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SUMMARY

1. Title

Synthetic Studies on Pharmacologically Active Heterocyclic Compounds
I1. Justification and Purpose of the Project

Synthetic studies on new heterocyclic compounds are essential for
generation of new pharmaceuticals

1. Scope and Contents of the Research

- Synthesis of heterocyclic compounds
- Synthesis of biheterocyclic compounds
- Biological research of heterocyclic compounds

IV. Result of the Research

- New monoheterocyclic compounds, arecoline derivatives, having
muscarinic M, agonist effect have synthesized

- New biheterocyclic compounds, quinoline derivatives, acting CNS
antibacterial activities have synthesized

V. Future Plan Based on the Result

Through the efficacy tests and pharmacological research, new drug
candidates for various diseases can be as leading compounds from those
synthetic heterocyclic compounds.
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A1g A 8

2 7oA heterocyclic compoundE Aoz 4w 4 FFs 9=
FLEES FHoz e dFE YA Y. o2 9=
neurotransmitterq acetylcholine®] 338 32 & F4Ho=Z dAF7 &23 A
%<2 muscarinic agonistE F HEEQY wIGAe dujolH FZ3
arecoline2 F&7} o}F Zteh3dt H4A alkaloid2M 29 Ae SAIF}E &
A4 A, = alzheimer BxtolAl d4Hoz2 HLPdA okZo|t} arecoline

e oeH e 728 Red!

(o]
N

|
CH3

Arecoline

L

9] FFAA HZo] 3-9 X9 methyl ester”]7} WA hydrolysisE <
Z 4 Ao A metabolic stability?) FAHE o}7|gtt. HA] 28t o)
FES 42X low efficacy$t muscarinic subtype selectivity®] Z<&
o2 FAH Hojex gt

E dFgAE o9 Hgs EHozm 19 FAlE IFEEL FAsA
chemical neurotransmitter Zr8®%  cholinergic transmission& 2 4] 9]
cholinergics¢} cholinomimetics &35 = Ag FAEZL As2A 3
Aok A4 o]Z 3t arecoline F =9 modificationg th&3 o] Az
& & 92 ester group? bioisoster29 X & ring We oz XA 9
=4, monocyclic & bicyclic ring system £ & Aztg & gp?
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8
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Modifications of Arecoline Derivatives

Introduction of Substituents «—

in the Ring

=~ Replacement of Ester Bioisosteres

o)
X OCH,
Chy

Replacement of Monocyclic or Bicyclic Aza Ring System

I % th&9 milameline(CI 979)2 Parke-DavisAt®} Roussel Uclafe] 702
% 9] muscarinic M; agonist®™ ester biocisoster® WX <oFE ot}
methyl ester WAo) methoxyimine groupg X &% o] 3JFEL oral

.. - . . 3 3)
activityE® 3 7}A12 738 3 muscarinic agonist®]t}.

Y
CHs
Cl 979

arecoline # milameline® T2A #FAMAH S o] 83 £ dFdME T3t
e 33gE FEHE FASFIA A=A

R

O»Q

|
CH,

3-9]x 9] X 8o benzoxazole FEHNE EYT o ZM milameline® oxime
o] SAMA, arecoline® ester WAl AAEZ X 8E imine FEj
bicisosterF e} & g 83l E dF oA = 2-(1-methyl-1,2,56-tetra-



hydropyridin-3-yD)benzoxazole EHSE FA3stY 259 muscarinic My
agonistZM affinityo] #3 &4 &AL o}

E o] d&HC arecoline ¥ milamelined F%F WIHE A EFS
pharmacological 18] 3 pharmacokinetic 4 2-& 7§ 43}7] 9§ AHolt}. g
3t B o #8% 94 ogEoz Jgslat s otk Ed o5
o2 FEAE FAHs 259 A4S v 4359 computer modelinge
T AT AYE FAEY 72 A48 2 ¥4 AERE ?5}&1 Bo o2 3§
E A H2® + Jdon 433 FR-8AY 4AFAE 53 lead

