YAKUGAKU ZASSHI 125(1) 73—120 (2005) © 2005 The Pharmaceutical Society of Japan 73

—Reviews—

FERZR CEEZRBEMEOREKMAR, OERBEMECLY DC(ET
—NILEY —ILEEMAOT) P ET (EO1DV—

A Al 55

The Studies on the Structure-Activity Relationship of Allyl Substituted Oxopyrimidines
Searching for the Novel Antagonist or Agonist of Barbiturates to the
Sleep Mechanism Based on the Uridine Receptor Theory
—Barbituric Acid to Uridine (Part I)V—
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Thirty-six allyl substituted oxopyrimidine analogues such as barbituric acid (BA), barbiturates, uracil, thymine,
and related derivatives including 13 new compounds were synthesized and their pharmacologic effects ([hypnotic activi-
ty, anticonvulsant activity against pentylentetrazol (PTZ)-induced seizures, and LDs,]) and interactions with the bar-
biturates were evaluated in mice and rats. The results are briefly and parially summarized as follows. BA prolonged pen-
tobarbital (PB)-induced sleep and had some central depressant effects. N,5,5-Triallyl-BA exhibited some hypnotic and
anticonvulsant activities, although the other 5,N-allyl-compounds did not show any activity except for allobarbital (Al-
loB). N-Allyl-BA, 5-allyl-BA, N!,N3,5—triallyl-BA, N,5,5—triallyl-BA, and N!,N3,5,5—tetraallyl-BA also prolonged
PB-induced sleep. Interestingly, N,5,5-triallyl-BA was the most potent in the interaction with AlloB, phenobarbital
(PheB), amobarbital (AB), PB, and thiopental (TP) but not barbital (B). N1,N3,5,5-Tetraallyl-BA prolonged AlloB-,
PB-, and AB-induced sleep but not B-, PheB-, and TP-induced sleep. N!,N3,5-Triallyl-B prolonged only PB- and TP-in-
duced sleep. 5,5-Diallyl-BA prolonged PheB- and TP-induced sleep. N,5-Diallyl-BA prolonged only TP-induced sleep.
In contrast, BA and N',N3,5—triallyl-AB tended to antagonize AlloB, AB, and B. N!,N3,5,5-Tetraallyl-BA also slightly
antagonized B, PheB, and TP. 5,5-Diallyl-BA antagonized only AB. The prolonging effects of BA, N,5,5—triallyl-BA,
and N',N3,5,5—tetraallyl-BA on PB-induced sleep were dose dependent. These results indicate that the position and
number of allyl groups substituted on the structure of BA play an important role in their depressant activities. This rev-
iew deals with the structure-activity relationship of allyl-substituted oxopyrimidines as part of our search for antagonists
and agonists of barbiturates as well as their mechanisms of action.
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Fig. 1. Structures of Barbituric Acid, Barbiturate and Uracil
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Fig. 2. Structures of BA and Allyl Substituted BA
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Table 1. Pharmacological Activities of C- or N-Allyl Substituted Barbituric Acids

Compound mg}{klg,5 . rrlrgT/iglj:]zig- mg/L klgfoi-p-
BA None (640) >250 505 (467—546)
5-MABA None (640) >250 600 (554—650)
N-MABA None (640) >250 >640
N, 5-DABA None (640) >250 525 (474—581)
N!, N>DABA None (640) >250 607 (537—686)
AlloB 48.1(42.9—53.9)® 5.42(3.39—8.67) 185 (167—205)
N, 5, 5-TABA 87.5(83.8—91.4) 18.0(15.1—21.3) 342(309—378)
N1, N3, 5-TABA None (640) >250 640
TetraABA None (640) >250 >640

a) The 95% confidence limits, in parentheses, were calculated by the method of Litchfield and Wilcoxon.
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Fig. 3. Hypnotic Activity of AlloB and N,5,5-TABA

The result is expressed as the mean +standard error (S.E.). Fraction in
parentheses represent the ratio of number of mice slept to number of mice
used.
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Table 2. Effects of BA and C- or N-Allyl Substituted Barbituric Acids on Barbiturate-Induced Sleep
Sleeping time (min)
Compound Dose
No. (mg/kg) AlloB B PheB AB PB TP

80 mg/kg 300 mg/kg 130 mg/kg 100 mg/kg 40 mg/kg 50 mg/kg
Control 113+14 (18) 79+13 (11) 88+29 (8) 92+14 (8) 162 (9 7+1  (6)
BA 160 89+4 (7 9%6+8 (12) 99+13 (8) 74+3  (7) 30+22 (8) 8t1 (7)
5-MABA 160 172+32  (7) 120%£21 (11) 94+5 (7)) 121£26 (8) 34+79 (7) 11+£3  (6)
N-MABA 160 11514 (7)) 1015 (11) 88+13 (7) 127£27 (6) 34+79 (8) 8+1 (5)
N!, N3>-DABA 160 177+£27  (8) 90+6 (11) 206+36% (8) 75+9 (1) 24+5  (8) 23+39 (6)
N, 5-DABA 160 164+24  (7) 11522 (9) 16150 (7) 99+15 (8) 28+6 (7) 28464 (7)
AlloB 60 641116 (8) 809170 (6) 18324252 (4) 344+702 (8) 429+36% (7) 4741967 (7)
N, 5, 5-TABA 60 318+39 (7) 114+17 (12) 5974630 (6) 220279 (8) 40646 (8) 661149 (7)
N1, N3, 5-TABA 160 86+7 (10) 74+8 (7 88+18 (6) 143+20 (7) 3032 (7) 15+39 (7)
TetraABA 60 178 +282 (8) 719  (12) 85+21 (6) 209+31D(6) 5254420 (8) 61 (7)

BA and allyl compounds tested were administered i.p. 15 min prior to the i.p. injection of barbiturate. Data are expressed as the mean +S.E. Numbers in paren-
theses represent number of animals used. @) Significantly different from the control (p<{0.05). b) Significantly different from the control (p<{0.01).
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Fig. 4. Illustration of Interacton of Allyl Substituted BA to Six Kinds of Barbiturates
2 Significantly, __: No Significantly.
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MERIERZRLUZDIZK L T, TetraABA Tli3&<
BEERLD (64)) EWHE2ITmEDX 57, I
WiEEINZLDBERNME SN, — R IHUIM
BOM? ZOMEDIERAANZALTEDK D InE
BMBDEDTHAHIM. ZOXIRINETOHRE
OB EWD KD IBERIZTEDL D ITHER TR
E/. N',N*-DABA (23 43, ¥13 £%), N,5-DABA
(28 47, #41f%), NLN35-TABA (154r, £21%)
LZZTHH2FZEEPBOERIITIWSNTHD
N,5,5-TABA I3 66 77, #19 % (PB TIdH 25 £%)
7D A BT Z 1T AlloB 1213 474 47, % 68 1%
(PB TI3H 27 f5) 2R L7=. Z#d AlloB (60 mg
/kg) 12 AlloB (80 mg/kg) D#J 6 f5DHER %% A
5 &E, O TP DK 68 1513 AlloB D) 10 512+

WD, ZOBRTH LU TEESIT HHEER
EEMT T 2GR0 ZOERAANZ XL
AR OBERITIENZ SR WNEZIT ZOFKZH
FEHRBERFTHINPNELMBIHIN TR,
K512 TetraABA @ PB & TP I3 % kR 70 22 5L
DRI Z EOFEEFEAEZHO TN DD L
DI 2> T 5.

FIT—HRITHENING DEEEZHERT S
7=, UTFOXSmitaiiolk. TOERAANZ
Z INEFZE D —B3 & L T Dose response curve % {5
THZDMELLT Fig. 5 XU Fig. 6 Th 5. T72b
5 Fig. 5 (+PB) TIHAERBEEZ/RLZ BA,
N,5,5-TABA K U\ TetraABA O 3 ffi 2 & Nk & L
7=, TOREIEOLEY LD ITHERIKTFERIC PB
ERAZEE L. 20 PB OfERIZEICRRELS
IZ BA HEITHIRIIHIER H D & WS A 2 HREd
5bDTHol. £ 4lO7 JIVH (-CH,-CH
=CH,) #¥#5D TetraABA |34 < Bk iR 2
Fiz7z\y (Table 1) iI2HhbHd, —JF, HER
K OHEN AIER %2 AlloB DK 1/2 53 % N,5,5-
TABA BEO7VINEERFED) L2<HAEED
PB EIRERIEA N D 5 Z &A% Z @ Dose response
curve DRFHZ K> THER I Nz, AEERIT Ta-
ble2 DEBOBEREL TEEEZE> T3,
Fig. 6 (+TP) T®H 2 fEDILEY N,5,5-TABA KU
TetraABA Z W THET L7z, T DR, TetraA-
BAXETONTYFNH 2SSO0 HEMKGENEZR
L=z LT, N,5,5-TABA 137720 O R D
HHERERLUZ. ThbbAEKELRIEIA SN
Mol PEDZTEL, BABKADOT V)L EDE
AR KD ERA IRIETE DM A SN T, FFIT C3
D7 V)V HEATREIRIER Z¥® T 2 0icx LT
NALIHEEDEMZR LU, LML, BRBBAZE
D THRMEERIIVTNEHHEEL TWE, 51T
BER O EAE A OREHER T INE THMTITE
ZHNIRWERA IRFERME SN2, ZhsidnTh
HRNEIRE BRI REh) OZERZMFAT2IITHT
MISHBOBETHHOTINSIRELZSNT KA
ERFTIEZIZISATBORNDOERNHFI N,
ZOBEBTOHRTH DM, ZOXDITHEARME
ONVEYL—RTHBR) 1ERFCROICHENER
WCBWTEADIERAMNRERLRS Z EFHENITBT 51E
A (BEVIEANTZLL) M—HTRWI 2R



80

Vol. 125 (2005)

Dose of BA, N,5,5-TABA or TetraABA (mg/kg)

Fig. 5. Dose-Response Curves of BA, N,5,5-TABA and TetraABA on PB-Induced Sleep

BA, N,5,5-TABA and TetraABA i.p. 15 min before the i.p. injection of PB. Control group was pretreated i.p. injection of PB. Control group was pretreated
with 1% Tween 80-saline as the vehicle. Each point corresponds to the mean sleeping time of 7 mice. Vertical bars indicate S.E. of the mean. [1—[1: BA+PB 60 mg
/kg, O---0: BA+PB 50 mg/kg, O0—-—0: BA+PB 40 mg/kg, @—@: N,5,5-TABA+PB 60 mg/kg, @---@: N,5,5-TABA+PB 50 mg/kg, @——@: N,5,5-
TABA+PB 40 mg/kg, O—Q: TetraABA+PB 60 mg/kg, O---O: TetraABA +PB 50 mg/kg, O—+—Q: TetraABA+PB 40 mg/kg.

120 +TP [
=
E 80+ |
E ¥
: L
B 40 P o
2 -7
n ’ 3’ . f -’"‘M-’{__
a‘ E - T e m - o_-
e St
ot ¢ 1 \ .
0 10 20 40
Dose of N,5,5-TABA or
TetraABA (mg/kg)

Fig. 6. Dose-Response Curves of N,5,5-TABA and TetraA-
BA on TP-Induced Sleep

N,5,5-TABA and TetraABA were administered i.p. 15 min before the
i.p. injection of TP. Control group was pretreated i.p. injection of PB. Con-
trol group was pretreated with 1% Tween 80-saline as the vehicle. Each point
corresponds to the mean sleeping time of 8 mice. Vertical bars indicate S.E.
of the mean. @—@: N,5,5-TABA+TP 70 mg/kg, @---@: N,5,5-TABA+
TP 60 mg/kg, @——@: N,5,5-TABA+TP 50 mg/kg, O—Q: TetraABA
+TP 70 mg/kg, O---QO: TetraABA+TP 60 mg/kg, O—-+—Q: TetraABA
+TP 50 mg/kg.

FTEEDIZ, MoNOBFHRITVWER BR) 2'H
5T EEIMDBNAID H O THID THBRENRS R &
Bz, INSOEERZLVHEHKEICT 29I,
TSRO FEANEHERI G, ZITRBEAS
N5Z&13 1D 28K (LETY—) B 2) Mk
BEYE O 3) MREMMEFETEHR 4)
ABDME & 5) #i b T2 A R—F =@l ENE X
5N,

2. ROMNLEZ =)L (PB), N)LESY—L
(B), 7z /N)LEZ—JL (PheB), 7ENILE
7 —JL (AB) RU'FAR_Y—)L (TP) O N-K
U S~7 U IIEDOERKI O(CEEER 2

2-1. #EH  AIEICBWVWT Table2 IZHHN D
KO BABRIZYUINEEZBEATLHZLITEST
B4 IRIEPEMIE DS S N e, ReICHEIRIG R 2 R &
THHEERAOKRFICL > TEMD 2 WVWITHEE EZ
OERIRTERMNTH > 2. FIZTEMEREL T
N',N3,5-TABA ® Z & < AlloB OHEIREH 223 >
~O—)L®d 113 432 L T 86 43, TetraABA O Z
LE, BicRLTa>ho—=JL 795D &EE 715,
PheB > hO—)L 86 73D & &= 85 43, NL,N3-
DABADOZE< ABIZKHLTa>ho—)L 925D
& & N',N3-DABA 75 %}, TetraABA O TP 2%t L
Ta>ha=)VTH5DEE6HEBEEZIRVNDD
DM ZRLUZ. ZOMOT R THNEEEM 2



No. 1

81

RLEDTHAHNG, INSOEMERIIZERL
BRI SR\, FITT7 Y TZANERD D
RS INGPEFEDSFEDN)LEY L —FD NH 1T
TUINHBBEATE I EICE> TLAEMZE, h
S OEBAE M Z ji i BRI U 7z,
INSZEERELBROERE (B)RITHL T
fTWEASLL 7=, PB, B, PheB, ABIZDWTIL N-¢
J 7 UK NUN-D 7 U)K 8 fE (7272 L
MAB %[k < N-F /7 U IR 2 F 0 BAER A B
mbEEAONEZNTEIRELUTHEA) TPIZEL
T3 EOERYINESNZ. TS DS % Fig.
71ZR9. 1 D1 N,S-2 7 U JL-TP (N,S-DATP),
N-E /7 U)L-TP (MATP), MONNLN3-7 )L

CHsCH:CH:

H
}0
CH:CH N

H

MAPB Racemate)
o CH:-CH=CH:z

4
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H
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MAPheB R acem ate)
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H: O

Hz-CH=CHz
H
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Fig. 7.

