting
mixture (reaction liguid) was brought back to room temperature, carbonyl

bis-imidazole (8.10 mmol) was added to the mixture and the reaction liquid

28



(1H, dd, J=6,0, 14.7 Hz), 3.84 (3H, s), 4.46 (1H, m, 4.80 (1H m, 5.19
(1H, d, 25J=8.1 Hz), 6.32 (1H, d, J=8.1 Hz), 7.09 (1H, brs). 6 Exanple 5:
Synt hesi s of Conpounds 8a and 8b (Step 1): Compound 6 (1.25 mmol) prepared
in Exanple 4 was dissolved in tetrahydrofuran (30 nL), and a 0.2 M aqueous
l'ithium hydroxide solution 5 (2.50 nmol) was added to the resulting

sol ution r.i¢ce-coolli .and spirrin onditions., Atter 30 mnutes, the
resul ti n‘éV%rgrldtx “Or ée:t_%rvaf};ﬁ %‘é%}glrlglﬁ ?fé%hcflg A AT of ‘%&8% a@“‘ﬁ@?ﬁ&“ﬁm_m%
aqueous gl sfuBbhd(5OHIL) fRs ddfed STRRE ALUERORT 14 Hha&%ﬁozﬁ{ljgg&d on

| i quid) was brought back to roomtenperature, the reaction [1q was then

concent r aisdngrdndittoreonhent mpeeatiewdshextenatibadidiidesad 'bﬁ&ii%]h/ﬁ bdrket hyl
acetate (20 nmLx3) to obtain an extract or_ an organl c phase. The aqueous
phase wat® foemhéempgritaceedhe hieacaoni iaust s abenatgreaedmwd) ethile

I 11 i h nbi ned hed with.
Commoh SaFeHollbOPORTL DAL PUFAL: HERCEORGantHabEr THrEHios CHMpGURE 7 The
resul ti ngce(;ﬁ{g)%'ﬁr% tHe VRS USE ndrgﬁé& %}Hgse;éljgf ?E&%bf}fe%méég&h\émrt h’gﬂt any

pretreatnent on the assunpti ereo assune *SO be

100%  orkalnSt Ragd wakOwGoHRD bRthe A (tBOL NOSPRRTLMG: tifrid 2R BHRkorPfzePar ed in
the foregoing step 1, there was added a 4N hydrochl ori c aci d/ di oxane

sol ut i onmi2&)2mdthen dotd widdabypqukeus eanmansalt sohesen, folipeeditysttat r oom
tenmperat gornecentration of the organic phase to give an oily residue. The resulting
10 residue was purified using a silica gel column (n-hexane-ethyl acetate) to
thus give Compound 4 as an oily product.
Yield: 39% (overall vield for the foregoing two steps).
ESTMS m/z 448.5 (M+Na)*
1H NMR (400 MHz, CDCl3) § 2.71 (1H, dd, J=9.2, 14.4 Hz), 2.78-2.90 (2H, m)
15 3.02 (1H, d, J=14.4 Hz), 3.86 (3H, s), 4.20 (1H, t, J=6.8 Hz), 4.40 (2H, 4, J=6.8
Hz), 4.56 (1H, dd, J=5.6, 9.2 Hz), 4.68 (1H, m), 6.30 (1H, d, J=5.6 Hz), 7.32

(2H, t, J=7.6 Hz), 7.40 (2H, t, J=7.6 Hz), 7.60 (2H, d, J=7.6 Hz), 7.77 (2H, 4,

b

J=7.6 Hz).
0
FmocHN/,,(“\NH 0
SﬂOMe
4

20  Example 4: Synthesis of Compound 8

(Step 1): To Compound 4 (1.54 mmol) prepared in Example 3, there was
added a 10% morpholine-dimethylformamide solution (14 mlL) and the
resulting mixture (reaction liquid) was stirred at room temperature for 30
minutes. The reaction liquid was then concentrated to give a residue
25  containing Compound 5. The residue was used in the subsequent reaction

without any pretreatment on the assumption that the yield of Compound 5
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overnight and the reaction liquid was then concentrated. The resulting
paste-li ke residue was purified using a strong acid type ion-exchange resin
(Amberlite 1RA 400 OH AG to thus obtain two fractions. A part of the
fraction eluted earlier was further purified by the reversed phase
preparative HPLC (col um: Devel osil RPAQUEQUS- AR-5; nobil e phase: |inear
gradi ent _of water/.aceto '@&ile containing 0.1%formc acid) to thus give 5
Cbnpound“ﬁﬁ‘%§“§¥§%8§F3g¢ ten-1i ke product. On the other hand, the fraction
eluted | ater was concentrated to give a white solid. The white solid was

di ssolved in water and the resulting aqueous solution was |yophilized to
give a residu® The resulting residue was washed with water according to
slurry-M@%NQn ﬁﬁhn'que to thus give Conpound 8b as a white solid. 10
Conpound 8a T(ESI z 318.3 (MH- "HNW (600 Mz, D2 0) 62.13 (214, m,
2.50 (2H, t, J=7. 2.64 (1H, d, J=15.0 Hz), 2.83 (1H, dd, J=10.8, 15.0
Hz), 3.02 (1H,Sdd, J=>'%, 15.0 Hz), 3.15 (1H, dd, J=5.4, 15.0 Hz), 3.83
(1H, t, J=6.0 Hz), 4.55 (1H, dd, J=2.4, 5.4 Hz), 154.91 (1H, dd, J=2.4,
10.8 Hz). Cbnpéund 8b Yield: 26% (overall yield for the foregoing two

t i | 8. 60Q3 M 2 .+ ), 2.48
?2&?52 , E?:t?g{g 22&)3%%72%%%@3&?%&%%%? },392'(%; (gilﬁ’?’%ég%:ll .2, 14.4

Hz), 2.88lutdidc add a-d30it§] edtbrH{1HZ) mBoDSn(ddhydtatetEddndtiiormhndile( 1H, t,
704 M5 ity i thon therd were e, o the Tesufting solition, HOBt - Hs0
(1-hydroxybenzotriazole hydrate) (1.85 mmol) and WSC - HCI (1-(3-dimethyl-
aminopropyl)-3-ethoxycarbodiimide hydrochloride) (1.90 mmol) and then the
resulting mixture was stirred at room temperature for 15 minutes. To the
mixture, there was added Compound 5 (equivalent to 1.54 mmol) suspended
10 in dimethylformamide (20 mL) and the reaction was continued at room
temperature overnight. After the reaction liquid was concentrated, there
were then added, to the resulting residue, ethyl acetate (50 mL) and water
(50 mL) to thus separate the mixture into phases and to remove the organic
phase and the aqueous phase was further extracted with ethyl acetate (50
15 ml). The organic phases were combined, washed with an aqueous sodium
bicarbonate solution (50 mL) and an aqueous common salt solution (50 mL),
followed by the concentration of the organic phase to give a paste-like
residue. The resulting paste-like residue was purified using a silica gel
column (n-hexane-ethyl acetate) to thus give Compound 6 as an oily product.
20 Yield: 81% (overall yvield for the foregoing two steps).
ESI MS m/z 490.0 (M+H)*
'H NMR (300 MHz, CDCla) & 1.44 (9H, s), 1.46 (9H, s), 1.90 (1H, m), 2.17
(1H, m), 2.32 (2H, m), 2.60 (1H, dd, J=10.5, 14.1 Hz), 2.92-2.98 (2H, m), 3.18
(1H, dd, J=6.0, 14.7 Hz), 3.84 (3H, s), 4.46 (1H, m), 4.80 (1H, m), 5.19 (1H, d,
25 J=8.1Hz),6.32 (1H, d, J=8.1 Hz), 7.0 (1H, brs).
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8a 8b Exanple 6: Synthesis of Compound 9 There was di ssol ved
D-cystine (5.20 mol) in a 60% aqueous perchloric acid solution (2 1 nl),
t-butyl acetate (12.6 nmlL) was dropwi se 5 added to the resulting solution,
the m xture (reaction liquid) was stirred at roomtenperature for two days,
the reaction liquid was ice-cooled and the pH value of the |liquid was
adjusted to a | evel of about 11 using a 4N aqueous sodi um hydr oxi de
solution. The tenperature of the reaction liquid was brought back to room
t enper at ur e, thakﬁﬁgctlon Oiquid was extracted 6 tinmes 10 with ethyl
acetate g%gch) and t held Nre ting organic phases were conbined together,
fol |l owed by t t hdWidophl ned organi ¢ phase over sodiumsulfate
and the subse ent co cen rati/onof the organic phase to thus give Conpound
9 as an oily product. Yiel 2% OMe ESI M5 mlz 353.2 (M+H) 1H NWR (400
MHz, CDC13) 8: 1.48 (18H, s), 2.88 (2H dd, J=8.0, 13.2 Hz), 3.14 (2H, dd,
J=4.4, 13.2 Hz), 3.69 42H, dd, J=4.4, 8.0 FE) NH20 t - BuOS-sz<I LO - Bu ONH2

9 20 Examla?m;lé .%Qh@ﬁééﬁ onomdSé'Qnd 8b

(Step 1): Compound 6 (1.25 mmol) prepared in Example 4 was dissolved in

tetrahydrofuran (30 ml), and a 0.2 M aqueous lithium hydroxide solution
5 (2.50 mmol) was added to the resulting solution under ice-cooling and
stirving conditions.  After 30 minutes, the resulting mixture was
neutralized to a pH value of about 6 using a 10% aqueous citric acid solution.
The temperature of the mixture (reaction liquid) was brought back to room
temperature, the reaction liquid was then concentrated and the concentrate
10 was extracted three times with ethyl acetate (20 mLx3) to obtain an extract
or an organic phase. The aqueous phase was further extracted thrice with
ethyl acetate (20 mLx3), the resulting organic phases were combined
together, washed with an aqueous common salt solution (10 mL) and then
concentrated to give Compound 7. The resulting Compound 7 was used in
15  the subsequent reaction without any pretreatment on the assumption that

the yield thereof was assumed to be 100%.

NHBoc
t—BuO NH O

i
(Step 2): To Compound 7 (corresponding to 1.25 mmol) prepared in the
foregoing step 1, there was added a 4N hydrochloric acid/dioxane solution (25
20 mlL), followed by the reaction of these components at room temperature
overnight and the reaction hquid was then concentrated. The resulting

paste-like residue was purified using a strong acid type ion-exchange resin
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There was di ssol ved Conpound 9 (3.70 nmmol ) prepared in Exanple 6 in
tetrahydrofuran (40 nL) and then Fnoc- OSc

(N-(9-fl uorenyl - net hoxycar bonyl oxy) - succi ni mide) (7.40 nmmol) was added to
the resulting solution. This reaction |iquid was ice-cool ed,

N- net hyl - nor pholine (7.46 nmol) was dropwi se added to the reaction liquid

and the m xtur stirr rnight without any treatnmept. To S

reacti on@ﬁn ﬁfﬁf‘ewiﬁ r%b@ve(“?g gﬁe@ gli“ﬁ 0L byva %%@UWE' a‘[ﬁ]cpaa‘:[l‘?ﬁ’/gllﬁ?queous
citric agidiisql yhd ( ‘nl.) t r.age it 11t i L fferent
phases t%laggt%gi ;gué%@or%gﬂ%g% p %seﬁﬂl?' %erp]g%ﬁpt%fing%’o[@ggn%&ghg%g gjééséef urt her
washed tprgmvativia BPIAY0 (Q6lueens [Ndvel bkl RPAQSHOUIOARBS nidhilanthaap; agueous
comon salt solution (25 nlL), and then concentrated to give a sSlurry-Ilike

r esi due. lifther gradieyt bi wetaréuietivetwde copuirihingd).0%i fogreac scid)da thek goal umm
(n-hexane- et hyl Cﬂéetate) to thu obtaT'{n 10 .Conpound 10 aﬁ a white solid.
Yiel @ s4ompesndvEanpy Brdiept gipgplike produchy NpRthacsharhanchdls) s:

5 75 (2aiactibn ghofeh 8 Wit sode el odive & GRidksohia, ndhupiig e Ly ¢
o), 7. 28 abdfissdhved i/ v 2 d METFRGO idha b NGRS 100 EXABRS, 6 1o

Synt hesi s of Conmpounds 8c and e sane procedurés used I n

Exanpl esgivet ® résiviere fepeatettiex ceptlubona?®asbiedgyiThnpatmdadOrdiesctd bed in
Exanple 7 as a starting material to thus synthesize Conpounds 8c and 8d.
Conpoundslogresiasimngtechaque te rny siyevRmpeopdNizas a3elote solig, 10 (211, ),
2.440(2H 2. g (1H, brd, J=14.4 25 Hz), 2.79 (1H, dd, J=10.4, 14.4 Hz),
2. 98 1HCHROW0B " 14 8 Hz), 3.11 (111, dd, J=6.0, 14.8 Hz), 3.80 (1H t,

J=6.0 HzESIngn}(Z@g&gglql,_Hg;z. 8, 6.0 Hz), 4.81 (1H, dd, J=2.0, 10.4 Hz).
LH NMR (600 MHz, D, 0) § 2.13 (2H, m), 2.50 (2H, t, J=7.8 Hz), 2.64 (1H, d,
J=15.0 Hz), 2.83 (1H, dd, J=10.8, 15.0 Hz), 3.02 (1H, dd, J=2.4, 15.0 Hz), 3.15
(1H, dd, J=5.4, 15.0 Hz), 3.83 (1H, t, J=6.0 Hz), 4.55 (1H, dd, J=2.4, 5.4 Hz),
15 4.91 (1H, dd, J=2.4, 10.8 Hz).

