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T3 FIVT I LA, dopamineZ it Lav & LT,

LG
WtEZLND, Hb R EWEZFOLDLE LT, HHLD
IZORERFH GBI E L THEL TV B L EZLNLH, ZhZho(Ls

i A AR TR KEBB S Twi, 20f

BOHRIRENE DS
BTho72h), HEVRZORFEITH 70T 5ENS, 72 2FLT 2 1L

BMORBHBR RO TE ., HEICEDb LTRSS KEIVWEELI NS

CDEI LT 2 A FIVT I ALEWIIDWTH L 2B 2 1R Z &

:
o

FURHEER BRIE A ) C 7 < MRLEAYIC b BIRIRV, BB, #77: 2 S BHEE O

R —EOMLEWOkR, (L8 L 787 1 B %

(e sl

Y0 BT B O T e

72 AFNT I ALEW O HUE & L TIX. monoamine oxydase B (MAO-B)
&% 17 I ORI, B -hydroxylasel & % gL ABE LRSS B T
WhH, CDOIEM I dpamineD IS H FaA— LEEEEAET 2L DL,
catechol-O-methyl trasferase (COMT)(Z X % catechol® mono O-methyl{LA%%] & 4L T v»
%o MAO-BIZ X % dopamine O X #f4% |2 dihydroxyphenylacetaldehyde T & % A% Z 1112
dihydroxyphenylacetic acid (DOPAC). & & |Zhomovanilic acid (HVA)™~ U3 X414,

Dopamine @ — 3 O A B JUIE 12 35 V2 T 14 tyrosine 7 & dihydroxyphenylalanine

(DOPA)S A BT % #72, B Btyrosine hydroxylase (THase) i= X % m-fif K f (L R i

A3 T . dopaminet: L 813 = ) ¥ 3

Lo THEi SN TVWE, ZofE

FiddopaminelZ L o TT 1 — KNy 7RIS N TWA T £ A5, dopamine®

A E FORMENH G L TWAHI L1241, dopamine DAL #HBAE b = o T 12




&5, LDOPAZ G L 7: FDRB NG MOTRE S 1

dopamineDfC ) & ST v S salsolinolld . THaseDFLEIHEAH LT 5 2 &

SN TWS (Weiner, 1978) ZDZ L, dopamine? & salsolinol~ & {t #t

> 12 7 dopamine 4 i O 5 L TWAILERELTWS

12,3 4-tetrahydroisoquinoline (TIQ). % U¥I-methyl TIQ (IMeTIQ) (Fig. O-1) I+ A
ERfLEE LT, 77 MBE D BRER, 20k b, $0, 23, =y 2uC
BOTOFIENTR SN T 3 > Th D (Kohno, 1986; Ohta, 1987: Niwa, 1987)
NS DILEWIE, 2-phenylethylamine & HTEEA & L TEARENTWE L E2 5
ATV 5 (Scheme O-1)  (Makino, 1990a) . Bl &, 2-phenylethylamine & C1.L = =

hAHE G IR LTIQAY, 7

6 BB L IMeTIQAE KT 5, D
9 B, IMeTIQIX DV TitMakino® (1990a) =X » T, HEARAN T IE(S)-1MeTIQAY
SCHEETH L. Tasakib (1994) 12 & 5T 7 2§ Dmicrosomes + cytosol 73

B (S11.5) % Fv: 7zin vitro® I

2352 T2-phenylethylamine & acetaldehyde?» &
Y 2y BEIFE I IMeTIQF T 5 2 DRI NTE Y . COBBHEEHY

5Tdh5hT

MERELTVWS, COL) LTIQERAEKT 2 &5 A8k IE

2. invitoD IS TRV { 2D DFIA A 54 B (Cohen, 1970; Bate, 1981) 7%, in

vivoD Bl & L TIZL-DOPAIR G- D /38— * > v > 5%

E IR 6 R & 17z salsolinol A

H15 41 (Sandler, 1973) HBEYEE L <MEA SR TV 3, Salsolinol 2 iR

¥ dopamine2SC21.= v b L IMeTIQD A & [FHEIC 5 A IR L A+ 2 £ 2

541 (Fig.0-2) , L-DOPARS-®/%—F > ) oI5
g

EIEH D T M FH DR,

RS OTFAET 5 S LA RS Tw (Sjoquist, 1982; Collins, M.A., 1982)

flH F IS L-DOPATRS L T vrS— % o ) o i i 3

Cld IR Dsalsolinol

e




1,2,3,4-Tetrahydroisoquinoline 1-Methyl-1,2,3,4-tetrahydroisoquinoline
(TIQ) (1MeTIQ)

Fig. O-1 Structures of TIQ and 1MeTIQ

2 unit
2-Phenylethylamine C )

IMeTIQ

Scheme O-1 Proposed biosynthesis pathways of
TIQ and 1MeTIQ




HO
NH
HO
1-Methyl-6,7-dihydroxy-1,2,3 4-tetrahydroisoquinoline

(salsolinol)

Fig. O-2 Structure of Salsolinol

pyruvate
HO /K HO
m“: NH
HO HO
Dopamine Y Salsolinol
acetaldehyde

Scheme O-2 Cyclization scheme of dopamine to salsolinol




ERVETLTVALILARENTEY (P. Dostert, 1988) . & D k(35— %

7 h

{09 72 i P9 dopamine § 9 i 4 Aisalsolinol 4 B i DA 125 % A5 7+

F 72, salsolinol D54 b IMeTIQE [F#1Z. L-DOPA$ES: L 2\ i
&. 727 IMkDsalsolinol % G M A BI L TV & WAL, AKRNTIE T

+ 3 RTIE % < (R)-salsolinol2* %  fE{EL TV 5 & & A57R S 4

1987; Strolin Benedetti, 1989) . C D42 b EEEM S5 TH 5 0]
TWho 7= RIS & - Tsalsolinol BAMENIT 2 & L ARE STV 2 &
LA 5 (Dostert, 1991; Myers 1985) . salsolinol 2%4 i 2 BE D C2L = » b (2
acetaldehyde & b #F 2 5 M % A5, pyruvae# C22= v b & L Th A RATH S AL
(Dostert, 1990) JE @1t 2> (Scheme 0-2) o F 72, & A HOKWIC L 5
norlaudanosoline £ & 9 124 2 LEWOKF BRI L - THEMRT 5
HEHNIELT 55560 H 5D (Scheme 0-3)  (Brossi, 1982) o — Dk 5 LTIQRE
AT ANEEDRIE. BTV A0L FEB VI RELAWTH L. DI
PICLZDL) LTIQENREAHTAEWT VA 04 FILA&WE L T. salsolinol ®

2 Lo

J& 512 methyl 26 3 A & 117 N-methyl salsolinol (Niwa, 1991) . % 7=

1 fif 12 3,4-dihy droxyphenylmethyl #£ @ # A X f1 7= tetrahydropapaveroline (THP)

Sandler, 1973) . £ L TTIQ® 1 {i IZ benzyl

L D A SAL72 1-benzyl TIQ
(I1BnTIQ) (Tasaki, in press) 7°#i S Tv: % (Fig. 0-3)

MITE]

CEWTIR BV T 2 A F VT I PHICOWTHRBELRIEAEZ R b b,

ZOF & LT, HKEE#amphetamine® 7 VI — VHEFEEFIVT v ML BCHHK

JEAET D LD Amphetamine %, 7 )V 2 — L & SR EKICIR A L CE MRS L

ERR LTI - VhBEEFINT v MMEERES LAEC A, M LD

amphetamine*C2 L= v |k % 1§ ML 2 MLE W & £ 2 515 1 3-dimethyl
TIQAS R & L7z (Scheme 0-4)  (Makino, 1990b) o D {LEWIZOWTDH X 4t
& o THERB L 221LAWIZ(1S)-1,3-dimethyl TIQHS% ¢ . BEX O GATIE SN 5

e




HOm

NH.

HO .

HOU\‘(H HO. COOH
! Y

HO HO

HO

O NH
HO
HOOC l
OH
OH
(S)-Norlaudanosoline
HO
ety
HO
H
morphine alkaloids ~€—— ‘
OH
OH

(R)-Norlaudanosoline

Scheme O-3 Presently established pathways for the formation
of (S)- and (R)-norlaudanosoline from dopamine
(8)-Norlaudanosoline is synthesized by (S)-norlaudanosoline synthetase and not utilized
in morphine alkaloids synthesis. (R)-norlaudanosoline is synthesized by the Hahn
synthesis. (reference: Brossi, A., 1982)




3

HO.
H NH NH
HO

TIQ IMeTIQ Salsolinol

HO HO
N O NH O NH
HO N HO
) it
OH

% 1-Benzyl-1,2,3,4-
N-Methyl salsolinol ! '2'3‘4'1-6"3(}312'}(:;));]3[’8‘ Eline tetrahydroisoquinoline

(1BnTIQ)

Fig. O-3 Structures of known mammalian alkaloids

Ethanol
-~ Acetaldehyde =
S
NH, NH
(S)-Amphetamine (18,3S)-1,3-Dimethyl TIQ

Scheme O-4 Formation of 1,3-dimethyl TIQ from
(S)-amphetamine in the intoxicated rat
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(K.Tamiya, 1994) o $EH X, FAHALZNHF RIS IC2o v T, SHKE
3,4-methylenedioxyamphetamine (MDA) DY & DMt 2 7w, IEH I v McBw T
MDA?*3-methyl-6,7-methylenedioxy TIQ (3Me6,7MDTIQ)~ & L & h 2 & L 2 B il
L7zo 720 T OAUHBIE DB5E R)-MDAD /5 A5(S)-MDA I WL L TR S ho 2
TV L bIRLL (Fig. 04) o & DT ki3 ORBBUS I LARIRVEDAFAE
A EERLTBY, BEEDOMYG %RM LTS (Scheme 0-5)  (Nakagawa,

1993) o

WAEYHE A & U THAAET A TIQ. IMeTIQRAFM 2 BME 2 5 = & ¢
HENTWE, BIHEFVIIBWT, TIQEERKSTAI LICE N =%y
=X ADFIEN H b, F 72 IMeTIQD WAL 51 & o TMPTPMFEH 512 & 5
=X 7Y S X BFHEDBM S 0B S LA HE SR TS (Tasaki, 1991) o 23—
F UV UREARICB Y ATIQ. IMeTIQE i 1k, % 12 ik L TIMeTIQD &
PHECHBILTWEH I LLEL LALES L, TIQ. IMeTIQDRMWET A L +
KBGAEN-—F YV XARFEDFERATH 2 L HE 2B L bHi#S (Tasaki,
1991) o % 7z, salsolinollZ D\ Tk, dopamine®4: &K DHLHEHE T & 5 tyrosine
hydroxylase® Fil % fiE (Weiner, 1978) 2> monoamine oxidase B (MAO B) (Giovine,
1976) OFIERESVIXINNT I ¥ Dup takeBlERE (Alpers, 1975; Heikkila, 1971)
EHTAHILHPWE SN T WS, salsolinolA*dopamine % HiEEA L L TH KT 2 &
ENRRENTWDZ &R b, dopamineZ H&r # 7 I — V7 I YR OBE v
TWRAREEL EX b b, T, YW DM H 5% & 11721,3-dimethyl TIQ
By 2RI G-§5 & LI & o TRENEAEOIKT % & B % M%) 5 2
TER AT 52 LAl S hTB Y (Makino, 1990b) . MDADTIQRULH YT &
%3Me6,7MDTIQb FIFE T it & IR &4 % FiJ11 247 L Tz (Nakagawa, 1993) o

2-Phenylethylamine D /E BRI HNC D W TIRRAW % £113 % 2%, dopamine, amphe-

1




5 400
a
44
300
g
5 39 ®
=0 E
B 2 2004
E 2
8
100
v
0 T ety 0 :
(R)-MDA  (S)-MDA (R)-MDA  (S)-MDA

Fig. O-4 Content of TIQ-type metabolite of (R)- or (S)-MDA
(3Me6,7MDTIQ) in the rat brain and urine

Content of TIQ-type metabolite (3Me6,7MDTIQ) of (R)- or (S)-MDA in the (R)- or (S)-MDA
treated rat brain (a) and urine (b). The content in the brain was measureed at 5 hr after
treatment, and that in the urine was for 24 hr after treatment. *p<0.05

0 C1 unit 0
CRAIRL R ol

il Lo 3-Methyl-6,7-methylenedioxy-
3,4-Methylenedioxyamphetamine 12,3 4-tetrahydroisoquinoline

(MDA) (3Me6,7MDTIQ)

Scheme O-5 Cyclization of MDA to 3Me6,7MDTIQ in the
normal rat




tamine, MDAZSEE)E 2 h01 S ¢ % K EH+ 5 2 s
Cid. TIQE! L7Ab&iz Z2h 2t 4 BLa L 1d R 2 8 iE
RRBLTWAEEEZ L LS
LEWMDONIE, HRICELLF, 72 FLT
CHEEHNIZ, BEOMET (H5VIIEMYS T)
ClhobvidC2a=y b & B TTIQMICHI BT A #HEH (TIQRMBEIL) 2517
fEF Al eABRSN, HiT, WML LRI ZOBLEWE I RAE DS A
DEMEE L FEBT L WREMAZZ 51 D
HERT I BRI, ERNCIA SO L, RO & LT, &b unith

FE(REM B O BIBEMAR & L TAARAIT

Hiafklx

HoTWaLEEZ SNLILEN

Tdh %4, Z0H L, phenylalanine tyrosine, dihydroxyphenylalanine (DOPA) (Fig.