compound B4 AT&E £o]3A sz g}

o Bicyclic compounds:
28 =9F dT9 F7% dEo] %9 AR A8 kA AP A
AFE) A 143 B4 FolX 3 Quk & FAlol wEw 804 oj4te ¢
Ity o]4do] Hojx grtA o) wAHAF oz A AE Aoz F
Atglo] Az 9ok EF xJHEFES AA BE FHrdAM AZ & YA
£3] AZAY =3dYL ¥En A=t e g2 AR ol 7
of viAe JYE e At AZ FRFY T Age) wAdz G o
EFoly Aujg EFste FFAAA A& A3 AL B IAFHA A
T tk? 2R E BT o)k e Ayl t dgolyd AEAE WA
ARz obz AES =HA ¥ dow FAFe GEvte] AFALAFE A
o =250 gle ez IA T At olou Fo 2 FFUE ATY
FFo @S oK F4I aFHo HAoln e ARALL FHG F
A2 FFHo] F 2o Jldiso Aot fHelM AT AR AAAETLE Y
A olfrglol 523 TS Boln Alzte] ARl wet Hak F/4de] Al
A Zo] dury AHgkojrt. I Ydel dlE B sHdo] o ofF #4
¢ A2 WA Ez Atk 2 Gdel dig KT NMAEF H29 M
2 ABAxY £33 A% ILE] B glol doiA Al
gEZoly AAAAAJAZAHNGHY 715As =& F4golg. FF4
A 2 NZAASER = SHR-FQA L—glutamate, glycine,
N-methyl-D-aspartate =12] 3 L-aspartate$9 ZT &4 olujx4l (EAA)S
FA 208 F ABHAEAS st B2 77t Ho] $ten, NMDA
agonist® negative modulator24 €3 A U= E Y4 NMDA A A *
< PCP Z2#5F99 ligande= 71&9 NMDA antagonistsE2] BBBe %3
o dojBE FHE & dv FXH FolA Wi A AFeE g F
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E 5o}z 31 9= noncompeptitive NMDA receptor antagonisto}t}®” o=
59 #3}EZE ketamine, Tiletamine, Dexoxadrol, 183 Merck Sharp
& Dohme AtellA 7" MK-801%5° 1o, olgL dx YAAYL &
gt AFAE NBAZA M5l B X1 glon Yutyoz o
€L A4 BFEE Fusn Y7l @Rl Yol e Algo] A FH o
A Yot

NH,
(5o %
H,N" "COOH . HN COOH
OH
Cycloleucine HA-966 ACBC
OH F
cl N”>CcooH N° CooH
7-Chlorokynurenic acid 5F12CA

Figure 1. Antagonists at the glycine modulatory subunit of the
NMDA receptor-effector complex.

E & 3 FFY NMDA F£H9 oA AFJRY AfA=e
cycloserine®] Y} 1-clopropane-1-carboxylic acid, HA966°] 1o, AsA=
= cycloleucine, Kynurenic acid, 7-chlorokynurenic acid,
6,7-dinitro—quinoxaline-2,3-dione (DNQX) 18] 3 1-aminocyclobutane-1-

carboxylic acid (ACBC)%°] 3thFig. ) o]£& NMDA F&xd w3
SFERIAY] AFE allosteric effectol]l 2&te] &olatA SFAY APAA
ST potentiator = deactivator®] S8 4 gt ugA, &9 &
4E WA er FANLF e Fedy FHE Hely 2 ddBAE
HoFE WA 47 blood-brain barrier (BBB)E 3% 4 gle AdAEL
Zm Yo 2ol shM BEwe F&e wde mE YuSFE g4
2l3te] R o3t J3re Fo] 5 UF AFHEZA, xUAAF 4]
29 Z7h} o) wage] g BYo| FAYD Uk HEAA H=A
A F ANAFEY £24E 7tHLE FFEANAA APEo dow, A n
T3 AL HRS AAAY AXFEL ol AREHYPA 2P A7A
o] Jhgte] ¥aE Jtelm A 53 693 E 19909 hE "Decade of the



LEREER R

Brain"24] QX3 A& A dFuEs FE8t2 o ulg 20004 o
de TFABA ¥ AEA Eo7l F83 AFsH A zd: A Fo
2 Aol F4HA 43 H1 Qo B AFME o9z AAAQ F4
g A% gAY g d@o= 714 Aol Ha A AR Bof
J NMDA #&A9 2go)dl AFE Y ZIAY A HLe A
o @A7kA 28 €A dn Aol ¥ 7)1E9 receptor-ion channel
complexol] Eol4d& ZtE ligands® 7+& ¥ AA7H SEAHL vgoz A
2 AdY SFEES F8TH A0 059 LAY PYris wWyPst
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g7 = A2 A Y9e Ediz ARSAE g8 g 77
NMDA $&Ad B3 77 FHHo2 FaHAR den,
NMDA &9 ZaAy AsfAe /ALS NMDA F83-0]2F2
e AFRY F WA, SholA, 22la PCP AFF-H w2}
A Augoez FTEEAAY Fad AL FE4F FREZZA A4
a8 So] ALse] YANHL AP3tn Y. Hxo SFEUL AFF
9ol A& A== aminophosphonopentanoate (APS), aminophasphono-
heptanoate (AP7)o|3lo™ o]£L A2¢ FAES BEFet 252 A
71Zo] e AFETA e AgL 3tn Jrt. olF MFTFRE ZE APSY
AP798] $AEZEz TzH HAuAL e AFEY B2AH 4dAs
Ciba-GeigyAH2] cis-1-(2-carboxypiperidin-4-yl)methylphosphonic  acid
(CGS 19755)9} CGP 37849, Elly-LillyAt9] cis-fused€® dehydroisoquinoline
S5 LY274613 LY233536, 223 Dr J. Watkins®] CPP9 71&& 3
AAHFigl). o) SEYES NMDA F£49 HAAZAN & & B
o299t 47 blood-brain barrierg 3% # 9l AVHL 3 Utk
3R 1Fe] Y L BAEL BAFE CGP 378499 « -carboxylic
estere AT EAC AAME Fr1H F2gH BHL B FUWG EF
Zzeuse xsue HFA HTEY  trans-23-piperidine-dicarboxylic
acid (23-PDA)S (2S, 3R, 4S)- @ -carboxy cyclopropyl glycine [cis(2S, 3R,
4S) CCPGIS o] glod, olglzte] nald 29 SFFEY 2 FHHS W
Ql4d ZZeivlato] NMDA &9 24 HA¥A+= conformationg =2
e oAlsn, ol= v EolE &FHUE ligandsel WP FxH HAY
e AAsd Fe RAolHFig.2).
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POH, J POMH:
) ®
N
H H