Compound 8b

Yield: 26% (overall yield for the foregoing two steps)

ESI MS m/z 318.0 (M-H)-

1H NMR (600 MHz, D:0) 6 2.12 (2H, m), 2.48 (2H, t, J=7.2 Hz), 2.72 (1H, 4,
20 J=14.4 Hz), 2.76 (1H, dd, J=10.2, 14.4 Hz), 2.89 (1H, dd, J=9.6, 14.4 Hz), 3.05

(1H, d, J=14.4 Hz), 3.78 (1H, t, J=6.0 Hz), 4.42 (1H, d, J=9.6 Hz), 4.91 (1H, d,

J=10.2 Hz).
NH, H G
HOMN/,,(LNH O
0 0 ﬂ
S OH

8a
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Compound 8d ESI Ms mz 317.8 (MH)- '"H NWR (600 MHz, D20) 6:2.09 (2H, m,
2.43 (2H, m, 2.67 (1H, dd, J=1.6, 14.4 Hz), 2.72 (1H, dd, J=9.6, 14.4 Hz),
2.84 (1H, dd, J=9.6, 14.4 Hz), 3.02 5(1H, d, J=14.4 Hz), 3.77 (1H t, J=6.0
Hz), 4.42 (1H, dd, J=1.6, 9.6 Hz), 4.87 (1H, dd, J=2.4, 9.6 Hz). 8c NH2
HOyci, NO 0O0OH 8d Exanple 9: Synthesis of Conpound 11 10To H D- Asp- Owe
(D-aspartic acid a-nethyl ester) (6.81 mmol), there

M KLN” ;./O

8b

Example 6: Synthesis of Compound 9

There was dissolved D-cystine (5.20 mmol) in a 60% aqueous
perchloric acid solution (2.1 ml), t-butyl acetate (12.6 mL) wés dropwise
5 added to the resulting solution, the mixture (reaction liquid) was stirred at
room temperature for two days, the reaction hiquid was ice-cooled and the pH
value of the liquid was adjusted to a level of about 11 using a 4N aqueous
sodium hydroxide solution. The temperature of the reaction liquid was
brought back to room temperature, the reaction liquid was extracted 6 times
10 with ethyl acetate (50 mL) and the resulting organic phases were combined
together, followed by the drying of the combined organic phase over sodium
sulfate and the subsequent concentration of the organic phase to thus give
Compound 9 as an oily product.
Yield: 72%.
15 ESIMS m/z 353.2 (M+H)*
1H NMR (400 MHz, CDCl3) &: 1.48 (18H, ¢}, 2.88 (2H, dd, J=8.0, 13.2 Hz),
3.14 (2H, dd, J=4.4, 13.2 Hz), 3.69 (2H, dd, J=4.4, 8.0 Hz).

NH, o)
-BuO - S. /\)‘\
TS otBu
0 NH.
g

20  Examnple 7: Synthesis of Compound 10

There was dissolved Compound 9 (3.70 mmol) prepared in Example 6
in tetrahydrofuran (40 ml) and then Fmoc-OSe (N-(9-fluorenyl-methoxy-

carbonyloxy)-succinimide) (7.40 mmol) was added to the resulting solution.
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wer e added tetrahydrofuran (14 nL) and water (14 niL) to dissolve the forner
inthe latter. There were added, to the resulting solution, a solution

obt ai ned by di ssol ving Boc20 (di-t-butyl dicarbonate) (8.38 nmml) in
tetrahydrofuran (5 niL), triethylamne (13.63 nmmol) and DVAP (N, N 15

di met hy1- 4-am nopyridine) (1.36 nmmol), under ice-cool ed conditions. The

t enper at t axture (reactio i qui,d), was ;br,ou ack to room

t enper at ﬂlgg 9%%%’%% )@q&}% Wts S5 }’eég #rifﬁe%j}hblﬁ%p}éﬂalqgweéige@&‘?lgﬁv 49 qui d
vas Concgpifalkeddd@didusien@IPNEn 1R 8 SRt U@y a o Stikhel cF\?é?ﬁ'i {19
reaction liquid, there was added a 1-2N hydrochloric acid solutioh to

adj ust 2@ithoet pkhy alruetrhdver edfo thisaréstiin dfquabowhert, word dd@ni tpleylr eacti on
liquid was extracted with eég%lmacet ate (50 nL) The resulting organi c phase

was washaetaba K5@nmbgusulig Ausells ceigicugiish spl8ion Y2%amdL) Henthus

concentrated to thus give. intended ound as a wheat gluten-like
e " Sk o intod SRR TR it Bioen oy Cemic hape ohes) . 2. o1

(1H, dd,..l74.: : = : o 3. ...8), 4.61
(i, "5ty pletplignegyt e Blottog SgaBE e el Rietops Rl
Synt hesi gcigf sdTafipAW?S &) £ ep Byudhey eomasordlisaRoLIaHoEO@BOTY. hhd(5- 19
nmol ) prepared in Exanple 9 in ethyl acetate (21 nlL) and then HOSu

( N- hydr ostyerscromieniyritdd Jto Bdve 8 sisrryrikd resaduaddétetsbutriydikeseditlivagrasol ut i on.
After the addi,tian of DCC (djcygl ohexy] cabodiim de) (5.71 mmol) to the

m xt ure RRPIECACESINGOR | HYCa (28 Gpﬁ’rfbér%r peant-etind aeadate) tigthencbtan | i quid
was ough am.te rature and the liquid was stirred for 4
hour{sﬂ.’ T gﬁfpﬁgélﬁu%fégﬁaﬁlet?ggggar ated out of the reaction liquid was
filteredypiif. &g the filtrate was 15 concentrated to thus give a gel-like
resi due contai ni ng Conpound 12. The resulting residue was used in the
subsequeBt] MAachizdl Wi {Moda)any pretreatnent on the assunption that the
yield ofi Conmpound 12 was assuned 00% o NHBoc -0)Hi one

to be 1
H NMR (400 MHz, CDCls) &: 1.48 (18H, s), 3.21 (4H, m), 4.20 (2H, m), 4.35
(4H, m), 4.56 (2H, m), 5.72 (2H, d, J=7.2 Hz), 7.28 (4H, m), 7.38 (4H, m), 7.28

15 (4H, d, J=7.6 Hz), 7.28 (4H, d, J=7.6 Hz).

@HFmoc O
t-BuQ \(('\/S\S/\)J\Ot -
O 0 NHFmoc

Example 8; Synthesis of Compounds 8c and 8d

The same procedures used in Examples 1 to 5 were repeated except for

20 using Compound 10 described in Example 7 as a starting material to thus

synthesize Compounds 8c and 8d.

Compound 8c

ESIMS m/z 317.9 (M-H)-

1H NMR (600 MHz, D2 O) 6: 2.10 (2H, m), 2.44 (2H, m), 2.59 (1H, brd, J=14.4
25  He), 2.79 (1H, dd, J=10.4, 14.4 Hz), 2.98 (1H, dd, J=2.8, 14.8 Hz), 3.11 (1H, dd,

J=6.0, 14.8 Hz), 3.80 (1H, t, J=6.0 Hz), 4.50 (1H, dd, J=2.8, 6.0 Hz), 4.81 (1H,

dd, J=2.0, 10.4 Hz).
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0 12 20 (Step 2): A mxed liquid containing tetrahydrofuran (20 nL) and
water (5 nL) was ice-cooled and then sodi um boron hydride (9.47 mmol) was
added to the mxed liquid, followed by the stirring of the resulting

m xture for 10 m nutes and the subsequent dropwi se and gradual addition of
a solution of Conpound 12 (equivalent to 5.19 mwol) prepared above in

tetrahydrcofuran 1§g m) After 10 mnutes, a saturated aqueous ammoni um

chl ori de 12 nmL) was added to the foregoing reaction system and

t hen theEEﬁWH§ﬂ$EP§?7%f qﬁ reaction systemwas brought back to room
tenperature reac systemwas extracted thrice with ethyl acetate

(30 nmix3) 1 NMRL@00 MBLTHAD) 6: PhaseH, thy 3. @{cat(gH WRS Mﬁ@ﬂqoaaemr ated and
the resulting residue was purified using a silica gel columm

(di chl or ddet I'J&rhegr?étﬁa{rhoﬂc)l de9phud. btz B.%otidudd, JISB& Ial.gdliz)l iske2

d |.d:. 67% | I he f 2 0 00
il A OI O U KRE RN S PR

(3H, s), 5 9 (1H, m. NHBoc HOO Me 13 0 Exanple 11:
Synthesrgﬂ%fg%ﬁiq%éngeia'§There was di ssol ved Conpound 13 (3.47 mmol)
prepared in Exanple 15 10 in dehydrated dichl oronmethane (10 nlL) and the

resulting solution was then dropw se added to a dehydrated nethyl ene
chl ori de sol utNH;gn (10 rrLP of tri phenyl phosphi ne (4.18 nmol ), imdazole

(4.17 nnmh) a . After stirring the mxture (reaction
liquid) at r onrte era ure hours, the reaction |liquid was
concentratedyto obta n re nd ethyl 20 acetate (35 nL) was added to
the resulting residue. Af¢er |ng the m xture in the formof a slurry
for one hour, the ingoluble natter was renoved through filtration, and the
filtrate was then conicentrated to thus give a brown-colored oil. The oi

was then purified using a silica gel colum (n-hexane-ethyl acetate) to

gi ve Conmpound 14 as an or | y product.
NH,

HO \{\NH 0O

8d

Example 9: Synthesis of Compound 11

10 To H-D-Asp-OMe (D-aspartic acid a-methyl ester) (6.81 mmol), there
were added tetrahydrofuran (14 ml) and water (14 mL) to dissolve the
former in the latter. There were added, to the resulting solution, a solution
obtained by dissolving Boc20 (di-t-butyl dicarbonate) (8.38 mmol) in
tetrahydrofuran (5 ml), triethylamine (13.63 mmol) and DMAP (N,N-

15  dimethyl-4-aminopyridine) (1.36 mmol), under ice-cooled conditions. The
temperature of the mixture (reaction liquid) was brought back to room
temperature, the mixture was stirred for 6 hours and the reaction liquid was
concentrated to thus remove the tetrahydrofuran. To the remaining
reaction liguid, there was added a 1-2N hydrochloric acid solution to adjust

20  the pH value thereof to a level of about 2, and then the reaction liquid was
extracted with ethyl acetate (50 mL). The resulting organic phase was

~washed with an agqueous common salt solution (26 ml) and then
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25 Yield: 56% 1H NVR (400 MHz, CDC13) 6: 1.47 (9H, s), 2.20 (1H, m), 2.45
(1H, m, 3.20 (2H, t, J=7.6 Hz), 3.79 (3H, s), 4.38 (1H, n), 5.13 (1H,
brs). NH Boc Ove 14 0 Exanple 12: Synthesis of Conmpound 15 There was
di ssol ved Fnoc-Cys-Q-Bu (N-fluorenyl - net hoxycarbonyl - 5 L-cysteine t-butyl
ester) (1.90 mol ) in dehydrated dinethylformam de (10 nL), followed by the

ddi ti I et ' i d 14
(1 00 mshic BRI MR ATE R R TRIRR AR M B < St aRhel I oct

car bonat grgdud®2 mmol) was added to the resulting mxture, this mxture
(reaction liquid) was stirred at room 10 tenperature for 5 hours, and the
react i onYhélduir@%was separated i nto phases by the addition of ethyl acetate

(20 L) 0% agqueous_sql ution of citric acid (10 nm) to thus obtain an
or gani ¢ g%g%@.ﬂ%fﬁ%@ g@%ﬁi épﬁg?'béukéﬁﬁﬁhékezv%]s(%aé@) B4t Pddzmbt ) et hyl
acetate ) r—4 heg arganisc e e nbi ned .t her , a en washed
W t haga 1%@33%’e‘%ﬁ%&%@ﬁ?0§ %f@ % }tﬁ%lc(%gi nd'l)’(:i‘gzrﬁ?gle’éﬁg’ %ﬁggt%? at ed
aqueous conmmon salt solution (10 nmL). The resulting organi c phase was
concentrated to give an oily residue and the latter was purified using a
silica gel ool whsoén-hexane-ethyl acetate) to give Conpound 15 as an oily
product. Yi &l dX628u20"H NVR (400 MHz, CDC13) 8 1.45 (9H, s), 1.51 (9H,
s), 1.927CH " m] 2.12 (1H, m, 2.63 (2H, m, 2.99 (2H, m, 3.74 (3H s),
4.26 (1H, t, J=792 Hz), 4.41 (2H, m), 4.50 (1H, m, 5.17 (1H br), 7.34

J=7¢
(2H, ), 7.43 t2H, t, J=7.2 Hz), 7.65 (2H, d, J=7.2 Hz), 7.79 (2H, d, J=7.6
Hz). ONHmamule gicSgmnghesis of Compound 13

(Step 1): There was dissolved Compound 11 (5.19 mmol) prepared in
Example 9 in ethyl acetate (21 mL) and then HOSu (N-hydroxy-succinimide)
10 (5.73 mmol) was added to the resulting solution. After the addition of DCC
(dicyclohexyleabodiimide) (5.71 mmol) to the mixture with ice-cooling, the
temperature of the resulting reaction liquid was brought back to room
temperature and the liquid was stirred for 4 hours. The insoluble matter
separated out of the reaction liquid was filtered off and the filtrate was
15  concentrated to thus give a gel-like residue containing Compound 12. The
resulting residue was used in the subsequent reaction without any
pretreatment on the assumption that the yield of Compound 12 was assumed

to be 100%.

0
0O  NHBoc
q\OMOMG
O O
12

20 (Step 2): A mixed liquid containing tetrahydrofuran (20 mL) and water (5

ml) was ice-cooled and then sodium boron hydride (9.47 mmol) was added to

the mixed liquid, followed by the stirring of the resulting mixture for 10

minutes and the subsequent dropwise and gradual addition of a solution of
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NHFmocO 15 Exanpl e 13: Synthesis of Conpound 16 (Step 1): Conmpound 15
(0.55 mol ) prepared in Exanple 12 was di ssol ved i n dehydrated

di chl oronet hane (8 nlL), trifluoroacetic acid (4 nm.) was then added to the
solution and the m xture (reaction liquid) was stirred at roomtenperature
for 2 hours. This reaction liquid was concentrated and dehydrated

di met hyl f ! 4 0 ngentrate and th 1 Xture was
distill e§0§¥45?‘§£d B2 Gy lehedi e g} gﬁ%ﬁ%ggaga:b\}’é’ 20 SRR B R de
sol uti onigpnih Rl Ni PGFOTROURALEEs, FheariBsud | g2 280hhaRLS RhitHe Was
used in the subsequent reaction w thout any pretreatnent on the assunption

t hat t hesoluélod Gf2 Gdppeanddiedviastlas Sareedinizordzetibd096stOMNHRK A FAeQMhdHO- S
NHFmocO 16 15 (Step 2): Additional dehydrated di net hyl formam de (24 nL) was
added t oteanBerAstIEg Pf Hherben CHOTs BY Serb i asonaihit hgckdepwent tasperafuirval ent to

0.55 d t.h th d Lo the m xt , B tri | e-
1 g7 oy T QAR R P GY B BRUNT bPHER Y WDof GLITERHAL B o83 Hmol ) and
VEE  HOL (Ll 3 ' : e dhid :

chlor e (0 23 AR PR B g Shon Frreror e A% SR s
added t orddidud esulgunified aseld HBilRYSted Foluroh (@laibidyndthanstrhefHadlofo t he

thus obtain Compound 13 as a gel-like product.
Yield: 67% (overall yield for the foregoing 2 steps).