H: O N’CHE-CH-CHZ

Hz-CH=CH:

-TP (DATP) TdH o> 7%. EAHKY N,S-DATP O
i, s— v 7aE ) 2-FA4 /NI EY — )V &
BT VIV RIRICBNWT, SAED HEAIT 2 AL
D SRFIZT UINENBEBII N 51V 7O )~
27 UIVFFINIVEY —)VERINERLT 522 2 &5,
TP OEEDH SADT VIVEDOBEEN N X0 HIEAL
W ZI>TWadbDEEZLNE. FHE Z0HOD
DT OFER DB I ZOMEZLHELTWEZ
EMBEER I N

222, BAELZOTUILEYD L E EFERIC
HABEARMEH, PO AIER, 2 (LDs) %K
AU ZOREE%Z Table 31TRL7Z. WTINDE
J 7 VIR LG O 1/2—1/4 DIEHEZAF L

Hs SHe-CH=CH;
CHi:CH2CH:CH N 5
CHsCH: >=
Hz-CH=CH:
DAPB
(o) Hz-CH=CH:

>:o

CHz-CH=CH:
DAB

CH:CH:z
CH:CH:

Hz-CH=CH:

CHaCH: i:
CHz CH=CH:
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Hz-CH=CH:
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CH:CHCH2CH:
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CH:CH:
CHz-CH CH:

DATP

H

N,S-DATP Racemate)

Structures of Allyl Substituted Barbiturates
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Table 3. Pharmacological Activities of N-(or S)-Allyl Substituted Derivatives

Compound mg/kg, i.p.

PTZ-EDs,
mg/kg, i.p.

mg/kg, i.p.

Pentobarbital (PB) 37.0(36.1—37.9)

12.6(9.6—16.5)

123 (115—131)

MAPB 77.5(64.3—93.9) 23.5(14.2—38.9) 522 (462—590)
DAPB None >250 962 (909—1018)
Barbital (B) 179 (153—209) 27.7(25.5—30.1) 682 (646—720)
MAB 146 (140—152) 25.1(18.1—34.8) 410 (379—443)
DAB None >250 995 (890—1112)
Phenobarbital (PheB) 96.3 (77.0—120) 19.2(13.8—26.6) 226 (213—240)
MAPheB 186 (173—200) 62.0(51.0—75.3) 488 (456—522)
DAPheB None (1400) >250 1270 (1207—1336)
Amobarbital (AB) 67.0(53.4—84.1) 17.5(15.6—19.6) 185 (171—200)
MAAB 176 (147—210) 75.5(62.1—91.8) 650 (620—682)
DAAB None >250 855 (770—949)
Allobarbital (AlloB) 48.1(42.9—53.9) 5.42(3.39—8.67) 185 (167—205)
MAAIIoB 87.5(83.8—91.4) 18.0(15.1—21.3) 342 (309—378)
DAAIlloB None (640) >250 >640
Thiopental (TP) 53.0(42.7—65.7) 7.10(4.73—10.7) 193 (183—203)
MATP 107 (84.7—135) 29.1(24.2—35.0) >320
DATP None (240) >160 >240
N,S-DATP 275(215-351) >250 575 (501—660)
TWENRDT UMK ZENS OIEHZEHEEL =, MEFTFT 20, IHRITIUIHEELTWEZNBOD

AlloB ® 27 U )L{kId Table 1 T/RLU -/ 8 &4 <
MUTHo/z. LnL, N,S-DATP DAL TV
IWIKTHBEIM1IBEMNSIZHEEGL TWSEEDIT1/5
DIERIERZWEZRFFLTWE, 2O ZEIT TP
DIERZEA S EIZHBWTHBKREN, ZOFICRiIET
NEZEIIMAB ONVVEZ —=)IVDE /7 U ILR)
THO, RHEtEY B OREIRMEHICHBVWTH LS
&, PUENAERZRSE» N EZ2R U Bk
(LDsy) HEEFEHORND DIZFHME D R < WiMHEE
OBRICH -7z, LD TP ® 3D 7 U )L ikEk
BEAANZALDHZFEEDY =)L &L TR SH]
HEtEN D 5.

MAB NEHEEME D BIERAMNENMN > 722 &»
5, BMLAEMTH S B EOmERLK L. TOD
#5513 Table 3 12779 & 512 MAB |3 HDs 146 mg/
kg, i.p., PTZ-EDs, 25.1 mg/kg, i.p. Z;xL, B D%
2 DIED 179, 27.7 mg/kg, i.p. \ZH#E: L TH 1.5 1%
OEMzERLUZ., WHEEdDHEKFEEZRLD 200
mg/kg, i.p. IZBT S HERFHFZ H# 9 % & MAB
1% 105 7, BIZHTNIT 1250 & MABIZ B IZxf L
THRIGE®MNITH>7 (Fig. 8). TNETOH
RBTRET7VIVED NLADE AT T X THERMEM

T/ 7 UKD AEHITHEIREH Ok 2 R L 7=
Bk, 2@ MAB I B £ 0 HFE MK MEMIT®
WO THRR EfEH SN S A[REMENH S0 H LI
VW, ZOHRERFINETHEDOLZWHAIRTH O AN
FHEBELCTOEIREERD1IDTHoZ. 2D
EH 7 UK (DAB) 3e<EMERZRIR
Mol ZHETFHEBOORRETHS. Z0kDI
BDOE /7 UIIMKIIHEBHIIERZRDILEMEE
A%, ZOEHEEL THREEDOHERIZED HNGE
T DM, & 5 WIIMEREALIC BT 2 Btk D
m, XIEYRBBEROHEFELRENEZSNLSNT
NTNZOHEEND TIITEDRTII R ZOEET
DIERIZITDIRM > 2.

2-3. MAPB KU DAPB 2H( D EiFah s &
AlloB ZRr< SHED/NVEY L — NEEIRIE R I &I
THEEROFEEZY A LI—ATHRHFLZ (Ta-
bled), MHLOBE—I I LITEVNEHLHDOD
PheB, AB, PB KU} TP HEIR ZH B ICHEE L /2. i
fiicHLNIXDIT, HIMEEIRIER 2 /27
N> 7z DAPB O 503 54 30 72BN T AB kT
PBIZx L TMAPB K0 HFEL <HEWIEEIEMH%Z
wmU, UL LaRs, S5IICHEKRS D Z EITB,
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Fig. 8. Sleeping Time Induced by MAB, DAB and Barbital
The result is expressed as the mean+S.E.
Table 4. Time Course of the Effects of MAPB and DAPB on Barbiturates-Induced Sleep
Time Sleeping time (min)
Compound “22?;;‘1 B PheB AB PB TB
! 350 mg/kg 150 mg/kg 80 mg/kg 40 mg/kg 60 mg/kg
Control 85+15(10) 20+5 (23) 27+3 (26) 10+1 (16) 6+1 (22)
MAPB 1 185+42 (8) 58+ 13*%* (8) 202+53**(10) 142+70  (8) 43 £ 8%** (8)
(80 mg/kg, i.p.) 15 93+19 (8) 35+8 €] 69+6* (10) 284 +85** (6) 22+6* (8)
30 153+33 (8) 89+26* (9) 90+27* (10) 236£68** (7) 13+2% (8)
60 176 +60 (8) 52+14* (10) 80+£17* (9) 216£58* (7) 11+4 (8)
DAPB 1 203 £45%(8) 177 £34** (10) 299 +49** (10) 113+15%* (6) 38£6**(8)
(80 mg/kg, i.p.) 15 44+10 (8) 86+ 18 (9) 301+£41%% (9) 890+ 343**(7) 32+6* (8)
30 86+18 (8) 69+17* (9) 392+ 57**%(10) 1559+165**(7) 15+3* (8)
60 44+12 (8) 42+18 (10) 431+56** (10) 698+263* (7) 19+3* (8)

Numbers in parentheses represent number of animals used. Data are expressed as the mean+S.E. On interaction with PB, MAPB or DAPB was administered
at a dose of 160 mg/kg, i.p. * Significantly different from the control (p<0.05). ** Significantly different from the control (p<{0.01).

PheB, TP IZH L TIXZNIFEETHE BIZHL T
15, 60 77 CTi3a > FO—)L DK 1/2 DREHEIER 2R
L7z. Z® DAPB O#FHiEMITDONWTIEFFL <&
9% (p. 98).
ZOXDITHAEHOBEFHERITZ TR L 5
NBWEMZRLZ., X512, ZOFEINED TR
WZ EEHEND D202 DAPB ® MAPB & U PB
EOMEERIZDWTY A L d— AR UHEKREN
DA EEIZDNWTFEMICHRE L 7.

Fig. 9 1Z/R 9 & 5 1Z PB EHRIZ %9 2 M BAEA I

DAPB TII# 5% 30 i — 7 A 5N %0
MAPB T3 15 5 Th o7z, Z OISO ENE
AOEBRTHAOLNED TUBDOME TIZRE%
150& L7, AEKGEEOBmEHER (Fig. 10) 1
BWTH, 80mg/keg, ip. T TIFHEEZEZRL
MAPB 13 23 £, DAPB TI35IZ 80 {5 H DIEE
ERZRLz. ZoEE (MAE) {EHIZ PB 0% 5
B 4005 50, 60 mg/kg, i.p. EHEETH I EITEK
DI SIZHEE > /= (Fig. 11). L EOKRZ X
LHBHEDTUIIKRTHS DAPBREHRTS 1
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o-—e MAPB 160 mg/kg, i.p. + PB 40 mg/kg, i.p.
o—o DAPB 160 mg/ke, i.p. + PB 40 mg/ke, i.p.
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Fig. 9. Time Course of the Effect of MAPB and DAPB on PB-Induced Sleep
The result is expressed as the mean=+S.E. *Significantly different from the control (p<{0.05). **Significantly different from the control (p<{0.01).
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Fig. 10. Effect of Different Doses of MAPB and DAPB on PB-Induced Sleep
Each point corresponds to the mean sleeping time of 8 mice. Vertical bars indicate standard error of the mean. Mean sleeping time of control was 10+ 1 min (n
=16). *Significantly different from the control (p<0.05). **Significantly different from the control (p<0.01).

BEIRVE A 2 5722 nics b 59 MAPB LD %
ZLWPBIEREMIEAZEL TWeIETH5.
ZDANZ X ADFEINZINILEY L — s DOFFDIEH
MR E I SITERTHMS5NOHAE G Z S
bOEEZLEND.

2-4.  RIZTMAB K UDAB @ 5 fED/N)L E Y
L — MEIRVERIC XK T B2 M L7z, Table 5
THSLNDHLDITMABIEBIZH L T 18 4% PheB
W2k L T 28 f%, ABIZIZ 15 £%, PB IZi3 45 f5,
TP (K U TIEFEIT 250 fi5 & W D 5 B 70 Ik K AF
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No. 1
MAPB + PB DAPB + PB
300} o-o0 PB only . 800 o-o PB only
—e 5mgl/kg, i.p. — o—e 5mg/kg, i.p. .
™ A—4 20mglkg,i.p. £ A—4 20mglkq,i.p.
‘E o—0 40mg/kg,i.p. E 600} o—a 40mglkg,i.p.
0200- v »
€ €
- * = 400
o
g £
'a 100' %
s o 200
n Ty}
............ &
ol : — 0
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Dose of PB(mg/kg) Dose of PB (mg/kg)
Fig. 11. Dose-Response Curves of PB in Prolonging Effect of MAPB and DAPB on PB-Induced Sleep

Each point corresponds to the mean sleeping time of 8 mice. Vertical bars indicate standard error of the mean. *Significantly different from the corresponding
group treated with PB only (p<{0.05). **Significantly different from the corresponding group treated with PB only (p<0.01).

Table 5. Effects of MAB and DAB on Barbiturate-Induced Sleep
Sleeping time (min)
Treatment B PheB AB PB TP
200 mg/kg, i.p. 150 mg/kg, i.p. 100 mg/kg, i.p. 40 mg/kg, i.p. 50 mg/kg, i.p.
Control 11£3 (16) 508 (12) 48+3 (15) 21+4 (15) 4+1 11)
MAB (150 mg/kg, i.p.) 203+51%*(11) 1427 +165**(15) 707 £92**(13) 961+88** (15) 988+102**(15)
DAB (150 mg/kg, i.p.) 31£7% (11) 157 +34* (15) 1111 +£94**(15) 847+132**%(15) §+1**  (14)

Number in parentheses represent number of animals used. Data are expressed as the mean=+S.E. * Significantly different from the control (p<{0.05) . ** Sig-

nificantly different from the control (p<<0.01).

ZmU7. MAB OHEHREMIZ B @ 1.5 572D T
250 5 DEERAEMIIAEM, MEEAOMBREE L TH
fRCEZ %M, DAB TIII BICES REHERNES
Nz, MESHEEZBEATIRSH, DAB IFHER
ERRE<BWIZEMND ST BITHL TH 3 15,

PheB & [AIkERI 3 %, TP TIEHK 2 TH o 72/,

AB & PB X L TOARIFITH 23 5, BEITKH
LTIREIHWOFOERERAEZRLE. ZHF
MAB 128§ 2 iE KFFIZ R 2D DD U4 —
4 —TdH>7-. MABIZ B OIEIRIEH DK 120% (5
/4) DIEHZETHDTIS %, 45BN REEZ
5N 2 HENEMTH %5 DAB @ AB, PB OEH 1

IR AEFHBALZS X NWDh, £2<AHATH 5.
K9 %5 AB, PB ORGENEERIL TWa  (FEE Bk
&) (Fig. 12) ZENZOREREMNEIELHE—D
FHETH->7~. MAB, DAB &£ % PB H 5 Wi iBﬂﬁ
IRIEFICW S 2 PAEINZEH GEPD ERIGEED
SN ITXRTHIERICEE 2> 7=,
ZDIEEERH%Z MAPB XU DAPB £ UL DI
MAB, DAB % 150 mg/kg, i.p. #¢5-#% 1, 15, 30, 60
43 1%12 B 200 mg/kg, i.p. #¢5 (Fig. 13). #IZ B
200 mg/kg, i.p. & 5E% 1, 15, 30, 60 %57 5
L Fig. 14 12RTELDICMABIZ 1,154 TH B
RMERZAEZICEETZH00, 5EHIHRIEER
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QH: 0, Pl ?Ha 0 Pl
CHsCHCHz2CH: CHsCH:CH-CH N}
0 o]
CH:CH: CHsCH: 't
o R: ] Rz
AB PB
Ri=H Rz=H AB Ri1=H Rz=H PB

R1=-CHz-CH-CH2 Re=H MPB
Ri=-CHz-CH-CH2 Rz=-CHz-CH-CH: DAPB

Ri=-CHz-CH-CHz2 Rz2=H MAB
R1=-CH2-CH-CHz R2=-CH:-CH-CH2 DAAB

Fig. 12. Structures of N-Substituted Amobarbital (AB) and Pentobarbital (PB)

i c---a B 200 mg/kg only
=—e N-AB 150 mg/kg + B 200mg/kg
- 2 ©—o N,N‘DAB 150mg/kg + B 200mg/kg
c 200+ N * p<0.05 = p<0.01
E
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E
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[+]
Time Interval ( min.)