H,N” “COOH N~ ““COOH ‘COOH
APS CPP CGS-19755
POzH, X H

5 “COOH
AN
A_NH
H,N” ~COOH H
CGP-37849 LY27461, X=PQOiH,

LY233536; X = tetrazole

Figure 1. Antagonist at the NMDA-type receptor acting
isosterically with NMDA and glutamate.

COOH
oy oS,
““COOH

HOOC .. /—COOH N
S H
Cis (28, 3R, 45)-CCPG Trans-CPAA
COOH
(j,coou
N
N 'COOH H,N COOH
2,3-PDA ACPD

Figure 2. Agonists at the NMDA -type receptor acting
isosterically with NMDA and glutamate
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muscarinic agonist® 70'Z2 acetylcholine?] 7|2 Z ¥ 9] uvlgoz o x
2L o8 f39 FPESo] T4 ANEH3 U (Figd)

HO, N,
2 o la s ok
e oAt wc/O\/”\;ﬁf“ [@C wéf\ﬁ

Acetyicholine (+)-Muscarine Spirodioxolane Rs-86
CHy o o
H

CHa NN N o

YO\ QP

L2 N’\/ D

N o éHs
Pilocarpine Oxotremorine Minaprine Arecoline

Fig.3 Muscarinic Agonists

T FEE u"eE o8 JHx =0 FgEEo FAHHT Ak (Figd)
) ESEW muscarine SEFE muscarone® allomuscaroneSo] lom?
spirodioxolane #EAM= AF 303 AF 102'YZo] 93, RS-86 S EA:
YM79%63% 2 sg8o] FA49AUG. £ pilocarpine =4 SDZ ENS
1637 ze 3§89 Wy = o, oxotremorine HEHE McN-A-343"7,
BM-5®, U-808165'7¢] @#4H%e™ =¥ minaprine HFEMEZE SR
95639A%, SR 46559A5 % 2o FFEo] A=A
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CH; CH, \
| U
b\;N—CH; 2 5 + N—CH; o’ CH:
H;C ! H;C e L

O CH; Y 3 N
Muscarone Allomuscarone AF30
O /——CH1
S N
/\ ~CH;3 0}=O
O _N
N H,C
AF102B YM796 SDZ ENS 163
R
CH HAC
O/\\/ T .CH El NS
,[: 1 E N Ncop X N
+ CH J :
c N~ o ? 0% ~cH,
McN-A-343 BM-§
q N—-N_ H

U-80816 . SR 95639A

CH,
N N__-CH;
Hyo' “cHy

SR 46559A

Fig. 4 48 7}x] +¥ 9 muscarinic agonists

T3 19o| = arecoline =9 42 muscarinic agonists FE A 3HA

FToM= B2 (IS0 FAEHART
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A 33 a7AEssy dg 2 49

2 A Fo) A= tetrahydropyridine ringele X $3 T 4L AF2
A 2m o} biologically unstabled ester group? & FEHY =e=
B} o] metabolic stabledt = §4E& A=stnz AT

tetrahydropyridine ring®] = W& <A ¥ benzoxazol® =13t arecoline
oltb milameline® FEHOZ o}F FAHAE AZL FHYEL AT
A Az en 4 AT FFEY FH vu APEE A3t & AT
dXe D& 2o milameline® FANAT.  3-carboxaldedydesl
methoxyamine hydrochloride®} condensation ¥F82 ¥ ¥ methyl iodide®
methylation& ™. pyridiniumring€  sodiumborhydride® AH-£3to] reduction

3t'H 4 1 28l= milamelined §AT & Ak

0

HaNOCH; - OCH o - OCHE
Z 2 3 = 3] = N~
N
NaBHy (?/\\N,O(H

I

CH;

pyridine ring®l benzoxazole rings E={3t7] #39 &3 2L Wye=z
A3t tl. 3-carboxaldedydeol aminophenol HEME Y1 A2
ethanoltell 4 kgt condensation HF5o] S HW @A 2] Schiff's
base 3}¥Eo] wE ATt 7)o iodobenzene diacetated Al-£-3}
hypervalent iodine oxidative intramolecular cyclization &8 3}
benzoxazole ring& ZY3AT &7 methyl iodideE ZF-&A]A
methylation $$2 288k o714 HEod pyridinium salts 71E 9
g2 FYA =ML pyridine ring®] reduction® 3EEo] TEIA A