0-5) REOWERII T LA FNVT I BRYEATVS R

X CNSDFFRT I /BS ERATTIQRE 24T % $ %0

(Y % PABRMAK 12 TIQ-3- carboxylic acida§ 8k & 2 6 L %

C&IZF % (Scheme 0-6) » IS, ML (L& Iz

LEWTHLEERT I /BEE S L 3R 5 A TRIEN FAUREMED ER S
ns

“NLDOEEFET

¥ FERE MO ST O 0] g
T L2

I/BRIZOVWTEM A W T

SOLTHRIT 5

G

IE% . in vitro® 5
BARBIZHGT L flid R 722 v
3/ ERPER AL
|

F oINS MBREOFEIIEM IZOWT

IOV THNEMAL

7y M % L LCTIQEOHFLRT 3

DIRE 4T - 72

13-

3/ BRIZOWTTIQRIF BRI

L7

A 55D (Obata-Sakamoto, 1981) . 7

ZHnaol:

&R 7

R T &

BhELTidms

/ BRI O 4

HiZ, ohn







COOH COOH HO COOH

L-Phenylalanine L-Tyrosine L-DOPA

Fig. O-5 Structure of aromatic amino acids

COOH COOH
_

1,2,3,4-Tetrahydroisoquinoline-

L-Phenylalanine 3-carboxylic acid

(TIC)
COOH COOH
_—
HO' HO
L-Tyrosine 7-Hydroxy TIC
(HTIC)
HO COOH HO COOH
i ——————"
HO HO
L-DOPA 6,7-Dihydroxy TIC
(DHTIC)

HzCo. COOH HO. COOH
HO HyCO

7-Hydroxy-6-methoxy TIC 6-Hydroxy-7-methoxy TIC
(MHTIC) (HMTIC)

Scheme O-6 Proposed cyclization scheme of aromatic
amino acids to TIC derivatives
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B—E TICHOS v MRIZBIFAREHICOWT

1 TICEIOR M &M o s

BRI ¥ T & T TTICHIDBR 24T 5 720 I AR T iR L
PIFAEL % WA b Lt WTICK 2@ I llE T & 2R OMEN L ETH 2, +
T, AR TERRE D S ofilitik, EEIC oW TR EINL S
L e L 7o AWML, salsolinol-carbxylic acidfi CGCIZ & 247 %47 » T W
% Collins, M.A. 5 ® Jjik (Origitano, 1984)  (Scheme I-1-1) # B# 12, “h# &

BLOpICc i,

(1) GeMsH:, GO/SIMIE % v 7t ic o v

TICHIDO BN EE LT, 5#p s GRIYEDEWGC/SIM (gas chromatography
selected ion monitoring) £% V2 Z & & L1z, GOSIMEERAT 72 0 D4t Et
2B L TIRGC/MS  (gas chromatography mass spectrometry) 1% /il v, &4tL&% i
WBME 7722 b Y RF Y- DRER £ %475 720 GCMSK USIMIEH |
T7a=XFYIAXYETV—NF ARV TRI O 75 74— LERS
sk MlA GO RET, GO &> THEE L 7230k & FICHRIC & - TH 8
LTHET 2 S & 2RI 5o AWFZETH 22 BROAT I 2R & i % F
L2 Z AR OB RGATHRTH D IE L ARSI CHlET 5 2 & 4530

¥%o GO/MSHIRE Tik, GCIT & o THEE L LAWK DV T A% v Vil & +




RAANRYT bR Lk, HThHAH

-} GCISIMBIETIX, RGNV BEOEE

I I-ORBMICHEORW IO N T A R1E

SRS, ENEFRORRICIE

(2) TICH® —®EFH ko

TICHIX T I /B TH A -0l D5 TIRIEH

LLIZ ¢ ¢, FkIZGCIS
LHFIICIES Ve SO L) BERLLIC K WILAW DGCIC & % SR &
ERERT 700, i 2 HREREHI T 2358 Lk B SN T & 22, B L
EMETILL LT VRISHFHLL, COFEEICOVTHELT I bDOTHDH S,
S ED R < YRR & FOSRA A S# T 5, HRLFELA L L TizT™MS

LRI TwE, THiE, FELTT7VI—, 7=/ — VEOFELICH

WHENL, TICKHIRT I /BRTH A 720, GCICL 23Tl 5 & ) IcFMfb s

THIHFETIE. ANVEFONE, 73702508

LERETHLEHER

5N b, £IT. Collins, MA.LDIRMA L T3 _ED FiMAL, B)5 TICHD #

VEF O NEET AT ML, T3 )2

T AT WALHAE &
L T {4 hexafluoroisopropyl alcohol (HFIP) % . % 7= 7

perfluoropropionic anhydride (PFPA) % v THEEHS 4

WEiZ £ 3°PFPA. HFIPIR BB T 2 7 WL % 17
acetonitrile®? TPFPA & UL S8 7 3 FILET) &) D TH A (Schemel-1-2)

BRIZDOWT, ZZIRL AR

CREEALZAT W GOMSTIE 24T > TRALE

DY 75 7 A v P E— 2 O #4772 &£ 2%, HFIP-PFPIL S L L&
DHFA L > E= 27 BN, ZEOFEAITDONLTVELENITONT
HETE L h otz COBEDGOMSHIEIX, 14 S LOBFIFHVH 7T 7
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Ah E=27 L vk SALT V% El (pos) (electron impact/positive
ion detection)if: TIT 2 72 253 F 4 4 > ¥ — 7 DR AT 2 h o 72 TThEME D %
2 b7 > Iy IR T VE STV BILES 4 1L
EERCCAKDMEEZToTHLI L L L1, EEDPRBETFOHREIZL>T

B4 4 b x24T > TV 5 DIk

{4 LB T R ROFRICE W * 2

KEoTEFAA ML, A4 AMELEFTAGFHaRFICHRL TN E A

F LT ALV LDTH Y, ElEICS

s A ki

LHWRD, T CITo(bEEA

T4 ML8EBHTALLTAY
EMOWEORERE USME OB A 4 > 24+ 5, NICI (negative ion chemical

C R LRI &

ionization){£: & 17 o 72, ZDFE R, # CHHFIP-PFPL & 72 1L

EWDHF A4 €= 7 13 ST, b D ICPFPILO AT Lz L # 2 5 h

5 H WK VEEI

%7 T A =2 L PFPALIKD B FA 4 > ¥ — 7

LDHEHTISDHWVE— 7AiM S 7 (TableI-1-1) 5, il

{LRIEIZ BV THFIPIC & 5 L A3

L THBLTPFPILO AT LTV A

LEZ LN, BE 8

- %

\D7:¥% ., HFIPIZ X %

£ % ITH'PFPAIC & % %Kil
bLDOIAIT - 72 1




rat (Wistar, male, 5w)

rat brain

homogenization with 75% ethanol
homogenate

centrifugation (4°C, 27,000 x g, 20 min)
supernatant

internal standard (7FDIC) addition
distilled water addition

sample solution

applied to Bio-Rex 70 resin (weak cation exchange resin)
eluted with 2 ml of 0.1M NaPi (pH 6.5) and 3 ml of distilled water

eluate
lyophilized
residue ———— (store in freezer (-80°C))

in 200ul of HFIP and 50u! of PFPA
standing for 30 min at r.t.

dried with Ar stream

residue

in 500p! of acetonitrile and 50p! of PFPA
standing for 20 min at r.t.

dried with Ar stream

residue

in 1ml of toluene

and 0.5ml of 1M ammonium phosphate (pH5.8)
vortex for 1min

centrifugation (3-4 min)

org. layer
GC

Scheme I-1-1 Work up procedure of sample preparation
for GC

HFIP: hexafluoroisopropylalcohol

PFPA: perfluoropropionic anhydride
reference: Origitano, T.C., J. Chlomatogr., 311, 17-49 (1984)
-19-




a. eluate from ion exchange resin

l dried up
residue
in 200u! of HFIP and 50p! of PFPA
standing for 30 min at r.t.
dried with Ar stream
residue

in 500u! of acetonitrile and 50u! of PFPA
standing for 20 min at r.t.

dried with Ar stream
residue

in 1ml of toluene
and 0.5ml of 1M ammonium phosphate (pH5.8)

vortex for 1min
centrifugation (3-4 min)

org. layer
GC/SIM
b. CF
/ 3
HFIP HO—CH

CF,3

PFPA (CF4CF,C0),0

Scheme I-1-2 Derivatization of samples for GC/SIM

a) derivatization procedure, b) structures of derivatizing agents
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=6l N
2 molecular weight of unique fragment m/z
compounds = K HFIP-PFP form (relative intensity)
TIC H H 323 305
DHTIC OH OH 647 629(2), 482(100)
HTIC H OH 485 467(15), 319(100)
MTIC H OCH; 353 335
MHTIC OCH; OH 515 497(20), 349(100)
HMTIC OH OCH; 515 497(25), 349(50), 163(100)

Table I-1-1 Fragment m/z of mass spectra of TIC derivatives
by negative ion chemical ionization method

Measurement was carried out by GC/(NICI)MS discribed in Experomental Part. Methane
(about 107 Torr) was used for ionization gas.




DI WE X WET S S

L %

LAl 789 7 7 =12 L B3R % B S ¢ 5—F, FHil

(L 53 b 3B < Al

A LMD, WEHKED B AT B54121E,
TIFTEL

(ECHHEVR DA, WRSFTOBEIL, Hei

Wy 7T =L BEEEITo T B IIT AR TR EHEA L |

TWAEEZLNLIDHFL

WO, FEALMOFMHOMED WAV L2555 (Scheme 1-1-3) &

Bt % AV 22358 b O GOMSHIE Tid, BISRLAL S I/ vy 77 =12 k
Lk EAT o 2B E B Y — 7 OBIBHIEAY . FEWOFHEAR 5T W

A EHRENT: (Fig. I-1-1) o 2T, REEWOFE L SIMB

i NAVAS: /N 5]

s 3

A RBICE o Lk R

L3, 12 COM TV Ztoluenel A 2

Tacetonitrile & L THRBEE LD o722 Lo, RISH %

EDFE Tl L

3
3+

LItk L7 (Fig I-1-2)
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EOFEL

“GC/SIMliEIC B

Ty, E=A =TT T AP PE—2 DA%

b A d REEL

IN=DRKEVEH, EEHED BEOHEDHBRON Y 2 755y

YFIAXREBRIHES . AATHL L SN TS, 2024 FM LA 7 »

BRICEALTVAI LD LRI RET T T AL b2 RF v 8— 3 ik

HMORE

FIZKWEEZ LRBA, ¥k

FICHBEOKE VBT

EETIFNLE LV, # PFPA L 1) % j

pu

H1 20 K<, HEHucL T

50Kk &<

GCMSHIE 247> TH# T+ % & | HFBILIKD K05 8D L <. ¥ &1LEal D
— 7 OFEEE D o TV A T EATRENL (Fig. 1-1-3) o SO EHS,

G A e

ZB L TIZHFBAIZ X 2 3F#{b 2179 2 & & L7 (Scheme I-1-4)

FIZ6E> T, GC/SIMIEIS & 5 41k
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| |
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] | MHTIC
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B —— S— L A i