10 *H NMR (400 MHz, CDCls) &: 1.47 (9H, s), 1.63 (1H, m), 2.17 (1H, m), 3.73
(2H, m), 3.80 (3H, &), 4.50 (1H, m), 5.39 (1H, m).

NHBoc

OMe
HO

13 O

Example 11: Synthesis of Compound 14

There was dissolved Compound 13 (3.47 mmol) prepared in Example
15 10 in dehydrated dichloromethane (10 mL) and the resulting solution was
then dropwise added to a dehydrated methylene chloride solution (10 mL) of
triphenyl-phosphine (4.18 mmol), imidazole (4.17 mmol) and iodine (4.16
mmol). After stirring the mixture (reaction liquid) at room temperature for.
2 hours, the reaction liquid was concentrated to obtain a residue and ethyl
20 acetate (35 ml) was added to the resulting residue. After stirring the
mixture in the form of a slurry for one hour, the insoluble matter was
removed through filtration, and the filtrate was then concentrated to thus
give a brown-colored oil. The oil was then purified using a silica gel column
(n-hexane-ethyl acetate) to give Compound 14 as an oily product.
25  Yield: 56%.
1H NMR (400 MHz, CDClz) &: 1.47 (9H, s), 2.20 (1H, m), 2.45 (1H, m), 3.20
(2H, t, J=7.6 Hz), 3.79 (3H, s), 4.38 (1H, m), 5.13 (1H, brs).
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reaction systemat roomtenperature for 24 hours and the concentration of
the reaction liquid. To another container, there were added water (10 nlL)
and ethyl acetate (10 nmL), the resulting m xed solvent was stirred and the
foregoi ng concentrate of the reaction liquid was added to the m xed
solvent. Further the resulting m xture was washed and extracted with ethyl
acetate 5 (10 nL) to thus obtain an organi c phase. The renai ni ng agueous
phase was further extracted twice with ethyl acetate (10 nLx2), the organic
phases thus oRjgi,ped were conbi ned together and the conbi ned organi c phase
was washed witth a- saturated aqueous sodi um bi carbonate solution (10 nL) and
a saturat’ed™aquedus comon salt solution (10 nL) To the white solid 10
obtai ned after the concentration of the organic phase, there was added

et hyl acetat¥ to give a slurry, followed by the stirring of the slurry and
the renoval of the insoluble matter through filtration. The oily residue
obt ai ned_by the concentration of the filtrate was purified using a silica
gel col ubmaplpdia e ackraiwundlyi ve Conpound 17 as a white solid.

1p s Svaratin Ak 6
15Yield: 15% (overall yield f the.,fo i wo steps). ESI mz 257.5
(e 17 e Siae Yo eonrCrn R P S B dihosra e pbun s 17
(0.0 | : g j | r 0 ,
o phiol 1 e aPUER R R ATRR) dhiinglh MR CR RAAE il emideada on
liquid) wds, ssllswed b3t tHeoRMAtRAPET at dis drated AemBAUI@Rth i EERGLIHON
liquid was then concentrated to give a solution containing conmpound 18. The
resul ti ngtGaohly i dnCaaxparsed 14n (1. Hd subsBqueriaredant | Bxampidollt tanshe

pretreatment on the assupption that the yield of Conpound 18 25 was assuned
to be 10bRultinggsqlafign. ZWeﬁwp%gar&oggm yE§2 mmol) was added to the

Boc-d u- X - - xygarbonyl - L-gl ut am c ,aci.d, u-t-but.yl ester 0. 096
mol ) in%&éﬁég%@%%m W F&%ﬁ?ﬁ’?ﬁ ST ARG ¢ HeR ﬁé\é’fede @orz}o’(“

(1- hyedr opRBA%QLIFS 8305 S RYE! 8 €)h b GredtiINT] QuidRHa VEG arddedd int ~
(1-(3-dinet%ylaninopropyl)-3-ethoxycar60dif%?de %ydr&?ﬁlorf é}p?%gfé nmol )
wer e added the atdidétiowe sfikbthyigiecetd tet(@6nm L ahldowe 8%byqidarssddlutionef eftriche
resulting m xture (reaction liquid) at roomtenperature for 10 m nutes. To
this reae¢iflofl gl do thwer ebigas aduganicehpdeat ddedremanyingonauenige

solution {2 nl) of Co un 8 uj,valent to Q.0 ), followed by the
o ot Prp B et B At B B ORI P BRAES o | he
resi due i : t i t ackd 0 i i here were

added etﬁ??égggggﬁﬁdgg%ﬁ%%?ggﬂ%£€%%§?a§%%inL}{?Of%épgﬁgﬁgﬂ%%guPpgdﬁa into

phases. dibdcresd(10 mgl.osgdn safpirasal wasevas besinwt Bah Stitbat@d @pyeous
sodi um bi carbonate solution (10 nL) and a saturated aqueous conmon salt
he resulting organic phase was concentrated to give an oily residue and the

latter was purified using a silica gel column (n-hexane-ethyl acetate) to give
Compound 15 as an oily product.
Yield: 62%.

20 'H NMR (400 MHz, CDClz) 6 1.45 (9H, s), 1.51 (8H, s), 1.92 (1H, m), 2.12
(1H, m), 2.63 (2H, m), 2.99 (2H, m), 3.74 (3H, s), 4.26 (1H, t, J=7.2 Hz), 4.41
(2H, m), 4.50 (1H, m), 5.17 (1H, br), 7.34 (2H, m), 7.43 (2H, t, J=7.2 Hz), 7.65
(2H, d, J=7.2 Hz}, 7.79 (2H, d, J=7.6 Hz).
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15 solution (10 nL) and then concentrated. The resulting residue was
purified using a silica gel colum (n-hexane-ethyl acetate) to thus give
Conmpound 19 as a wheat gluten-like product. Yield: 90% 1H NVR (400 MHz,
CDCl13) 6 1.46 (9H, s), 1.48 (9H, s), 1.88 (1H, nm), 20 2.40-2.15 (5H, m,
2.50 (1H, m, 2.78 (1H dd, J=10.0, 14.4 Hz), 3.09 (1H dd, J=4.8, 15.6
Hz), 3.37 (1H, dd, J=4.8, 14.4 Hz), 3.68 (1H, t, J=4.8 Hz), 3.79 (3H, s),
4.18 (1H, m, 4.51 (1H m, 5.01 (1H m, 5.20 (1H, brd, J=6.8 Hz). 19
Exanpl e 15: Sxpthesis of Qggggund 21 (Step 1): Conpound 19 (0.092 mol)
prepared in anpl e 14 wag dissolved in tetrahydrofuran (1.84 nL), a 0.2N
aqueous k@h@ﬁ@h&h?dg i @Meon 5 (0.18 mml) was added to the
resul ti ng sol utizon. under ice-cooling, the tenperature of the m xture was
brought back to'YBdHM% enperdture and the nixture (reaction liquid) was
stirred at that tenpeidature for one hour. After confirm ng the

di sappear.ance of the raw materials by the TLC technique, a 0.2N

hydr ochl BERABLHE iich- BEIP e £ the reaction liquid 10 to control

h = ther eof to A weakly acidic |evel . followed by th |
(he i vilug oL 9 & IR e6l e devel o o oty ane, T
remai ni Ngok} @ivl:dd ShRELARERSM: (B &e) ! LIRS MRt IMN AcBial & L1fhdlLx3) and

the resulting organi ¢ phase was washéd wth a satura aqueous conmon salt

sol utd onaddd® torpaniotutphasadws ©ORAEE! Fai@br Bogidewwhedtrrel Wtedom ke 15
Compound 20 as a diastereonmer m xture. The resulting diastereoner m xture

was usedtampetssusebeqdehpursactllon wadiem lanydpmetsr eatemritraoad tamet
assunpt i that th ield thereo s assuned_to be 100% 20 (Step 2): To
mnpound&@%ﬂr@aﬁévﬁvﬁeﬁﬁyﬁ?@fmmﬁf%ﬁﬁn}ﬁpf@ﬁaﬂ%ﬂi 0 ﬁ%@ PocroiEgoing step 1,
t here AN_hysly. ol } cid/dio sol.ution 8 nmL) and the

m xt ur?‘?}%ﬁﬁ?ﬂgﬁ%%%%@&%@ é{ficlarge%iga &?%%%Fe%% YAt UF‘SGJ%\P rﬁ?‘ffnta. The
residue @hh@imethrByhiR GoRaes raimely thenpeasdi @8. | i guiked resulting

10 azeotropic mixture was used in the subsequent reaction without any

pretreatment on the agsumption that the yield of Compound 16 was assumed

to be 100%.

O NHs-TFA
NHFmoc O

16

15 (Step 2): Additional dehydrated dimethylformamide (24 mL) was added to a
dimethylformamide solution containing Compound 16 (equivalent to 0.55
mmol) and there were then added, to the mixture, PyBOP (benzotriazole-
1-yl-oxy-tris-pyrrolidino-phosphonium hexafluoro-phosphate) (0.82 mmol)
and WSC - HCl (1-(3-dimethylaminopropyl)-3-ethoxycarbodiimide hydro-

20  chloride) (0.83 mmol), with stirring. Then triethylamine (0.65 mmol) was
added to the resulting reaction system, followed by the stirring of the

reaction system at room temperature for 24 hours and the concentration of
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was di ssolved in water and the aqueous solution was passed through an

ani oni c ion-exchange resin (Anberlite I RA 400 OH AG . After washing the
resin with ion-exchanged water, it was eluted with 1 to 3N acetic acid
solution, followed by the |Iyophilization of the eluate to thus give
Conpound 5 21 as a di astereonmer m xture. Yield: 56% (as the overaII yield

0y 5 o 0 Sl MRS PREAncgih MRty Jetrd WD daea WARMT O BB, 0% )
4.27- 4. Anl Mthyheethtd 310 028), (thE. re@hltidd n@&@ﬂpéo?véfﬁt wa¥ st $indf t}@ mpound

22 There was di ssol ved (Boc-L-Cys-

(N, N -di famgumgxmebmwé of thstreadjor( Bghid masl addet tethahyidedfsahame( 29. 2
m.) and water 8 m_} and 15 tri butyl - phosphl ne (2.76 nmol) was then added
to the sEPH@h%rﬁh@n@@ﬂ tipg rplgbt ey wes id theshand Eréracsap avith ¢t loacettm@

b ht back foll d h
Geirrt noctst Htadot Bl pEHR %raqa?%ne%%hé%%mh%ﬁé’?é%ﬂ%ﬁﬁé% ABIROUR A t he
concent rﬂh‘tﬁ@r %&tfd%%?e[ %ﬁ&% 'e@mgp‘ aca%t&;@or G B r&ghg BPBFL?J e were

added et hyl acetate 0% 20 aqueous ci'tric a ion (10

m.) to ftlass blonahed tmerc@mmed aogethiee dreStHd o bholaBpt i phe sWasa vashed
with a saturated aqueous conmon salt solution (20 nL). The organi c phase
was concenshed sdthadatheatedsaducong Sﬁ‘élslrﬂ@ecaﬂoé)gnpm $<ﬂu§dnt{éDmJL}aasdla ca gel

or oduct - SRR TG YRS RS I 26 (A G- T NR (400 e, aic13) 6
2 e B Aol IR FE bl eSS P ©, 22
Exarrpl e zlébtéﬁé 8pgibe Aderae €6llGwed by the stirring of the slurry and the removal
of the insoluble matter through filtration. The oily residue obtained by the
concentration of the filtrate was purified using a silica gel column (n-hexane-
ethyl acetate) to give Compound 17 as a white solid.
15 Yield: 15% (overall yield for the foregoing two steps).
EST MS m/z 257.5 (M+H)+.