Fig. 13. Time Course of the Effect of MAB and DAB Pretreatment on B-Induced Sleep
The result is expressed as the mean+S.E. *Significantly different from the control (p<0.05). **Significantly different from the control (p<{0.01).

woinolz. —J, DABIZ 1—607r £ T 12 /)
5 BHEOEEERZRLE. EE5EFZRA
5EMABOE =745 513305, HIELRZ 4R
WWBWTHEREE, DABIIHILEE DL G &Rk
D2—4 fEDHEZRL ZITEE TR 5% ORI
KBERIAONBN . ZOXD BT —
R, mE®ROIDICEZSD, HAERADOFEETIX
WEEEZOSNS, LEN>T, EFESOEETIX
B GMEFIC K D IERFEFH A OB DI & DRl
NESNE. £ T, X512 MAB LU DAB O
5 & % 50—300mg/kg, i.p. (MAB % 200 mg/kg,
ip.) WAZTCHKRFMZNEL L., ZOHR
(Fig. 15) MAB 3 &K% R U727 DAB 3%
NZERIBMNSOZ. ZOZ LT MAB OEf A&
DAB DIER SN ERLZBDEEZ SN, DFD
MAB & B EDEAAIZFRIC TH S T & B mEEE

HANHEKENTH >N DAB TIEINHIEAS
N9 DAB & B OIEH MIZ R 2D Tidiannh &%
AN L, AB, PBOERASIIRILCEWVNSD
ZETHhHD., BUOBNRSEH, DT Goodman KN
Gilman2® TIZ/)NLEY L — MIERRIE, HBEk
BRI ERENHEEZLTHED, —KiZidznn
RRBINTVENDRELSEDBEFESDINS OB
TIEZNEFE S TWEDOTIERRWNAEDOHIERTH >
7z,

% Z T MAB K& U DAB ® &% 50, 100, 150 mg/
kg, i.p. %X 150, 300, 450 mg/kg, i.p. S 5T B D
&% 100, 200, 300 mg/kg, i.p. &75 A THEARIEH %2
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o-0 B 200 mg/kg only
e B 200mg/kg + N-AB 150 mglkg
o—o B 200mg/kg + N,N-DAB 150 mg/kg
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Fig. 14. Time Course of the Effects of MAB and DAB Posttreatment on B-Induced Sleep

The result is expressed as the mean+S.E. *Significantly different from the control (p<0.05). **Significantly different from the control (p<{0.01).
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Fig. 15. Effect of Different Doses of MAB and DAB on B-Induced Sleep

Each point corresponds to the mean sleeping time of 15 mice. Vertical bars indicate standard error (S.E.) of the mean.
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7=. Table 6 ® LB IZ/R L 7= MAPheB I3 B IZx L
TIEDOTH 2 EREE ORI R L 2VR S 780> 22
PBIZ/ L TIE# 12 £5, TP iZx LTl 10 £,

ABIZH L CTIEK 7TREOEEEMAZ/RLZ. Ll
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Fig. 16. Dose-Response Curves of B in MAB and DAB Potentiation of B-Induced Sleep

Each point corresponds to the mean sleeping time of 11 mice. Vertical bars indicate standard error (S.E.) of the mean. *Significantly different from the cor-
responding control (p<{0.05). **Significantly different from the corresponding control (p<{0.01).

Table 6.

Effects of MAPheB, DAPheB, MAAB and DAAB on Barbiturate-Induced Sleep

Sleeping time (min)

Treatment B PheB AB PB TP

300 mg/kg, i.p. 150 mg/kg, i.p. 100 mg/kg, i.p. 40 mg/kg, i.p. 50 mg/kg, i.p.
Control 32+6 9) 7618 8) 827 (8) 21£3 8) 9+2 (7)
MAPheB 63 +£6™*(12) 233+24**(10) 555+56™*%(8) 259+29%*(8) 87+29*(8)
DAPheB 51+6* (11) 146+ 34 (8) 324+26™%(7) 253+36%*(8) 15+£3 (7)
Control 32+6 9) 619 6) 79+7 (8) 13£2 @) 4+1 (5)
MAAB 39+8 8) 1573 +£61%* (5) 317+33%%(8) 110+£21**(8) 11+1%%(8)
DAAB 103+29*(11) 405+95*% (6) 784 +72%*(8) 97 21 (8) 102 (8)

MAPheB, DAPheB, MAAB and DAAB were administered 15 min prior to the injection of barbiturates. Data are expressed as the mean+S.E. Number in
parentheses represent numbers of animals used. * Significantly different from the control (p<{0.05). ** Significantly different from the control (p<{0.01).

SEHEEBEZRWIZHNND ST PheB I L TidsE
226 f5&,L7=. LarL, o AB, PB, TP Tl
4%, 8%, 3MWBEETH-Z. ABIZHL T,
MAAB T35 4 £5Tdh > 7= DITHk U THAMBEIR/E
A% <AL\ DAABIE ABIZK L TK 10 50D
MEEAVER 2R L7z, 2413 Table 6 ® MAPheB ~
B, DAPheB ~\ B, MAAB & DAAB @ AB 100 mg/
kg, ip. Dl B2 EHEL TWS T ENHATS
5., INOELHHAELRBERLTH 2. /iCH
7= & 512 DAPB 78 B HEIR 28 HE L /- 2 &Ikt
L C PB OISO A F )L EDALED 170 312k o
TAB®Y7 U)K (DAAB) I BIZHLTa>
ro—)L 324, DAAB 103 7y EEEIERZERL T2

ZEFOTHBHEDENCILE > TIERANAE <R’
7252 EERLTWS, Andrews H27291X AB D 5
RS OREEDENICE > T, BIRIEMZRTHD
CHEERZRINIVEY L - 0D 5 EE2WmE
LTWa, Z2ES5HLIELIEZDEIBIENDD
TEEBEDTVWDS, ZONIVEY L — kDt &
BERZIINSNILEY L — kN OEYIER OE MM
ZRLTWBHEEZS.
COEOBAERELRBRIEBLZIENS
MAPheB % TX DAPheB @ PheB K% X AB 149 %
HEKGHEN S NENENERE L. T Ok
E, WInbARKGEENED S NE., 22 TR
DAAB D578 MAAB £ D & 5 TV IEEEM 2
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BB EMNIVHB &= (Figs. 17, 18).

26. HRDOIDICTPIZIEIMEDT UILAN
/o, I THEEOHELYT % PB DADHALE
HERF L., TR, Table7 05 154 &
e UL 4 % & 512 MAPB 13 28 {5, DAPB
13 89 5zt L T MATP |3 12 %, DATP {3 13 5,
N,S-DATP [F 20 f5ICEE L. T ZTHHMTIX
far S HEAR/EH &2 F L 72y (Table 3) DATP 23REAR
EF % 5D MATP & [H% O 12—13 FHERE A 2
U722 &3 MAPB & DAPB D273 3 {512k LT
INSEFELCEVS DIREEICEDT, ZITHI
DHBIHEOEBLETIIESHHLZE L WO K
AN EDEMER I S

DAPB @ PB [EIRZE R AEH DA 90 £5 & W 5 & 5
7B EFITHT 5 1 DOMIRE LT, KIZHBT 2N
WEY L — ks ORETEAIE y-7 2/ B&E: (GABA)
PNV TTYE Y (BZ) ZERMAKEBELERN
HDBZEMS, LAEOR & TS HEIRIE A O <048 i
2RI BITBHEEH D WNITEIEDEICLS D

tooo}
800r
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o._ L i 1 '
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Dose of MAPheB or DAPheB
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Fig. 17. Dose-Response Curves for Effects of MAPheB and
DAPheB on the PheB-Induced Sleep

MAPheB and DAPheB were administered i.p. 15 min prior to the i.p.
injection of PheB. The control group was pretreated with 1% Tween 80-sa-
line (vehicle) . Each point corresponds to the mean sleeping time of 8 mice.
Vertical bars indicate S.E. of the mean. @—@: MAPheB+PheB 180 mg/
kg, @ - @: MAPheB+PheB 150 mg/kg, @——@: MAPheB+PheB 120
mg/kg, O—Q: DAPheB+PheB 180 mg/kg, O-:*O: DAPheB+PheB 150
mg/kg, O—+—QO: DAPheB+PheB 120 mg/kg.

DEEZLN. T 50 OEER & KRR B
DERLMT Y Y > ZAROFRIHE > 2 & D1
GWROMASOTHD LEREND. £ I TROER
T

2-7. DAPB RU'DAB &7+ /NAL (DZ) &D
MHEEH ZOMEFNIMER R ZHENT 2 RiTsE
KB EZEZBND. ZOHEITEHED 304K
DHFEWEHETH S Ho NERLZH DT, Flint
KO Ho® ON—F A MEEWHIND. EY#E%
DI I A% —EDEHI OBIHESE, EYOHEE

Table 7. Effects of MATP, DATP and N, S-DATP on the
PB-Induced Sleep

Dose Sleeping time
Compound (mg/ke, i.p.) (min)
Control 34+9  (5)
MATP 80 423 +43**(6)
DATP 80 438+102*(6)
N, S-DATP 80 663 +=45™*(6)

MATP, DATP and N, S-DATP were administered 15 min prior to the
40 mg/kg, i.p. injection of PB. Data are expressed as the mean=S.E.
Numbers in parentheses represent numbers of animals used. * Significant-
ly different from the control (p<{0.05). ** Significantly different from the
control (p<0.01).

400

Sleeping time (min)

Dose of MAAB or DAAB
(mg/kg)

Fig. 18. Dose-Response Curves for Effects of MAAB and
DAAB on the AB-Induced Sleep

MAAB and DAAB were administered i.p. 15 min prior to the i.p. injec-
tion of AB. The control group was pretreated with 1% Tween 80-saline (ve-
hicle) . Each point corresponds to the mean sleeping time of 8 mice. Vertical
bars indicate S.E. of the mean. @—@: MAAB+AB 100 mg/kg, @ @:
MAAB+AB 80 mg/kg, @——@: MAAB+AB 60 mg/kg, O—Q: DAAB
+AB 100 mg/kg, O-—-O: DAAB+AB 80 mg/kg, O—+—Q: DAAB+AB
60 mg/kg.
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~MIRERAICK O PR OWELEE A D, T OIEH
DWIITE>THT (Fall) 2L (%) 5
DZ OEEHRFAEHOEEZHETLZHDTH 5.
ZOREF % Fig. 191Z/r9. DZ 5mg/kg, i.p. 5
@ vehicle TIHFEHA L7722 n=5139 X T 3 i
PANIC[EE T %A%, DAPB % 5, 10, 80 mg/kg, i.v.
(B#IR) 5T % FalliZ 0 TH-oH =D,
DAPB & DAB % % 5mg/kg, i.v. % 51% 12 DZ5
mg/kg, i.p. %59 5 L #F L < DZ OEELFIEH
(7ZEF) ZHiSE7/~. 10mg/kg, i.v. TIEETD
HERIE RO 72 O OIE R RERIE 5 REITH
Fo/=. FIT80mg/ke, iv. #5325 LEIZ 8K
METHEEL . FHICDABIZDWTHKRFT S
& Fig. 20 12779 & 512 DAB Bt Tl Fall (%)
120%THY, DZ 5Smg/kg, i.p. TIZ 2 BEEILAND
TERNCH LT 2.5 15, SIRMIE T Z OER D R L
. TORKEELT 1) 28O 7 YU)L{kD DZ
ORBIAE 2) DZ O BZ ZHEEDOEFMIEICH T
577 VIKRDOHME 3) BZZHEAEK~ADT T YU )
ROEHZESNEZ SN, WIniElZokd
75 HAR ISR O ¥ SR E B 13 Adjuvant (RiBI 3 H 5
W HER) ELTMSNOEEmNEZ 5N D
HDT, TOWENEHMEEMEL D B RO HEEEN
BE IS BRI UAHINEE & U T o R A fififi
NHDHMBENIN., ZOHIZDWTIE DAPB ®
REBATENS L VBHENIIINDETHAS.

100 |eac—

—g0—0
80} a
2T AN N
[V ’ \
[-] d N
> 4OH¢ ‘\
200
0 co—4 —i :.*:

3. N-AF)LN)LEYL—F (MBs), FILTF
Ik (G, AF7YO> (MP) RURAS Y K
(BG) @ N-7 1) \LEDE KAV IZZKIBER

ATE (2, p. 8) ITHE W TREAE D SEE - MEHR SR K& O
PUEEM D N7 UL Z T WEEBEER 2t L7z,
NALIZAFIVEZHT S5 HB O N-7 U JUKIZEEIC
Kaku 512 % X Weinswig 5302 X > THE I N T
W5, 1EOAFIEETFEOT VIVEZED NI
YL —hMNIgY, 70L7 UILERWTRERD S
ETT VIR, INE D AFIVEEREZHNWTAT
JUEL7=. GI, MP, BG |3 NH i3 1 i L ke 7z
WOTT7YVIMLICE S TIEOY V)L FZEATE
%. N-7Y)L-HB (AHB) O 3KFE/EFE—aBfs
INTWBEN, ZNZIEF—EBHENRWN, Tkbb,
Kaku 523 AHB 7V8E &%, BEMR, B FEH)EH
D IR KT E LTS A, Weinswig 530
1% 552 mg/kg, i.p. EREHEGTHIERHOIHE
A5, DEDEEREMRITZVWELTW SR
ERERENVNDHS., TITEESIZZIOHEEZHS

TR T UINAFILNLESY —)L (AMB), 7
UIVAFIVT = ) NIVES —) (AMPheB), 7 U
WAFI7aNIVES —)L (AMAlloB), 7 UJL A
FINTENINES =)L (AMAB) KO7 UL AF
IR ENIVES =) (AMPB) % &ak U Mk
HUL. ZO/R%, BMEERMEMIX AHB, 7Y U)L
TITF IR (AGD) KT AMPB 2388 5317278,

DZ, Smglkq,i.p.

\\,

o-0 Vehicle i.v.

o—e DAPB, 5mglkg,i.v.
A—a DAPB, 10mg/kg, i.v.
o—0 DAPB, 80mgkkg,i.v.

x—x DAPB, 5,10 or 80mg/kg,i.v.
+ Vehicle

—u:lu—-m‘u—m‘uu—
8

Time aﬂer DZ admmnstratlon (h)

Fig. 19. Effect of Acute DAPB Administration on DZ-Induced Motor Incoordination
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Fig. 20. Effect of Acute DAB Administration on DZ-Induced Motor Incoordination

Z O3 AHB X PB O 1/5, AGLIZ S 51255
<K/ 12BETH- /- (Table 8). F Z THEIR/E
fl %R 7= AHB, AGI, AMP % L&MW & b L
7=. ZTO#ER%Z Fig. 2112/r9. AHBIZI HB O 1
/3 THO, AGIIZ 500 mg/kg, i.p. TIEKI1/2, 600
mg/kg, i.p. TR 1.2 45, 7=/ LFxGETIE 456G
THhHoM, AMBIRIFIFRIZETHo/7. 2 TH
—HOMRIIE NN . £, BREATY
213 100% T2 <, HBILED B OIXIER H R
ERIBNHDHIRD SNz,

FuEn AMEHE AMB, AMPheB, AHB KT8 AMP

KBWTHER SN, FIINAMIZ 207 )L
% ¥#D DAB, DAPheB U} DAPB 73i] 5 HifE i A
ERIEAS NN 7ZIZHNNb 5T, NALIZA
FIHEET VIVHEN A S 7= AMB, AMPheB & T
AMPB I[ZHENAMER N & > 72 T LIZEKFEN, B
% PheB O N-A FI)VEDPHIENAE L L THlRE
NTWBZENS, FUENAERDOREINIHIT K
S>THEM LU N-7 VUKD 2N N-AFIVEKIC
R L TWD N D 5.