12.0

Fig. I-1-3 Total ion chromatogram of authentic TIC derivatives with HFBA or PFPA




eluate from ion exchange resin
lyophilized
residue —— (store in freezer (-80°C))
in acetonitrile
HFBA addition
standing for 30 min at r.t.

centrifugation (4°C, 3000 rpm, 10 min)
supernatant

GC/SIM

Scheme I-1-4 Work up procedure of sample derivatization
for GC/SIM with HFBA

HFBA: heptafluorobutyric anhydride




(5) HPLC/ECD% W -4 iliik iz DT
GC/SIMIEPSL OBl )ik & B TICHIOMIE b RE§ 5 & & & L, BRALFHR
HEFECD % fifi X 7<HPLCIZ & 2 5T D4fFico W TS LTz, BEALERILE X,
EVEEEERL CNHEDOBIE 22 52 L THWLAYOBILRTIC L 3
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BUCARRIEZ AT 2 b DAL E h R 3 (ECDIC & > THIETMREEZ 2 bh B,

(6) HTIC, MHTICORALEALE

TICHI®D 5 B, HTIC, MHTICIZ D v THEALEIE BAL O fI5E % 47 - 720 I 12
cyclic voltammetry |2 & o THT o 720 FRALTEALHIE OB OWIIE, pHA3D ) VRS
U AR E Vo 7 X RS E OB DAY THPLC/ECD %47 5 B
IZIXODS 7 A % WV - WG R TAT) 720, BEIRBRBUOBRERLZH WD

(pH3.5 NaPi buffer) o SO L2, MEICH% ) BRHEOHWSIETCORMELE
(LZREST 2 OFZY L FR 12, BEWHE AV, BETH TOHTIC, MHTIC
TN ORILTBAARE L 72 &£ T 5, HTICTIR, 600mVAHIE I/ & Wi L ik
DR S, FST0mVER R AW TAE L RRIbE SRS e 72,
MHTIC T 700mVAFILIZ 213 O /b S R BALEA R S0, F 7:800mV % B X 2 BAL
THRILB B S nr: (Fig. 1-114) o SIETH 2 Y YT b Y v ARERO &
TOWET HB00mVERZ WA TlA% hELERI B S W2 L2b, B
ALEAVN S V72 i ORI W PIEATE S b 00, BERIERIES hic < CHY
IEEHRRILS BB E LTI5mVEEBEL T2 Lk Lz,

(7) TICHIDHPLC/ECDIC & 2 53 Hideft:

HTIC, MHTIC X2 THARGREL 5 & DB 24T 5 728 . HPLC D47 &0 %
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et L7z BRI AN

DI EAT ) 12 ODEFEIZTE .,

0.02mM EDTA% & 5

EREZFA XL Z2GH

D ¥ FHPLCECDHT DKL & 3 545, @547

Lor#ricfiE L7z (Scheme1-1-5) . HPLC

73 BRORM R

B BB E /T 3
> Tld, ODSH 7 A% vy, pH3SD ) Y B+ R ) W LSy 7 7 — 2558 %

FAH720DA F > R7 HFEsodium octyl sulfate (SOS), HEHE P ICHRA L TW

BLBDONLERAA>% b9y 7+ B0 DEDTAR AL, oi

a L

» methanol

9 1OFMLTREL, CheBWRET 2 BEOGZHITIE, 14> 7
A & L Tldsodium dodecyl sulfate (SDS) % H V272, SDSO s 1346 # #af L 7275,
/ BRORIFHERIC IS K S WA 5 R 2 dro 72—, EDTAW., MINER

DEFEMICKE b EE 521 HICH

1REE LTV 5 BnAL XV OE KoM T
TIXEDTADTFIEDN AR R ThH o720 LA L, EDTAH GHBILS N BHE 2%

T &SRS X % L back ground current % 12 Ji X

HEZOHNS

/TR Y GHREMET. WMICAFET S & # 2 5 L% dopamine, epinephrine .
norepinephrine. DOPA. tyrosine £ HTIC. MHTIC & i2 X W #4515 S 41 7- (Fig.

1-1-5)
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d
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20uA SpA
0.1V

0.1v

Fig. I-1-4 Cyclic voltammograms of HTIC and MHTIC
Each of HTIC 3.9mg hydrobromide and 4.5mg of MHTIC hydrochloride was
dissolved in 20ml of 0.1M NaPi (pH4.39). Measurement was carried out in 0.1M

Sweep rate

NaPi (pH4.39) after Ar gas bubbling for Smin. Pt electrode was u
was 20sec/V. Measurement range was 0 to +1V. Reference was S.C.E.

a) HTIC, b) MHTIC, ¢) solvent, d) HTIC( a x5 )
372




rat (Wistar, male, 5w)

rat brain
homogenization with 0.1N HCIO,4 containing 0.02mM EDTA

homogenate
l centrifugation (4°C, 17,000 x g, 20 min)
supernatant
filtration (0.45um pore)
filtrate

lyophilized

residue

dissolved in 1 ml water

HPLC/ECD

Scheme I-1-5 Work Up Procedure of Sample Preparation for
HPLC/ECD

Column: EICOMPAC MA-50DS, eluent: 0.1M NaPi (pH3.5) containing SDS 50mg/l and
EDTA 10puM, flow rate: 1.0 ml/min, Detection voltage: +750mV, Back ground current: 3-
TnA.
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Fig. I-1-5 Chromatogram of authentic TIC derivatives by
HPLC/ECD

EICOMPAK MA-50DS (EICOM) was used. Eluent was the mixed solvent of 0.1M NaPi
(pH3.5) containing SDS 50mg/l and methanol (9:1(v/v)). Flow rate was 1.0ml/min.
Detection voltage was +750mV.
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(1) 7 v MEi2 5 oTICEHhT
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L35 % v 7275 %ethanol & [ R DZEH K TRIR L, 4 A V3l H 5 b7 7
74 L7z & %0.1Msodium phosphate buffer (NaPi) T L, ¥ i % siks i 1%
Tactonitrile & it & L THFBATHML L, GC/SIMILIC & > T/HH7 L7z (Scheme
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Mo EFIHFICREEMD & i 2, MRUENT, 7=24F V7 I V8
iEPictet-Spengler UGIZ & o T7 V7 FHIEHR» TS LTI EWE S % %
CEDHONT VD, WICHEEZ AV LU TRT —F4 772 FOERLR
T abEEZLN, T TREGERMEAS + VRBBIRZ VD TR EE 2
bhiz,

SSRRYE A A > 25 13 Bio-Rex 70 (Bio-Raddt®) 27z, Wi ohD A
A VBRI oV T, B E v TREILER#4T - 7245, Bio-Rex 10% &,
WEROA A 2 BBIE S BUF 2 BICR R E 2 otz 7774 HELEL T
%, B2 T SO ETATENRIE LR T2 L EX OB, T—F 4

777 FOREWTE EOFERTES E RS LRI A EE L7z M & v EIER

B4 6 h7zBio-Rex 0% AV 5 & & & L, BAUICH V2 308 b M0 &M< A
A RN L 72 (Table 1-2-1) o BUCKAME VA WlwEfti & REh 0
KAWL T 2 BUTRUEDE LR T WA BRERGUEL b AR A4 A > 3SR %
WY ETREEFICEREITIC L E LT
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(2) 7 Mg 5 OTICEHDO K

LB DO Wistarf 7 7 Miadh S o

i K % GO/SIMiEE Tt L TICH O %

fTolco EME AL 6 EOTICHE. ¥4 bHLTIC, HTIC. MTIC. DHTIC.
MHTIC, HMTICIZ DWW T, #NFNDILEWMDO T A ARY b V2BV THHDY

B22D7FH X7 BRARF s~ %

Z¥—L. &ILEWIZOVT 2 DDSIM
ya b T T LB, TD9 5, tyrosineDTIQE BABRMAIZHI Y F AHTIC KR U,

3-O-methyl DOPA D BB AICH 244 2 MHTICIC D W TR A DSIMZ U< & 5
L I ERAER L —BT I € — 2 2RI S (Fig. 1-2-1) , S5 2

DDE— 7 OMEHEEREROEFNLIZT—FKLE, TOZELY, S5 2

DOLEWA T v MRl E IS E T B S L AYR &7z, HTIC, MHTICEL

SoTICEIZ DWW TR S e o 7:
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7 v FREATICHE D E &

NERLGCSIMEXHVWTERLET A, HTICIC
DV T 139.58 pmole/g brain % 72 MHTICIZ 2 V> Tid 48.1 pmole/g brain TdH - 72, il

HIREPICAERT AL EZONLT—FT 477 7 PERFMT 270, HEEO

3,5MLIZ FAKFE DE A S 41723,5-dideuterotyrosine (Tyr-dp) 5 X 52,5 612 EAFE D
M S 1722,5,6-trideutero DOPA (DOPA-d3) (Fig. 1-2-2) #Hwv, Tha T v b
CHETAEE2 6N (ELFERMBELL 1977) LITEE, WLEO

7 v MREIZEI L TRBRISHRE Y A R A EKS

L EN2=TICK % &

BL72, SIS BEAKELES A Tyr-d28 W IEDOPA-d3 D & 4 14 4 TICIL &

. WFNOBE L FEAFED 2 DR SNATIC-A2F Mk L 2 B, 22T, 210

TNDTICHEEED TSI 7 AL P ATV N—L D bEREHT2 I KEVKEE
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r E= 8 — LT SIHALLHR LR ¥ — 21DV TR R A7

2L ZH, HTICBXUHMTICTRIZLAL T —F 4 7 77 MIERLZWVW &
AR S N7 (Fig.1-2-3) o $7:. MHTICTIZ7—F7 177 7 FOEEH RS
A9/0 )i 1L HEX 7 (Fig.1-2-3)

MHDIERLY . Ty MKMIZ, tyrosine® B AIZH 2 F % HTIC & 3-O-methyl
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rat (Wistar, male, 5w)

rat brain

homogenization with 75% ethanol
homogenate

centrifugation (4°C, 27,000 x g, 20 min)
supernatant

internal standard (7FDIC) addition
distilled water addition

sample solution

applied to Bio-Rex 70 resin
(weak cation exchange resin)

eluted with 2 ml of 0.1M NaPi (pH 6.5)
and 3 ml of distilled water

eluate
; lyophilized
residue (store in freezer (-80°C))

in acetonitrile
HFBA addition
standing for 30 min at r.t.

centrifugation (4°C, 3000 rpm, 10 min)
supernatant

GC/SIM

Scheme I-2-1 Work Up Procedure of Sample Preparation from
rat brain for GC/SIM

Rat was decapitated under anesthetization with ether. HFBA: heptafluorobutyric anhydride




compounds  m/z EDTA1% EDTA10%

Bio-Rex 70 (%) (%)

DHTIC 609.9971 0.81 0.14
0.45

779.0060 0.69 1.03

2.09

HTIC 398.0268 2.09 389
10.1
13.9

HMTIC 428.0325 11.4 74.0
449

MHTIC 428.0325 20.6 16.2
33.1

PSA

HTIC 398.0268 7.18

MHTIC 428.0325 2.16

CBA

HTIC 398.0268 7.18

567.0152 8.49
MHTIC 428.0325 2.16

597.0250 19.7

Table I-2-1 Recovery of TIC derivatives from the ion
exchange resins

Bio-Rex 70 and CBA are the weak cation exchange resins. PSA is the anion
exchange resin. Bio-Rex 70 resins swelled with 0.IM NaPi containing

10%EDTA and 1%EDTA were tested.
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Fig. 1-2-1 SIM chromatogram of rat brain sample and authentic

compounds

Measurement was carried out by GC/SIM method under the condition discribed in

Experimental Part,




D
D COOH HO COOH
NH, NH,
HO HO D
D D
3,5-Dideuterotyrosine 2,5,6-Trideutero DOPA

Fig. 1-2-2 Structure of deuterized tyrosine and DOPA

content in rat brain

oo [ artifact

content (pmole/g brain)

TIC  DHTIC HTIC MHTIC HMTIC

Fig. I-2-3 Content of TIC derivatives in the rat brain
The content in the non-treated rat brain was represented in the left column, and
the artifact was in the right at each compounds. The artifact was evaluated by
administration of deuterized amino acids.
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(Scheme I-1-5) o 7 v bR 20 & GG 218 F C D #RIEIX 2 TKIG L TiFL