Q 0

FmocHN/., NI
OMe
S

17

Example 14: Synthesis of Compound 19

(Step 1): To Compound 17 (0.08 mmol) prepared in Example 13, there was
20  added a 5% morpholine/dimethylformamide solution (0.70 mL), the mixture
{reaction liquid) was stirred at room temperature for one hour and the
reaction liquid was then concentrated to give a solution containing
compound 18. The resulting solution was used in the subsequent reaction
without any pretreatment on the assumption that the yield of Compound 18

25  was assumed to be 100%.
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5 acid anhydride (49.90 mmol) were conbined, the resulting m xture was

i ce-cool ed, and there was dropw se added, to the ice-cooled m xture, a

sol ution of potassium hydrogen carbonate (5.93 nmol) in water (2.4 nlL). The
tenperature of the reaction system (the foregoing m xture) was brought back
to roomtenperature, followed by the stirring of the reaction systemfor 10
2 hours and the addition of water (5 nL) and ethyl acetate (20 nL) for the
extraction, V\gi ch resulted in the formati on of an aqueous phase and an
organi ¢ phasewn, The r@sul ti ng aqueous phase was further extracted with ethyl
acetate q.ggg,,, N ve an additional organic phase. These organi c phases
wer e conbi'ned togef heromad then washed with a saturated aqueous 15 common
salt solutiom (5 ) The conbi ned organi c phase was concentrated and the
resulting resi89u® was purified using a silica gel columm (n-hexane-ethyl
acetate) to thusggi ve Conpound 23 as a wheat gluten-like product. Yield:
76% 20 EST M5 nfz 261.9 (MH-; 1H NMR (400 MHz, CDC13) 8 5.33 (1H, d,
J=6.4 HzQSteg.ZBSThazmwm)sdissodVed de@ud:,m%(w t-bAtOx HzyhoByBE-dlith mitd,

J=6.8, 14.0 240(3H sg ,s) NHBocSH0023 Exanpl e 18:
Synt hesi %Cléfa wsBLetiep(0.0 mf@@ form@mdee )Exarrpl e

addi £ on i 4&@%"3@8&@8@hé}aﬁgiwg&e%&t?%?é@ew&ﬁﬁ@"@ 4. B dlhan ind ovc

(1-cyel oty 1-43€1 (12¥%irﬁ@ﬂ{ylaﬁﬁhw}&py@ﬁ%@ﬂ&%a@&dumlde hyfirochlorld?
met ho- p-t ol uene-sul fonate to the resulting solution and the

stirring((bf2 n@olesetd aeﬂl@edrm(thlé eemltm@mltxaﬁpeﬁmdﬁ@ borhd Stivri 5.
Thereafter, L-Thr-Ove HCL (L-threonine nethyl ester HCl) (3.77 mml) and
triet hyl 8 rf@U(lgnganmm (sctionddedid) @t roorhtempsrainee el 10 heimwsal ti ng

Feact | onl? (i HEUETE BHCkh: TR Ehd Watich EROURRY Rar PO G ER A (40
) ayﬁrgn&ggggnqﬁzgngﬁgoge@a#haaﬂs fE al%ﬁt 53664 Oke Lo saTp.ARd Lo

e organic ase was vvas an aqueous

sodi um biigatbendt ihes odditltiag ndQture) aﬁm@lora fdmpatattas e eatig®@uUsS TEoyHIDN sal t
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1. 47 (9Hodhm bicddbbdte $hluthoh (40HEL) and a saturated aqueous common salt
15  solution (10 mL) and then concentrated. The resulting residue was purified
using a silica gel column (n-hexane-ethyl acetate) to thus give Compound 19
as a wheat gluten-like product.
Yield: 90%.
1H NMR (400 MHz, CDCl3) 6 1.46 (9H, s), 1.48 (9H, s), 1.88 (1H, m),
20  2.40-2.15 (5H, m), 2.50 (1H, m), 2.78 (1H, dd, J=10.0, 14.4 Hz), 3.09 (1H, dd,
J=4.8, 15.6 Hz), 3.37 (1H, dd, J=4.8, 14.4 Hz), 3.68 (1H, t, J=4.8 Hz), 3.79 (3H,
s), 4.18 (1H, m), 4.51 (1H, m), 5.01 (1H, m), 5.20 (1H, brd, J=6.8 Hz).
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BocHN H OH 24 25 Exanple 19: Synthesis of Conpounds 25a and 25b 45

Compound 24 (4.20 mmol ) prepared in Exanple 18 was di ssol ved i n dehydrated
di chl oronet hane (5 n.), and then there were added, to the resulting
solution, diisopropyl-ethylamne (8.38 mml) and net hanesul fonyl chloride
(8.00 mml ). After stirring the mxture (reaction liquid) at room
tenperature for an hour and a half, the reaction liquid was concentrated to

thus obtain an oily residue. On the other hand, |ithium alum num hydride
(33 6 Mmol) wasnagded to ctehy atéd tetrahydrofuran (50 mL) with

i ce-cool 't[éﬁl Th n dehyd nol (101.48 mml) was gradual Iy dropw se
added to (9 n liquid, there was 10 additionally
added dehydra d tetr hyd ofur m_) and the m xture was further
stirred. After 10 m nutes, dehydrat ed tetrahydrofuran solution (15 ni)

contai ning the resi due bt a| ned above was dropw se added to the foregoing
separately prepared m ure and this reaction was continued for 2 hours.

This rea 1L hguid, d b;%g%drglxed l'iquid containing ethyl 15

acetate c acid solution (120 nmL.) in small
porti ons($ept husoht }mtmpmat(@ 0DREemb@AS br@threli W Bxahhge QuoRAl €ifdRe@ t hus
obt ai ned was washed with a 5N hydrochloric acid solution (120 nL) and a
sat ur at eth aqﬁ;rebuémfanmrﬂs‘%l tnIsbIath]Ziﬁ £ 2@ usl )itlawdn tigelrozalec edltimned. The
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| ative, Y] 130 MG iz, 341 1 ( 1H NMR
(a00. et piaef %‘35*‘@5%8%?%& e o8 et pick s3eBhdpottgersy bl MRS 7

(1H, dd, mlxdrd (I@&thb‘ﬁ)hqﬂldgl whithtied 3¢ &Kae?’t!é’mﬁénatéreg(fm( ]dﬂe 'El)urZ 95
(1H, dd, J=10.0, 14.8 Hz 76 25(1H, dd, J=1. 7 (9H, s),

1.24 (3HAfwy deiGnidg) th25thsap)6|eakm®o%f e mﬁifnn‘aate&ziéls4b§zMﬂNa)'FLC 1H NVR
(400 MHz, CDC13) 8: 6.05 (1H, d, J=8.8 Hz), 5.99 (1H, brs) 4.63 (1H m),
4.15 (1|—|teci=ikfnqrtgﬂJ g70. éﬂﬂ%]}oc hipagagidrgolgion warzadded tomjhe néasgiopdiyuid, J=7. 2

HZ) o gorlz_ldrof)the pzﬁ value thereof to a weakly acidic level, followed by the

concentration of the reaction hiquid to remove the tetrahydrofuran. The
remaining liquid was extracted three times with ethyl acetate (10 mLx3) and
the resulting organic phase was washed with a saturated aqueous common
salt solution. The organic phase was concentrated to give wheat gluten-like
15  Compound 20 as a diastereomer mixture. The resulting diastereomer
mixture was used in the subsequent reaction without any pretreatment on

the assumption that the yield thereof was assumed to be 100%.

(Step 2): To Compound 20 (equivalent to 0.092 mmol) prepared in the
20 foregoing step 1, there was added a 4N hydrochloric acid/dioxane solution
(1.8 ml) and the mixture (reaction liquid) was stirred at room temperature

overnight. The residue obtained by the concentration of the reaction liguid
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25b Exanple 2(p_ Synthesis of Conmpound 27 (Step 1): A 4N hydrochloric

aci d/ di oxane solution (2.26 nL) was added to 5 Conpound 25a (0.45 mol)
prepared in Exanple 19 and the m xture (reaction liquid) was stirred at
room tenperature overnight. The reaction liquid was then concentrated to

t hus give a residue containing Conpound 26. The resulting residue was used

in th | |_tih t { th ti t hat
the yi el 8 5 Caemsshnn 6t EEH B SOLEALTTTAs GRsbOf RSUER Sl ep 2) -

o buty e D e ek yr atoct o ot Y of e SR %, er 6
wer e t heresaddeibh tian-theharagdl wiatgr,sol wmtasonlutbkDBiithHAO t§ 13Ny dlee@iey acid
solution, followed by the lyophilization of the eluate to thus give Compound
5 21 as a diastereomer mixture.
Yield: 56% (as the overall yield for the foregoing two steps).
ESI MS m/z 334.0 (M+H)+ ; 'H NMR (400 MHz, D20) § 2.07 (2H, m), 2.42
(2H, m), 2.86-3.17 (2H, m), 3.75 (1H, t, J=6.0 Hz), 4.27~4.41 (1H, m), 4.75~

5.24 (1H, m).
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Example 16: Synthesis of Compound 22
There was dissolved (Boc-L-Cys-OH): (N,N'-di-t-butoxycarbonyl-L-

10

cystine) (2.51 mmol) in tetrahydrofuran (29.2 mlL) and water (0.8 ml) and
15  tributyl-phosphine (2.76 mmol) was then added to the solution under
ice-cooled conditions. The temperature of this reaction liquid was brought
back to room temperature, followed by the stirring of the reaction lquid for
one hour at that temperature and the concentration of the reaction liquid.
To the resulting residue, there were added ethyl acetate (20 mL) and a 10%
20 aqueous citric acid solution (10 ml) to fractionate the residue and the
resulting organic phase was washed with a saturated aqueous common salt
solution (20 mL). The organic phase was concentrated and the resulting
residue was purified using a silica gel column (n-hexane-ethyl acetate) to
thus give Compound 22 as an oily product.
25  Yield: 99%.
ESIMS m/z 220.1 (M-H)-; ' H NMR (400 MHz, CDCl3) 6: 5.47 (1H, brs), 4.65

43



15 benzotriazole hydrate) (0.65 mmol) and WSC HC1 (1-(3-di net hyl am no-
propyl) - 3- et hoxycar bodi i m de hydrochl oride) (0.66 mml) and the resulting
m xture was stirred at roomtenperature for 10 m nutes. To this m xtue,
there were added a dehydrated di net hyl formam de solution (2 5 nL) of
Compound 26 (equivalent to 0.45 mml) prepared in the foregoing step 1, and
then tri y 1 Y/ ), m xture (reaction |iquid) was
stirred gpﬁféo Zh%%?zgzﬁnﬁb - ﬁ%ur The reaction |iquid was
concentrated, then ethyl acetate (40 nL) and water (20 nL) were added to 5
the resulting residue to fractionate the sane and the resulting organic
phase was wasitegbcwi t h a sat urat ed aqueous sodi um bi carbonate (20 nlL) and a
saturate@sagué%ﬁ@HconnDn salt solution (20 nmL) The organic phase was then
concentrated and the resulting residue was purified using a silica gel

col um (dlchtgﬁbnethane met hanol) to thus give Conpound 27. 10 Yield: 98%
(overal l ylel for these two steps). ESI M5 rniz 526.1 (M:Na)+ ; 1H NMR
(400 MHzExenmmie)l s Synthesis oiCopmpoumds33 (1H, d, J=6.0 Hz), 5.18 (1H, d,
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Corrpound1027c:0©[hd$8aﬂﬁ0tﬁerpr apar &ﬁbpmlsﬁxaﬂrﬂé& 29 st ege- aaoiwsmeiktsﬁel \éed in
tetrahydrofuran (7.6 nL), then a 0.2M aqueous |ithium
solution o potasszum hydrogen carbonate (5.93 mmol) in water (2.4 mL).

The temperature of the reaction system (the foregoing mixture) was brought
back to room temperature, followed by the stirring of the reaction system for

10 2 hours and the addition of water (5 mL) and ethyl acetate (20 mL) for the
extraction, which resulted in the formation of an aqueous phase and an
organic phase. The resulting aqueous phase was further extracted with
ethyl acetate (20 mL) to give an additional organic phase. These organic
phases were combined together and then washed with a saturated aqueous

15  common salt solution (5 mL). The combined organic phase was
concentrated and the resulting residue was purified using a silica gel column
(n-hexane-ethyl acetate) to thus give Compound 23 as a wheat gluten-like
product.
Yield: 76%.

20 ESI MS m/z 261.9 (M-H)-; ' H NMR (400 MHz, CDCl3) § 5.33 (1H, d, J=6.4
Hz), 4.53 (1H, m), 3.47 (1H, dd, J=4.0, 14.0 Hz), 3.34 (1H, dd, J=6.8, 14.0 Hz),
2.40 (3H, s), 1.48 (9H, s).

NHBoc
S : OH
Ty
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20 hydroxide solution (0.76 mvl) was added to the solution with

i ce-cooling and the mxture (reaction liquid) was stirred for 2 hours. Then
a 0.5N hydrochloric acid solution was added to the reaction liquid to nmake
the reaction liquid weakly acidic, the tenperature of the reaction liquid
was brought back to roomtenperature and then the reaction |iquid was 25
concentrated to renove the tetrahydrofuran. The remaining |iquid was
extracted thrice with ethyl acetate '20 nix3), the resulting organic phase
was washgdawdlh 1&: Sahilkakedr agugRdsagcoamon salt solution (20 nL) and then
concentrated to give Conpound 28. The resulting concentrate or residue was
used in the sUbsgguent 286436 mimaol) threphrahyn fetmpkt mw&as)ﬂzésbhfealsﬁﬂﬁpti on
that the yield of Conpound 28 was assunmed to be 100% (Step 2 A 4N

hydr ochl é@hxﬂr&éﬁéﬂawm@rmm@d%fm mip, fﬁl}ovvﬁ%badb@@dtd@n@@@ﬁ Bt 28
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J =2, 8, lémdpditkure {02 (Hdhrst , The et ctoh, h@uﬁfswbg%on@lmtr;xtétﬂ abdwathy J=7- 2
Hz). 20 NH20 29 Exanple 22: Synthesis of Conpound

(20 mL) and ethyl acetate (40 mlL} were added to the resultmg residue to

fractionate the same and to obtain an organic phase. The organic phase
was washed with an aqueous sodium bicarbonate solution (20 mL) and a

15  saturated aqueous common salt solution (20 mL) and then the organic phase
was concentrated. The resulting residue was purified using a silica gel
column (dichloromethane-methanol) to thus obtain Compound 24 as a white
solid.

Yield: 74%.

20 ESIMS m/z 401.3 (M+Na)+; ' H NMR (400 MHz, CDCl3) & 7.14 (1H, d, J=7.6
Hz), 5.37 (1H, d, J=7.2 Hz), 4.60 (1H, dd, J=2.8, 8.8 Hz), 4.37 (2H, m), 3.80
(3H, s), 3.39 (1H, dd, J=4.4, 14.0 Hz), 3.24 (1H, dd, J=8.0, 14.0 Hz), 2.40 (3H,
s), 1.47 (9H, s}, 1.24 (3H, d, J=6.4 Hg).