ZTIT, ZOENAERZFMICHE L. 20
fil B Table 9 12779 £ D ICHHE RN AMERYE
BOLNRN >IN EDBBRLRTRTOLEY
1% LDso HIERHTEN ATIR AR SN, R
WIENAER 22 L72H DI AMAlOB THiiE M
NAT200 B TEIVDECRIZ T Z Rz,

Table 8. Pharmacological Activities of N-Alyl, N’-Methyl
Substituted Barbiturates and Related Allyl Substituted Com-
pounds

HDx, PTZ-EDs, LDs
Compound (. ko™i p) (mg/ke, ip.) (mg/k, ip.)
AMB None 101 >400
(76.1—134)
AMPheB None 211 >640
(156—285)
AMALIIoB None >250 380
(517—651)
AMAB None >250 >640
105
AMPB None 0.0 136) >640
208 149
AHB (175—247)  (131—169) >640
512
AGI (428—612) >250 >900
220 42.0 473
AMP (191-253)  (36.8—47.9)  (413—s541)

The 95% confidence limits, in parentheses, were calculated according to
the method of Litchfield and Wilcoxon (1949).

DOILEWNIZ OHE TIIMERERNAZERZT S0
HATHoM. HEHESLNIILEY L — NHHFHBREED
HFIZIREEERZ2HT2H0ONL 0O TRAAEM
HTBHN-AF), N-7I)IKRIZESES 5ITHEE
TELEND .

ZTIZT, MO TONVIVEY =) hEE#EAlE LT
HEINTWAEBGIZH 1O NHEEZFLTNDS
DTTYUNRAZY R (ABG) Z2HmklL7z. 20
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HB 100 4 (8/8)
4] N'Cﬂch'CHZ 32 0 %" (6!8)
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Fig. 21. Hypnotic Activity of N—Allyl Substituted Compounds
The result is expressed as the mean =S.E. Fractions in parentheses represent the ratio of number of mice slept to number of mice used.

Table 9. Convulsant Activity of N-Allyl, N“Methyl Substituted Barbiturates and Related Allyl Substituted
Compounds
Latency (Mean=+S.E., sec)
Compound Dose (mg/kg) No. of mice Lethality (%)
Clonic seizure Tonic seizure

AMB 400 7 118+6 (7) No seizure 0
AMPheB 640 7 480+67(3) No seizure 0
AMAIlloB 640 6 140+10(6) 201+8(5) 67
AMAB 640 6 491+84(6) No seizure 0
AMPB 640 6 610+35(6) No seizure 0
AMP 400 7 107+15(6) No seizure 0

Numbers in parentheses represent the number of animals convulsed.

AMEREBITHS NN/, BGADT U JLHEHD
B A lZ Shulman 623 O )N— v )7 IT=X b
ENATEROEAD) 1TED 5 ENnD it & F—k

HIE/ERH %2k9 (Table 10). N AEA (50% &
NAME ; CDsy) 1XBG O 1/20 1254, HFHMED
K13 IR T L. MROZ ERN SRR, HiEhn
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Table 10. Pharmacological Activities of Bemegride and ABG

0
CHs
N—R
CH.CH: N
(¢}
CDs, HDs, PTZ-EDs, LDs,
Compound R (mg/kg, i.p.) (mg/kg, i.p.)  (mg/kg, i.p.) (mg/kg, i.p.)
Bemegride H 15.6(13.6—17.9) None ( 50) N.T. 37.5(32.6—43.1)
ABG —CH,CH=CH,  310(293—328) None (600) >250 471 (442—502)

The 95% confidence limits, in parentheses, were calculated according to the method Litchfield and Wilcoxon (1949) . The word ‘‘None’’ in-

dicates no corresponding pharmacological activity. N.T.=not tested.

+ PB 40mg/kg,i.p.

800} I
€
E 600
o
E
= 400} ;
o '
£ 111 —
a
§ 200
N 7/
obl—= g W/
Compd. Control AMB AM

(N) (24) (6) (6) (8)

-~ H

heB AMAlloB AMAB  AMPB AHB AGI AMP

(8) (6) (6) (6) (6)

Fig. 22. Effects of N-Allyl, N'-Methyl Substituted Barbiturates and Related Allyl Substituted Compounds on the PB-Induced Sleep

Numbers in parentheses represent number of animals used. The result is expressed as the mean +S.E. *Significantly different from the control (p<{0.05). **Sig-

nificantly different from the control (p<{0.01).

REThok. ZoEWISE, ZHREERICHED
NDAHEEND D, BGIZHIREESRTH D AHB
DHEEBIEFIZBI T 5 Kaku!'? & X Weinswig 530D
WETEBREFEOENEZRFITES S O RIT
Kaku 52 0#HEEFLCTH > .

T ZTHIRD Z & < S FERERER TN 9 2/ AE/EH
ERMICHREHER L 2. T ORER (Fig. 22), #
RETFZEITWTNORENAUERZETZ NS
N-=-AF)l, N-7 U )LIKIZWTNHHEIZ PB Ol
RAEMZEE L. BT AMBIZO > bO—)L DK
25f%, AMPBIZH IS f5ICHER L. ZOH%E
ExBHE, NS OLEWNI R EEEHICIEA
LTWaHDEEZENDN, N-TUIVEHRIZX
S THERRAL S5 s> 7= (BEHL72) wREtkD
H5. ZOXDTTVIEOE RS OIER

HirzZ L <2/ ENFOENZ. 21 )
RICADT )L, NAFTOTHIT R, 7
B OErERELWEREZAETHSN, ZIITR
LAAFINES DI T U 1EOEAICLS T
ELTHRUBWAR—BEREZRT 28T, £2F
RS TIUS AR, RRICHRGEBSRNIIER T F v 7R
W ZADOHIZHBEND ZEERL TN, ]I,
DURBT 20 dHNBWDRNnELEEUshknk
S IMEENEFET DD TIERNWES D).

Z T, FfRICHIXEEREMRZFFD ABG IZDW
THSEONIEY L — M EDOHEIERZBE L
2. FNH60OFE%Z Table 11 12— LU TxRLU 7=,
ABG 13 20 & 80 mg/kg, i.p. &2 HEZH W=,

Bk d 5 Z &2 BG 13 AB, TP O AIZHEIRE [ 2
FREICEMLEZEDNZOMIZAREZIIAONRN D
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Table 11. Effects of Bemegride and ABG on Hypnotic-Induced Sleep

Sleeping time (min)

Compound Dose

(mg/kg) B PheB AB PB TP GI
300 mg/kg 150 mg/kg 100 mg/kg 40 mg/kg 50 mg/kg 150 mg/kg
Control 67+7 (15) 85+11(15) 62+9 (15) 273 (15 6+1 (15) 57+3 (15)
Bemegride 20 62+9 (10) 95+15(10) 36+4* (13) 39+7 (10) 2+0**(10) 52+5 (10)
ABG 20 60+14 (10) 90+15(10) 156+15**(10)  62+9**(10) 7+2  (10) 48+6 (10)
80 33+8**(10) 83+14(12) 307+£35%%(10) 63 +9**(10) 165 (10) 82+11(10)

The compounds tested were administered i.p. 15 min prior to the i.p. injection of hypnotics. B: barbital, PheB: Phenobarbital, AB: amobarbital, PB: pentobar-
bital, TP: thiopental, GI: glutethimide. Data are expressed as the mean=+S.E. Numbers in parentheses represent numbers of animals used. * Significantly differ-
ent from the control (p<{0.05). ** Significantly different from the control (p<{0.01).

2. L7z> T—KBGIZ/NILEY L — hHh#EREO
BEREE L THELNZEVNDS ZEIZZ0BmEIN 68
DTHDZENHSNERS T, —F, ABGIIKE
NAUERRS B2 5T AB, PBIZKH L T
20 mg/kg, i.p. TH 2 EDEE, AB D& 80 mg/kg,
ip. TR SMHIEELAE. LirL, B (80mg/kg,
ip.) TRV 1I/20EMHEZRLEZ. ZOEITER
(p. 82) @ DAPB O B HEHRIC %9 % M iE1E M & [F
¥THo/-. ABG I BG R EFIIEMZ BIC
$tUTII/RLU =AY, AB MU PBHEIRZ LR T 572
E, NVEYL—hOREBEIZE>TYIZAMEY
SHITZZAN ON= % )VED) OWMfERAZAEL TW
HZEMHSNERS T2, RMEEWD £tk &
FHFBEESRICHERRY =) GER) 1Th5 &
EzoN5,

4. 7720 (U), FI> (T) RU6-AF)
772l (6-MU) D N-7 ) JLEDA RV (CEK
BERY

INETHHMLTERZBA (RODIVRE, ~vO
CERATLAR), NIVEY —)VEERIEIRIE D
FE¥E, F7z, GI, MP R EJEN)LEY — VL RIER
HInTnealibtawThdokz, Lol —FHEK
NIZHRERFFVIEYID O ERZEZETSHON
HbB. INBRBEIID XTI LAY RIZET 5K
f DHEHEE T Th 5.

EEIZE D £ THRERDOERBHLKRVSY 2N
DEDEBKRICEG T 5 EKES FILEMTHD Y
TEEE (RNA), FA4F U RELE (DNA) 722,
HEROH 5P LMILITHEEL TWE{EEMTH 5.
LMo Tmfzalddh o0 5i#EE, HER, #lz2T
MEAR, EE, B, MR, AREEICHANICEEL
TWbEEZTRHEWRWL, ZHICEIE L T Kase

5MIE XY P2, Nosjean 539F AT = > bl
RICEIEL TWAZ EZWMEL TW5,
FITEESEINSHEEITHRMKITT VILED
BAZRARE Lz, RERER I EITINS EERN
BEILEYOH2HDIEERINTNDIZHNND
59 EAMEBER, AMERIC DN TOHRE A
FEAERBRNONLIFEOEETH - 7=,
LINUBNSREEYMTHS U & TS HB DI
REMLEET 2 ZERVEBRY 3 v 71T0d 5H0EN
AMERZFWRENS B HET S I &) Wenzel KU
Keplinger'$!9 [ X > THE I N T, ik,
Krooth 534 FVEY I P UHEENT T XHFE
HEEEEZ AR THEN SHEETOHITSE0S
WMEBDOZ. O EERHIIT DX D AR
WE O N-7 VIVBEHIC K D EHIER0ME, IRk
DODHBORMNH D Z EZ2RLTWS, L LN
SR Z 2L (U) (ZMEIRICA S 2283 L
TWRWZEBIPEINTNWD, FIT, INhZE
TOWRBNRARZHSMITR U7 YUV
ZEALTEORAGKOEBERZRNT L&
Ll ZRNETOHRTEY UNEDEAIZLD
BEICEEIR L= (p.75) BADXSICLDIF-o&0 &
L7Z3EBERNALND ENDEEmIcL D, EFS
MER L N-7 U )ViEH U, T R 6-MU O Hik
KO b )57 — % & —$E L T Table 12 12/ L
2. XEEEH OBV H DR TN THHBRILEWTH
%5, ZZTUKUTIZIE2MEO NH #2365 5 72
HBER N ENQ2FOT VU IVERNAERT 5.
RHMEEY R ET U VAR O Bl % 51 0 3K/ A
1% Table 13 IZ#R L7=. N'-MAU, N3>-MAU, N!-
MAT, N*-MAT, N'-MA-6-MTU K&} N*-MA-6-
MU IZW 3N H 500—640 mg/kg, i.p. L5 @&
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Table 12. Physical and Spectral Data for N-Alyl-Substituted Derivatives of U, T and 6-MU
-
R2 N; 5‘ R3
O N R4
R1
) 5 Analysis (%) UV Apax DM
Compd. R, R, Rs R, ‘({‘O/il)d “‘('iiif) Reeryst. Formula caled (Found) (log ¢) '&‘E‘gl&f
c H N EtOH pH 12
N-MAU  —C;H; H H H 36 100—103 CHy CHN,0, 5526 530 18.41 267 265  4.42 (2H,d, J=5Hz, N'~CH,—),
(105—108) 'V (55.64 529 18.35) (4.000 (4.14) 5.37—5.58 (2H, m, =CH,),
5.81 (1H, d, J=8 Hz, 5-H),
7.27 (1H, d, J=8 Hz, 6-H)
N3-MAU H —C,H; H H 2 135137 CH; CHN,0, 5526 530 18.41 261 286 4.53 (2H, d, J=5 Hz, N'—CH,—),
(133—134)12 (55.06 5.23 18.35) (3.96) (4.12) 5.08—5.36 (2H, m, =CH,),
7.09—7.18 (1H, m, 6-H),
10.48 (1H, brs, N'H)
DAU —CH; —CyHs H H 14 oil CHN,0, 6249 629  14.57 267 4.48 (2H, d, J=5Hz, N'=CH,—),
(62.32 627 13.97)  (3.93) 4.63 (2H, d, J=5 Hz, N*~CH,—),
2669 5.19—5.55 (4H, m, (=CH,),),
(3.97) 5.86 (1H, d, J=6Hz, 5-H),
7.37 (1H, d, J=6 Hz, 6-H)
N-MAT —C;H;s H —CH; H 28 97—99 CH; CHN,0, 57.82 6.07 16.86 272 271 1.95 3H, s, 5-CHj),

(96—97) 14 (57.53  6.00 16.84) (4.01) (3.88) 4.42 2H,d,J=6Hz, N!'—CH,—),
5.04—5.51 (2H, m, =CH,),
5.68—6.20 (1H, m, —CH=),
7.12 (1H, s, 6-H)

N3-MAT H -CH; —CH; H 6  174—175 CH; CHN,0, 57.82 6.07 16.86 267 293 1.93 GH, s, 5-CHy),
(175—177) 12 (57.70  6.08 16.83)  (4.09) (4.24) 4.63 (2H, d, J=7 Hz, N°~CH,—),
5.19—5.46 (2H, m, =CH,),
5.79—6.19 (1H, m, —CH=),
7.17 (1H, d, J=5 Hz, 6-H),
10.53 (1H, brs, N'H)
DAT —~CH; —CH; —CH, H 14 oil” CH.N,0, 64.06 6384 13.58 272 1.95 (3H, s, 5-CH;),
(63.48 6.82 13.86)  (4.03) 4.42 (2H, d, J=6 Hz, N'—CH,—),
4.65 (2H, d, J=5 Hz, N*~CH,—),
5.02—5.52 (4H, m, (=CH,),),
5.68—6.20 (2H, m, (—CH=),),
7.07 (1H, brs, 6-H)
N-MA-  —C;H; H H —CH; 10 174—175  CHCl- GCiH,N,0, 57.82 6.07 16.86 265 267 225 (3H, s, 6-CHj),
6-MU MeOH (57.64 6.13 16.98) (3.94) (4.20) 4.48 (2H, d, J=6 Hz, N*~CH,—),
9:1) 4.99—5.35 (2H, m, =CH,),
5.57 (1H, s, 5-H),
5.67—6.09 (1H, m, —CH=),
9.57 (1H, brs, N°H)
N3-MA- H —C,H; H —CH; 10  175—179 CH; CHN,0, 57.82 6.07 16.86 262 282 2.15 (3H, s, 6-CHj),
6-MU (184)19 (57.61  6.06 16.77) (4.09) (4.20) 4.51 (2H,d,J=6Hz, N'~CH,—),
5.10—5.34 (2H, m, =CH,),
5.59 (1H, s, 5-H),
5.66—6.10 (1H, m, —CH=),
10.64 (1H, brs, N'H)
DA-6- —CH;  —C;H; H —CH; 6 58—59 CH;, C H,N,0, 6406 684 13.58 269 2.25 (3H, s, 6-CHy),
MU (64.12 695 13.74)  (4.27) 4.45—4.64 (4H, m, (—CH,—),),

4.99—5.37 (4H, m, (=CH,),),
5.60 (1H, s, 5-H),
5.67—6.11 (1H, m, —CH=)

Abbreviations used are: MAU: monoallyluracil, DAU: N!, N3-diallyluracil, MAT: monoallylthymine, DAT: N!, N3-diallylthymine, MA-6-MU:

N', N3-diallyl-6-methyluracil, — C;Hs: — CH,CH=CH,. a) Oily compounds were purified by column chromatography on silica gel.