923 7)) triflucroacetic acid® H e & wigre] duxsteE FEES ¢
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g 7 Ui BLATE 4L pyridinium ringe] ¥UHBA borane
complex?} ylid BElE dojAon o] YWY O =R pyridinium salty ¢
Al EE F Ade £F FFEL ofd Zolth oo & dFME o8 T
Z AARES 9% X-ray crystallography %32 o} 834 borane complex
FREAS AFsAT. o)E2 =Y AW acetylcoline®] ammonium
salt 2 = AXe| borane complex FE] Al M; receptorol binding
affinitye] &3 FE2Z AP A4 A Fo SFEY A=Y &=
£ #3l9 hydrochloride Bel¢ salt2 HF FFES FAHsAT o159
Mi receptor binding affinity assay® ZAMSHRTH oW ®RIFPE2 =
arecoline®} milameline® A3t}

R

R

R
o N N,.g §
HyN {
Z H Dl OH  ceusi02cCH3), (]/”\
———— -

. — [0 °

N N’ N

R
N"f S N—‘f E;
] 1
CHj3l {jxo NaBHy4 (ﬁ/L
— —_— -
S

I or -
N7 1- NaBH3CN ’N‘_
&, H:C® BH,X
1) NaBHy4 2) CF3COOH

or

R=H
R =CHj
=Cl
N
IQ X =CN
N (o] =H
N . Hat
CH,
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AIAy
Pynidine-3-carbaldehyde O-methyloxime® 34 (1)

3-Pyridinecarboxaldehyde 1.00 g(9.34 mmoD)¥ 30 mL benzeneo| Zojx o
719l methoxylamine hydrochloride 0.82 g(9.80 mmol, 1.05 eq)% 718 ¥ 2
AlZt Dean-Stark columng AA 71E@F3n ALo= 43 £ NaHCOs
fRoz AHFAY. EZE CHLLE F%31 #715& sl MgSO;
2 AZXE UL FF3A. BHFEL flash chromatography(SiOs, 10%—
20%—50% EtOAc-Hex)dte] 1.14 g(90%)e] FA Fgg dis dch
ol E:Z =28:19 EFEEA O ol EHdA ¥ 2d=E oI 43
of AHEHAUAY.

'H NMR (200 MHz, CDCl3) & 875 (1 H, m, C-2 H), 862 (1 H, m, C-4
H), 809 (1 H, s, CH=N), 798 (1 H, m, C-6 H), 733 (1 H, C-5 H), 4.02
(s, 3 H, OCHzs).

1-Methyl-1,2,5,6-tetrahydropyridine-3-carbaldehyde O-methyloxime
o] 42

3-0O-Methylpyridinecarboxaldoxime 1.00 g(7.34 mmol)-& 20 mL acetone®l
ol Mel 366 mL(58.76 mmol, 80 eq)S 713 & A2o|A 24 A <t
wurEtth A7 AAES A2A ¥ a2 FFs 2.04 g(99.5%)9
=3 aHE A} o] 30 mLe MeOHOl =0l -20 CZ Y¥z}g o
& o7l NaBHs 042 g& Z=F4 713t -10 C7F 9@A F=F AT 0
CTaAlA 1 A o awtd F A4dsSsn 3FES £ ol CHLL=E
F&3Ath {713 S MgSO:2 Az g AEsH3L FFEE flash
chromatography(SiOs, EtOAc—10% MeOH-EtOAc)3ted 0.72 g(64%)9] 3
A RHE AU

'H NMR (200 MHz, CDCl3) & 7.63 (1 H, s, CH=N), 600 (1 H, m, C-6 1),

386 (s, 3 H, OCHs), 316 2 H, d, J =22 Hz, C-2 H), 253 Z H, , J =
55 Hz, C-6 H), 241 (3 H, s, NCH3), 236 (2 H, m, C-5 H).

_18_



2-Pyridine-3-yl-benzoxazole® ¥4 (3)

204 g (1870 mmol® 2-aminophenol® 200 g (1870 mmol)¥
3-pyridinecarboxaldehyde$ 50 ml abolute ethanold] ¥ 3 2A]1ZF Tu3k ¥
o7]d 662 g (20.54 mmol)® iodobenzene diacetateE FE&th 108 w¥kE
S E evaporatordl X AAZ}IL JHEEL ethyl acetated] 3¢ F the
aqueous sodiumhydrogencarbonate solution®.Z A X gt #7128 23
% brine2 2 A A3 anhydrous magnesium sulfate® HAZAIY ¥ in
vacuo 8ol A BolE AA DT R{HEE chromatography Ho.z £ A
A g}, (hexaneiethyl acetate = 4:1). Yield 1.17 g (319 %); mp 104-106%
ir (potassium bromide): 3050, 1620, 1570, 740 cm’; ‘H-nmr
(deuteriochloroform): & 948 (s, 1 H, C2-H), 876 (dd, 1 H, C6-H), 850
(m, 1 H C4-H), 7.84-740 (m, 5 H, arom. H, C5-H); “C-nmr
(deuterio-chloroform): & 160.7 (C-2), 152.0 (C-6), 150.7 (C-8), 148.7 (C-2),
141.7 (C-9), 134.7 (C-4), 1235 (C-3), 125.7, 1249, 123.7, 120.2, 110.7 (C-5,
arom. C).