Boch;i H QH
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Example 19: Synthesis of Compounds 25a and 25b
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3031 33 35 (1) Preparation of Conpound 31 5There was dissol ved
2,6-diamnopinelic acid (5.0g, 26.3 mmol) in 42 nL of methanol and then
thionyl chloride (4.2 m., 57 9 mvl) was slowy dropw se added to the
resulting solution with ice-cooling. After the conpletion of the dropw se
addition, the tenperature of the mxture was allowed to spontaneously raise

the conpl eti o CBOLH Q%a@éd;wm?ﬁéo‘iéﬁpm 5 RGP | Bliete Gheol \%lzsigm'ﬁ e
Pr apar ot Lo o ot el e Bhl), e NP LR MRl 45T

pr epar edr@é@ﬁtﬁﬁgv@ﬁuﬁbﬁs@h @ﬁopﬂl @th%@ax@ihﬁf@(% sslman) aﬁatﬁém%sﬁ%ﬂyl of
wat er and 10 ni of nethanol en silver
chloride (8.00 mmol). After stirring the mixture (reaction liquid) at room

temperature for an hour and a half, the reaction liquid was concentrated to

ar

thus obtain an oily residue. On the other hand, lithium aluminum hydride
(33.6 mmol) was added to dehydrated tetrahydrofuran (50 ml) with
ice-cooling.  Then dehydrated methanol (101.48 mmol) was gradually
dropwise added to the mixture. To this reaction liquid, there was
10 additionally added dehydrated tetrahydrofuran (50 mL) and the mixture was
further stirred. After 10 minutes, the dehydrated tetrahydrofuran solution
(15 mL) containing the residue obtained above was dropwise added to the
foregoing separately prepared mixture and this reaction was continued for 2
hours. This reaction liquid was added to a mixed liquid containing ethyl
15 acetate (150 mL) and a 0.5N hydrochloric acid solution (120 mL) in small
portions to thus fractionate the reaction liquid. The organic phase thus
obtained was washed with a 0.5N hydrochloric acid solution (120 mL) and a
saturated aqueous common salt solution (120 mL) and then concentrated.
The resulting residue was purified using a silica gel column (n-hexane-ethyl
20 acetate) to thus give two Compounds 25a and 25b, which were isomers
relative to each other.
25a : Yield 13%; ESIMS m/z 341.1 (M+Na)+; 'H NMR (400 MHz, CDCls)
6: 6.50 (1H, d, J=5.6 Hz), 6.01 (1H, d, J=5.2 Hz), 4.87 (1H, dd, J=1.2, 6.0 Hz),
4.61 (1H, m), 3.87 (3H, s), 3.30 (1H, m), 2.95 (1H, dd, J=10.0, 14.8 Hz), 2.76
25 (1H, dd, J=1.2, 14.8 Hz), 1.47 (9H, ¢), 1.24 (3H, d, J=6.8 Hz).
25b : Yield 20%; ESIMS m/z 341.4 (M+Na)+; H NMR (400 MHz, CDCls)
6:6.05 (1H, d, J=8.8 Hz), 5.99 (1H, brs), 4.63 (1H, m), 4.15 (1H, m), 3.87 (3H,
s), 3.48 (1H, m), 2.73 (2H, m), 1.49 (3H, d, J=7.2 Hz), 1.47 (9H, s).
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oxide (0.730 g, 3.2 nmmol) was added to the solution and the |atter was
stirred at roomtenperature overnight. After the conpletion of the
reaction, the silver oxide was renoved by the filtration through celite and
the solvent was distilled off fromthe filtrate to thus give Conpound 32 as
a crude product. 5 (3) Preparation of Conpound 33 There were
dissolved, in 5 nL of N, N-di nethylformam de, Boc-GuQ-Bu (0.303 g, 1.0
mol ), 1-hydroxybenzotriazol e nonohydrate (0.169 g, 1.1 mmol),
1- et hyl - 3- (3-diget hyl am nopropyl ) carbodii m de hydrochloride (0.211 g, 1.1
mmol ), apd.gempeund, 32 (0.205 g, 1.1 nmol) prepared above, then 10
triethylamne”(o0. .Hél’ 1 4 mol) was added to the resulting solution and
the resulting &ixtareé\(reaction liquid) was stirred at room tenperature
overni ght. Aftef the | etion of the reaction, the solvent was distilled
off fromthe reaction liquid, and the remaining liquid was diluted by the
addition of et/ acetate. The diluted liquid was washed twice with a 5% 15
aqueous citric acid solution and then once with a saturated aqueous common
salt solution, then washed twice with a 10% sat urated agueous sodi um
bi carbonate sol@tion and finally once wwth a saturated aqueous conmmon salt
sol utiong,dijg kii%? organi ¢ phase was dried over nmagnesi um sul f ate,
r
DR

foll owed by the fi ion thereof and the renoval of the solvent through
20 distillation to/thus, give Conpound 33 as a crude product. (4)
Preparation of €0 oufrd'e34 Compound 33 (0.277 g, 0.59 nmol) prepared above
was dissolved in 5 nL of tetrahydrofuran, 4 nL of a 1M aqueous |ithium

hydr oxi de sol uZ®Bn was then added to the resulting solution and the m xture

(reacti Oﬂxélingk’é %@: gﬁgw§i§5g@§&goahdrwm tenperature for 2 hours. After the
conpl etion o e reaction, e pH DO he reaction liquid was adjusted to
about 2 (Step hio: 2addNt hetrafhlerid Mcadydenus chyslueiohl Or 26 @) dvsphdilb@noand then
ethyl acetate was added to the reaction liquid to extract the same. The
resuldt i fgowipgenilc 2phadbiham nes hewepaired i@ g%namaleed%q@dombe conmpmresal t

solution, then 30 dried over nesiumsul fate, the Jatter_was renoved
t hr ough qcrprﬁ(f el -lgHyi\)nWas s\ézrreﬂ% room temperature overngg%t. rl‘he reacgon

Iiquid was then concentrated to thus give a residue containing Compound 26.

The resulting residue was used in the subsequent reaction without any
pretreatment on the assumption that the vield of Compound 26 was assumed

10 to be 100%.

0
HCl» HyN., NH 0O
R
g~  OMe
26

(Step 2): There was dissolved Boc-Glu-Ot-Bu (N-t-butoxyearbonyl-L-glutamic
acid a-t-butyl ester) (0.52 mmol) in dehydrated dimethylformamide (4 mL),
there were then added, to the resulting solution, HOBt - H20 (1-hydroxy-
15  benzotriazole hydrate) (0.65 mmol) and WSC - HCI (1-(3-dimethylamino-
propyl)-3-ethoxycarbodiimide hydrochloride) (0.66 mmol) and the resulting
mixture was stirred at room temperature for 10 minutes. To this mixtue,

there were added a dehydrated dimethylformamide solution (2.5 mL) of
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the solvent was distilled off fromthe filtrate to thus give Conpound 34.
(5) Preparation of Conmpound 35 A 4N hydrochl ori c aci d-di oxane

sol uti on was added to Conpound 34 (0.181 g, 0.38 nmol) prepared above and
t he reaction between themwas 5 continued at roomtenperature all the night
t hrough. After the conpletion of the reaction, the solvent was distilled
of f to glympuheisReueqailentoss 0.4 nifsl)reeidied Gantial RidagoEMpepnd 35 was
purified by 1Ot?)he revgrged phase prepati ve) lﬁ?ﬁ% (col un}fs mgg\%gl osi | b g
RPAQUEQUSARNhSEN tanedhiy bohmef (bAV NOMIRA aCivethic ahixGore (detadtipn ibpiitp woatrase:

| i near gradient of water 10 containing 0.1% heptafl uorobutyric

aci d/ acet@viedr iate regst dpjnesat s fF vé tewpbundBs Bepciloni dyrude grasy

i . 1H N 6:,.1..41-1..78 1. 80- 1 2H) , ..99-2.03
Oty etlehbE B2 Rer i1 el S g g vt 398 mb P agp® 5173 24
O o) e AR b fredddaldeSiohe Bhiie 10 1f8e (MlinG AERNE: s

CaSR- expwasswashql adth ¢ waseatsd isgdeout sadinandbigribcnhAtbe 200mMI9WND a
procedures: There were synthesized synthetic origo DNAs [forward prinmer 20
( SequncesNoratd ACTARTACBACTOASTATAGSINCEAT GBEAT TTIATASERGCPBETGE)ds and a

i S 4. TTATGAATTCACTACGITTTCTGIAACAG),, to b d
1 the: PRETLFRUERTTLEN ! Che ThAUHDET R EE GRS DHEUECE Pagt Stisedeh th
NCBI EEAL ALY RERRL AL et VL 0RT38fns FRALPORG AR o7 and 2], as a

tenpl ate. procedures were’carried out I ng e foregoing

pri mer s, Yand: $¥u (bldéradl AL Ral thees aee st@yai | abl e from Strat agene Conpany)
under the follow ng conditions, while using the cDNA derived from human

ki dney (BSANISDhE 526 OlbNeeth CHHPEVR) (449 MHmt@PiCl) 67482t @thlmye. |n
treats nob o 19D dviTemie. St (B S i b2 Tk Gal “BhATop 56 Bavonds,
55C for 2Q1S88PNHS 4.19 (1H, m), 3.87 (8H, s), 3.32 (1H, m), 2.90 (1H, dd, J=10.0,
14.8 Hz), 2.78 (1H, dd, J=2.0, 14.8 Hz),2.33 (ZH, m), 2.21 (1H, m), 1.90 (1H,
15 mj), 1.49 (9H, s), 1.46 (9H, s), 1.25 (3H, d, J=6.8 Hz).

NHBoc | O
t-BUOMNn.(LNH o
.,4,<
© © g OMe
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Example 21: Synthesis of Compound 29

(Step 1): Compound 27 (0.38 mmol) prepared in Example 20 (step 2) was
dissolved in tetrahydrofuran (7.6 ml), then a 0.2M aqueous lithium
20 hydroxide solution (0.76 mmol) was added to the solution with ice-cooling
and the mixture (reaction liquid) was stirred for 2 hours. Then a 0.5N
hydrochloric acid solution was added to the reaction liquid to make the
reaction liquid weakly acidic, the temperature of the reaction liquid was
brought back to room temperature and then the reaction liquid was
25  concentrated to remove the tetrahydrofuran. The remaining liquid was

extracted thrice with ethyl acetate 20 mLx3), the resulting organic phase
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and 72C for 2 mnutes, wherein the latter three steps were repeated over 35
tinmes, and a final step of continuing the reaction at 72C for 7 m nutes.
The el ectrophoresis procedures were carried out through an electrolyte
supported on an agarose gel, followed by the staining of the

el ectrophoresed PCR 5 products with a DNA-staining agent and the subsequent
detectio il i aLd hth L i YS.y, QN Whet t i_nt ended
ampl i fi Qs B Wit AL AR Bl Bl bRY S e RIS Zggtfﬁg‘? % bo. poR
product StyeH eonbs@ra@f ith BidebTosgimard 28, t NER Wds(1t RO S&@rbn e QNA

mar kers each having a known size and subjected to the el ectrophoresis
procedur essidiie tiees gagrk it ithe . sudBeRhiashirehoreat onitlpBR322Y wastiedtmbyit tohe
restriction enzyme ECORV (avail abl e from Takara Conpany) and the gene

f r agment raapiuRpien ghat Hee viglé gbLoirirordid e sy & beARBEted to the
plasm d vector at the cut site thereof using Ligation kit (available from
Pronega Conpany). Escherichia coli DH5a strain was transformed with this
reaction soluti gpupdd foll oped by the selection of a transformant which
naintaingg%%pe | asm d Eﬁpa | e of undergoing the cloning with the

PCR- anpl i T osCt : he'ﬁﬁfgfnplified product was then confirned
according to Eﬁe base ~seq engﬁ)an | ysi s of DNA. Thi s reconbi nant
plasm d was used for the cogstfuct@en or 20 establishment of a human

CaSR- expression plasnmid;, hCaSRpcDNA3. 1. Exanple 24: Evaluation (1) of CaSR
Agoni st Activity 293E 8Bl s (EBNA 1-expression HEK293 cells, ATCC

No. CRL- 1 i .in DVEM Ham s;F12 (3..15/ il d - cont ai ni
Dui beceol SohuA i od® et EERESi A T TG sl SR i ny 25
cont ai ni g %hfdez@{eq%%lrefleﬁﬁélm:j@mtrﬂ_ﬂi_?}BE%@&%nchhe%Qﬁ%gfiﬂg stip £4hd

(avai |l abl e from Geneti si ne Conpany). e cultured cells were 1rnoculated in
F25 f| astheatmiatuengicaytioh Bodidl) cehd stikded att e t thensontent ooéritipht.f | ask
was allowed to stand for 24 hours in_a CO2 incubator (5% CO2, 37C), and
then t helharancteashaexpressionsepitased. dheressiips prdue was dissalvetldot ed 30

usi a transfection ent Fugene 6 (avail able from Roch a . After
al | owi ng" the sﬁg?%a%ﬁeaﬁ%sﬁ % é@ﬁg?lﬁ%fﬂg@&nf‘gﬁs Gpéisﬁeg mgy%‘ﬁe cells
were rec US| Y -al 3 c At i S.- and
then | noiPLRC IUPLRIHI0 LEHR (SREERE WINCANH 00 D Bh g L, T8

( BD- Bi ocwathedtwish demsitlyawfed 00 folblvedvial kthe BAitief s@bbaMhagotthe wel |

plate to stand in a CO2 incubator for 24 hours,
gradient elution method with 1-3N acetic acid solution and the lyophilization

of the resulting eluate to give Compound 29 as a white solid.

15 Yield: 65% (overall yield for these two steps).
ESI MS m/z 333.6 (M+H)+; 'H NMR (400 MHz, D2 0) &6: 4.86 (1H, dd,
J=2.8, 9.6 Hz), 4.81 (1H, d, J=1.6 Hz), 3.82 (1H, t, J=6.4 Hz), 3.40 (1H, m),
2.95 (1H, dd, J=9.6, 15.2 Hz), 2.60 (1H, dd, J=2.8, 15.2 Hz), 2.46 (2H, t, J=7.2
Hz), 2.08 2H, m), 1.14 (3H, d, J=7.2 Hz).