TEAMSEERERIZ/RL<, 250mg/kg, ip. TH

PTZ IZ LB PUENAER S RS> /=,

,

7 UIF I (DAT),

EZA
27 U J)L-6-MU

(DA-6-MU) B1ERZFEZLRVWIZEMND ST,

7 U NI )L (DAU) OHAH 433 meg/kg, i.p.

EwoEHERNSIEREHRZRL Z.

ar

(LDsy) 13 DAT>DA-6-MU>DAU O

monoallyl-6-methyluracil, DA-6-MU:

HTH o7~

DAU NHEIRER #R L7 2 &i1d, EEMITE 2
NU,N3-DABA % DAB TldA 6N 7/ah > - HE M

TH5. Fig. 23 17Dk E 2R LU HEL /-,

EJ

RIUCAFVEUI D BB THDRNS SALITATF
NWHZEEHFETSHDAT &5, 6 fLICAFINEEZEFTS
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DA-6-MU O] #F IZIZHEIRIEA N/ NIZHhhbd
57, MEBEETHHD, 2 ONREHED U D
Bk (DAU) 2B S s iR s E A 23 - 7=
ZERRREBRKES BNz, HEZZOHAEANZOD
W (Part 1D IR0 U P 2 ZBEROF RO
IZHER A /1 = X LB 28 aticE#E LT b,
FTZTHEERIZOWTIRINE THERERZ
HE=PB EB, KUDZIZKOBELE. 22T
X PB DAL ip. D2 DODHE (80, 160 mg/kg,
ip.) CHEERZA=Z. £ip. %5 TIILED
YT EBREEL, NOFYEREE R ZE ST 5
EOESBDIEEEZTicy. TLBHEGHIETEK
STHMFLE, ZHIZDWTIEFEL BRI 5.
80 mg/kg, i.p. TlIWINdH I ho—) )Lzt
TR 2 WM 2R U7z, R HIEIR

Table 13. Pharmacological Activities of N-Allyl Substituted
Derivatives of U, T and 6-MU

Compound (mg}{lg,soi.p.) (rrl?gT/igl?lzig.) (mg/LkIngi.p.)
U None (640) © >250 >640
NI-MAU None (640) >250 >640
N3-MAU None (500) >250 >500
DAU 433 (406—462) ) 259 (215—312) 560 (526—596)
T None (640) >250 >640
NI-MAT None (640) >250 >640
N3-MAT None (500) >250 >500
DAT None (550) >250 375 (347—406)
6-MU None (640) >250 >640
NILMA-6-MU None (640) >250 >640
N3-MA-6-MU None (640) >250 >640
DA-6-MU None (480) >250 425 (389—464)

a) The word ‘‘None’’ means that there was no loss of righting reflex even
at the dose indicated in parentheses. b) The 95% confidence limits are shown
in parentheses.

Ef 2R L7 DAUZ O bO—=)LDK 5 1%, E#H
NG (ev.) TIEK 2 150 H K IsERE R IE
MzamRLUE. Ll BiZx L Tid N'-MAU, DAU,
DAT QA MWHEISEEEM 28D 51Tl &7 -
7= (Table 14). Z Z Ti.cv. 512 &k > CHEIRE
HAzERLEZZEFTINS N-7 U IURIZHEIR/EH 2
HBHIEERLTND, —RITEY Z EERNITRS
THHEELT, KO, KT, BN, FHFIRNRE
DG FHEND BN, WTNbYEGEEDE (Fhk
4, B TORE) 225701 HB L 238
TERDNRGEINZEYOBEDERTH 20 d 50T
KRBT LD HDONAHIZRD ZEBHFEN TR,
ZOR, Loy HEIEREMICEE G 21k
THHDTIEFITHREEMDOIERZH S ZENTE
5., FREEFSIIMELRDE, FITEYORHEYO
EERTHDMNENEH D 0O (B 2X
HFE A ROREEFENEE OREEITE T 2
FOWNTEZHL TWAHIETH S, AHFERICBNT
1%, HOEAYREE I MI = N2 5T & % Haley &
O~ McCormick3® O HEICE DT>/, TDRER,
&Y U, T X0 6-MT b PBIEIR 2 H EICHEE
L., Wenzel }2 T\ Keplinger!® J% X Krooth %36 D #
HaxF Lz, Ins ORITERNYEHITHE
AR RRARAE L8 ER 21 5 2 E 2R R L T
5. bbb, MEREENE (SPS) OHFMHZE DM
NNWHB I EMNTES,

RIZZ O THRWIERIEH 263 SMHEEH D
FlEZMEH L. ZOMR%E Fig. 24 ITRT N T
L72Z&E< DAU & DAT £ HIZDZEHZH®ERL
7. a2 hO—)Vi3 2FEETHELZITHNND 5
3 DAT 13 4 If[#], DAU idfir & 8 el & TiEH sk
FERZIEE, fhictEk. HREEL TDAU O

0 0 0
CHnCH-CHgl @ CHz=CH-CHay, "' C|-|2=cu-cm.,z:
12
o) o AU 0 F §l

CH2-CH=CH: CHzCH=CH: CH=CH=CH:z
DAU N.N' -DABA NN'-DAB
Hypnotic activity + - _
Anticonvulsant activity + - -

Fig. 23. Structures of DAU, N,N'-DABA and DAB
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Table 14.

Effects of N-Allyl-Substituted Derivatives of U, T, and 6-MU on PB- and B-Induced Sleep

Sleeping time (min)

Compound PB (40 mg/kg, i.p.) B (300 mg/kg, i.p.)

80 mg/kg, i.p. 160 mg/kg, i.p. 200 mg/kg, i.p. 160 mg/kg, i.p.
Control 21+2  (30) 67+5 (30 106£20 (30)
U 33+4*  (10) 36+5%F (10) 64+7 (10) 10828 (10)
N'-MAU 394+6%* (10) 70+6** (10) 88+17 (10) 204+45*% (10)
N3-MAU 27+3  (10) 20+4 (10 635 (10 8119 (10
DAU 113+10%* (10) 297 +26** (10) 1124+9**(10) 177+£12* (10)
T 33+4*%  (10) 47+7% (10) 58+7 (10 103+21  (10)
NI-MAT 66+ 12** (10) 107+12** (10) 79415 (10) 121434 (10
N3-MAT 33+3*  (10) 68+4  (10) 71+7  (10) 138+28 (10)
DAT 101+ 11** (10) 297+26** (10) 82410 (10) 284 +30** (10)
6-MU 182  (10) 35+5%  (10) 5746 (10 87+9 (10
N'-MA-6-MU 27+5  (10) 69+ 11%*(10) 65+6 (10) 93+19 (10
N3-MA-6-MU 38+6%* (10) 67+5%" (10) 675 (10) 74+5  (10)
DA-6-MU 94+ 15** (10) 107 8% (10) 88+12 (10) 9713  (10)

Compounds tested were administered 15 min prior to the injection of PB or B. Data are expressed as the mean+=S.E. Numbers in
parentheses represent number of animals used. * Significantly different from the control (p<{0.05). ** Significantly different from

the control (p<{0.01).

100
Z 50
o
[T
0
0 1 2 3 45 6 7 8
Time (h)
Fig. 24. Effects of DAU and DAT on DZ-Induced Motor In-

coordination
DAU and DAT were administered i.p. 15 min prior to the i.p. injection
of DZ. The control group was pretreated with 1% Tween 80-saline (vehicle) .
The mice were used for each group. O---: control (1% Tween 80-saline +
DZ 5 mg/kg), O—Q: DAU 40 mg/kg+DZ 5 mg/kg, @—@: DAT 40 mg/
kg+DZ 5 mg/kg.
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B, BT BEEEMEPD (MEICHT 5k
AHIEINVT RLFUY), SEEZHNER (£
Ve R DOIEEMGEN T 5707 ¢ >, LNab
Ty ) BIpMEIND, 3T, EEONRHELE
DAPB @ B I 9 S HEREMIEHIZE S WO IHHE
WCADDEADM. ZTNEBHLWHRBZDOTHA
DI,

— N SRR DA ELVE AT 5 S EH & S HUE R
D2OWNHD. ARHTIIERIEEMET 210, &
MEEEPELTMOHFES > ZEICT5. Lal, £
72, IS T7VIMEEMOZBRERIIMHAINTES
T, INETOEMBKININIVEY L —hoXR>
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GABA, Z5K Cl- F v > R IIVESIRIZBIT 2N )L
EYV L — MEGEHMIANDREICLD ClI- F v > %
VOO, ZTOREELTCl 2HENIZHEAL
FTARITES WAL T, DD EEREN
g0 5, BN TO GABA OER A, thik
ZEIZFE< 20D, T I THMRIHEIERNFEE, S0
P Z AT HIHR R RE DY TUHE U TR, fEARASTE
B9 5) LId—mMicidBZBAonmn, B0RY
M, ZIREINZEERDSDTIERVWNEDR
WHYEE S IZIEH o7z, ZD T ENS SITROBG
ANEEMNEINT.
BIEDEZANIVEY L — MHEITHT 2R R
R T RO BBEEIT RN, IR O TE
v REER, MIRAE LTI NEEEEN 5 X2
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MEINVEY L — MEIRIZ N U THEF O 2 2 40
THZENFEINERSIE, HHEEA2NW<Dh
DIbEMMH D, FIAIEBG,W hTx A2,
T3S DTFNTA Yy T
F -0 B RO O hOE R RILE
> (TRH)®0&pRHEINTN S,

Mice
( + B350magl/kg,i.p.)
+ p<0.05
__ 150}
€ i
£
> 100 |
£ 100
o
C
a 50
@
@
n
0
Compd. C MAPB DAPB

(N) (15) (15) (15)

% 2T DAPB O B IEIREMEIERNY T XA DHD
BED, H2NEHERETTHLNENZEMHND
7D 2O, XUAKRUTy NEHWTH
AUz, BIZEMOD XS ITEYH 2 Z1T#E< 95
% LA EMKRZERE UTRFPICHRES NS 2 &AM
5N TWAD DT whole animal 2 )5 in vivo ®
EBRIIFEHEN IV, ThabE/NLEY L — bk Ofif
PRI ORBITEIC KD ANTOmHE i)
BICB T 2EZEOKT. BEoOfMtE (ZHhicDnT
13E S ITHEWG T EBE P IEKR N H SN 2T
HBL) D2DOMEBZASLNDDT, ZOEHTHEZRI
THIENTES,

51-1. ¥R, Tv MIHTERER
Fig. 25 IR T L DI, ¥ ZICH T DAPB 80
mg/kg, i.p. ¥% 5 15 5312 B 350 mg/kg, i.p. ¥ 5
95 &2 bo—)VHERKER 2K 60% EHHE L 7.
FIFIZT > 72 MAPB I3 O EBR TIIAE B AT )
SlNEREENE R L. —H, BENMZTI v b
ZHWTH MAPB I3 E R Z /R L77zDITH L
DAPB (3513 D B MR 2 £ 30% A BT 5EHE L 7z
ZTITIDHAEZSSITHEMICHIZ7Z0IIY T A
BOWTHRKGFEOEEZMREG L. ZOME,

Rats
(+ B 250mg/kg, i.p.)
2500} * p<0.05
~ 2000
£
£
v 1500}
ET T
2 1000} T+
o --I
7] »
o *
“  500F
il
0 331 o
Compd. C MAPB DAPB

(N) (5) (6) (6)

Fig. 25. Effects of MAPB and DAPB on B-Induced Sleep in Mice and Rats
Numbers in parentheses represent numbers of animals used in each group. Each column corresponds to the mean sleeping time. Vertical bars indicate standard
error of the mean. Abbreviations used are: C: control, MAPB: N-monoallylpentobarbital, DAPB: N,N’—diallylpentobarbital, B: barbital. An asterisk (*) indicates

significant difference from the control (p<{0.05).
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Fig. 26 IZ;r 92 &< 1, 10 mg/kg, i.p. CIIHEEZE
MEM->7=H DD 20 mg/kg UL FTI3EEIT B HER
i LA BRIKEERD S5z, ZOBSRHIK
TERARICBITBMeNOHEBICES2HETIERTH 2
ZENHEREINZ, ZOMIEELTEAGNSZ
ERBREROEIICIFEAERBZZITEND
TORBITHEIC X 220NN B OEEKL T &1
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BET2 (ZOYBIIHASHERISEE 2> 77)
SRR EDOREICER, MBECEEE2EATVWDE

80t

0r

601

Sleeping time (min.)

50F

HEZ LN EEHEDOHS E A TII PB MR 2 4iE
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-V 70EIN-B2H 5.5 DAPBNINH D
W) DRI S OE FIRRIE S22 BT 2 alREME
HDM, ZORETIIRE BIEERICHL TOARHE
RICEWIERZ A5 ONMEARATH > 7=, HEH
NHFINZ7251T B OMEREENMDIN)LEY
L—h&E—ERRDDOTIERVWNEZZ SN, Bk
BRERW, BETHUINILEY =)L (B) DA
INVEY =)V IR REREDOFIZIENETE/RNWDT
7NN EEDZETHS.

52. NN-27 LR bMPNLESY -
(DAPB) OXR> FNJLESY —)L (PB) DERER
¥{E 22T DAPB @ B O & FBE1E A AR
ThH5Z &5 DAPB O PB DIEEEHEEZ B
kv eel Bk (p.82) oXDIT2HLL
FOEMOMEERIIBWT, FOERAMNEREN
88, WMhnwon, ZTOERNZICEREGI N
e ZOMME EOERNHE T 255%, HEs
9. MimfERo#p &L TrooR)ALAEI—T
)V, HEEMOHE L THEIEROY R S0 >
EI—5)b, $EBERICB TSI/ BEY &N
E4 =), BIRIERICBT K705V ET IV
d=), FTz ) FT7P0HR8NTFITAH—

O Vehicle + B350mg/kg,i.p.; 93t3 min
DAPB + B350mg/kg,ip.

p <0.05
y=-19.3-logx «
r=-0967

= p< 001
87.0

o

-r
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20 40 80
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Fig. 26.