Anal. Calcd. for Ci2HsN2O: C, 73.46; H, 4.11; N, 14.28. Found: C,
73.12; H, 428, N, 14.31.

5-Methyl-2-pyridine-3-yl-benzoxazole® %4 (4)

2-amino-p-cresol #}3-pyridinecarboxaldehydeE AF&3ld ¢ W2 A
& g}, chromatography® .2 ¥d A A&}, (hexane.ethyl acetate = 4:1).
Yield 482 %; mp 98-100% ir (potassium bromide): 3050, 3000, 1600, 1410,
1070 cm''; 'H-nmr (deuteriochloroform): & 9.47 (s, 1 H, C2-H), 875 (dd, 1
H, C6-H), 846 (m, 1 H, C4-H), 757 (s, 1 H, C4-H), 748-7.17 (m, 3 H,
arom. H, C5-H), 2.49 (s, 3 H, CHy); “C-nmr (deuteriochloroform): 3 160.3
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(C-2), 1521 (C-6), 1484 (C-8), 147.8 (C-2), 1414 (C-9), 1345 (C-4).
1344 (C-5), 1228 (C-3), 1269, 1242, 1237, 119.7, 1104 (C-5, arom. C),
20.9 (CHa).

Anal. Caled. for CisHioN2O: C, 74.21; H, 4.79; N, 13.33. Found: C,
73.90; H, 487; N, 13.34.

5-Chloro-2-pyridine-3-yl-benzoxazole2] &4 (5)

7o W o F 2-amino-4-chlorophenol® 3-pyridinecarboxaldehyde® AM&
3te #Ad s}, chromatographyd 22 ¥ A A ¥}, (hexaneethyl acetate
= 41). Yield 41.7 %; mp 147-148% ir (potassium bromide): 3080, 3020,
1610, 1590, 1550 cm™'; ‘H-nmr (deuteriochloroform): & 9.43 (s, 1 H. C2-H),
8.76 (dd, 1 H, C6-H), 846 (m, 1 H, C4-H), 7.74 (s, 1 H, C4-H). 7.49-7.26
(m, 3 H, arom. H, C5-H). "C-nmr (deuteriochloroform): & 1620 (C-2),
1524 (C-6), 1493 (C-8), 1488 (C-2), 142.8 (C-9), 1348 (C-4), 1304
(C-5), 1230 (C-3), 126.0, 123.7, 120.2, 1114 (C-5, arom. C).

Anal. Caled. for Ci2H/N2OCI: C, 62.49; H, 3.06; N, 12.15. Found: C,
62.09; H, 3.06; N, 12.02.

2-(1-Methyl)pyridinium-3-yl-benzoxzole iodide®] ¥ 7J(6)

117 g (5.95 mmol)¢] pyridine-3-yl-benzoxazoleZ 30 ml acetone °l 6.77 g
(4768 mmol) iodomethane2 10 ml acetonec] =% &AL 7igdot, EF A
S 20 A7 LA murgtt FAES A7t FAES  acetonelE
23 A7) S}ELS deH. Yield
168 g (832 %), mp 252-254" ir (potassium bromide): 3000, 1640, 1490,
760 cm™’; 'H-nmr (deuterio-dimethyl sulfoxide): 5 987 (s, 1 H, C2-H),
9.20 (m, 2 H, C5, C6-H), 8.34 (dd, 1 H, C4-H), 7.98-750 (m, 4 H, C4, 5,

o

MHe & reduced pressuredlA
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6, 7-H), 451 (s, 3 H, CHa); “C-nmr (deuterio-dimethyl sulfoxide) 3 57.1
(C-2), 1503 (C-8), 1473 (C-6), 1445 (C-2), 1421 (C-3), 140.7 (C-9),
126.3 (C-3), 128.2, 1271, 125.8, 120.3, 1114 (C-4, arom. C), 48.7 (CHs).

Anal. Caled. for CisHuN2OLI' C, 46.18; H, 3.28; N, 8.28. Found: C,
46.37; H, 3.27; N, 8.28.

5-Methyl-2-(1-methyl)pyridinium-3-yl-benzoxzole iodide®] &4 (7)

9] 322 ZE methylation WHOE 3t FEth Yield 826 % mp
226-227% ir (potassium bromide): 3030, 3000, 1640, 14%0 cm; ‘H-nmr
(deuteriodimethyl sulfoxide): 8 9.83 (s, 1 H, C2-H), 917 (m, 2 H, C5,
C6-H), 834 (dd, 1 H, C4-H), 7.77-7.37 (m, 3 H, C4, 6, 7-H), 451 (s, 3 H,
NCHa), 2.46 (s, 3 H, arom.-CHa3); BC-nmr (deuteriodimethy! sulfoxide): 8
1583 (C-2), 150.7 (C-8), 1481 (C-6), 1457 (C-2), 1435 (C-5), 142.8
(C-9), 137.3 (C-5), 1292 (C-3), 129.7, 1296, 1215, 111.8 (C-4, arom. C),
49.7 (NCHs), 21.5 (arom. CHs).