20

-
-

NH; H 0
HOMN,,, NH 0O
0 0 [%t;>”<
5" OH
29

Example 22: Synthesis of Compound 35
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the culture nmediumwas renoved fromeach well of the 96-well|l plate to which
the cells had been inocul ated, there was added, to each well, a solution of
Ca2+ fluorescent indicator Calcium4 Assay Kit (available from Ml ecul ar
Devi ces Conpany) in an Assay Buffer (containing 146nM of NaCl, 5nM of 10
KC1, 1mM of MgSH, Ing/nml of d ucose, 20mM of HEPES (pH 7.2), and 0.75 to
1.25 nmM of CaCl2) in an amount of 2000/ well, and each well was allowed to
stand at 37C for one hour and then at roomtenperature for 10 mnutes to
thus make the cells take the indicator. To each well of the 96-well plate,
t here was add ion of a test 15 conmpound,in a 0. 1% BSA-cont ai ni ng
Assay Buffer i nt of 50pfpﬁ}el |, and the Me i nspected for
any changey, i ijjy Of TTUorescent Ih,igt bk t herefrom for
3 minutes uSing FLEX Station (&\H-@bP¥ from Ml ecul ar Devi ces Conpany).
Met hod for the Cal cul ation of EC50 20There were cal cul ated the difference
(RFU (Max-M n) bet3igen the maxi mum and m ni mum i ntengijti es of fluorescent

i ght rays observed before and after the addition of "TThe test conpound,
according to the automatic cal culation by the FLEX Station. In this
respect, the activity rate of a test conmpound was cal cul ated, while the RFU
(Max-M n) val ue observed when 25 adding a test conpound in a nmaxi num
concentration was defined to be 100% and the RFU (Max-M n) val ue observed
when using a 0.1% BSA-contai ni ng Assay Buf ﬁ%‘g::ﬁé@‘é of any added test
conpound was deféned to b? 0% then the cupMe:-i4tting watgucc&rgri ed out using
a sof t ware—XHt+—for—spreadspeétt or a G aphPad Prismto thus¥detenm each
cor r espondi HgY'ECR: ¥ &Mue as @ 3@reoncent ration of eachsawest-

observed at the activity rate of 50% Exafl-&"®5: Eval uation (%) fcfﬁ\ﬁgﬁ*
Agoni st Activity 293E Celd s (EBNAI - expressi on HEK293 cel |'s, AT

No. CRL-10852) were cultivated in DVEM Ham s-F12 (3. 15/ nl d uco®®-contai ni ng
Dul becco' s nodi fied Eagl e nmedi um avail abl e from NAKARAI TESK Conpany) 5
containing 10%fetal calf serumin the presence of 200pg/nl of G418

(avail abl e from Genetigjghe,Conpany). The cultured cells were inoculated in
F25 flask af, a,density of¥3x106cet| s/ 10, then the content of the flask
was al | owqd;go;céfm E@%Whg ith a O i ncubatosee5% CER+"37C), @nd
then the hunah” CaSR- expressi o plaspid:” hCaSRFpTDNAS—# was,  transf 10
using a transfection agent Eugene 6 (available fT8th Roche Conpany).| Af e
allowing the flask to stand idsl a CO2 incubator for 6 to 7 hours, th ells
were recovered using 10%fetal calf serum containing DVEMLHam s:12 and
then inoculated in each well of a poly-D-lysine coat 384-well plate

(BD- Bi ocoat nsity of 2x106 cells/well. 15After allow ng the well

pl ate t ofld e onmmutrat 9t for 24 hours, the culture medi um was

renoved fro gch II of 384-wel | plate to which the cells had been
i nocul at ed, thBPEE Ws dgadlyediLbshaminermele agd 5 & ¥ Saamoly indlescent

i ndi cat oy : | ci Kit, . i1Aabl | I [

- an sl TBFHRBL SRR bR R Rl elir e 2R S RGP NSh,

| mg/ ml H ; 0545 L 25 a 2, d
2.ngrr1\/l o?argrgﬁggﬁzgggg?gyaﬂhgb%@P&%@p%}%ﬁmm%gnﬁ)&gc?ﬂngéﬁ' a%ﬁl{ to o

40p1/ wel tomplediceaoh thel dropadsaladdich t the tanpeadtu3é Gff e 4bxphnuies and
then at roomtenperature for 15 mnutes to thus make the cells take the
i ndi cat otllowed to spontaneously raise up to room temperature and the mixture was

10 then stirred overnight. After the completion of the reaction, the solvent was
distilled off from the reaction system to obtain Compound 31 in a
quantitative yield.

(2) Preparation of Compound 32

Compound 31 (0.582 g, 2.0 mmol) prepared above was dissolved in a

15 mixed solvent containing 10 ml. of water and 10 mL of methanol, then silver



25To each well of the 384-well| plate, there was added a solution of a test
conpound in a 0.1% BSA-cont ai ni ng Assay Buffer in an anmount of 10i 4/ well,
and the wells were inspected for any change in the intensity of the emtted
fluorescent light rays for 3 minutes using FLIPR (avail able from Ml ecul ar
Devi ces Conpany). 30 Method for the Cal cul ati on of EC50 There were

| cul : If RFU 7 b ' 1 Ni
"t enst  adeP i orbeafeh Fame iy O BleatU LR e it p e e
addi ti on,phobhetdstr40MPYethisREC OAﬁfe?&hteochﬂﬁlfeﬁolnp& AL QERL 6 Caleul ation

technique. In this respect, thé activity rate of a test 5 conpound was

cal cul at sdivervduille vt dwerdicdd ddVx M fi)truglbouechebsgh velltavhed thddoR@nad w.ast
conpound _i n_a maxi mum concentrati on was defined to be 100% and the RFU

( Max- MV) digaillpsl ofb Sy dble fileatatd HipagyelCoBsAubditlaini nguds pagdBuf f er free
of any adg : cefined to be 0% then the curve-fitting was
carritd eHH1FERRYE ' %P2 for spreadsheet or a 10 GraphPad Prismto

t hus detem'n = ; [ 0 r at i oOp.0f each

t est conpound?gggg?vgg %@gﬁﬁéidg?PV| y0?gigﬁgﬁﬁggg?ﬂﬁgﬁﬁ%ﬂ#%Zé¢6p¥%hﬁng

Table 1 ©haws (0.8631e3u hEnelet ELFIRGE1RGC0HGAATe 1o dfraf@%?wgén?hhods (1)
y_

and (2): Table 1 Conpound CaSR Agonist Activity (EC50) (41 u-Cys 0. 46
Conpoundngaol) 41-2vhyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (0.211

g, 1.1 mmol), and Compound 32 (0.205 g, 1.1 mmol) prepared above, then
10 triethylamine (0.198 mL, 1.4 mmol) was added to the resulting solution and
the resulting mixture (reaction liquid) was stirred at room temperature
overnight. After the completion of the reaction, the solvent was distilled off
from the reaction liquid, and the remaining liquid was diluted by the
addition of ethyl acetate. The diluted hiquid was washed twice with a 5%
15 aqueous citric acid solution and then once with a saturated aqueous common
salt solution, then washed twice with a 10% saturated aqueous sodium
bicarbonate solution and finally once with a saturated aqueous common salt
solution. The resulting organic phase was dried over magnesium sulfate,
followed by the filtration thereof and the removal of the solvent through
20  distillation to thus give Compound 33 as a crude product.

(4) Preparation of Compound 34

Compound 33 (0.277 g, 0.59 mmol) prepared above was dissolved in 5

ml of tetrahydrofuran, 4 mL of a 1M aqueous lithium hydroxide solution

was then added to the resulting solution and the mixture (reaction liquid)

256  was stirred at room temperature for 2 hours. After the completion of the
reaction, the pH of the reaction liquid was adjusted to about 2 by the
addition of a 1M aqueous hydrochloric acid solution and then ethyl acetate

was added to the reaction liquid to extract the same. The resulting organic
phase was washed with a saturated aqueous common salt solution, then

30  dried over magnesium sulfate, the latter was removed through filtration and
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Compound 8b 0. 053 Conpound 8c 19. 99 Conpound 8d 1.95 Conmpound 21 1.85
Conmpound 29 0. 58 Conpound 35 0.199 Al'l of the conmpounds according to
the present invention showed the desired CaSR agoni st activity. Anong them
Compound 8b as a preferred 5 | anthi oni ne derivative according to the
present invention showed an extremely high CaSR agoni st activity, which was
found t otlzesdbent wistdisgBed biftirah theBlurdfy3sowhiug ritadobgaudswn to have a
CaSR agonlst act|V|ty Exanple 26: Eval uation of Kokum -inparting Activity
B TRABTIIRE g intensity of its kokunl-lnpartlng

10activity accordi.,n h nt.itative organol e c uation_test.
y 5& JIQ §9droch oxﬁ: géjl ciloxane solutgo% was gctiéled to Compound 34

(0.181 g, 0.38 mmol) prepared above and the reaction between them was

5 continued at room temperature all the night through. After the completion
of the reaction, the solvent was distilled off to give a residue and a part of the
residue containing Compound 35 was purified by the reversed phase
prepative HPLC (column: Develosil RPAQUEOUS-AR-5, available from
NOMURA Chemical Co., Ltd.; mobile phase: linear gradient of water

10 containing 0.1% heptafluorobutyric acid/acetonitrile system) to thus give
Compound 35 as a diastereomer mixture.
1H NMR (D:0) 6: 1.41-1.78 (m, 3H), 1.80-1.91 (m, 2H), 1.99-2.03 (m, 1H),
2.08-2.22 (m, 2H), 2.42-2.51 (m, 2H), 3.97-4.02 (m, 1H), 4.31-4.34 (m, 1H),
4.45-4.49 (m, 1H)

15 MS(EST) m/z: 302.0 (M+1)

Example 23: Preparation of CaSR-Expression Plasmid:

The preparation of a CaSR-expression plasmid was carried out
according to the following procedures:
There were synthesized synthetic orige DNAs [forward primer

20 (Sequnce No. 3: ACTAATACGACTCACTATAGGGACCATGGCATTTTATAG-
CTGCTGCTGG)] and a reverse primer (Sequence No. 4: TTATGAATTCAC-
TACGTTTTCTGTAACAG), to be used in the PCR procedures, on the basis of
the DNA sequence registered with NCBI [CaSR (calcium receptor):
NM_000388, Sequence Nos. 1 and 2], as a template.

25 The PCR procedures were carried out using the foregoing primers, and
Pfu Ultra DNA Polymerase (available from Stratagene Company) under the
following conditions, while using the ¢DNA derived from human kidney
(available from Clontech Company) as a material or a template. In this
connection, a series of the replication cycle comprised steps for treating the

30  system at 94°C for 3 minutes, then at 94°C for 30 seconds, 55C for 30 seconds,
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The quantitative organol eptic evaluation test was herein carried out
according to the follow ng procedures: The intensity of the

kokum -inparting activity were determned in case where a test compound (in
an armount ranging from0.0001 to 0.0005 g/dL) was blended with 15 distilled
wat er contai ni ng sodium glutamate (0.05 g/dL), inosine nonophosphate

(i nosi ni g AGio) fgp%%irg{tgg)wh?ébgnﬁﬁgil%f;E’*Pc{%%%g%%&{e@eq/eg&tedql%gw val ue

of the sanpl és used was adj us to t rol” free o t est

conpoundtiphese andt@nRHstepl dfeoftinigs biad t@ctrdt 70Tt BrfigsRact THde
evaluation criteria was set as follows: 0: the score of a test conpound

bei ng 20ekeqtriophbersis poodedateofverdeawont oot thdughhen shetwelyfe @ppestedconpound
bei ng stronger than that qof the control; and 5; the score of a test

conpoundoBethRgaEte difel Joliweshger thaaaiag of thheclegmpplopresrdrPh&, to
were ot PREES il N AR R HE e, AR Bk <SRG huen el il MYE ana
3.0: thejaf fighidadth thenreh a0d Bﬁ%ﬁé’@}!e&‘aﬁﬂeoﬁtt\éﬁﬁe&aaﬁﬁ#ﬁﬂc in WUd € S
panelists were used for 5 each evaluation test (n =5). 1Tn this connection,

t he int easided @f néthe Thalkdditioabser MednflengthSUtMaPCR yratuces GRREaNy ati on
of 0.001 g/dL corresponds to the _intensitg of the kokum (3.0: the
i nitial - edoineed hycommBirong themafitbrthpas vefhob¥Avedrkas eaclihaviygd y

(glutathjone) at a ongent r ign qf 0.01 g/dL The ,scoring was carried out
ugi g t nEoPVhaare Sed PRSI SpraRR el sERerecd Eor T LdEORITh G e or ¢ was
plotigd on a BiiahGnleld.ne BR34I £lsIBR BEARS éggtg%giotno engyd #AdRyS had

been expressly specifie Ion, sefecte aneli’'stsin ese

eval uat | Qvatiiables fves ﬂ‘aﬁk@&ﬁ@t&n}ﬂ’_ﬁ!ﬁyf@ﬂd kBen«eR0Aaethdrils LiiepliRYEL9PIRNt of a
seasoni nfg over a cumul ative period of at |least a half year, and who could
atr

so j udgefarhaeinghBCHi pfeednces betrewennyetelutoCise Glasnaiddvddoy a6l theMait- G vy,
each of which was_added to. a solution haying umami and salty taste, was
about 108%§ ng%erepﬁi YSHY Iﬁ%%?t\ﬁé‘sbﬁé’én:z?‘f%%@qﬁt f‘f"éﬁul%@mf}ﬁaeréﬁl?@ﬁﬁﬁn this
respect, e term "knikial - ddl te' ns_the.t.aste detected during
the ter mEEsé}hegrls%glg}croglmbg; ?% Sg%aggc"g%%g%% S[fglg%ége 1tglgthé§crﬁa%té%lséﬁ‘l%ﬁo%ach
penels st fo3iokmut By aRd dddectt@l T nafrh@srdrashf’ wiBahsndinahindat %CE&%%B

thereafter. The compound 8b used in these tests showed i1ts kokum -inparting
acti vi t yeapedile ofierwiedgoimgnde: dbnie with ¢égeiRgRaddplifiednoedtictathdnde but the
results gbserved at typical concentrations are shown in the foll ow ng Tabl e
2. PCR-ampldipgleprodngh veathans sonshaned miseondengte $hetiagk redughen
y-d u-Val - 1GI 2@1 s eval uated according to the same procedures. Table 2
Conp. Co%%.ys%’g(? ‘'ntensityof Kokum Comments for the Eval uation

This recombinant plasmid was wused for the construction or
20  establishment of a human CaSR-expression plasmid: hCaSR/pcDNA3.1.
Example 24: KEvaluation (1) of CaSR Agonist Activity
293E Cells (EBNA1-expression HEK293 cells, ATCC No.CRL-10852)
were cultivated in DMEM/Ham's-F12 (3.15/ml Glucose-containing Dulbecco's

modified Eagle medium; available from NAKARAI TESK Company)
25 containing 10% fetal calf serum in the presence of 200pg/ml of G418
(available from Genetisine Company). The cultured cells were inoculated in
F25 flask at a density of 3x108cells/10ml, then the content of the flask was
allowed to stand for 24 hours in a CO3 incubator (6% CQOg, 377), and then
the human CaSR-expression plasmid: hCaSR/pcDNA3.1 was transfected

30  using a transfection agent Fugene 6 (available from Roche Company). After
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Initial- After Taste M ddl e Taste Control 00 y-Qu- Val-dy 0.001

allowing the flask to stand in a CO; incubator for 6 to 7 hours, the cells were
recovered using 10% fetal calf serum-containing DMEM/Ham's-F12 and then
inoculated in each well of a poly-D-lysine coat 96-well plate (BD-Biocoat) at a
density of 70,000 cells/well.