Effects of Different Doses of DAPB on B-Induced Sleep

Each point corresponds to the mean sleeping time of 13—15 mice. Abbreviations used are: DAPB: N,N’—diallylpentobarbital, B: barbital. Asterisks (*) and
(**) indicate significant difference from vehicle treated group (p<0.05) and (p<{0.01), respectively.
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INDIENEESDORHIOPIEICL > THH S,

IZEINTW5B, ZOR%E%Z%5&E DAPB O PB [i
IRIEE(ERIIMHEEREE A S, ZHUCEBEL TN

JWEY L —hEo#EY, 5 DROT I B%
EDOMHEERIZDONWTIE, ZNFETIZELOWEN
HB.96 ZZT/)NIIVEY L — MIEIRGE EE A I
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5-2-1. DAPB O 5REDEWVCLZERADE
£ BERO XD ICEYOEBEIER ORIITIIHKG
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OFlE L THIRLEESN RN D 5. ThbbEIN
TBEYIEEREFRICA D £ TITHLE, ML T
20T A RONIT K D RIEERICHEL T 5 EyEidd
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MES ICEEERICKIT 5, £z Mgk 0%
PR T S A 2 R I BT T R BIT L D FHE D
TTL%. #ZTip kicv. $¢512X% % DAPB
@ PBIEARICH T 2 AR ZMRAF T 5 2 SITK D HEME
DR ZR ATz, BT icv. $ 5133 BH A D X
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Table 15 12779 & 5 IZ DAPB IZ iv. #5ITHB W
THHES PBERERIEAZ/~ KL=, DAPB iv.
5% 14312 PB % challenge 3% & BFIZ 11 1%, 15
SEBETIEBRBEE—IRERLEN3045TH

Table 15. Effect of DAPB on the PB-Induced Sleep by Two Routes of Administration

By i.v. administration

Treatment Time ipterval Sleepiqg time Treatment Dose Sleepin.g time

(min) (min) (mg/kg) (min)
Control 386  (10) Control 34+9  (10)
DAPB (40 mg/kg) 1 427+ 60**(10) DAPB (15 min) 10 148+38* (10)
15 504+ 54**(10) 20 255+48**(10)
30 387£64**(10) 40 459+36%*(10)

60 418£52**(10)
By i.c.v. administration

Treatment Timg: ir}terval Sleepin.g time Treatment Dose Sleepiqg time

min) (min) (mg/kg) (min)
Control 56+6  (10) Control 62+6  (10)
DAPB (200 mg/kg) 1 201+30**(10) DAPB (15 min) 50 158 +19**(10)
15 207 £24**(10) 100 214£22**%(10)
30 189 424**(10) 200 304+ 12**%(10)
60 128 +£16**(10) PB (15 min) 200 234+38**(10)

PB (40 mg/kg, i.p.) was injected after DAPB administration. Data are expressed as the mean+S.E. Numbers in parentheses represent number of animals
used. * Significantly different from the control (p<{0.05). ** Significantly different from the control (p<{0.01).
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10 %, 60 43 Tl 11 f5 &7z 0 Bt 7 e RAE A 28
HONT., T TE—IREERLZ IS 2 EL
10, 20, 40 mg/kg & DAPB D EE % H 1T % & 148
gy (4£5), 2554r (T1%), 4594y (141%) LHE
KEEER L. T2 T, DAPB % icv. %57 %
&, HKkHD I EIT 1, 15, 30 43 D PB challenge
W&o TIEF —EOMERFFM OIEE (3.5 %
AU, TOREIT 60 I3 2 fFicEAd L
7z. TDOZ LI DAPBIIARAID E F 30 43l &
DINIRD RV, BNIZIFE L TWS Z&2R0,
60 P THRIERBICR S TS Z ENHERIENS. 15
7 EED 50, 100, 200 ug % icv. %53 % & 158,
214, 300 53 & & < 1F72 W ART D H EAK 7 I 7R BRAR
EEHRZRLZ. B4 DAPB 0D DIt
D= PB 200 ug % i.c.v. %51, PB 40 mg/kg,
i.p. 359 % & 234 53 S HEHRKFRE]IZ 3 U DAPB 301
HORI8% I ERMN> . TDIZ L3 DAPB %
NERICIEIIERERIZ /R ND 212 PBOEASE
DAPB DEM SAY, & 2 Wi AR 30 1 A # 7 2n
—HRZ DD TIERNNE DN DESLHDTH o
7=. L7=/> T DAPB @ PB EIRIEE#IED 1 D
DK E LT DAPB =N HIRICHEIR/E A IZ /20
MHERITHL. HOIVWITHEET SH = (adjuvant
effect, WHEHER) b2 ENHHALE. LM
THERKDNNIVEY L — S DOIEREIESE 2D
HWIE EROZRIERDOEFEE) NddD TR E
HHEMHI I N, T I THIZ DAPB % ip. %5 %17
ST IS HBICSEILIPBZ icv. BELEEZ
A, a>hOo—)L95®&E, 80, 160, 320 mg I1Z
KLUTEL 184 1%, 284 (31%), 404r (4.5
&) EHBEKEEZRLEZDODOTHELD HENIE
£ET®»-> 7 (Table 16). DAPB DN ITAI/NE
MolbDDHEETH-ZZ &1L, ZomFIIBN
TH DAPB HRICHHRMGEIERA D 2 Z &N S
5ICHIfE & 72> 7=. DAPB 13 GABA, Z 44K Cl-
F v O RIIVEEERS 2 DZ ZHEREDIEET B0,
(ZNEXZ OB TIIE<HHITH 200--) MiZH
D1 DOF MR OZHREEMEEL, ThE
4 LT PB OfEET %5 GABAL,-Cl- F % > %)L
BEROHIBEZETOTIERNWNEEDI I ETHS.
Z9E A2 & DAPB OfEAEIEZFIBI T E a0
(Fig. 27). Z ®E¢PE T3 DAPB Id Fig. 27 ® &k S
WIERAT 5 EEZ 6N, 5% DAPBIIHFRKRIC

Table 16. Effect of DAPB on the Sleep Induced by I.c.v. In-
jection of PB

Dose

Treatment Sleeping time (min)

(mg/kg, i.p.)
Control 9+2 (10)
DAPB 80 18+4* (10)
160 28 +4**%(10)
320 40+4%*%(10)

PB (200 ug/mouse, 25 ul), was i.c.v. injected 15 min after DAPB ad-
ministration. Data are expressed as the mean+S.E. Numbers in paren-
theses represent numbers of animals used. * Significantly different from
the control (p<{0.05). ** Significantly different from the control (p<<
0.01).

BIFHH L WEIEORBHDY —IVITb EEZ 5N
%.

5-2-2. DAPB O PB 4 {ANENRE(C R (T T HE
DAPB % i.p. H5 W iv. #i# 53 % &F L\ PB
DIEIRIEEER 2R L2 &S, DAPB2IPB O
IRNTE R ERAL T DR, & 5 WIRHET O AR B s
EPBOERNBRBICKESRFEELZEATNS L
INHETHD. %I TDAPB80Omg/kg, i.p. %5
15 43112 2-"C-PB (52.0 mCi/mmol) %< — 71—
3% PB40mg/kg, ip. (ZOBIZIINZET
challenge IZffi> TW/zH &) #%45. Yamamoto 5
DHIFEZHS T, MEImEEH DO RE( PB L UIZF
DRBY D IEE 2 REICER L 2. 30—720 0 %
TOR A DR % Fig. 28 JxUF Table 17 IZR L /=,
PB DAEWZER I (Ty,) 13 DAPB OFGLELT
WA TH 9 iR, Mg (plasma) THJ 15 RefE] T
HO, a>bO—)LD 0.7 B () KT 0.6 K
(4% EH#L TKRIERERZRL, EEEMZ
L<HHLTWE, £, miEdhokRHY (FER
#HT w-1-/KEELK) EIZI> ho—ILd 3075
T1/9, 604rT 1/11, 904 T 1/12, 18043 T 1/6
ThHO, EREIFIMEIZDIRMN>72. DAPB 80 mg
/kg, i.p. #%5 TIX PB HEIR % %7 890 7 IC bR (p.
82) T HDT, 7204 (12#RH) B ALBELE
@ PB MW KR IMAEFIZHEGFE L Tnd T & E XKL
HLTWa, ZOFERKIZIET 112 DAPB @ PB
RBEAEBICLD DD EEZ 5N, PBIIH P450
(CYP3A4) I2&> TH#MZ=ZT (0-1)KE(LAE
=Rk, EEHEETDHIENMENT NS, 07
ZTZT, RICZOHZEIVHEICT 5720ICHEY
R#BEERICKITTEEZRAN L/~
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Fig. 27. Brain and Plasma Concentration of Pentobarbital and Its Metabolites
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Fig. 28. Hypothetical Model of Operation of the GABA Receptor-Benzodiazepine Receptor-Chloride Channel Complex (Partially
Changed) 67

This complex is shown as consisting of the GABA receptor (GABA-R protein) with the binding domain for GABA mimetics and GABA receptor blockers
(GABA), the benzodiazepine receptor (BDZ-R protein) with the binding domain for agonists, competitive antagonists and inverse agonists (BDZ), and the chlo-
ride channel protein with the binding domain for barbiturates, picrotoxin (in) and the convulsant benzodiazepine Ro 5-3663 (BARB). Activation of the GABA
receptor results in the opening of the chloride channel with benzodiazepine receptor serving as coupling unit (large arrow 1) and increases the binding of benzodiaze-
pine receptor agonists (5). Benzodiazepine agonists enhance the coupling function (2) and increase the affinity of the GABA receptor for GABA agonists (4) . In-
verse agonists reduce the coupling function of the benzodiazepine receptor (3) . Competitive benzodiazepine receptor blockers inhibit the action of both agonists and
inverse agonists. Barbiturates change the kinetics of the chloride channel (6) and enhance the affinity of the GABA receptor (8), at high concentrations they open
directly the channel (7). Picrotoxin blocks the operation of the chloride channel (from 107). Our compounds including DAPB and MAB may act wholly or on the
receptor and complex.

5-2-3. DAPB OFFEMRBEBERR(ICKREFITZE EOOHE, FoEYORBEMEEL, EKEIEHZ
i) DAPB# 512X % in vivo fHZE — i HEE I3 X85, PBIEEIRIZZFER OB E5IZL
HEY B EITEMIC LS CTHEE VIHEEZ 2T S THEMEWMET S, —F, p~7uvh—, 7O

S, BTHNIVEY b — DI A I 3 75 5 541 TV a—=)VE TN HEROEMIERICH X570 PB
ELTLESHBNTNVNDS. ™ Lo T, H2HEY REBHBEERICKD PBREIRZELET 5. 0 £z,
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Table 17. Effect of DAPB on the Brain and Plasma Concentration of PB and Its Metabolites and Their Brain/Blood Ratio

Time after PB injection (min)

Treatment
30 90 180 360 720
Brain nmol/g
PB Control 204+9 177+8 106+15 9+1 4+2 3+1
DAPB 293 £2%* 238 £ 6** 283 £ 8** 269+ 11°*+* 194+ 8** 140 +8**
Metabolites Control 7£0 6+0 16+1 19+0 11+1 1+0
DAPB S+1 3£0** 3£0** 4+0%* S5E1** 4+0%*
Plasma nmol/ml
PB Control 14145 158+7 81+10 5+2 3+1 Trace
DAPB 175+1* 196+ 4** 1594 14** 165+3** 166+ 8** 1294+ 9**
Metabolites Control 64+5 56+4 82+7 50+3 17£11 0.3
DAPB 7+ 3% S5E1** 7H1%* 8 0** 11+1 11E1%*
Brain/Blood ratio
PB Control 1.45 1.12 1.32 1.64 1.32 —
DAPB 1.67 1.21 1.78 1.63 0.17 1.09
Metabolites Control 0.11 0.11 0.20 0.38 0.62 0.65
DAPB 0.77 0.51 0.46 0.48 0.43 0.33

DAPB (80 mg/kg, i.p.) was administered 15 min prior to the 40 mg/kg. i.p. injection of PB. Data are expressed as the mean+S.E. of 5 mice. * Significantly
different from the control (p<{0.05). ** Significantly different from the control (p<{0.01).

SKF 525-A O XD ICHHABEMER 2/ I /20
HNMMb 5T in vivo TN in vitro 12 B W TEY
HEEFEZHEL, invivo T PBIEIRZZEET 2
bObLHB. 0 EEFESNEI L - DAPBIZENH
REHER 22T, TOEBKENS —IGNILEY
L—hMZANGENDZENWS I ENGHFEREIT &
FEASNDM, FREI2MOT VIVEDZDH) PB
BERZ 2 L <EET2. I TIOHEHBAICTS
72012 DAPB DiFEMREBERRIC KT THEE
IFINENERXBEAFIVESE, p-=hao7 =
YV —)b=O-fi A FIUIkiEYE, 7 =V KB LIE =
fREEE UC PB 858 & Hhicfiat L 7=. DAPB {L3
HBHNITPBALE (Wb 80 mg/kg, i.p.) 60 5
BOUZFERMBL, FEI->TIroy —
LB EHRELZ., ZZTHNEFIZO0Y —4
ZEEHER & LB IR nicotinamide adenine dinucleo-
tide phosphate, reduced form (NADPH) F4RIZ
BWT, EO3 DOREITHTLZIEREEEDIC
P450 S & Z2HE L7z, T DR, Table 18 IZ/RT
£ D12 DAPB # 5 TFILEIL R Nl AF )L
LT =1 KB AL O Wi 1 2 A B2 L
P450 G BZHEBICHKFNIE/Z. LrLsns p-=
~O7 =V —)L-O-fit A FIUEIEM O A3 H E IR
i EIHI TR W) Ledy, fotsfETida> ho—

WEDMIIZEBEZIZED NN, RITHEERR
i % 78 U7z DAPB BRI GRS E > T
WHNREREALERTF L 2. T OkES (Table 19),
DAPB i3 30 7371 5 360 73 £ TH BB A FIVILTE
OGN L N 5 10 578671 5 360 73 £ T P450 &
BEEARBICEKTSIEL RBICEIREZLIZZEDE
PEHIHNZ 3G 30 401249 1/10 (90%) I F X & /=
TUNEZE COMIZAETENILEY L — NIEEES
MO 2RITOLARBZEE @H) 35
EDOMEFIEHLEOTCNMIZTUINEEZET S
DAPB & X - FtRkICIHET 52 HDEEZHN 5.
P450 ZE2MKI 5% WP L TnWBZ EMSE, ZOH
EANZ XL PASO0 DERRHEXII MR EEZ S
NDZDTIDEZE invitro TB T HEME LT
KIETHET L 72

ii) DAPB @ in vitro 123} % [ EHEKE OB &
% Z T DAPB @ invitro BT 5T FIVEI EF
N-EAFIALIEEIC R THEEZMFA L. 20
BARELE~ Y ZFI 70y —LEBEFEEL
T, ZHIZ DAPB % 3 fli D& THMEM X F )b
fEIEMEZBE Lz, ZO/EHRIT Fig. 29 IT/RT XD
WS MR ENRERL, TOKRITIEFEAEE
#xRL, KifHIZ5.95uM THo7z., ZOHDI%E
Zi5H5ESKFS525-Adbr0WEr 0o L7 20—
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Table 18. Effects of PB and DAPB on the Hepatic Drug-Metabolizing Enzyme In vivo

Ethylmorphine p-Nitroanisole Aniline Cytochrome P450
Treatment N-demethylase O-demethylase hydroxylase content
(nmol/min/mg protein) (nmol/min/mg protein) (nmol/min/mg protein) (nmol/min/mg protein)
Control 0.805+0.051 (3) 0.939+0.088 (4) 0.749+0.020 (4) 0.725+0.115 (4)
PB 0.813+0.035 (4) 1.196+0.125*%(4) 0.698+0.065 (4) 0.628+0.033 (4)
DAPB 0.074+0.017**(3) 0.793+0.066 (4) 0.536+0.043**(4) 0.325+0.027*(4)

Values given are means+S.E. Animals were sacrificed at 1 h after the injection of drugs (80 mg/kg, i.p.) and then microsomes were prepared. Numbers in
parentheses represent numbers of experiments. * Significantly different from the control (p<{0.05). ** Significantly different from the control (p<{0.01).