Anal. Calcd. for CiaHisN2OI: C, 47.75; H, 3.72; N, 7.95. Found: C,
4797, H, 365 N, 7.97.

5-Chloro-2-(1-methyl)pyridinium-3-yl-benzoxzole iodide®] ¥4 (8)

2 382 JA] methylationo 2 2 WHo= -%‘—:—E}. Yield 63.8 %; mp
237-240°% ir (potassium bromide): 3500, 3100, 1640, 1440 cm’; 'H-nmr
(deuterio-dimethyl sulfoxide): & 9.85 (s, 1 H, C2-H), 920 (m, 2 H, C5,
C6-1D), 838 (dd, 1 H, C4-H), 805-756 (m, 3 H, C4, 6, 7-H), 452 (s, 3 H,
CHa). “C-nmr (deuteriodimethyl sulfoxide): 8 158.6 (C-2), 149.2 (C-8),
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1477 (C-6), 1447 (C-2), 1424 (C-5), 1420 (C-9), 1260 (C-3), 1299,
1283, 1272, 120.2, 112.9 (C-4, arom. C), 48.5 (CHa).

Anal. Caled. for CisHieN20ICE C, 41.91; H, 2.71; N, 7.52. Found: C,
41.87; H, 2.65; N, 7.38.

2-(1-Methyl-1,2,5,6-tetrahydropyridine-3-yl)benzoxazole-trihydrobo
~rane?] ¥4 (9)

-10° oA 087 g (257 mmoD® 2-(1-methyl-pyridinium-3-yl-benzoxazole
iodideE 30 ml methanoldl £33l 019 g (514 mmol) sodium
borohydrideS Z34 7t@th 0% A 1A1ZHE< wubeln, fujE 745}l
AASL IHES ethyl acetated] =9 ¥, aqueous sodium hvdrogen-
carbonate solution®2 AH& % #71%€ brine2 2 MAHE ¥ anhydrous
magnesium sulfate® FZ3% g, in vacuoFHZE LulEH A% ANSE
< chromatography 22 ¥ A=At (hexaneethyl acetate = 4:1),
Yield 0.20 g (365 %); mp 116*118°; ir (porassium bromide): 3500, 3000,
2350 (borane), 1660, 1450 cm™; 'H-nmr (deuteriochloroform): § 7.71-7.30
(m, 4 H, arom. H), 7.13 (m, 1 H, C4-H), 3.90 (m, 2 H, C2-H), 3.07 (m, 2
H, C6-H), 268 (s, 3 H, CHp, 259 (m, 2 H C5-H); “C-nmr
(deuteriochloroform): 8 1605 (C-2), 150.2 (C-8), 1414 (C-9), 122.1 (C-3),
130.3, 125.6, 124.7, 120.1, 110.4 (C-4, arom. C), 57.3 (C-2), 55.2 (C-6), 48.7
(C-5), 225 (CH3).

Anal. Caled. for CiaHi7BN2O: C, 68.45; H, 751; N, 12.28. Found: C,

68.50; H, 7.68; N, 12.18.

5-Methyl-2-(1-methyl-1,2,5,6-tetrahydropyridine-3-yl)benzoxazole-
cyanodihydroborane® 34 (10)
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-1001 A4 0.60 g (1.70 mmol)9] 5-methyl-2-(1-methyDpyridinium-3-yl-
benzoxazole iodideE 30 ml tetrahydrofuran®l] suspension A1zl ¥ 0.16 g
(256 mmol) sodium cyanoborohydrideE A %% Yo Eth F&olA 243t
B T & Lulg ggstel AAYR F AHES ethyl acetated] =9
I aqueous sodium hydrogencarbonate solution®.® AHF} K712
brine®. 2 A]#3}3, anhydrous magnesium sulfate® AZ3}3, in vacuo 4
oA &ulE AAGT. ZHES chromatographyH 2.2 £ AASA A
7] #3EE ¥=th.(hexaneethyl acetate = 4:1). Yield 0.15 g (385 %); mp
160-162% ir (potassium bromide): 2900, 2400 (nitrile), 1660, 1520 cm™;
‘H-nmr (deuterio-chloroform): 8 7.47-7.14 (m, 3 H, arom. H), 7.12 (m, 1
H, C4-H), 399 (m, 2 H, C2-H), 321 (m, 2 H, C6-H), 278 (s, 3 H,
NCHs), 265 (m, 2 H, C5-H), 246 (s, 3 H CHs); “C-nmr
(deuteriochloroform): & 159.8 (C-2), 1483 (C-8), 141.3 (C-9), 1346 (C-92),
121.2 (C-3), 1294, 1269, 1200, 109.8 (C-4, arom. C), 56.2 (C-2), 539
(C-6), 46.8 (C-5), 21.7 (NCH3), 214 (CHs).