5 After allowing the well plate to stand in a CO; incubator for 24 hours,
the culture medium was removed from each well of the 96-well plate to
which the cells had been inoculated, there was added, to each well, a solution
of Ca® fluorescent indicator Calcium 4 Assay Kit (available from Molecular
Devices Company) in an Assay Buffer (containing 146mM of NaCl, 5mM of

10 KCl, 1mM of MgSO4, Img/ml of Glucose, 20mM of HEPES (pH 7.2), and 0.75
to 1.256 mM of CaCly) in an amount of 200plwell, and each well was allowed
to stand at 37°C for one hour and then at room temperature for 10 minutes to
thus make the cells take the indicator.

To each well of the 96-well plate, there was added a solution of a test

15  compound in a 0.1% BSA-containing Assay Buffer in an amount of
50pl/well, and the wells were inspected for any change in the intensity of
fluorescent light rays emitted therefrom for 3 minutes using FLEX Station
(available from Molecular Devices Company).

Method for the Calculation of ECsg
20 There were calculated the difference (RFU (Max-Min) between tha

maximum and minimum intensities of fluorescent light rays observed before
and after the addition of the test compound, according to the automatic
calculation by the FLEX Station. In this respect, the activity rate of a test
compound was calculated, while the RFU (Max-Min) value observed when
25  adding a test compound in a maximum concentration was defined to be 100%
and the RFU (Max-Min) value observed when using a 0.1% BSA-containing
Assay Buffer free of any added test compoun& was defined to be 0%, then the
curve-fitting was carried out using a software Xfit for spreadsheet or a
GraphPad Prism to thus determine each corresponding ECsy value as the

30  concentration of each test compound ohserved at the aetivity rate of 50%.



2.5 3.0 The kokum is strengthened mainly with respect to the roundness,

t hi ckness and growth. Conp. 8b 0.0001 2.3 2.4 The start of the initial
taste of the conpound is faster than that observed for y-AQu-Val-dy and

t he conpound can inpart kokum rather approaching the initial taste.
0.0005 3.4 3.5 The start of the initial taste of the conmpound is faster
than thaty,Qb _ L A qngﬂgctg&ound can inpart kokum

rat her approachi ng AOTL i ournd can inpart a strong UVAM
taste to the RPBE Gbll§QEENfQILexbiﬂes§s@cKh l}mﬁmgat&mkmctm@mp 10852) The
foregoing results clearly indicate that the corrpound of the present

i nvent i oweshowdivated o )M/ Ratlmi1RpdibiinhilactdevidntairaveDalbeeso)s

modified Eagle medium; available from NAKARAI TESK Company)

5 containing 10% fetal calf serum in the presence of 200pg/ml of G418
(available from Genetisine Company). The cultured cells were inoculated in
F25 flask at a density of 3x10¢cells/10ml, then the content of the flask was
allowed to stand for 24 hours in a COz incubator (5% COs, 37°C), and then
the human CaSR-expression plasmid: hCaSR/pcDNA3.1 was transfected

10 using a transfection agent Fugene 6 (available from Roche Company). After
allowing the flask to stand in a COgz incubator for 6 to 7 hours, the cells were
recovered using 10% fetal calf serum-containing DMEM/Ham's-F12 and then
inoculated in each well of a poly-D-lysine coat 384-well plate (BD-Biocoat) at
a density of 2x106 cells/well.

15 After allowing the well plate to stand in a COz incubator for 24 hours,
the culture medium was removed from each well of the 384-well plate to
which the cells had been inoculated, there was added, to each well, a solution
of Ca?* fluorescent indicator: Calcium 5 Assay Kit (available from Molecular
Devices Company) in an Assay Buffer (containing 146mM of NaCl, 5mM of

20 KCl 1mM of MgSOs, Img/ml of Glucose, 20mM of HEPES (pH 7.2), and 0.75
to 1.256 mM of CaCly, and 2.5mM of Probenecid (available from SIGMA
Company)) in an amount of 40pl/well, and each well was allowed to stand at
37C for 45 minutes and then at room temperature for 15 minutes to thus
make the cells take the indicator.

25 To each well of the 384-well plate, there was added a solution of a test
compound in a 0.1% BSA-containing Assay Buffer in an amount of 10pl/well,
and the wells were inspected for any change in the intensity of the emitted
fluorescent light rays for 3 minutes using FLIPR (available from Molecular
Devices Company).

30  Method for the Calculation of ECso




5 low concentration. This would be quite useful fromthe industri al

st andpoi nt. Exanpl e 27: Eval uation of Conpounds According to the Present
I nvention for Kokum -Inparting Activity in Case of Dried-Bonito Extract
Compound 8b was inspected for the intensity of its kokunu inparting
activity according to the quantitative organol eptic eval uation test.

The quantitatt Qr 0 i vial uatd Sy } according to
the foll ow ng%%é‘gevg#egggﬁlea%fﬁt@ﬁs?iff’f/&%%l E%?@%@k I\}l%g}‘lgmﬁ\}lﬁ1 %‘%Jﬁﬁ"‘fer‘?é‘ Sivi ty
of test aoEAUNE MABrARIeHH PEENLISIRGTT TSR 1Mt AIR8 G HRYdid MifhRY
commercially available dried bonito extract (equivalent to a 50% broth of
dri ed boantohfteit thdotddiboer oft sha testcemmpatindn aafoRng tf dhe &IdPRy conmon

salt (0.5 g{dLé.to the diluted extract to give a_solution of dried bonito
extract BREPTHAER PHOPHOR deshyaiet edb thonpoinest. thet activey rotesof attesh, in an

ing firom 0.0001 to Q.00 . ~fhe pH val f th | d
v oo uenBaoTs I RE SRt artalonite AL pRAR R PRIE hsohits MR e oh
val ue of a&H&dé_ At cobhgbund i@aéﬂia&ihﬁﬁﬁ%ﬁc@ﬁ%ﬁﬁ%%é&aﬂé e& b Bgrliog%""as set

as follows: the score of a test conpoun el ng equivalent to that of the
control ; aRd theeREtofMapMm)tweste obspouwddwhenngsidd asO.nonBIA thamihhat of the
control; and 5: the score of a test conpound being extrenely stronger than
that of Aﬁ@asc&hltffe@f?e@framadd@cbtm@mmr@rWtaeudiegnefidp her¥oethainutitd on nor e
clearer, the éngomﬁng st andards were set he,initial-mddle taste

. 2.5 1
obser ved oL epg VAR BrDRI AT SSG hgoipear Xhbrler LHEFASTIMHAOK Ho
eval yat i api;l I i : f agh
evalgitigﬁapggﬁa(%ﬁgﬁg??%*%s?ﬁ#éﬁ%§ﬁ£g§§¢gnbﬁ?ﬁgﬁgk e§g¥?3%%$gf%eﬁ¥bkum
obser vededrfenyr ik Vabadl testto@peandaiseatdom e LetdBly ghdlofconxesponds to
the intensity of the kokum (3.0: the initial-mddle taste; 3.0: the after
taste) observébeffotloyig Fables 1@howWgthe aehilondptatniaedomeerdingt iootheof 0. 01

g/ dL. The scorin S. C rigg out using the linear-scale technique, in

whi ch ea®*88hE, ?Q@ﬁ%ﬁﬁgﬁﬁ €bre was plotted on a straight line on which
the scores equal to -5, 0 and +5 had been expressly specified. In addition,
sel ected as panelists in these evaluation tests were persons who had been
engaged in the devel opnent of seasonings over a cunul ative period of at

| east a half year, and who could so judge that the difference between
y-Qu-Cys-A@y and 30 y-Gu-Val-dy, each of which was added to a solution
having a UMAM taste and a salty taste, was about 10 tinmes (this ability
was confirmed at regular intervals). In this respect, the term
"initial-mddle taste" neans the taste detected during the termrangi ng
fromO to 5 seconds after keeping each sanple in each penelist's nouth and
the term"after taste" neans that 5 detercted thereafter. The conpound 8b
used in these tests showed its kokum -inparting activity over the w de
range of the foregoing added concentrations, but the results observed at
typi cal concentrations are shown in the follow ng Table 3.

Moreover, Table 3 also shows the results obtained when y-Qu-Val- Ay 10
was eval uated according to the sane procedures.
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Tabl e 3: Conp. Concn. (g/dL) Intensityof Kokum Comments for the Eval uation
Initial- After Taste M ddl e Taste

Table 1
Compound CaSR Agonist Activity (ECso)(nM)
v-Glu-Cys 0.46
Compound 8a 14.27
Compound 8b 0.063
Compound 8c 19.99
Compound 8d 1.95
Compound 21 1.85
Compound 29 (.58
Compound 35 0.199

All of the compounds according to the present invention showed the

desired CaSR agonist activity. Among them, Compound 8b as a preferred

5 lanthionine derivative according to the present invention showed an

extremely high CaSR agonist activity, which was found to be about 9 times
that of y-Glu-Cys which had been known to have a CaSR agonist activity.

Example 26: Evaluation of Kokumi-imparting Activity

Compound 8b was inspected for the intensity of its kokumi-imparting
10 activity according to the quantitative organoleptic evaluation test.

The quantitative organoleptic evaluation test was herein carried out
according to the following procedures: The intensity of the
kokumi-imparting activity were determined in case where a test compound
(in an amount ranging from 0.0001 to 0.0005 g/dl) was blended with

15 distilled water containing sodium glutamate (0.05 g/dL), inosine
monophosphate (inosinic acid) (0.05 g/dL), and sodium chloride (0.5 g/dL).
The pH value of the samples used was adjusted to that of the control free of
any test compound (i.e., the pH value of the latter £0.2). In this respect, the
evaluation criteria was set as follows: 0: the score of a test compound being
20  equivalent to that of the control; 3: the score of a test compound being

stronger than that of the control; and 5: the score of a test compound being
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Control O O y-AQu- Val-Ay 0.001 2.5 3.0 The fish neat taste of the dried
bonito extract is strengthened. Conp. 8b 0.0001 2.3 2.5 The start of the
initial taste of the conmpound is faster than that observed for
y-Au-Val-A@y and the conpound can inpart kokum rather approaching the
initial taste. The sour taste of the dried bonito extract becones m |l der.

extremely stronger than that of the control. Further, to make the criterion
for the evaluation more clearer, the following standards were set: 2.5: the
initial-middle taste observed for y-Glu-Val-Gly; and 3.0: the after taste
thereof and the evaluation was carried out while 5 panelists were used for
5 each evaluation test (n =5). In this connection, the intensity of the kokumi
observed for y-Glu-Val-Gly at a concentration of 0.001 g/dL corresponds to
the intensity of the kokumi (3.0: the initial-middle taste; 3.0: the after taste)
observed for y-Glu-Cys-Gly (glutathione) at a concentration of 0.01 g/dL.
The scoring was carried out using the linear-scale technique, in which each
10 corresponding score was plotted on a straight line on which the scores equal
to -5, 0 and +5 had been expressly specified. In addition, selected as
panelists in these evaluation tests were persons who had been engaged in
the development of a seasoning over a cumulative period of at least a half
vear, and who could so judge that the difference between y-Glu-Cys-Gly and
15 y-Glu-Val-Gly, each of which was added to a solution having umami and salty
taste, was about 10 times (this ability was confirmed at regular intervals).
In this respect, the term “initial-middle taste” means the taste detected
during the term ranging from 0 to 5 seconds after keeping each sample in
each penelist’s mouth and the term “after taste” means that detercted
20  thereafter. The compound 8b used in these tests showed its
kokumi-imparting activity over the wide range of the foregoing added
concentrations, but the results observed at typical concentrations are shown

in the following Table 2.
Moreover, Table 2 also shows the results obtained when y-Glu-Val- Gly

25  was evaluated according to the same procedures.
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0.0005 3.5 3.7 The start of the initial taste of the conpound is faster
than that observed for y-Gu-Val-Ay and the conpound can inpart kokum

rat her approaching the initial taste. The sour taste of the dried bonito
extract becones mlder. The fish neat taste of the dried bonito extract is
further strengthened. The conpoundcani npartastrong UMAM taste to the
initial solution. Table 2

Comp. Concn. | Intensity of | Comments for the Evaluation
(g/dL) | Kokumi

Initial- | After
Middle | Taste

Taste

Control | -- 0 0

v-Glu- 0.001 2.5 3.0 The kokumi is strengthened mainly

Val-Gly with respect to the roundness,
thickness and growth.

Comp. 0.0001 | 2.3 2.4 The start of the initial taste of the

8b compound is faster than that observed
for y-Glu-Val-Gly and the compound
can impart kokumi rather
approaching the initial taste.

0.00056 | 3.4 3.5 The start of the initial taste of the

compound is faster than that observed
for y-Glu-Val-Gly and the compound
can impart kokumi rather
approaching the initial taste. The
compound can impart a strong
UMAMI taste to the initial solution.

It can impart thickness thereto.

The foregoing results clearly indicate that the compound of the

present invention shows an excellent kokumi-imparting activity, even a very

5 low concentration. This would be quite useful from the industrial
standpoint.

Example 27: BEvaluation of Compounds According to the Present Invention

for Kokumi-Imparting Activity in Case of Dried-Bonito Extract
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Wth respect to even the dried bonito extract, it was found that the

| ant hi oni ne derivative according to the present invention can serve as an
excel l ent kokum -inparting agent which shows an excell ent kokum -inparting
activity, even a very |low concentration. The dried bonito has w dely been
used in, for instance, M SO soup, soup for fine noodles, wheat vermcelli
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various Eeﬁdﬁy%b&@iﬁg%@tmau%ti%ti%ioggég%&lt ti8bvAll AW FAsE and in a very

smal | amount.” Accordi ngly, t’he conpoun e present 1 nvention would be
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obser vedTRE sk¥RhealaCONGRMY bat LeNSs # € linear-scale technique, in which each
25  corresponding score was plotted on a straight line on which the scores equal
to -5, 0 and +5 had been expressly specified. In addition, selected as
panelists in these evaluation tests were persons who had been engaged in
the development of seasonings over a cumulative period of at least a half
vear, and who could so judge that the difference between y-Glu-Cys-Gly and
30  y-Glu-Val-Gly, each of which was added to a solution having a UMAMI taste
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15 shown in the follow ng Table 4. Mor eover, Table 4 also shows the
results obtained when y-@u-Val- Ay was eval uated according to the sane
procedures. Table 4 Conp. Concn. (g/dL) Intensityof Kokum Conments for
t he Eval uation Initial- Mddle Taste After Taste Control
and a salty taste, was about 10 times (this ability was confirmed at regular
intervals). In this respect, the term “initial-middle taste” means the taste
detected during the term ranging from 0 to 5 seconds after keeping each
sample in each penelist’'s mouth and the term “after taste” means that
5 detercted thereafter. The compound 8b used in these tests showed its
kokumi-imparting activity over the wide range of the foregoing added
concentrations, but the results observed at typical concentrations are shown
in the following Table 3.
Moreover, Table 3 also shows the results obtained when y-Glu-Val- Gly

10 was evaluated according to the same procedures.
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00 y-GQu- Val-Ay 0.001 2.5 3.0 The thickness feeling of the cows mlk
I s strengthened. Conp. 8b 0.0001 2.4 2.3 The start of the initial

the conpound is faster than that observed for y-AQu-Val-G@y and the

conpound can inpart kokum

3.5 3.5

rat her approaching the initial taste. 0.0005

Table 3:

Comp.