HAGT IR R IR S 2 85 512-80T <

(2) 7 Mg S DOTICEO Mt
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¥+ % HPLC/ECDTHH# L 72, &%
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ne
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(Fig. 1-3-1) ZT. Bk
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1% methanol & & 43 & UNsodium dodecy! sulfate (SDS)& it % 21k S ¢ CTHRE L 7= &

ChH, SDSEEIIMEMIC L HMFADOBEERE U IR EA L5 8EC

oy

methanol & 4= < 1A % V> NaPi (pH3.5)% 8@ & % & & TMHTICIE, Higay B
WIBEAS S/, HTICIE, RIFHMAE V0, Seh SR L (. ¥ —
7L THn5) LTHMS AREOTMIFSONZ, COLHICLT, HLE
77 MEEHI B W T R T o 2L A, COEMICBWTOER L —FT 5
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HTIC, MHTICT& %4 Z L AR &M 7: (Fig. 1-3-2 7))

)« HPLC/ECDIZ £ » THHTIC, MHTICAH®F v b IMATEMALE T %
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Fig. I-4-1a SIM chromatograms of authentic TIC derivatives
and brain extract without purification by the ion exchange
resin

Measurement was carried out by GC/SIM method under the condition discribed in
Experimental Part. upper=brain sample + authentic compound, middle=brain sample,
lower=authentic compound
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Fig. I-4-1b  SIM chromatograms of authentic TIC derivatives
and brain extract without purification by the ion exchange
resin

Measurement was carried out by GC/SIM method under the condition discribed in
Experimental Part. upper=brain sample + authentic compound, middle=brain sample,
lower=authentic compound




cerebral cortex

cerebellum

BEgE[d

oblongata

midbrain
thalamus/hypothalamus
hippocampus

striatum

content (pmole/g tissue)

Fig. I-4-2 Content of TIC derivatives in the rat brain
regions

TIC derivatives were extracted and measured by the method in the Experimental
Part.
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7 FERMERVZSN, HIZT v MRS Z L OTICHDE &I L - T,
HTIC. MHTIC . HMTIC® 3 fEDTICHFEMAA T v MMM FEET 2 2 L HRE
SM7e SIS L o T, tyrosine, DOPAIZ DT A (KN CTIQE O I8 KA
TLTVAWEEMATRME E N7, T D) LHMTICIZ DV TIFHERE. #5K - #E
THICBELTWDEEZSNAA, A5 3FEOTICEI IO Zh Zh ok

THERLZZLDOD, HHVIEHLEEOBMETER LEESNZ DD, 0%k

WTERLT I VBT D AR— 5 —D L) B RIC L > THHIICIUD A E 1

LbDTH LD EABRORITEMTH D, GTICHITEE S & 12 R 25315 % N
LTWBIHICDRZIBD, TI/BFN > A K- % —3EFBET I /BETHO
7/ - MEKBEAET A NSOTICHICH LTREICCA L2 RUNT 25

1 T
)

BEWEEZLNBI LD, KELSHESHIUL B LTV

LUREMSHNI L ERT EEZOND

(2) AFI—WORFIWIG ¥R T2 b—RIZ X BHH

Dopamineld , catechol-O-methyl transferase (COMT)IZ & - T 3 fiASE 2 A F )L 1t

& #13-O-methyldopamine & 7 % LTV 2, [FIZDOPA S 3 L7k 3
NE ) A F AL S 13-O-methyl DOPANE B ENZ S LAHI LN TV S, T v

M D547 & ) MHTIC, HMTICA#RIE S 722 & id, T L&A DOPA % #if Bk

4 RIS %

fR& L TCOMTIZ & % L3 & PIBRBUL % 48 CAER L TV 5 77 fk

Collins, M.A. (1983) (= X % X 3-carboxyl salsolinol® COMT (= X % {{ & < i

dopamineZs & & D, 61 (dopamine® 3 ALIHIIE) « 7L (FIL < 4 f0is &

B) MHIZES AFMLHISETTE P MESRTWE, 7. 1-carboxyl




L\V_

salsolinol Tld, 6 fiLlZiZ4 < 2 F

HIELRINTWAS (Scheme I-5-1

ti ¥ ScatecholF b 7 fLIZE 2 A F MALAT S

BWTMHTICD &7

V&N i, DOPADTIQEIBIBKIG IC BV T

DOPADCOMTIZ & % 3 L€/ A FIVLAHE T 0 2 D%MBRT 218 H53

BAZHIR L ZO%COMTIC & 5E / A F MEDHEITT 28 BIE~ 1 F—Th b =

EERLTWAEEZ 5N (Scheme 1-5-2) -Ji. 77 MEEEA L OTIC

ORI ITBWV THALIC L > THHMTICHRIBE AZ L1k, HBRONH

BBV TIIEICHRL ZOKRE / AFMLENLBBOFET 5 2 & &R
HODEEZ LN D, HMTICAER T A LIS BV Tit, ZDDOPAZ & D}
KC&H LDHTICH ML TV AR FTH AN CHIFREWESAL v, it

COMTIZ & 2 REBASHE VW EE 2 % & GIEYICFHB SN 5, Salsolinol DCOMTIZ L

HUHESRTIE, £ DOIUBHEE 1E dopamine 2 norepinephrine 12~ T 3 ~ 5
CENHMHNTEN (Collins, A.C., 1973) . DHTIC® COMTIZ k % Kb EN

LPFETES




HyCO COOH
NH
HO
HO. COOH
NH 0
o : 60.3+0.6%
(cis)-SAL-3-CA TN HO COOH
NH
HaCO
39.740.6%
HO. HO.
=
NH NH
HO H,CO
COOH COOH
(4)-SAL-1-CA 100%

Scheme I-5-1 Mean percentage distribution (+S.D.) in rat
striatum, hypothalamus, and hippocampus of the (6-) and (7-)
O-methylated phenolic metabolites of two catecholic TIC
derivatives

Six rats per TIC derivative were used. (cis)-SAL-3-CA: cis-salsolinol-3-carboxylic
acid, (1)-SAL-1-CA: (#)-salsolinol-1-carboxylic acid.

rference: Origitano, T.C., J. Neurochem., 41, 1569-1575 (1983)
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Scheme I-5-2 Proposed O-Methylation Pattern of DOPA
and TIC Derivatives by Catechol-O-methyl Transferase
(COMT)
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2mg/kg& % A dk) KU 10mg basekg X BEREM G- L. %5 5 5H%D 5105 & 12

A EEY R A M E L 720 2O R, DHTIC & spinacine® D Z { $XThILE Y

T, AL U 7oA 5 ARG B A L

50 CiEE R OEINA AL I,

KR (LB ] O #5568 PHICHEL L (Fig. 11-1-3) o 7. 10mg

base/kgfx G OHE LD b | & % 2mg base/kgix G- D& D FHZ DF)

N

HIF Lo 72, HTICTIX, 2mg base/kgfk 5- %55 DHETId< 7 AL
2 8

e

B0 ROELENSBZEEL AL, TR FT 14— Fh bR

HLTLES @D

272 THUZH L, DHTICY spincine T W DB BT 1 BEEEL

D
SMidrorz BHIEEHER)RBINER O A S N 2{LEW T, LV EARETZO%)
R0l ik, TNHOLEWHE R ESIEEICER 251 T GESIE

REEMEAETAI L AREL T2 L Bbit, M & Tt 8 50085 i

cAHLBEHEORBT 2L 85L& NS




a. Test field élighl
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b.Time Schedule
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W7 = measurement time

Fig. II-1-1 Test field (a) and measurement schedule (b) of open

field test
The measurement was carried out in the dimm and silent room from 8 a.m.

to 12 a.m.
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Spinacine is the cyclization product of histidine.

COOH
i
HO

HTIC

H,CO COOH
T
HO

MHTIC

N COOH
< H

N

H

Spinacine

Fig. ITI-1-2  Structures of TIC derivatives and spinacine
tested for the effect on spontanious locomotor activity
The effect on spontanious locomotor activity was measured by open field test.
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Fig. II-1-3a  Effects of TIC derivatives on

locomotor activity in mice
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Fig. II-1-3b Effects of TIC derivatives on
locomotor activity in mice

The score in rearing was represented in the graph.
----@---- 10 mg base/kg —®— 2 mg base/kg

saline
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H,CO L HO e
HMTIC MHTIC

Fig. I1-2-1 Structures of TIC derivatives tested for the
effect on pain sensitivity
The effect on pain sensitivity was measured by tail flick test.
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Fig. FII-2-2  Effect of TIC derivatives on pain
sensitivity

The effect of pain sensitivity was measured by tail flick test. Values are
represented at percentage of the response time to the limit time (10sec).
--o-— saline —e— 10mg/kg 2mg/kg
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rat (Wistar, male, 5w)

intrapritoneal injection of TICs at dose of 2 mg base/kg
decapitation 2 min after injection

rat brain regions

addition of semicarbazide 10 mg
homogenization with 75% ethanol

homogenate

centrifugation (4°C, 27,000 x g, 20 min)
supernatant
internal standard (MTIC) addition
concentrarion under reduced pressure
residue ———— (store in freezer (-80°C))
in acetonitrile

HFBA addition
standing for 30 min at r.t.

centrifugation (4°C, 3000 rpm, 5 min)

supernatant

/

GC/SIM

Scheme I1-3-1 Work up procedure of sample preparation for
GC/SIM in measurement of distribution of TIC derivatives in
th rat brain
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Fig. II-3-1 Distribution of TIC Derivatives in

the Brain Regions of the Rat Treated with TIC
Derivatives Peripherally

TIC derivatives were injected intraperitoneally at dose of 2 mg base/kg.
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N e
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L-Tyrosyl-L-arginine
(kyotorphin)

R=H: L-Phenylalanyl-L-arginine (FR)
R=Me: L-Phenylalanyl-L-arginine methyl ester (FRM)

O  COOR

E H
~ N NH.
N/\/\/ T 2
H
NH NH

R=H: TIC-L-arginine (TR)
R=Me: TIC-L-arginine methyl ester (TRM)

Fig. III-1-1 Structure of kyotorphin and its analogue
containing TIQ moiety
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Scheme III-1-1 Synthesis of dipeptide containing TIQ moiety
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Fig. 1II-2-1 Effect of dipeptide on pain sensitivity
FR: L-Phenylalanyl-L-arginine, TR: TIC-L-arginine.
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L e e |
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Fig. 111-2-2  Effect of dipeptide methyl ester on pain
sensitivity
FRM: L-Phenylalanyl-L-arginine methyl ester, TRM: TIC-L-arginine
methyl ester

cme FRM TRM
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Fig. ITI-2-3 Effects of dipeptides on pain sensitivity at intracerebroventricular
injection

a) kyotorphin, b) L-phenylalanyl-L-arginine, ¢) TIC-L-arginine. Values are represented at percentage

to the response time to the limit time (10sec).

-—--0-—-- galine —*—— dipeptides at dose of 148 nmole/injection




lesion by canulation

L

Fig. I11-2-4 TIllustration of slices of the rat brain treated dipeptides
intracerebroventricularly

views from rear side

views from front side
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Fig. ITI-3-1 Proposed scheme of pain control by L-arginine
Ref. A. Kawabata et al, Br. J. Pharmacol., 109, 73-79 (1993)
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fTbMTWw D EF UL, 7Y —Oformaldehyde * FIFH T 2D 138 L v & Z 2 5 1L

b, HiBEFEL LT ORIMTAE B 194258 72 N'N"methylene THFASC1 L = v b |2

Lo TVAHIFEMEAE VY, SHIZDOWTIE, invitoD & HESE L Wt %
HhHEERD, —F. FBFENLFISIC L > TTICES KL TWD 41U 7

') — Dformaldehyde & Rt L THEB L TW AL ZEZ 5N 5

TIQRUZFIRT 2B 4. 77k FESMZ b salsolinol DB D & 512 o - b EEAS
BASNLBBREEST 5 TR O ER 5N D, Cla=y ML TIE, M5
% a 7 b EEIE glyoxylic acid T 1) .