Anal. Calcd. for CisHisBN3O: C, 67.44; H, 6.79; N, 15.73. Found: C,
67.25; H, 6.84; N, 15.59.

5-Chloro-2-(1-methyl-1,2,5,6-tetrahydropyridine-3-yl)benzoxazole-
cyano-dihydroborane®] %4 (11)

A9 3FFEL 5-chloro-2-(1-methyl)pyridinium-3-yl-benzoxazole iodide
S &9ERAE AFESY WY 22-(1-methyl-1,2,5,6-tetrahydropyridine-3-

yD)-benzoxazole-trihydroborane@Ad ol A&} Za&wieoz AF3th Yield
462 %; mp 196-198% ir (potassium bromide): 3100, 2400 (nitrile), 1660,
1530, 1450 cm™; 'H-nmr (deuteriochloroform): 8 7.67-7.33 (m, 3 H, arom.
H), 7.18 (m, 1 H, C4-H), 4.02 (m, 2 H, C2-H), 3.22 (m, 2 H, C6-H), 2.80



(s, 3 H, NCHs), 268 (m, 2 H, C5-H); “C-nmr (deuteriochloroform): 5
1614 (C-2), 1492 (C-8), 1428 (C-9), 130.7 (C-5), 1214 (C-3), 1313,
1265, 1206, 111.7 (C-4, arom. C), 56,6 (C-2), 54.4 (C-6), 475 (C-3), 223
(CHa).

Anal. Caled. for CusHisBN:OCI: C, 5848; H, 5.26; N. 1461. Found:
C, 5847; H, 5.34; N, 1451.

2-(1-Methyl-1,2,5,6~tetrahydropyridine-3-yl)benzoxazole
Hydrochloride®] 34 (12)

-10° 914 0.87 g (257 mmoD9 2-(1-methyl-pyridinium-3-yl-benzoxazole
iodideS 30 ml methanoldl €832 019 g (514 mmol) sodium
borohydride& &34 7t@th (°clA 1A7HEQ @ersta, -10--20 °Coil A
CF3COOH 3mlE ¥ 3 A2dA 1Azt f mutgitt, F{HF$4E 7183 7}
2% 3AE WS 50% NaOH €988 AMg3te pH 72 223
methylene Chloride2 &%t} anhydrous sodium sulfate2 AZ3% oL,
in vacuo’dBE G EA AT} }{FE-S chromatographyd 2.2 ¥ Azl
¢}, (hexane'ethyl acetate = 5:1). 9L 3}3IFE L 49 methanoldl] =)
3 HClI gas (in methano)&%& A7}t gl A7) 3JES =
Yield 011 g (171 %); mp 250-255% 'H-nmr (deuteriomethanol): &
7.72-737 (m, 4 H, arom. H), 728 (m, 1 H, C4-H), 433 (s, 2 H, C2-H),
3.57 (m, 2 H, C6-H), 3.10 (s, 3 H, CH3), 2.89 (m, 2 H, C5-H).

5-Methyl-2-(1-methyl-1,2,5,6-tetrahydropyridine-3~yl)benzoxazole
Hydrochloride®] &4 (13)

A9 33EL 5-Methyl-2-(1-methylpyridinium-3-yl-benzoxazole iodide-S



SUEAZ ALE30 ¥y 22-(1-Methyl-1,2,5,6-tetrahydropyridine-3-yD)-
benzoxazole HydrochlorideZAd ol A ¢} 2wt o g Ay,

Yield 12%; mp 224°%; 'H-nmr (deuteriomethanol): 3 7.42-7.11 (m, 4 H,
arom. H, C4-H), 4.78 (s, 2 H, C2-H), 440, 4.05 (m, 2 H, C6-H), 3.02 (s,
3 H, NCHs), 2.65 (m, 2 H, C5-H), 237 (s, 3 H, CHs).

5-Chloro—2-(1-methyl-1,2 5,6-tetrahydropyridine-3-yl)benzoxazole
Hydrochloride®] 4 (14)

3382 5-Chloro-2-(1-methyDpyridinium-3-yl-benzoxazole iodide&
SHEAZ ALL3H 5hH-22-(1-Methyl-1,2,5,6-tetrahydropyridine-3-yl)-
benzoxazole Hydrochloride3tAd ol A of Zawtyioz A3

Yield 15 %; mp 227-230% 'H-nmr (deuteriomethanol): § 7.72-7.40 (m, 3
H, arom. H), 734 (m, 1 H, C4-H), 432 (s, 2 H, C2-H), 352 (m, 2 H,
C6-H), 3.11 (s, 3 H, NCH3), 2.84 (m, 2 H, C5-H).