Table 19. Effect of DAPB on the Hepatic Drug-Metabolizing Enzymes In vivo

Treatment Time after a@ministration Ethylmorphipe N-demethylase Cytochrome P450 content
(min) (nmol/min/mg proten) (nmol/mg/protein)
Control 0.734+0.149 (5) 0.523+0.019 (5)
DAPB 10 0.373+0.030 (4) 0.380+0.006** (4)
30 0.163+0.073*(4) 0.380+0.015**(4)
60 0.080+0.017*(4) 0.3374+0.021**(4)
180 0.198+0.063*(4) 0.301+0.023**(4)
360 0.190+0.026* (4) 0.264+0.018**(4)

Values given are means+S.E. Animals were sacrificed after 40 mg/kg, i.p. injection of DAPB and then microsomes were prepared. Numbers in parentheses
represent numbers of samples tested. * Significantly different from the control (p<{0.05). ** Significantly different from the control (p< 0.01).
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Fig. 29. Lineweaver-Burk Plots Showing Inhibition of EM N-Demethylase by DAPB In Vitro
Km=5.00 (all groups). Vmax: 10.00 (control), 4.35 (4 um), 2.33 (10 um), 1.41 (25 um).

WEIFFEIZRSLTWS A, —RITHEEAEL TH ZALER) ELTHAMREDEZ A SNS. U

HINTWANILEY L —RDNAIIZ 2D T Y BEL T2-7 V)L 7aE )7t r7 IR,
JV R EE A L /- DAPB 28— L TRy 7s BHEX & TYaONNVEY =)L X AlloB72 ET VIVEEET
LTOWEZHET S Z EITHAETH D M THk DAEMIEHRI T o) SRR OREERE, o-

W, FIZHEMED 962 mg/kg, i.p. EF D KD ITHE T/ LT CBEGRBERGIEEEL s
MW Z EmsMenoy —)b (FIAXHEE A 5—7, PASO GEIIFAIEL LW HIEDH
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5,70 WEFNDH P40 DAL EHEREET S0

HEHETHIHDEEZEZSNTNSY, ZOKET
13 ZNLLEDORFHI T Tz,
5-2-4. DAPB D4 {KRNENREDIRETY PLE,

DAPB O PB [EIRIE A & U T2 BIKRDOER
DEEETIIHSNTINTWARWA, DAPB H
R D AR HIE FH K O DAPB 1T X % 3R W AT 4%
BIEEIETEDHED =D PB O WIKNIEE, 0
BRELUTEEERANKE IS ZE2HSMNTL 2.
RIZ DAPB Ol 2 50 7z AR NERE 28R U 72,
i) DAPB O K Ui fEHigE  2-“C-PB %
JFRtE L TP 7 ULk 2-"“C-DAPB (LL ik &t &
54.8 mCi/mmol) %%, Z o 80mg/kg, i.p. X
200 ug/mouse, i.c.v. 5. #EKRFHY (15—24 K¢fiE)
MR OV AE 2 18, 2 2 DRATETE M 2 HIE L 7=,
ZTORER, ip EBTIEFig. 30 ICR”3TXDI
DAPB [FE/MZ O A NDOBITIZES, DE DMK
MBI (B.B.B.) DM#IIAZ THD 15 &I
BERECEEEZRLTWSE, 208, W)t
(B4, 1Mm4E) WCZAHMEZmEE, A L h i Ok
G 24 R CTHHEE I N, TORWIFREEN
ROENTZ. KD T 135 TH 96 47, 5 11 M
1ERTHO, mEFD T, 1384 102 59 K U9.4
i CEH S N7z,

0,1-— .i

Half life 196 min
11 h

0.0}

Concentration (pmol/g)
—
=0

0.001F

013 6
Time after DAPB injection (

Fig. 30.

24

h)

Concentration(umoltiml)

Lev. 5B O FEMKICMHEZRL, KD T,
W18 43, KON 1204y, IHEHIX 424y, 17750 TH
o7z (Fig. 31). Lev. #5DHAETH 300 £ TIC
MNP IEDNBD 5N, FDH% 90 /3 TIZE T
DR FTARI NG, 25D Z E1d DAPB D& W
FRVEMED 7= DN DI D AA, REHITXK D L
DFEWHENEZ > TWBHH, FNLI#%IZ DAPB
HARDRBMEEIC K > TREMRE I AHNHB L &
HDEZEZLEND. WTNORES D PB HEIRAE
£ DAPB D& WK K > Tl S N7z,

ii) “C-DAPB # 5 AR, KO H “C
Pt 2R 2-“C-DAPB % 80 mg/kg, i.p. 5~
A (41L) BT BIR, EROMZH C Hrifit%E 2
Table 20 IZ/R L 7z. M H CO, O HIFE 1E Tatsumi
STOMEICHEL Tiro/z. HEH T2KERETO
£ 5-14C RITH T 5 R “C Phit&1E, R
58.2%, #H 12.2% M UIELFIZ0.1% TH o7z
R ADHEMIE R 55 24 BRI TIZIFEETLC
NWDDITK L TERPADZNIT 24 R BN T
W%, Z®OZ EiE DAPB DA NE W=D EY
PEMAE NI IE R O AT REME 2 RIZ T 2B DT H
%, BRBIFELKHFADHCIZDRNEDDOPEHIIHHER
ZTHITHS T LA RNOBENRDHST=bDEERS
N5, T2KHE TORIEMET 70.5% Th-> 7.

Half life 1: 102 min
\ 1:9.4 h

S

g
\

05¢

0.
0.05¢

0.01

013 6 12 24
Time after DAPB injection (h)

Brain and Plasma Concentration of DAPB after I.p. Injection
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Fig. 31. Brain and Plasma Concentration of DAPB after I.c.v. Injection

Table 20. Excretion of DAPB and Its Metabolites

: 14
Time after administration Urine  Feces CO, Total

% of total radioactivity

0—6 9.8 0.1 — 9.9
—24 52.3 7.5 0.1 59.9
—48 56.4 11.1 0.1 67.6
—72 58.2 12.2 0.1 70.5

14C-DAPB was administrated i.p. to 4 mice at a dose of 80 mg/kg. Cu-
mulative total radioactivities were shown as %.

T ZTRIZRHFHDIC O W TR ZTo 7.

5-3. DAPB @ In vivo (X

5-3-1. DAPB R#EMDE K Yamamoto »7®
I$ PB @D (w-1)-7KEALAH Y)Y PB DI PEFEEL T
BEHELTWSHZ &, F/= Irrgang™ 12 AB D (w-1)
KL ARIIRHME S DK 50% OEBEERZ2H L T
Wb EDHEHH D EMNS, DAPBIEERH D
E L TM-1, DAPB ® (w-1)-/KEELiX [(w-1)-
OH-DAPB] b TP INE. 22T (0-1)-
OH-DAPB #/#ld (w-1)-OH-PB %7 U )L{Ld %
ZELETHEE FETFHINZIARFIMAR M
-2, M-3, M-5 & TX M-6) & Harvey 580 O #Hi#1Z
ELTrooR)LAh m-7 0 0BREFRICED
Bleick-o ez 2,3-Ye ROoFi ik (M-

4 KO M-T) I3 2ITRFAMET £ N,
20% @ RIE I TKREET 20, XTIV UHET,
7 UK E KMnO, ERISES /S Z EICE DAL
. TS REWIITRTHILEH TH 5D T Ta-
ble 21 IZYM LFWNFT—4 2 —fE L TRLZ. D
HEEIZARY MV F =X —HTHIENEF
BIhTns,

5-3-2. DAPB [RARBMOER - FIE C°
M7 UNEZETHEIA/NILESY —)L K AlloB
KOWTIEW DONDO®ETH BN NALIZT VI
HEEHTLHAPIICE > TRH TN DAPB O X
DI EMIT OV TIEWME TR, LiaL, NAL
WHEHOT FINEEET S Nn-7TFILNILEY —
IWIEAFINFEO LS TP T IV F AL ZE 2T T I n-
TFNED (0-1) fInKEEINS. 30 EEEON
IWEY L —MZBWT—RIZY UL FEIZTH—IUE
RI-AFINTFINED (w0-1) FLDOIKEEILAEK, 082
Tz, YruAFLDIIVEREET S HB TlETH
FIRERTODA—INERRENHFEIN TN
5. 83)

2-"“C-DAPB % &3 DAPB 80 mg/kg, i.p. (FLik
5 fiE 54.8 mCi/mmol) & % WIXJEFE G DAPB 1
mmol/kg, i.p. #5 2K E TOREREIEL, 7
VI3 U PESOIFRE T TR & T — 7)) R OWFE T
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Table 21. Spectral Data for the Metabolites Synthesized
Compound
Structure yield Formula (11\\44% (cm*IFKBr) 'H-n.m.r. (in CDCl;, J)
No. %
O Ong  pucnan 3450(OH) 3.60—4.00(1H, m, —OH), 4.55(4H, d, J=7 Hz,
Yo M1 696 CyHaNoOs 322 Jeodiorioy (N—CH,)»), 5.16—5.54 (4H, m, (=CH,),), 5.70
b o —6.16(2H, m, (—CH=),).
2.51—2.78 2H, m, ~CH,), 3.03—3.21 (1H, m,
|
on 3448 (OH)
. H — CH-), 3.48—3.75(1H, m, —OH), 3.90—4.08
M&c‘»‘m M2 206 CiyHaN.Os 338 %ﬁgggjglc) (H, m, N—CH,—), 4.372H, d, J—6 Hz, N—
O = oty CH,—), 4.98—5.25(2H, m, =CH,), 5.46-5.88
(1H, m, —CH=)
2.61—2.88(2H, m, ~CH,), 3.18—3.36(1H, m,
1688(C=0) |
M-3 482 CpyHuNO4 322 Voc(c—0—c) —CH—), 3.90—4.412H, m, N—CH,—), 4.56
¢ (2H, d, J=6 Hz N—CH,—), 5.16—5.52(2H, m,
=CH,)5.67—6.18(1H, m, —CH=)
o oo 2.70—3.12(2H, m, (—OH)»), 3.42—3.57 (2H, m,
\
SN o M-4 102 CiHxN,0s 340 ?gggggﬁ)o) —CH,0-),3.75—4.11(3H, m, N—CH,— CH—),
3 = 438(QH, d, J=6Hz, N—CH,—), 4.95—5.28
(2H, m, =CH.), 5.46—5.91 (1H, m, —CH=)
1685 (C=0) 2.61—2.88(4H, m, (~CH)),), 3.12—3.33 2H, m,
M5 314 CuHaNoOs 338 (5800E73) ¢ \
e (—CH-),), 3.87—4.38(4H, m, (N—CH,—),)
3200 (NH) _ > _
mﬁﬁuﬁm M6 598 CUHNO, 282 e 261283 2H, m, ~CH), 3.09—3.33(1H, m,
1060(C—=0—C)  _ cH_), 3.844.35(2H, m, N—CH,—)
|
3400 (OH)
Q M _ _ _ .
:-.amg'x::) ,'g:'g:‘ M7 436 CuHuN,O5 301  3200(NH) T 3CH, M T SHCH.0 ), 384468
1680 (C=0) » I, 2 2

FIERWTHE Uz, SESICD W TR’
ky>Fl—ra>hor¥—, TLC ZF v I —
ZHWTEN, JEEF DAPB £ 5 O 5513 70 B
EZ1To 721, GC-MS 2 &> TR#W D FE % T
o7z, FEICITHIE TR /=& RS 2 Az,
JR% pH 10 (2%, IREMEO&GWEY O A %
"BEEOETT—TIERHNWTHHLE 20—
TV 53 HIZ TLC IZ TRE{BIRDIE ), 2 oK
WY (M-1 KU M-4) OEENED 5N/, M-1
IFERAEMHDOREEE—F, MSOHBTA14>E—
7 (M*)322, ZDT I A N —=2n—FL
=2 &EMm5, (w-1)-OH-DAPB EREL =, —7,
M-4 IZFEFRICANRYT MV F—=F D —FITLD N-
2'3-Ye RO+ 7O0E))-N-7 Y )L-PB &[]
#F L7 (Fig. 32). ZHRIRFIAROKMALE
ANl T—TIVEZEZHT7IVIVIBKTIES &
M—4 DiE, 1EO7 UIVIENEER L 7= MAPB A
fEMEL TBITL TWB I ENFELL N 2

TI—F )Vl 221G KEZHEETFIL TRk &2
DOHEZFIZIX3EOE—2 (M-7, M-8, M-9) H32
W51, GC-MS DF—F M5 M-T1Z N-(2,3-
E RoF7OE)L)-PB, M-8 KN M-9 134 4 7K
REZ3EHLIVIT4EAEL TSI ENnS, M-8
13 (w-1)-OH-N-(2',3-Yk RoF > 7OE))-
N-7UJ)J-PBTHD, M-9IENN--(2,3-2
ERoF27OEI))-PBTHDEHEIN-
(Fig. 33). = 51Z/KE% 2N HCI T pH 2 IZFA%,
B UIBERENKGRLUIZE ZA 3EORBH D
GENREOD LN, TO5BD1DEM-8 &5 %
S5NZMMNZEDOMIIRRETH 5.