EDLIELRFGTHELTHE

NEEASFIF S 1L T B

% | Zacetate7)’ i

75, S. hassjoolZ $34) % DHTICZEK DHEIZ £ 512, 1L D #F

ASNLBILIMESNTEY (Obata-sasamoto, 1981). ClL= v kLS D b D A5

\ SN ITREME b #RE T

hoL#

(2) ESICELT
TICHD A& BRUE ORI B L TIRE ALY 2078 BT b BRI {2 i At

OSSN TV DD Tldae v, ki X (R E S LTwv Ssalsolinol iz 2 T

LTHHH (Dostert,

bC2x= v b & L Cpyruvate N A SN B LT 5E 2 FivE
1990) . ethanol#HXIZ X - Tsalsolinol #ASHENIT 5 & ¥ 2 Hi 2> & acetaldehyde &
METHLEZD LB TE (Dostert, 1991; Myers, 1985) . 72, pyruvate & O
HRE ML T 2 DOBUSHIEZHI S 212 SUTWw v, Salsolinol Tid, 220 X

CRIEAR S TB D | TICIZD W Th Z4LS o RUGHEE & S OMR TR L
TWhHLEZALZ ELTES (Scheme 1V-1-1) - 75, histidine® FIRAETH %
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H S ¢

%3

Tsalsolinol & [& 4% BCENRTHLE
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NADH or NADPH [ 3
HCHO
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Fig. IV-1-1 Interconversion of one-carbon; tetrahydrofolate
covalent complexes, and some of the metabolic products and
precursors of these complexes

Ref: Scrimgeour, K.G., "Chemistry and Control of Enzyme Reaction”, Academic Press,
London, 1977, p237-259
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Scheme IV-1-1 Two proposed schemes of formation of
salsolinols
a) pictet-spengler cyclization , b) oxidation-reduction sequence of the product of

Hahn type cyclization ( condensation with alpha-keto acids). Ref: Brossi, A.,

Beta-carboline and tetrahydroisoquinolines, Alan R. Liss, inc., New York,
1982, pages125-133
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WA & 5% & WBMEEBHRICE MM LTVE LI IR 2, #7T—
VT I VRWEAHN NS OISV L RETMTH DD, HEIKT I /FLH
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4) TICEUIMRE MRS L2 . o iaT L, KBREE R, /M2 B <M
DETRLIZHA L 720 7275 L DHTICIZHHREEATHEAS B & M 2o oo 22
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1) 41K Ttyrosine. DOPAIL, TIQHE!IBAIR

Egpashs

2) ERLZTICHIZEZGES ROMMET| X221

ZofbEmid
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1 HEmE R

{1 TIC

~37% formalinZ 11.5ml i

349 % JEHL L 155 7K B Uacetone Tk
348g, CNEINT > E=TKTHHIL 9 %
IR L THEEBRE 572, 251g (UH46.7%) o 'H-NMR (DMSO-d,): &
3.07-3.14 (dd, 1H, J=11.2Hz, J=16.8Hz), & 3.27-3.32 (dd, IH, J=4.8Hz,
1=16.8Hz), 6 4.31 (d, 2H, J=4.8Hz), 04.36-4.40 (dd, 1H, J,=4.4Hz, J,=10.4Hz), &
7.26 (s, 4H), & 9.73 (br, 1.5H), IR: fi} 2

(2) DHTIC

DL-DOPA2.1g% 0.5 i 122mIth 15 MR L . S 4L1237 %mnnmmuml EMZTE
{2 T24RF ] 4 oo S MEKiGH }’ﬁ“ftv‘ R VT (28ml)

fil. Lids <HfkL f” Frihh L 2cd % J8HL, $2BEL 7-. pale pink powder,
0.79¢g (JLF369%) . 'H-NMR (I)MS()—(I,J: 8 2.71-2.78 (dd, 1H, J=16Hz,
J=11.2Hz), & 2.92-2.98 (dd, IH, J=16.8Hz, J,=4.8Hz), & 3.45-3.49 (dd, 1H,

J=10.8Hz, ],=4.8Hz), & 3.92 (s, 2H), 6 6.52 (s, IH), 3 6.56 (s, IH), 69.11 (br), IR:
ft2 L-DOPAT AR D e % AT o 7 AWk i AS 4 -4, DHTICIZ G & 1L

st

(29) splnncmc
L-Histidine %45 1 ZKF13.0g % 7K30mit | L\ 37%formalinl.63ml )il 2. C
1 ISR AR L 700 @WEIER . RUE L, AmDAY ) — )
L7214 521 L, colorless powder® 372, 2.07g (UL#71.1%) » 'H-NMR
(D,0): 4 3.08-3.15 (dd, 1H, J =10.3Hz, J=16.9Hz), & 3.39-3.45 (dd, IH, J=5.5Hz,
J=16.9Hz), 4 4.20 (dd, 1H, J =5.5Hz, ] =10.3Hz), & 4.40-4.44 (d, 1H, J=15.8Hz), &
4.55-4.59 (d, 1H, J=15.4Hz), 4 8.69 (s, 1H), m.p.: 246-252C
(4) 4-(3-Acetoxy-4-methoxybenzylidene)-2-methyl-ozazolin-5-one (AMBMO)

LN
ZFOBBRTIGBFE LA, &
M LZHE L 720 yellow powder 17.38g

Rt

Isovaniline13.0g, N-acetyl glycine9.2g, sodium acetate (anhydrous)7.85g % fi
R 27mIC A AL, 150C T 1 R
NEERL, 1Y ) —LIEE S
(IR=F£73.9%)
(5)  a-Acetoamino-(3"-acetoxy-4'-methoxy)-cinnamic acid (AAAM( )
AMBMOA40.6g % acetoned00mlZK400ml D, & 1% L. 90°C C—H iz i
L7co WEIRATH LT 2 B4 80, 21 L7, yellow pnwdcr 17.3g (4X
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5240.0%)
(6) 3-Hydroxy-4-methoxyphenylalanine (HMPhe) hydrochloride
AAAMCI.3, FZ AL 10%PYC15Tmg % hil 2
;L. 5 F T I9HERE4E.
e #i L CTviscous oil &
L Tamorphous % 7= (N, O-diacetyl H\H’hL‘I [
120 °C TR i i

L7z, colorless needles

ethanol |2 & % L isE

{5 4L 7z amorphous % 10% 1
HxF4CTHE T 2 LRI L 720
0.57g (4X#51.9%)

(7 ) 6-Hydroxy-7-methoxy-1 12,3 4-tetrahydroisoquinoline-3-carboxylic ~ acid
(HMTIC)

HMPhe hydrochloride 300.3mgl=7K0.6ml. 37% formaldehyde 0.6ml1% fill 2 T70°C T
1 B RID0AGR G U 7co (R ENBRAT 4 % 08 ILEZIE L 72, pale yellow powder 184.1mg

(#58.5%) (HMTIC hydrochloride) » S 7 > E= 7K THAIL ., Hiby
TR . K S FERS S L 220 colorless needles (MUK60.7%) o = Avh bl
DFIEIZ v 72, & 72, HMTIC hydrochloride % ethanol/ether it & QUREET NS
720 pale yellow powder (N 74.1%) . & 4% SEF0 BRI W /;, 'H-NMR
(DMSO-d): 6 2.91-2.98 (dd, 1H, J=11.6Hz, J,=14Hz), ¢ 3.09-3.14 (dd, IH,
1=5.2Hz,J,=17.2Hz), 6 3.72 (s, 3H), 0 4.17 (s, 2H), & 4.28-4.32 (dd, IH, J=5.2Hz,
J,=11.2Hz), 4 6.64 (s, IH), 66.79 (s, 1H), §9.12 (s, 1H), & 9.60 (br, 1.6H). IR: fif

(8) Ethyl 7-methoxy-6-(1-phenyl-5-tetrazoloxy)-1,2,3 4-tetrahydroisoquinoline-
3-carboxylate (TetMTICEt)
HMTIC814.5mg % ethanol26. 7m|’JI i fllethanol6.3ml % fill 2 T
100C T 108% [ hin 2 5 Tt M) & 8GR
colorless crystal 922.6mg  (J{#:87.9%) (HMTIC clhvl ester hydrochloride)

”,U]«.U’

Ester f& 1.0g % acetoneSOml { fill £ .
5-chloro-1-phenyl-1H-tetrazole1.01g %
WEIEE LA RIEEZE,
acetate TR L 74T 3 2458 %
0% )ws

(9) 7-methoxy-1,2,3 4-tetrahydroisoquinoline-3-carboxylic acid (MTIC) hydro-

chloride
TetMTICEt1.2g & BE BRIl 2 & LIS 10% Pd/C(50 % wet)400mg % 1l . T 7k
B T S0COREMMEANE L2z, WHitkt T4 M2 WTRED % il L%
[EifAE L '/& 3 V1NJ.,., Z10m1Z 7% L ethyl acetatel0mI T 2 [BHHH L, &A@ % 2o
iil’()("’ Rl L7ce WEIRBUEIRAGL . BHE T 5 & KRR L 72
i L 72 o colorless pnw(lcr 480. 4mg (YL 65.0% ) Th#
THAGE L, BHRBRICH V2, 'H-NMR (DMSO-d): &

Llhdll(!l/(‘lhkl'(}L &6
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2.97-3.04 (dd, IH, J=11.6Hz, J=16.8Hz), & 3.19-3.25 (dd, IH, J=5.2Hz,
J=17.2Hz), ¢ 3.72 (s, 3H), & 427 (s, 2H), ¢ 4.33-4.37 (dd, IH, J
J=11.2Hz), 6 6.84-7.18 (s+d+d, 3H), 4 9.64 (br, 1.5H), IR: i} 2 Z

(1 0) 7-Hydroxy-1,2,3 4-tetrahydroisoquinoline-3-carboxylic acid (HTIC) hydro-

bromide
MTIC300.7mg % BALAKFERE (47%) 2mllZhil 2 140°C T 158 ] L7
GENEATH ) % B L 21, L 720 pale orange powder 262.8mg., = 41 % ethanol/ether
I EE [ g

REGEHTHAE & L7, colorless powder 220.9mg (I1%78.8% ) 'H-NMR
(DMSO-d)): 6 2.92-2.99 (dd, 1H, J=11.6Hz, J,=16.4Hz), & 3.14-3.19 (dd, 1H,
J=5.2Hz,J,=16.8Hz), 6 4.28 (s, 2H), 0 4.32-4.36 (dd, 1H, J =4.8Hz, J,=11.2Hz), &
6.56-7.07 (s+d+d, 3H), §9.48 (s, 3H), IR: f§ 2 &8, 4B, HTICIZOWTHD S

-~ T, 34-methylenedioxyamphetamine (MDA) & formaldehyde?» © TIQ#! ] 3

Zvr . O-benzyl tyrosine 450mg % paraformaldehyde 1 17mg & 40
TRIE 8% k% Rz H5, BB L 7-0-benzyl HTIC 21535 1

3. O-benzyl N—Inrmyl tyrosine 23 4E B L 7 UH’}W(L 7%) o < DON-formylfkid,
phosphorusoxy trichloride % v T 5 5 BB ERRBIH, IUIH RS
LR M E S5 2 . BIMEEs Lt C‘f‘c;f}";fj.