Conen.

(g/dLy)

Intensity

Kokumi

of

Initial-
Middle

Taste

After
Taste

Comments for the Evaluation

Control

0

y-Glu-
Val-Gly

0.001

2.5

The fish meat taste of the dried bonito

extract is strengthened.

Comp.
8b

0.0001

2.3

The start of the initial taste of the
compound 1s faster than that observed
for y-Glu-Val-Gly and the compound
can 1mpart kokumi rather
approaching the initial taste.

The sour taste of the dried bonito

extract becomes milder.

0.0005

3.5

3.7

The start of the initial taste of the
compound is faster than that observed
for y-Glu-Val-Gly and the compound
can impart kokumi rather
approaching the initial taste.

The sour taste of the dried bonito
extract becomes milder. The fish
meat taste of the dried bonito extract
15 further strengthened. The
compound can impart a strong

UMAMI taste to the initial solution.

With respect to even the dried bonito extract, it was found that the

lanthionine derivative according to the present invention can serve as an

62

taste of




The start of the initial taste of the conpound is faster than that observed
for y-AQu-Val-Ay and the conpound can inpart kokum rather approaching the
initial taste. The thickness feeling of the cows mlk is further
strengthened. Wth respect to even the cows mlk, it was found that the

| ant hi oni ne derivative according to the present I nvention can serve as an

- whi h [ 1
cokun -1 TG aKORO Y PRTRREa ABaEr y ¥ Bioontaries at Pon.  ellesty s mi | k
has wi deh{ﬁkgﬁﬁrﬁrﬁﬁﬁqm acii O y,'&%hadqggr # g&%%@&gtufn?r ’f r Ido Hcgllg(())rl%ﬂ%

bever ages, conf I onety an ferment ed re spec

conpoundha whtelprigsentistMMANTH0Mm GRSt MR do [ QuepE n[b Bdlaste and
pal ate of various foods 10 whi ch nake use of cow s m K, at a |l ow cost and

in a verylemdl veanbebi. andceondistgtly, forheewnipdliind Mdret bpegifiesknt thavent i on
mould be Ulte&éig g fromthe industrial standpoint. Wat is clainmed is:
1. A conpb ¢hs neprentinrentiep pesentedhipynpryemsintotithy tastiecad

formul a %)5 at?' f%r?oqisbfloodsal tldtl rrhee{k%otfzse of dried bonito, at a low cost and in a
very small amount. Accordingly, the compound of the present invention
would be quite useful from the industrial standpoint.

Example 28: Evaluation of Compounds According to the Present Present

10 Invention for Kokumi-Imparting Activity in Case of Cow’s Milk

Compound 8b was inspected for the intensity of its kokumi- imparting

activity according to the quantitative organoleptic evaluation test.
The quantitative organoleptic evaluation test was carried out
according to the following procedures: The intensity of the
15 kokumi-imparting activity of the test compound was determined using a
mixture obtained by adding, to the commercially available cow’s milk (fat
content: 3.6%), the test compound in an amount ranging from 0.0001 to
0.0005 g/dL. The pH value of the samples used was adjusted to that of the
control free of any test compound (i.e., the pH value of the latter +0.2). In
20 this respect, the evaluation criteria was set as follows: 0: the score of a test
compound being equivalent to that of the control; 3: the score of a test
compound being stronger than that of the control; and 5: the score of a test
compound being extremely stronger than that of the control. Further, to
make the criterion for the evaluation more clearer, the following standards
25  were set: 2.5: the initial-middle taste observed for y-Glu-Val-Gly; and 3.0: the
after taste thereof, and the evaluation was carried out, while 5 panelists
were used for each evaluation test (n = 5). In this connection, the intensity
of the kokumi observed for y-Glu-Val-Gly at a concentration of 0.001 g/dL
corresponds to the intensity of the kokumi (3.0: the initial-middle taste: 3.0:
30  the after taste) observed for y-Glu-Cys-Gly (glutathione) at a concentration
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(I') wherein RL and R2 each independently represent a hydrogen atomor a
| ower al kyl group having 1 to 3 carbon atons; A represents a nethyl ene
group or an oxy group; and 10X represents an al kyl ene group having 1 to 5
carbon atons, provided that one of the nethylene groups present in the
al kyl ene group may be substituted with a thio group, a disulfide group, an

oXy grou I, gy NO -0 m qr o avin t.0 .3 .carbon

at ons angft0 ﬁj;tét e a%@?%ﬁgg%%&géa%}%df@rﬁg%gbe esﬁ%%?"f“%?&%&e%l?wu?’to 6

al kyl gr owpsigashcH sotravpiitihgtsBord waE BRItAL OA%: stright e dadppr an
edible salt thereof as set forth in claiml1, wherein 13,1 and R2 in the
gener al foweslayu@El) ta epr 8send Hy draagéneat edpressly. sghefiednphundi®tioan edi bl e
salt thereof as set forth in claiml1 or 2, wherein the group Ain the

general feleRifdaas PRneapteeihescaevivayloanese sie pagons wite hednpeumd or  an
edi bl g sgl& tehder ec%ga(?e segt for%h i n_any. one of clai msla%. to 3,. ghdﬁ,r ein the
group’ X P RERHE YEAbe e YIPHRrRT Of \SCrEQnBgs e rad iimtanieeRerigh sifpat n whi ch
one of t ey ot YA eNeoaa! O LSS S0fi1d SsoS WG t Re: kO ; 5. The
conpound orS an edi Bfee sal t tvﬂgér eo;l as Osglfk[) %ort%a%ﬁr?@cﬁgﬁf%reﬁgemhgvg%ﬁl it has
a struct yr@lu-Eps€ilented pyithelf@ly euwchgoenatll whordnded (ha) solNd2m
HOrit-,L)\--NH b0
aving umami and salty taste, was about 10 times (this ability was
confirmed at regular intervals). In this respect, the term “initial-middle
10 taste” means the taste detected during the term ranging from 0 to 5 seconds
after keeping each sample in each penelist’s mouth and the term “after taste”
means that detercted thereafter. The compound 8b used in these tests
showed its kokumi-imparting activity over the wide range of the foregoing
added concentrations, but the results observed at typical concentrations are
15 shown in the following Table 4.
Moreover, Table 4 also shows the results obtained when y-Glu-Val- Gly

was evaluated according to the same procedures.
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00\ OH (ha) 6. The compound or an edible salt thereof as set forth in claim

5, wherein it has a structure represented by the foll ow ng general

(8b):

one of clainms 1 to 3, wherein the group X in the general
represents a tetranethyl ene group,

fornmul a

8b 5 7. The conpound or an edible salt thereof as set forth in any

formula (1)

substituted with a thio group, or angferHat hyl ene group, which is

one of the nethylene group of which is

substituted with an alkyl group having 1 to 3 carbon atons and one_of the
met hyl en€oPUPSCOficrl0 MRbaLyS T el aCRAMMNLS & tHY Bvanitibn 8. The
compound or an ledi ble |salt thereof as set forth in any one of clains|/ 1 to
3, wherein the [gieddip X Kokthe general fornmula (1) represents a trinethylene
group. 9. A ffood canmposition—ctonprising a conpound or an edi ble salt
thereof |as 15 skt fort/nifiakny dffer of claims 1 to 8, in an anount ranging
(rom 10,pob Lo 99-5%6 |40sgfh Kokl roer g agent compri sirg & corpount
effective conponent. Taste
Control 0 0
v-Glu- 0.001 |25 3.0 The thickness feeling of the cow’s milk
Val-Gly 18 strengthened.
Comp. |0.0001 | 2.4 2.3 The start of the initial taste of the
8b compound is faster than that observed
for y-Glu-Val-Gly and the compound
can mmpart kokumi rather approaching
the mitial taste.
0.0005 | 3.5 3.5 The start of the initial taste of the
compound 1s faster than that observed
for y-Glu-Val-Gly and the compound
can impart kokumi rather approaching
the initial taste.
The thickness feeling of the cow’s milk
is further strengthened.
With respect to even the cow’s milk, 1t was found that the lanthionine
derivative according to the present invention can serve as an excellent
5 kokumi-imparting agent which can show an excellent kokumi-imparting

10

activity, even at a very low concentration.

The cow’s milk has widely been

used in, for instance, ingredients for various foods, beverages, confectionery

and fermented foods.

More specifically, the compound of the present

invention permits the improvement of the taste and palate of various foods

which make use of cow’s milk, at a low cost and in a very small amount.
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11. A compound having a structure represented by the foll ow ng general
20formula (1A) or a chemcally acceptable salt thereof: (1A wherein Rf
and R2' each independently represent a hydrogen atom or an al kyl group
having 1 to 3 carbon atons; R3' represents a hydrogen atom an
al kyl group having 1 to 4 carbon 5atons, a benzyl group, or a

9-fl uorenyl : oup; . represents g.t-butagxycar bonyl up, a
benzyl ox % gé%%ﬁ%‘y gg% &%?npoorurﬁi 351%]% cﬁ'% ﬁ%%&‘fﬁﬂ%b% (‘,Vé}rlﬁgrkﬂ qb‘Ft@uﬁ’?‘g{lP

R5" represfntRe dnMyArRX %ta9dQ4Rs. an al koxy group having 1 to 4 carbon
atons, a benzyl oxy group, an am no group (-NH2) or an al kyl am no group 10
having 1 to 3 carbon atons; A represents a nethylene group or an oxy group;
and X represents an al kyl ene group having 1 to 5 carbon atons,

provi ded that one of the nethylene groups present in the al kyl ene group may
be substituted wth a thio group, a disulfide group, an oxy group, an imno
15 group or an alkyl-imno group having 1 to 3 carbon atons and that the

al kyl ene group may further be substituted with 1 to 6 al kyl groups each
having 1 to 3 carbon atons.
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What is claimed is:

1. A compound having a structure represented by the following general

formula (I) or an edible salt thereof:

NH, R
HO AN
N—R?
0 0 X

OH

D

wherein R1 and R2 each independently represent a hydrogen atom or a
lower alkyl group having 1‘ to 3 carbon atoms;

A represents a methylene group or an oxy group; and

X represents an alkylene group having 1 to 5 carbon atoms, provided
that one of the methylene groups present in the alkylene group may be
substituted with a thio group, a disulfide group, an oxy group, an imino
group or an alkyl-imino group having 1 to 3 carbon atoms and that the
alkylene group may further be substituted with 1 to 6 alkyl groups each
having 1 to 3 carbon atoms.
2. The compound or an edible salt thereof as set forth in claim I, wherein
R1 and R2 in the general formula (I) represent hydrogen atoms.
3. The compound or an edible salt thereof as set forth in claim 1 or 2,
wherein the group A in the general formula (I} represents a methylene group.
4. The compound or an edible salt thereof as set forth in any one of claims
1 to 3, wherein the group X in the general formula (I) represents a
trimethylene group in which one of the methylene group thereof is
substituted with a thio group.

5. The compound or an edible salt thereof as set forth in claim 1, wherein
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it has a structure represented by the following general formula (I1a):
NH, b 9
HO\H)\/\WNf)\NH 0
0 0 N\ ﬂoa
(IIa)
6. The compound or an edible salt thereof as set forth in claim 5, wherein

1t has a structure represented by the following general formula (8b):

NH, a9
HOMNIJ,(S\NH P
o SHEN <OH
8b
7. The compound or an edible salt thereof as set forth in any one of claims
1 to 3, wherein the group X in the general formula (I) represents a
tetramethylene group, one of the methylene group of which is substituted
with a thio group, or a trimethylene group, which is substituted with an
alkyl group having 1 to 3 carbon atoms and one of the methylene groups of
which 1s replaced with a thio group.
8. The compound or an edible salt thereof as set forth in any one of claims
1 to 3, wherein the group X in the general formula (I) represents a
trimethylene group.
9. A food composition comprising a compound or an edible salt thereof as
set forth in any one of claims 1 to 8, in an amount ranging from 10 ppb to
99.9%.
10. A kokumi-imparting agent comprising a compound or an edible salt
thereof as set forth in any one of claims 1 to 8, as an effective component.
11. A compound having a structure represented by the following general

formula (IA) or a chemically acceptable salt thereof:
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R4

Ry A\n/ N—R2'

(1A)
wherein R1’ and R2’ each independently represent a hydrogen atom or an
alkyl group having 1 to 3 carbon atoms;

R3’ represents a hydrogen atom, an alkyl group having 1 to 4 carbon
atoms, a benzyl group, or a 9-fluorenylmethyl group;

R4’ represents a t-butoxycarbonyl group, a benzyloxycarbonyl group,
or a 9-fluorenylmethyloxyearbonyl group;

R5’ represents a hydroxyl group, an alkoxy group having 1 to 4 carbon
atoms, a benzyloxy group, an amino group (-NHsz) or an alkylamino group
having 1 to 3 carbon atoms;

A represents a methylene group or an oxy group; and

X represents an alkylene group having 1 to 5 carbon atoms, provided
that one of the methylene groups present in the alkylene group may be
substituted with a thio group, a disulfide group, an oxy group, an imino
group or an alkylimino group having 1 to 3 carbon atoms and that the
alkylene group may further be substituted with 1 to 6 alkyl groups each

having 1 to 3 carbon atoms.
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