PLEDORB O RE. il NIXE#E (HEifit%) % Ta-
ble 22 [Tk L7z, ERBMIM-8 TH-ok. 2D
H DiZ DAPB 78 C° (L1872 (w-1) KR b & 5217,
SIS IEOTUINED 2 EBHEEOIRF AL, 5l
EFELRFARD D F — RN DK Z > 7=
HbDEEZSND. M-2, M-3, M-5, KUM-6 D
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IHRFIRIFERELTHESNTVRDEHDDERNT
WBARLETHD, 270V —AFEFITBNTIRF
YREROS—VIZKOKBSNTES TS A )L

Table 22. T.l.c. Rf Values and Quantification of DAPB
Metabolites Excreted in Urine of Mice Dosed I.p. with
14C_N, N’-Diallylpentobarbital (DAPB)

Metabolites v;{llﬁ.e s Pergg;l; of

Unchanged (DAPB) 0.84 0.06
M-1[(w-1)-hydroxy-DAPB] 0.72 2.98
M-4[N-(2’, 3’-dihydroxypropyl) - 0.61 5.26
N’-allyl-PB]
(MAPB) 0.78 0.19
M-7[N- (2", 3’-dihydroxypropyl)-PB]  0.30 3.56
M-8 [ (cw-1)-hydroxy-N- (2', 3'-di- 0.17 6.00
hydroxypropyl) -N"-allyl-PB]
M-9[N, N’-di- (2", 3’-dihydrox- 0.05 2.22
ypropyl) -PB]
(Unknown) 0.09 4.52
(Unknown) 0.31 4.03
(Unknown) 0.12 5.87

Total 34.69

14C-DAPB was administered i.p. to four mice at a dose of 80 mg/kg.
The urine was collected every 24 h up to 72 h after dosage. Solvent system
was benzene-ethyl acetate-ethanol (10 : 10 : 1, by vol.).

KIZizbDEEZEND. BBRMAHY 2 72
U 3 93388 5 NTHEERE £ TIZIEZE > TWis,
ULEo#EE, DAPB ORE~ ™ X in vivo IZH W
TEEHEORMME LR T DI ENHSN LR

7=. L7=M->TDAPB OB ERIZZN S EHY
ERHMLTVWEHDEEZ NS, TN SAH R

EELDHDHE OCMEIH 1-AFIINTFIHED
(w-1) fLOKEE(E @7 VINEOIRFS R—
F—Itk @QN-i7 ULk DB (*CO, D
) GG ER%.

Fig. 34 i 2 5 O Z —f# L TR LU L.
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Fig. 34.

Possible Metabolic Pathways of DAPB in Mice
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DD BIEHLEHDZENTES,

Z ZTRHE S 172 DAPB O R #Y) O3B EM 2
PB HEARMEREA #fHE E U CARERZHAWNT 3
MO HRYE (G.p., iv. KD icv.) THRHL/®Z.
T DRER Fig. 35 1R T XD ip. ZHHIZBNWTH
L&) DAPBIZMARD Z L6 M-7 #R< TN
TOLEMNEEIC PBIERZEE L 2. FFiZ M-
1 ((w-1)-7/KEE{LAK) 1& DAPB X 0 iR i EAE
MZERTEER#HY THD ZENHBELZ. PBO
R#Y (-1 KEEAGARIZM S BRIREF 2R X 720
fRHERHM TH D L &2E 25 LHKEEL, DAPB
D PBIEEIEAIZ M-I NARELFLEL TWbH I &
MEASMNELS 7=,

Lv. %5056 b £ 72k M-1 [(0-1)-OH-
DAPB] $Rt&% DAPB K 0D HWIER 2R L
EHER#MTHD & 2HHERL - (Fig. 36).
MAPB, M-2, M-3 b HRICIERIEA 2RO 272 E
Blkd 2 ANE SN, UL, M-5, M-6 134T
EHEmZRLEZDDODEEEIRMNO .

% 2T, DAPB IZ58 W TS24 4% 34 B 32 FH = E

L

. P. 80mg/kg + PB 40mg/kg,i.p.

NN EMhs, KRBT ONTHFEKITHR
L7z GlAHYESZ &% 80 mg/kg, i.p. #5
1RO 70y — A2 HWT invivo TF )L
BV E R N-JiE A FIVIRTE P K OF P450 & & %l E
L7- (Fig. 37).

Lp. KW iv. %5 THERBIRIEEERZ R
Y, %12 M-113 DAPB EHEDOTFILEILE
I N A FIOUALIEE 2 HIH L, P450 &% TR
HbEBEICHADESE. D= challenge L 7= PB
D 2 PIHI U 7= 7= D BN O PB 3B AR 01 &
FOMREEESEZZEFHATHS. Ll
M5, DAPB TN HAENHMRMGIERZH L TN
5T EMmE, ITNSAHMIT O R RIHIERNH S
DTIEBEWNETHIL, icv. ITXOBFLE. #
DOfEF (Fig. 38), T4H#E D M-1 1% DAPB @ 1.6
{5 DIEARIE KA Z R SIE R TH % T &V
L 7. ZDftid MAPB, M-2, M-3, M—4, M-7 %
¥7- DAPB IZIHHR L THWH D DIEEZEAF L T
Z. TOM-1 BNEHEREYTH 2 & O RIEHER
DNV EY — )V EEFHBAR O HEIEEFBI TER TH

C: Control (1A Tween 80 saline)
: (16-1)-OH-DAPB
: (W-1)-OH-N-(2 3-epoxypropyl)-N-allyl-PB

: N-(Z3-Epoxypropyl)-N-allyl-PB

+» p<0.05, « p<0.01 py-4: N-(Z3-Dihydroxypropyl)-N-allyi-PB
-5: N,N-Di-(23“epoxypropy!)-PB
M-6: N-{23-Epoxypropyl)-PB
1000F " M=-7: N«{2,3-Dihydroxypropyl)-PB
£ 750 X
E £
o )
E
~ 500
,E ‘-_ll_-_* T.i
a ey T
7 o
7 250 -
: =
0 Lo -
Compd.No. C DAPB MAPB M-1 M-2 M-3 M4

Fig. 35. Effects of DAPB and Its Metabolites on PB-Induced Sleep (i.p.)
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I.C.v. 200ug/mouse + PB40mglkg,.p.
300 ™ * p<L0.05 * p<O0
C: Control (1% Tween 80 saline)
. M=1: {u-1)-OH-DAPB
250 -2: (W1)-OH-N~{Z F-epoxypropyl)-Nally-PB
— M=3: N-{Z3-Epoxypropyl)-N-allyl-PB
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Fig. 38. Effects of DAPB and Its Metabolites on PB-Induced Sleep

AIFG L TWAHREL —HLTHBD, RHHF
n@i%léﬁsa&&bfnwﬂzéht $4.85) X 7= EM DR
NEREICBAL TZ DX 57/ DAPB D XS IZFNH
KIZ ip. 5 TIEERIEAR ST, icv. 5TH
WHODIERERL, HDOMmOEY (PB) ORH
EHRHETHENDLIBRB LB H D ENHS
nElrolz. ZOMRIIZSE, AFEICBWTEES
NBERETIEH WM EEDbNS.

5-3-4. DAPB ORBMDOEAANENRE  [ET
K#Y O DAPB DIERNDFEMWREN ST &
M5, DT DAPB W) O MM K ORI 5 v o 28
B % 2-"*C-DAPB % W TaEMIcMEt L 7.

2-"“C-DAPB 80 mg/kg, i.p. #5 L, #BHIEME
M ORZEALR DAPB, 3 W) O ik TN 1 5
EERRE L. TOMRE, 6 KH £ ToORKE(L
% Fig. 39 1R L7z, I TIEARZLIK DAPB 135
BNS 0 ETRAIMILZDITHL, KHY
M-1 [(w-1)-OH-DAPB] 13 604> (1h) Ic&°—7%
ERLEBODINSHEL3h EFTIZAHEITIKETL
7z. LU M-4 (DAPB YA —)U{K) 13 90 50—3
hETE—EOREEZ/RLEZ. —F, mEFH TN
FERBEICHA LS DD 90 20 TIEE /7 UK

(MAPB) OFGFIEMNRED 57z, Total KA HEIZ
S MNRZMEERLU . RO E L T 200 ug/
mouse, i.c.v. %5217 -> GG, HEUKHOZE
i%ﬁfﬁémfhﬁmﬁifvm¢;$&mw
(DAPB) O#RMEIETE 98% M LN &h
5, MKEH @ﬁthmm@%ﬂﬁ IMB0EN
ZEMTFHEINZ, LENoT, &5 1KHETO
REEAEH O EKIE DAPB HIADE#ES5I1CL 5D
DEEZENT.

5-3-5. DAPB RUZDORBHOSEHRE Al
HIZH W T DAPB &2 DA PB O iR AT &
ERZA T 5E KT DAPB OLHHEER & LD
WZENS BROER, TR SEER#Hm E L
THET DI a2l LRI SN
BN D 2= DIERANFHRT 2L 0D ZEbife
THEmfM T oz, E95R513/0, dDWITKE
e G DB ST S RO T E72hY 5 Ik 4B FA %
BT BNEND D, —RICIERER DAY TIZT
DIEEMENBEMEE O 1 EREZEA 5N TS,

% Z T MAPB, (w-1)-OH-DAPB KT M-4
(DAPB 2 #—)U{K) 2= Uik & LT PB 2N,
n-F27% 7-)V/K (U CEREEKR pH7.4) =H
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Fig. 39. Brain and Plasma Concentrations of DAPB and Its Metabolites

WTHEREZEHLKZ. PB O E KR
Hansch3® & % W\ 3 Miller$? 12 & % & 89 & i X
NTNDH, EESDERTIZ 108 &R 5HUFF
FNWEEZEZS5NT=. Table 23 12,85 LHICT7 UL
AT K0 EBREIIEINL /2. PBICHEL T
DAPB 13 980 (9 %), MAPB T% 263 (2.51%) %
L7, M-1 [(w-1)-OH-DAPB] T% 164 (1.5
) & PB XU BIEAENE N>/, ZHUTHL T
M-4 (DAPB 27 —)UK) 1341 (0.4 %) &n7xD
K7n>7. M-1 Tdhs (w-1)-OH-DAPB i3 PB
EEERZ LS FOEERHM CTHLELENID
P & U TEREBALIC 3Y) % hydrophillic (Bl/K %)
& hydrophorbic (Bi/K1E) 205 72 % 5853 M2 4K
(?) OEBAL & @ affinity (B 2&ED 5701
TERANELS o dbDEEZAOGNL. ZZIXHER
KOBEHEEZE (BHRZD 2 (Part1l)) ICHEEES
HEGRNEDEZNHRS EENT.

6. NLN3-271) L7552 )L (DAU) RO N,N3
-C7JILF I (DAT) O PBEIRZEREEESD
BEIZ (p.95) I XR7Z=X5IC DAU NEHERMNS
TNHEK, ERERAZAL, 2D/)NVEY L — ik

Table 23. Apparent Partition Coefficient of DAPB and Its
Metabolites
Compound Partition coefficient
DAPB 980+ 141
MAPB 263+32
M-1[ (w-1)-hydroxy-DAPB] 164+8
M-4 41+4
PB 108+2

Partition coefficient was measured in n-Octanol/phosphate buffer
(pH-7.4) . Values given are means+S.E. of three samples.

RELEET S E. ZOBEIEINIVEY L —RDF

FUVEUIDERERET L ZENS, Zhbd
WIEERTIEEZEDD EEA SN, ThabE

DAPB 3##TdH O PB D7 U)K, —J DAU I
EERNETHD, LOBEBENWIESY > NIE
OIEREME (U) 07 VIR, ZOMWFICHE—DH
MERANS B EZEZ MO TH S, (FE, Bikd
5L D UHERICEIRIERND 5 WS it
RTHDTOFRII DN, ZHRIZDODVWTIEE
@2 (Part II) TFHkT 2.

DAU HEOMEIREMICEEL T, UNT7F=>
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WHEINZRRT S LD, UDFEKRN)LEY
=M 7T B8R EKRFBREREER TS Z &
MIMEIN TS, 8990 X5z, 4% (Yamamoto)
5DOFFE T H DN, invitro TR I AMEED
*— b ZHWZHET PB 5 DNA & RNA NOD
SH-F I P RO H-U Y P> DG EEmI 87~
EVWIHEEDLDH S,

6-1. DAU K7 DAT 0 PB ERIER (EFH ORRE:
P (d ERgEETH I U) o7 U
RIZ PB IEARIERAERA N H > 72 & 0D T &3 T
Bk b2 &EThHhbDH, TITHALDA—AERETT
WZDREREEMHRT D EailHiz. TDHER Fig.
0ITRTRIITOFBIAFREEZRLIZ. 2O
%4 DAU 200 mg/mouse, i.c.v. TdH 5 D T DAU
DEZIEAEZEATELN., 22 Tip. #5085
EDQLDBIEREZRTOMNEGLHZEZATH 5.

DAU X3 DAT i.p. %5 10 5/ % 360 53 (6 h)
% T PB 40 mg/kg, i.p. % challenge 9 % & DAU IZ
18053 (3h) L THEMBELEZRL N, DATIX
604> (1h) FTEEMEODSNZ., Lirl, WiH
EBMNIMEBEF 2B R L G WVHEETH S Z E2RT
L &EHIT, DAU & DAT ORI CIEEMRHICENH
S ERERERSEITVWAU ETOERZR
LTWbZ EizfiZs 57w (Fig. 41). DAU>
DAT THhANEDOHHIITIEDEZALRHTH 5.

6-2. DAU KU DAT OFFENRBBRRICKRE
THE UKUT WEEHEERANYETHZDN
ZTOT7UINRIZEYTHS., N5 PBIERIEE
TERMFRD 5Nz T &0 6 EMCHEER R IR
TwBEMF L. TOME, Fig. 21TR87TLD
IZ DAU #5813 10—180 4> £ T in vivo TF )L E
Ve N-fii A FIVILTE M 2 B IS U7z, [FkE
I Fig. 33 ICRTLOICPAS0OEEBE TSI
M, MEFEH 36045 TIEa> hao—)L L X)VETH
B L 7. DAT O#E 60—180 3 TIZFILEINL b
T N-i A FIULiE 2, P450 & 813 10 43, 60 %
WHRBIIK TS/, 031X DAU>DAT T
Holz.

T in vitro DIRINFERR 217> 7. Fig. 44 1
R9 &K DIZ DAU I 25 uM, DAT 13 10 uM 7/ 5 &
ICZFIVEILE R N-JiE A F VLI 2 #H U 7z,
ZF ZTCIHE#EZ MDD, 4, 10,25 uMm OEE
TEEHNFENRBFZIToZ. ZTOE,
Lineweaver Burk 700w h;v 6, Blkd 2 Z LI1C
DAU IZEFHERITEWESG R TH D, Kifhld 555
uMm EEHEN/=. L L DAT I3 5 iR &3
DOHEEHXTH Y, Kiflild232um TH-> 7= (Fig.
45). ZOHEHBE U THWZRY B FH L E
Fl& U TH%T: SKF 525-A @ Ki fEilZ 3.52uM TH
D, EFHXSNEH LR D DAPB 13 5.95uM T

* PB 40 mglkg, i.p.

+ p<0.05 ++ p<0.01
~ 150F
=
E el *k ok
1]
100 * s
5 DAU
c §- ,f‘}“~-~~§ ------- ¢ Control
a sof Y%
w
2
»

1 15 30

1
60 80

Time interval (min)

Fig. 40. Effect of I.c.v. Injection of DAU on PB-Induced Sleep

The result is expressed as the mean=+S.E. *Significantly different from the control (p<{0.05). **Significantly different from the control (p<{0.01).
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