(1 1) a-Acetoamino-(4-acetoxy-3"-methoxy)-cinnamic acid (AAMAC)

4-(4'-Acetox -methyl-ozazolin-5-one  (MABMO)
acetonel Sml/ZK 1Sml i & & #:P 12 7 RE L . 90°C T208F B NE R L 72,
L. Hrii Y & 8 2 0

3'-methc

ybenzylidene)

LA OEE T TRILE

(4542.9%)
(1 2) 4-Hydroxy-3-methoxyphenylalanine (MHPhe) hydrochloride

AAMAC 504.6mg % | ethanol 4.6mlIZiERE L, S 411260. ‘JnQ,O‘) l(l”nPd/C MR T
AREFHATERTRBIEL L, SRk LI A PEAWT
i % T i L T colorless oil % 15 A 10% 58S Smil f]-; % %120 Cxr l"&l['
[T #ha% PRI IEMAE L. AT U722k & 2 38 IEEHE L 720 slightly brown
crystals 241.6mg  (J1#%56.7%)

LT

(1130 7-Hydroxy-6-methoxy-1,2,3 4-tetrahydroisoquinoline-3-carboxylic acid

(MHTIC) hydrochloride
MHPhe hydrochloride199.3mg % 37% formalin0.4ml
WL 720 wEMRAT L 22 Efk &
ethanol/etherft, & i#H 18 T RS L . FEFER ICHV 722 (colorless powder 124.0mg
J1#59.1%) » 'H-NMR (DMSO-d,): 62.95-3.02 (dd, 1H, J=10.8Hz, ],=16.4Hz), &
3.13-3.19 (dd, 1H, J;=4.8Hz, J»;l(),XHZ) 03.73 (s, 3H), 6 4.14 (s, 2H), 0 4.29-4.32
(dd, 1H, J=4.8Hz, J,=11.2Hz), 6 6.62 (s, 1H), & 6.80 (s, 1H), 49.09 (s, IH), &
9.64 (br, 1.7H), IR: fF 2 £
(1 4) 7-Fluoro-1,2-dihydroisoquinoline-3-carboxylic acid (7FDIC) hydrochloride

# L. Z 41237 %formalin0.7ml

@R L. 70T T1ERR 2R

725 colorless powder 166.7mg. = 4L %

p-Fluorophenylalanine302.8mg % if# J5 %2 3ml |
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T 100°C T4l i 2

colorless crystals 52.8mg

. ethanol7)
'H-NMR (CDCl,): 4 5.15 (s
2H, PhCH,N), & 7.30 (t, 2H, J=8.8Hz, Ar), & 7.74 (dd, 2H, J,=8.8Hz, J,=5.6Hz)

2 TICH DT 4R

(1) HFIP-PFPILIUE
B OB Aid . BERTICE 1k % 75% ethanol 1
HFIP200 /¢ 1 & PFPAS0 /¢ 1% J]il Z vortex L 7= i Ciif i L3055 fRAr A
R R S R L7, T AU ICacetonitrileS00 4 1 & PFPASO s 1 % 1 2 Cvortex L
HIZ30AFE L 7o
A4 2R S L&, G 2 s L 2o b E30 L FRIC,
HFIP200 /¢ 1 & PFPASO /¢ 1% J)ll Z vortex L ABIRTHEL T0/BRARMIZL -
t SRR L . 4L iCacetonitrileS00 2 1& PEPASO /1% 1l 2 Tvortex L
FIZ3057HF 6 L 720 GC/MS(EI, fr.m/z: TIC: m/z305,m/2186, HTIC: m/z467, m/z348,
MTIC: m/z335, m/z216, DHTIC: m/z629, m/z510, MHTIC: m/z497, m/z378, HMTIC:
m/z497, m/z378, TFDIC: m/z340, m/z312
(2) VBT > E=ILIINy 77—k A%
FECRICH, ) VBT » €
L& o TIRIZHEME L
ammonium phmphdk buffer (pH5.8)
LA % - 7
e ETbLVEEE, LLCARED %
SELEEEE Lo, BVIE, FELBRARIIC L o T :" KA EE TR
#E L 72 toluene, ethyl acetate, methylene chloride?® V>3 417> % ImIfll 2 . vortex L
KDOLHELLTLEFEZ LD, GOSIMETHH L TE =2 &L
(3) PFPLRUL. HFBILSUG
PFPIL © fRmd B4 (d . 1RA5h TICHH (K % 75 %ethanol |
cetonitrileS00 /¢ 12 PFPAS0 ¢ 1% il
14 ZHEBEERHEOEEIE, i ts HBHVITRET TEE L, B
A& L 225 S 23R & & LT, T4iCacetonitrile500 s 1 & PFPASO 40 1% 1 X
vortex L3073 f# i L 720 Z DHAEY 72 #3000rpm TS5 ~ 1053 Fl 0 L 7
Lif % & o 720 GC/MS(ED, frm/z: TIC: m/z305,m/z186, HTIC: m/z467, m/z348,
MTIC: m/z335, m/z216, DHTIC: m/z629, m/z510, MHTIC: m/z497, m/z378, HMTIC:
m/z497, m/z378, TFDIC: m/z340, m/z312
HFBL | B OBEIT . EMTICHERY
L 7 facetonitrile500 .« 12 HFBASO /¢ 1% fill 2 T vortex L 3043 L 72
A4 2 SRR E IO G, SN2 MRS 5V IEE T CRE L, B

G L & A T &

E L 7:t%

Lo

s WL & . FHELRUE

IZtoluene % Imlfil 2 ¥ 12 0.5ml O IM

L

(3)IFd

B 5 ilvortex L, 300 LC 2 REIZ5 B

yats s

ortex L 3055##& L
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S ZacetonitrileS00 s« 1 £ HFBASO ¢ 1% N1 2. T
vortex L 3053 & | /2 ¥>3000rpm TS ~ 1053 M5t s L 7
> & o5 7- 5 GC/MS(ED), fr.m/z: TIC m/z355,m/z186, HTIC: m/z567, m/z398,
MTIC: m/z385, m/z216, DHTIC: m/z779, m/z610, MHTIC: m/z597, m/z428, HMTIC:
m/2597, m/z428, TEDIC: m/z390, m/z362
(4) A7 > 2 IBbHHE o [ 5
Bio-Rex 70128 L CTid, 5 ATICHE % 8ml 975 % ethanol |2 mf"ﬂ by
B ERCE L FRICRIEDERKTHRLTH 7 4
(pH6.5) 2ml J TF 7 7k2ml ‘, Lios: EN% ]
F 5 b N IZ0.INKE 4’ f;fl‘
fL > 72, PSA (Analytichem) |2 CTHIVEF
b AN, OBEIERTICH f’RmI")ﬁmtlh;\nnl
: L[ H‘\» IuJ B DFEKTHML THELEDPSA
HigebllS AT 1 O.lNJ.’:.‘}fi»AlmI i Bk L TGC/SIM
ETHM LI, 72, CBAT A 2#H/T 3 > %] CH % [E @t 7
TLTHEY, COHBEI i‘:".‘n’.n( iﬁ’ L., ThEERD

KF LRSS 2BEEL LT,
o »

\ (}(‘/Sl"\’(

BTt Lo 289 77
A3[E]IL

Tl R & AR (7] & o 25 5 i 7L A Rl
0.INEEE ImI T 7

(5) GC/MSi

a) GC/MS(EDi: l LIEMD T AR }* Wll5E

#if 12, HP5890seriesI/JEOL SX-102A/JEOL complement system % F V2T 47 -

GC ! 71 7 A=RIx-5, ¢ 0.25mmX30m, fE/FZ0.25 . m (RESTEX#L) | 4
imBE = 130C(Smin)-12 C/min-250C Smin). 1 > ¥ = 7 ¥ EE=220C. 1 > 2
7 ¥ 3 »E— F=splitless (0.5min)8 2 iXsplit, ¥ + ') 7 # A =He, 10psi

MS: 44 ZIRRE=250C. 14 AMLBE=70V. 1+ > {LEBFH =300, A, I
HEE=8kV, 5 #E=1000

) GC/MS(NICHEIS & A EGD~ A AR b IVlE

Fif 2, HP5890seriesI/JEOL SX-102A/JEOL complement system % il VsT4T - 7=

GC : 71 7 A =Rix-5, ¢ 0.25mm X30m, f/Z0.25 4 m (RESTEX#:) . # —7 >
IREE = 130C(5min)-12 C/min-250T (Smin), 1 > ¥ = 7 ¥iREE=220C. 1 > ¥ x
7 ¥ a » & — F=splitless 2min), ¥ + ') 7 # A =He, 10psi

A ZIRRE=250C, 14 AALBE=70V, 1 4 A {LBiHK=300pA. 1

vi'/fujzf methane (10-3 Torrf2 ) | U[];;ﬁj”f 200V, 53f#EE=1000

) GC/SIMEEIZ & % il

it |4, HP5890seriesI/JEOL SX-102A/JEOL complement system % Fl VT 4T - 7
GC : 71 7 L =Rix-5, ¢ 0.25mmX30m, f¥IF0.25 o m (RESTEX#t) . 4+ — 7>
{@&EE = 130°C(5min)-12 C/min-250C (Smin). 1 > ¥« ¥ ¥i@E=220C, 1 > ¥ =
7 v a &= F=splitless 2min). ¥ v ') 7 # A =He, 10psi
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{4 AALBE=70V, 1 4 A {LEH =300 A. M
7 b=300pm, A4 vF > FHEE=100ms

3 7w Mk E L ATICHRI

(1) 7 v FRbD 5 OTICH M

a) A4 2 ZARBE A V2 56

HEALE OWistar R HEVET v b (SIE4) % T — 7V FRE T 75 |
i L 72 Kits ETI5%ethanol % AW THE S+ 4 XL, Th% 4T, 27000X
gTC07 MG HBR AL L 720 SO LFEZED , FE Y F A XIZH W 7:75%ethanol &
[ & o Z&F K MU, %ibd 2 A0 %17 > 7-S5BRERS 1 A > S84t i
Bio-Rex 70 (Bio-Rad) ”ﬁmlb’ﬁ/ Z BN T T e o T AT A B0 1M
NaPi (pH6.5 HK2ml & L TEH L mmi::\’.nw” #EME (7FDIC,
10nmole)

22N 1

i \”Hpmnlm 10pmole, 100pmole)
HRMEE L L7
b A A > 223t i Bio-Rex 7012, #EH KT u,(r"l! fotk. BTLERE L
bk EATo 72 i*i"‘}Nﬁmiw’CH:Man’E” NCHREL TR L, B
WAHPHOLL L IZ % % 3 THEFE K TR L 720 KICINKER] L FhYY A:’uﬂ.,m
PPN L 22, BEHEATpHSLA T IC 20 5 3 C % kgL, Hi
%EDTA (2 X10%EDTA) % & 00.1M NaPi (pH6.5)ICZHR L, # 7 L ICFHE L
72
b) A & > IHRBE & AV 2wl ik
HILE O Wistach EYE T v b & T — 7 OLFEE TIHF 8
K% £ T 75%ethanol % Fv» T
s Lz, SO L]

=g ihl

CTHEMOWI % L THE
SRR

LR B A A LAk
YFA XL, TNEAT, 27000X g T4 %
BFa LD, SHUCHEIEREYE (TFDIC, 10nmole) % &M L

IRIE T H2E L 720 186 (% Ipmole. 10pmole, 100pmole) 22T %75 %ethanol
AEe LA

A E L TR AR
(2) FIRIc4&H
A 4 > 2R 0E i i
bR R RGEE L,
acetonitrile200 /. 1 £ HFBA30 /¢ I’
< 728 3000rpm TS ~ 1055 )40 L 7= 1% Lik % k 2 f:
Mk L 7o

W ES A —
FE s T
2o ZDHRAEDEF

HERSRNGES

A TICH D P5E S
HElpidd - s —CRALL, BEBY .,
HP5890seriesII/JEOL SX-102A/JEOL complement system % i W2 TAT - 72, 22 > % 3
A=Y arEEFHDHT y MRREE O L RICRERREZ ML, i
ZHWTT 7 MgABhOTICHDER 217 72

GC ! 71 7 LA=Rix-5, ¢ 0.25mmX30m, &/£0.25 »m (RESTEXtL) . 4+ —7 >
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130C(5min)-12°C/min-250C (Smin). 1 > ¥ = 7 ¥ i@ =220C. 1 > ¥
7 ¥ a »E— F=splitless (2min), ¥ v ') 7 % & =He, 10psi
MS . A A > FiREE 750(\ 14 AALBIE=70V, 1 F AMLEiK =300, A, M

8kV, I L7 H¥ Ry b=300um, A vF¥;

% = 100ms
3 HTIC. MHTICO AL R AL 5E ik

) B O R

HTIC hydrobromide, MHTIC hydrodchloride {2\ T 3 ¥} %
hydrobromide 3.9mg (14.2 ;2 mole) % £ ) | 0.IN NaPi (pH4.39) 20ml |
MHTIC hydrodchloride $ 4.5mg (11.8 2 mole)% £ 1) . 0.IN NaPi (pH4.39) 20mli &
L7,

(2) BALRTEMLOWE

MY > 77 4 A 7 & ¥efi L B LR TilE B 2 Vv, Vs E v
N7=fAH 2% 5 L/ ST U CTEFFBE R R V2R, 0~+IVO#P T,
175 R 3 20sec/V, PR A (EEIIR & LRkl 0 2 0 BARA SRR L L CilE
fio 1%

4 Fv bj

FLOHPLC/ECD 73 #7i:

(1) BEHOFHR
0.1M NaPi (pH3.5){Zsodium dodecylsulfate % 50mg/l, EDTA2Na% 10, M& 7% % &
ISR, THE methanol® 9 | 1 DEMULTRAL TINE BEIMHAL L1,
F7:. methanol % M2 Wb DAL . SN ABEFHBE L7
(2) tRETICHEDHPLC/ECD ) #t
¥ {813, HITACHI 655-15/EICOM ECD-100 % i\ 72, # 7 A 13 EICOMPAK
MA-50DS (¢ 0.26cm X 15¢m, EICOM) # Hv>, #i# Iml/mink L 720 ARIEENIEH —
K757 7 4RI, AgAgCIE & # 2 e LTHWL, MIBEE IR
+750mv & L7z, BEHHAZ V| norepinephrine. DOPA. tyrosine. epinephrine.
HTIC, MHTICZ N ZN 210, MECRFHERLBARL., ShZ210.17 771 L
G L 720
(3) 7 v MhatH V>7’1‘f>U>'l'l("iﬁﬂi]ﬁf'xi.’3
Wistark, HMET v b (584) ZetherkiB: FIHSE L . kis E
L7 bﬂl 0.02mM EDTA # [,ﬁ‘() INE R AR 2 i §
L 27000 X g T2055 I;«J(.:Mlvim LT &MY,
L. HPLC/ECDFH Okl & L 7:
Ivumm C/EC L)’r}"f"‘
k& (3) LSRR E 2 HPLCECDTHHT L72o KB 0 1E
fnHTIC, MHTIC® [ 5347 L 72, & (2. HITACHI 655-15/EICOM ECD-100%
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Fw7:. %17 4 IXEICOMPAK MA-50DS (¢ 0.26cm X I5cm, EICOM) # v,

ItHA, BZALFh 2 Bl e L ml/min'T 7547 L 7z, #3iE flid ’\'l s L |
TH—HKLITT 74 bR, 4.»;!‘.“.,«@ L T AGARCIBARA fif 2 72 4L 2 Bl 72
RRIBBIEIL +T750mVE L 72e 1 @O D 720 7 v bRl st B % 6~10,017 7

e
5 7 v MMEIALIC B ATICEHD IR

(1) T v PREEBHLS T

SEEQL {8 Wistar 7 HETE: 7 . % ether FR &}
WL, hx )]m!/féi. R, HERE, . BUE -
TEHMOBE L7z 9, WM LAT Y MEE ROk hqu N .w’/l“'Hf/w
K Bz B D 43w 12 i ") L ISHEMNC A o TYIMF L. /NI, AERBER S & A B
ZOMDEFIHE L 720 RIS, DB R 25— 7 )L % fu CUJH)HI'%I{!‘.WJ'B%’:H
BOBE i THMIEM LT 2 21058 L 200 AR R, SHA S A 25—
T & T RINBE & AGE 2 S B0 PSS 2 B S, 55
t‘/;;(f!:’;ft%; INHBOBEH 5O K H % AL Tw &, By :’u‘f»ﬂ{

70T ;Mmk‘a"' HCEFEND LI ICAN—FVTHERT 2o EEDEE
[ AFeN Borkael Ao 2 >0Hs i)

Hifig &
. i

BB AN AL F

DIELTVE, B

K - #1EKT ALK
f<--i;L ERLANCES E54 o TKREREICEE
il KN A5 | A8 L7 o 7o KRN E S50 th o2 B 5 hirhd
Jhﬁrlwﬁ\_& B2 ZOBPOAN—FLELLTORENS LI ICELAN
TEANCHREL . MEERZEL, BVOBSEARMERE LTE LD, 2hZ
11.(/) ﬂf\z(il EV+—FT 5% TCTHRELLS
) TICHhH
T H]['x}ﬁ;“f" Z10IE53d bt 75%ethanol (Sml/g wet tissue) % WV Tok &
PFARXLT, TNEAT, 27000X g T2 MG EE G L TIOEERRY ., &
IS EBIR RS H  (MTIC, 10nmole) % i L T CE L7, BEah (%

Ipmole, 10pmole, 100pmole) (=2 T %75 %ethanol CRIEEZE L TR S
RaE L L7,
(3) #Fi#fbik

WEFE L2, BEICH R L5k s 23 & L . acetonitrile 2 100 /¢ 1%\ L
200, 10R T, ZALICHFBA30 . 1% M T304 BIRHE L 720 FHMALRIESEA L
TAEW & Lk S L% 575

(4) (j(‘/SIM‘JlE'Jl!’JQL'f{Ef’f’

FE 1t Bilpld~ b4 » 7259 ALt BB,
HP5890serieslI/JEOL SX-102A/JEOL complement system % [l W C{F 72, a2 > % 3
A=2arR3THLDTy MREEE ST L RICRERRE LS L. i
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EHWTT v MERFHOTICHO ER %17 72

GC : # 7 A =Rtx-5, ¢ 0.25mm X30m, [%/£0.25 ym (RESTEX#:) . 4 —7 >
R = 130°C(5min)-12°C/min-250C (Smin), 1 > ¥ = 7 ¥ {RE=220T. £ > ¥ «
7 a8 »E— F=splitless 2min), ¥ + ) 7 # A =He, 10psi

MS . 1A ZIRIRE=250C. A A4 ALBIE=70V, 1 4 > {LBi=300.A. I
i 8kV. AL 75 Ay F=300um, A4 vF > V#EE=100ms

1 BZEMGESHEICRIZTHEONE

(1) #=Fv 74—V FF R I
EE28cm, XSmO WOIEH 219D BISEW ), CHAF A 71— )L
F&Ui, BEL , Bhkt TARNZ A=V FREBL, #OHLES0cmp S

COWD E B ST THL S L 724 TAMR oo 7 A ME, ddYREEME~ 7 2
(6ES) 2V, 1RF2FAR7 4 = Fthgtc @8 X 2 5BIC - 27+ B
BEBBHREL LTEHILA, £/, FAFZ 14—V F
EAS o Z-EEAFH L. b EAThBfERIE L L
TITVWIhE2FEHY L1
(2) TICH®#5C X 5 BEMES &OL1L

TICH5fE (TIC. HTIC. DHTIC. MHTIC, HMTIC) \pln\luncl:"' AR
TYTA4=WVEFT AL ETo7, &FEPE0.2mg base/ml. 1.0mg husc/ml'ﬂ’i BE
oy i f‘(ldY—f EPEw 7 2 (64, 25~30g) 22mg base/kg. 10mg
EARS L. ENFNEGH55. 155, 2507, 3554 —F
YT A=A I‘ &'11‘4/: AL LT,
SMEEIT> 72, 158 1 H&EICOW Tl o

SRR 1% LT
%

HElS . Z AoBiE

A

ok

%5- (0.2ml) IZDoWT
EXATWEHEER & -7

ITREOWE

(1) FT=w7) &5 McoOWBT
S LD RARNB A G R DRI E & o — ROCAUSEBIL 2R kv T 4 o
2 L2zT7=N7Y v 757 A MO®E 2V TBARBICHT 2
WiE L 7o AL, ~ Y 2D ARG KIE L CREBT 2 & &> H—Hf) =
BHEIBIC UG M 2 #RT A HMAIC o TV A, 72 b id. ddYH
(6HE%5) ZEEHICAN, SIhSROMEH L TR HHRAY S 18R EDY s’u\'
L BRARNBA G 2 . BUSHEM 2510 L TI7 o 720 BB IZ, B0~
YADIS~4SHTRIET HMSICHE L, 10 TRIELZ WS RELIZT A
L TRIGHE & 108 L L7z, BURIEIER, &3 RIConT
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7 BB i % . X - L TR
THRAIR G DBE%0%. w,‘,.‘f‘,fy:u]()bml‘,.’r “100% &

L

@ H
LTELL
(2) TICK O BHEIEE O HE
TICH4FE (TIC. HTIC, MHTIC. HMTIC) {22\ T, ¥—I 7Y v 257 A }
BAT5 720 %EW #0.2mg base/ml, 1.0mg base/ml 7/ F Nl (1 3

ddYRHEME= 7 2 (6:84) 122mg base/kg. 10mg base/kg? Al &t T
FRENIEE %S5, 305, 605, 12050 F— T v 25 A b %4 ;")/; N_HH_
ELT, £HEHEKES (03ml) oW THIMETo7, 18 1 FHEico
WTOILF DE LTV EHIEZ & - 7=

3 TICED M BT HlE i

(1) TICHD 7 » MEFENIRS RV v bRERRIS ik

TICH 4 ffi (HTIC. DHTIC, MHTIC, HMTIC) ’i‘%ﬂl‘clll.()mg base/ml§* >
EUAERABUKEEZ AL 2, WistarR T v b (5:84) sUL‘" ‘w’rlcm
B E S TICHIC DV T2mg base/kg To & 405 L ) MRE MRS L. &5
ether FREY TITSE L, 8020 (CH 248 L7z, W L5 v b Muuir’ﬁuﬁtt ik
(B—EDEER (1)) C&oT, 7ML (CKBEEE. /B, EB, ik,
HUR - HHEK T#B RARME) 23V, FETV A -+ 5 TC80CTIRIEL
#-

(2) 72 MRS OTICHE DML

7 v MR B AL 2 5005 & b, kis b C75”Mlh.u1ol (5ml/g wet tissue) 121 3
Ftdb 72 ) 10mgDsemicarbazide % il L THE S+ 4 X L7z, S HICPIEpES
(MTIC, 10nmole) ZiRNIL . 4T, 27000X g T205 W& LT Li % B h . ikIE
FEIE L7 FE6h (4% Ipmole. 10pmole, 100pmole) (22> T % 75% ethanol i i
ZRERZE L CHREMA AR L L,
3) 7 v PR OFEC S
ERCE L 7o, B L 7R S %7
HIZHFBA30 12 2 T304 M1 AR E L 7-
TEEEL ok,

(3) GC/SIME:D 72 %1

HFBAFF L LK B 1124 - Y > 75— CiEALL, BB,
HP5890seriesI/JEOL SX-102A/JEOL complement system % i\ CT{7 o7, 2 > % 3
A= arERSUH0T v MKEEE SN L2 RICEE AL L 7R iat
Baegfil, ShEHVTT v MEE P OTICHED G857 - 120

GC : /1 7 A=Rix-5, ¢ 0.25mmX30m, fF0.25 ym (RESTEX#) . 4+ —7 >
%= 130C(5min)-12 C/min-250°C (Smin), 1 > ¥ = 7 #i\E=220C, 1 > ¥ «
./

3 €= F=splitless 2min), ¥ v ') 7 # A =He, 10psi

B

i

\)
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{4 ZIRREE=250C. 1 4 LBE=70V. 1+ > {LEiK=300,.A. fn
8kV, IL 7 H Ay F=300pm. A4 7F> F#E=100ms

(1) N-Boc-TIC
TIC 2.0g # dioxane/ZK (2/1) IRAEHEAITHEM LOCICHEI L. S #IZIN NaOH
11.4ml &£ Boc,02.48g % M1 X TEIRTIREMAEE L 720 SN ZIRIE
312 & 1> trethyl acetate THlE L 7=, 4 142 % ReAPPAL LA JON
Coil® {772 % n-hexane 1 Crriturate L 7= TR E#EE L 72, 2.34g (I04272.9%)
'H-NMR (DMSO-d,): 4 1.4-1.5 (m, (16H), Boc), & 3.2 (br.d, 2H), 6 4.6 (br, 2H), ¢
7.1 (s, 4H)
(2) BocTIC-L-Arginine methyl ester (BTRM)
BocTIC 2.0g& L-Arginine muhylLﬁ(cr(llh\(hmh]om(c 1.48g7% DMF 24.4mll
i l‘H()IH 0. X?L TEA 0.9ml, DCC 1 -1“L ity
& 3z ULIL"V‘-II

L 7:#%pH %

fi L

. 4CcL T nilyf“m
ZALZK125ml #
f N‘:@ % £ 21 1-butanol % 2l X4 7-IN
L - Db RIE % & 4172 oil % ethyl
acetate 712 AE Y A ARIE L #D K L amorphous % 15
720 Wit 'H-NMR (CDCIy: 8 1.5 (br.s, 16H, Boc+CH,CH,), & 3.0-3.3 (br, 2-3H,
PhCH,C), ¢ 3.6 (s, 3H, CH,0CO), 6 4.6 (br.s, PhCH\N), & 4.6-4.8 (br, 2H,
methyne), ¢ 7.0 (br.s, 4H, Ar), & 7.0-7.8 (m), IR: 1660cm'( v C=N+NHCO),
1740cm '(OCO), 3000cm '( v CH,), 3350cm '( v HN)

(3) TIC-L-Arginine methyl ester (TRM) dihydrochloride

mmz <
13/

BTRM 312mg % 4> & O it K dioxane H 1 i AR L . & 1LIC 45 1L 7k & Sl dioxane
23ml%{# T L CACTHIEL 2 L ECRES S V %R T3, #8H8 L Tviscous
ol%f3 7, Th "w'cllnuml/lx-nlcnc REHEED R Lg% L T, pale yellow
amorphous % 137- . RIF 3 %8 & 3% HIRF L 720 'H-NMR (DMSO-d): ¢ 1.8 (br,

4H, CH,CH)), ¢3.1-3.5 (m, 4H, PhCH,C+NCH,), 8 3.7 (s, 3H, CH,0CO), 4 4.4 (s,
PhCH,N), 4 4.1-4.6 (br, 2H, methyne)
(4) TIC-L-Arginine (TR) dihydrochloride
BTRM 0.5 1g % methanol 7ml{Z %% L 2N NaOH 0.6ml1% il 2. TO( TITHERIRAE L
7z PRAFEONIERE A WV CRUBTE & pHSIREE L . S A T T
ETEDLEITHR #HARZML THRL
fi1 S 472 1-butanol 7[)11\1”(‘1’!{[ L7, fAiE > TR

amorphous # 5§72, Z {1 % #i /K dioxane 30ml| N () & 3

#i L CTmethanol
AR A

(AN (%3

L L . pale yellow

i flldioxane % [ %
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BT LTSCTT—mdfiE L7, 48

) ! pale
yellow powder % {5 72 'H-NMR (DMSO-d): 6 1.58-1.82 (m, 4H, CH,CH,), &
2.99-3.14 (m, 4H, PhCH,C+NCH,), 6 4.26-4.30 (br.s, 4H, PhCH,N+methyne), ¢ 7.27
(s, SH, Ar), § 7.38-9.90 (m), IR: 1660cm’( v C=N+NHCO), 1730cm’(COOH),
3000em’'( » CH,), 3400cm’'( v HN)

(5) Boc-L-Phenylalanine-L-Arginine methyl ester (BFRM)

Boc-L I’]wnv alanine 2.67g & L-Arginine methyl ester dihydrochloride 2.07g % DMF
34ml LIZHOBt 1.16g, TEA 1.25ml, e
WS L 200 RIERE L 70, BEERZ 3 idhn R TR L
ALIZK170ml % A0 2. TH,O8H 1-butanol THii 4 L 72, A 14R8 %
Pl S INKERE, INT > E= 7K, KTHkis Lo bRER

- o
720il &

I-butanol %
L7, 1351
AKether © 5 [l triturate L T colorless solid % (3.97g) Z 1L % ethyl
W LAEDx 985 UL R 1) 3% L colorless amorphous
Tf#7:, 348z (JUHES2.1%) o 'H-NMR (CDCL): & 1.27-1.32 (d, 10H, Boc), &
1.62-1.89 (m, 4H, CH,CH,), ¢ 2.86-3.25 (m, 4H, PhCH,C+NCH,), ¢ 3.63 (s, 3H,
CH,0CO), 4 4.50 (m, 2H, methyne), ¢ 7.13-8.26 (m), IR: 1660cm™( v C=N+NHCO),
1740cm’'( v OCO), 3000cm™'( v C H,), 3350cm’'( v HN)

“RM) dihydroc hlnnd«

acetateH |2 i

(6) L-Phenylalanine-L-Arginine methyl ester
BFRM 509.3mg % 4> & O f /K dioxane " | §
23mE A TACTHIE L2, 3 B RS
ol Sh% dhdnnl/lxn/\m REGFEWPIZHER LIRS L T, colorless
amorphous % #i# 72 o {RFF ¥ 435 &3 HURIE L 220 'H-NMR (DMSO-d,): 8 1.8 (br,
4H, CH,CH,), & 3.0-3.2 (m, 4H, PACH.C+NCH,), 43.7 (s, 3H, CH,0CO), 3 4.1-4.6
(br, 2H, methyne), 8 7.2 (s, SH, Ar), 4 7.3-7.9 (m, 3-4H)
(7) L-Phenylalanine-L-Arginine (FR) dihydrochloride
BFRM 1.05¢ % mulhalm] 10ml % 5% L 2N NaOH 1.5ml% il 2 T0°C T 1748 4%

) flldioxane

i

RIE T 8%, #H& L Tviscous

L7 e v T RS HE % pHS 71 2 1
methanol % T & % 72 (TP Wiz, BEEIC S REOIES /}\ IR TH
HK & B3 F1 S 4 72 1-butanol S0ml THlith L 72, H 48 % L -

’J\dln\dnc 30ml iz /% L.
L T5C T — % ,f: m.ﬂ-mﬁdf{

>
colorless amorphous %

dioxane* & 514 2 7

>

#i L . colorless amorphous # % 7- 'H-NMR (DMSO-dy): o 1.54-1.82 (m, 4H,

CH,CH,), ¢ 2.92-3.20 (m, 4H, PhCH,C+NCH,), & 4.15 (s, 1H, methyne), & 4.22 (s,
1H, methyne), & 7.34 (s, 5H, Ar), & 7.38-9.08 (m), IR: 1660cm’( v C=N+NHCO),
1730cm’'( » OCO), 3000cm '( v CH,), 3400em™'( v HN®)

(8) EDZRTF FALEWIE, 0.5mlD 1%thymine (IN NaOHsoln.), 1ml?
2% 8-hydroxyquinoline (EtOHsoln.) & Iml® ¥ X 7" KK (& 1 %EOH) = 2 To
K1 L 2593 %0.5ml? i NaClOaq. % Al 2. & & 12345 142 iR C3ml OMeOH % hil 2
% guanidyl 2O T 1(491-494nm) % % L . guanidyl FE O A7 15 & B
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2 TURTF T T oBREED
(1) MEREPMR GBI 5 F_TF K740 7 iG Ml E:
TR 2HCI, FR 2HCI % Z 11 £ 410.5mg/ml 0.5% sodium carboxymethylcellulose
(emc)BHMWE L. ShEddYRv v A (7%, 258) |
%S L, 597, 6047, 12053, 1805 Ak L 22 5k
) ) 1;];,”};@/]‘ F—=WI) 5o FA b ,% > TS HFH %
EL. 18 (1 ”‘v‘ IK2nt 5D

c.m.c. '“J WXJ iHE L D F340E % 0% . B0 % 100% !
BRREL

£7:, TRM 2HCL, FRM 2HCI% # 1L Z110.4mg/ml 0.5% c.m.c.
R ddY (6 4) 126.6Tmg/keg? A it THEMNIRS L, %55
. OFICHIRL 7 i (E-BwoEER 2 (1) ) L[ nm)J
77 AN EAT o TR % il 4 ZomE. 18 (1EW1IHE) 250
& lem i AN sz:q 2, 0.5% c.m.c.4%5 DX fwwLH F [ - 1)
0%, FUCHEEI10F2%100% & L7 F KR L7
M5

Fu 7ok
Spraque-Dawley (SD)

R 41

7

(2) B

i. 7 B 4,118 o 45l By
I‘*J»— L— LERET L FRET-0 (1§35
B R E M5 I 72 Kyotorphin (7F2) Smg#
500 ¢ 10D A= FRACYR K U2 55 H 2 ‘,t 7. FR2HCI 19.7mg%
2mlD 47 145 J' TR 2HCI 9mg % 0.96ml 9 4 5§
fU:{-ﬁ/ l-UH C. Ethanol %300 ;¢ 1/2ml saline %
Lotz SO FR "Hﬂ(i‘)m #0.96ml
DEBEEKICIZ, & (\nnu.m«mf 1tkZ0 Ligx 5+ e e
HA KD Za—L&¥EFLISDT 7 M, ether FRE: L "UM (Ir THENT Ir’:]
SE L. KD S S8 % D% f - Tkyotorphin 148.3nmole (Spe 1)y FR 2HCI R U T
2HCI 147.5nmole (5.9 /¢ 1)(11{" FRTEMLAL LcL 30RtHEE) 221
B H3IFAOBPTTH, Fh=a—L % JI x SRS LI, x5t
fithEVL T E, ra.:fww 2 TT N7 i She
ERETATLICHEDEL . EWI,
kyotorphin, 2[]”(\ulinn\ saline, FR. saline, 3H H(Isaline, TR, 4H HIZ m]mc
kyotorphin 2 4% 55- L, M Z14% 5 e KT605 % £ TRIE % 47 - 7=
D HEICRIZ b % ’) L 7 W IRAE O B ] 2 05
PRS- %D 7 2 R OB
MG %AT - 72SDR 7 v PO Rk L. & h & KB EOH%
% 2 DNSH A S NI 2T TR UJ[H[I SPAFCHITI AR

L 720 T4 % 37%formalinif i

SLVABDH
fFoT. 4

%1 H H 12 sailine, kyotorphin,
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SRR s

1 TICHFEKRDEHA F— L4

a)
Hoj@/\(COOH formalin Homcoon
S——————
HO NH, 0.5N H2504 HO NH
DHTIC y.39.0%
b)
HOUCHO CHaoﬁCHo _ NioAe
H,CO HO T A0 Ij

AcNHCH,COOH

AcO. N-CO0H  pyc 2 10% _10% He1 COOH
H20/acetone NHAc EIOH m HCI
H,CO H,CO 2
HO. COOH /H,CO COOH
s
HaCO NH HCI bo NH HCI

HMTIC y.304% MHTIC y.11.2%

a) Synthesis of DHTIC (Ref; A. Brossi et al, Helv. Chim. Acta, 55, 15-21 (1972))
b) Synthesis of HMTIC and MHTIC (Ref; A. Miyake et al, J. Takeda Res. Lab., 43,
53-76 (1984))




ff1 TICHEERDEHA*— 2 (Fx
a) N<y-Ph ny-Ph
? (o
HomCOOH EIOH N cl oj:):/\rCOOQm
Hy,CO Al HCI K2C03 HaCO NH

Pd/C, H2
AcOH

3N HCI
reflux

b)

COOH

formalin
conc HCI

HyCO NH HCI

MTIC y.659%

TIC .

COOH
47% HBr m
SLLLL 2R NH HBr

HTIC y.39.0%

COOH

46.7%

a) Synthesis of MTIC and HTIC (Ref; A. Miyake et al, J. Takeda Res. Lab., 43, 53-76

(1984))

b) Synthesis of TIC (Ref; K. Hayashi et al, Chem. Pharm. Bull., 31, 312-314 (1983))




2 TICHEEAROFIARY b

TIC
(1
|
‘ i
HTIC © ) VAV ATIVA TNy,
\ ([ i (R
|l I\
|
MTIC
f
HMTIC
|
(B |
‘ W |

MHTIC



3 HAFh=a—LifARE

(1) SD7 v bRL—F VKB T Bo Ty MIZ VLI RYF ) (#760mg/kg)
EIRIENIRS T 5 ( anLwﬂwifAHttﬂ TBE At) o %5
% —JI B LB D 50 % 52, 55713 L: L Trro BRI —F L

KREEL . BEEY L < FVEEEMNES T 5, COBA0EERIE1IEELD

Pl T oo VA RIF VI L DRRENG IS S CHRPUN 20T, Fiif

PREZDRNC (BB EIHEDEHV) YA I RYF L EBIMES T2
(20mg/kgF2E)

(2) 72 PORIRBAHEI L6, FHMOTEAYVNS, WEHICERELY W
NECHEOFRPS EICBIE EFREIICLTE S ICHED S, S0, B+ X
%ﬂ*HLﬁﬁ‘iﬂﬁmTST7/%‘%f‘Wﬁ>;ﬁ“MﬁTb,MH%
BELLK. AT LA 5F 2 -0 LICHRERIELT VW CEET 5. COMMES

I’* 3 ‘HLTy MIFEET A

) VI 2833 — FF o 328D A R A L CHEHE (HEHD
F‘H 5 iLi/ 5HRIFBICATT) 29T 5, G LARS*EE IR, 5
B S D, MIMIZE FDICHEID ., $L VAR L 7Kl ok
LTIy %
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