)
Lo,

In Vitro M; Muscarinic Receptor Binding Assay

Compounds 10 uM 100 M
9 249 36.9
10 39 116
11 8.0 4.4
12 53.0 80.4
13 8.3 41.6
14 222 75.2
arecoline 20.0 56.1
milameline 185 62.5




o Bicyclic compounds

WA NMDA &9 ZgAnte sides HUAd FEA ARAY 29
FFFAIY ZFolale RAAERRE AFZHYoH, gurxowm
receptor-ligands interaction2 entropic £ 2 steric £ 98 73}
A do. ol UEEY JVEY & A¥¢SHL Za YE JHPESL
22Y FXE 7] Wi g 25 A WY B=Ee JAL AT A
¢4 conformationg ZAEHo M1 Ang AFSHL dA =HEe Hoz
dFHo Atk =g NMDA 9 A g vrgdes Zeal-us
SFES MEsted YN M 2 BAE olF HFEY gl ol Yol
¥ -2 (Blood-Brain Barrier, ©]3} “BBB” @ %32 F#&A Eicis
Aotk old FH-H-utg FAF F e FYA-F Y L= fe
e =¥ 29, 71579 4 (kynurenic acid) FE3 2-712A A=),

2-7t8A0E F=EA, AS54¥ (Quinoxaline) = L 2-FA=E FEi
ol /HEEHATt. o|E2 NMDA FE£AEd distd Ny w@xxoz
Zg3te ZAASEA ZAFFAACGE A4S Yegdo  HZ, J)wEd
4 FE=A7 NMDA ZA24 HEA4L YJehdge Alde] 2AFYL
% EYQEYR g4} AE9 WA HA(endogenous) AHESQ F1FEY A S X
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Al (SAR; Structure Activity Relationship) @TdlA, 717#d Ate] C4
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AR C-4 HA AV TR ABE HHE =¢UsE NMDA
EAd A 2 =7 F%d. 53], A2 dEge & AFdy
9] C4 XY J=F4HVE FHZ YAV dZ2E otMEASE AFAZ
FEol JwdY A AAMBTG EFo] Lxstm AgAde] s AMEL
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R= alkyl, aryl, aralkyl, carbamate, amino,
aryl, heterocyclic etc.

2% 1. Kynurenic acid(lead compound) & Target compounds _

SA4L= U3l BBB & # F3#3
ddol 259 AGELZAY AL

o APHA ATE F

ki
30
o

ol & AddA= 7IEY 7lFHY A FEAY GHES IE ¥
Rom, A Aol £+ MEE NMDA &4 ZAaA9
ATk ol af1A B F= BEIIFJESLS ST
9l FAAA FAE 2T} FA HFH nYy F2E Z
oty olEL FTEA o= AEY YFAHY olvjxy] ¢ ]
%3 equivalentd] NH-C=0 7|& (3l glen, FAlol bicyclic ring T
Zo]  hetero atomQl Ng& H7go=x 89 Gy A4 o
bioavailability & %7} A17l8 3ttt t‘]=9a'°] olgd FEAY 44L& H
Aoz FAANZ + e FH¥8H FHE Holg & F¥AH L BEoF
£ ¥td 47 blood-brain barrier (BBB)E E3}¥ & J=F HAAHAUC.
H7tH o 2, o]EL2 7]1£€9 kynurenic acid FAMHAS|A o7 o]X]&= C1-C2
T C2-N 2% 3ldez Q3 entropic & steric tolerence A A] 9
283 29208 Badd o, NMDA receptor®he H-bonding® W3IAH S
ARANA F F YEE LAHA Ut =3 nEy Fxe 3 A
g8 JHA] XNPrIEE =Y 9 HUHHA ANLAAAFEAE nHAFAG
o] = receptor®} Z¥HA] hydrophobic interactionell <)%+ complex-J ot 51-&
=2 4 93 Blood Brain Barriers] 34 F71& $Ald €& + U0

2 Ay EFIFEY IH-AoEH-24-UL FEAEY AL o1
of wigAog =Astgd & gty WA, AEAQ] UITERHYUL 22
gstol=dgolE 4 I=EAGEFEFReols EFEH] HEEo 2433
E 22 AU
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Chioral hydrate N
NH,OH-HC /E conc. H,S0, °
cl NH, Na,SO,, H,0, 4 ¢l o 80°c ci N
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H;OxMNaCH COOH
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Cl NH,
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E3 AYGACE FujHo| A 4-E22GEHEY e FAFeIjle]l 1A
Z AgEen, o o] B dPLdA NEE ol IdM RRF
£ DCC-HOBT-NMM =34l ojsla] 9o WHuo g2 A& AA
g ERx3AE 82 FEHAY. TRe] o€ A} HFEL 259 F
7184 A £84E AFsAH

ole}zto]l ¥4 =017 potential NMDA receptor®] Aa|AE9 kel
H7te 4 589 HAX=RE £ AAF A= NMDA receptor &7
E 37 radio label ¥ ligandsE AH&3E in vitro asseyel 3t F# = o
Ad. 2E9 binding activitys EHEHAE 10 uM =AY FEA
U4 7129 X8 AEE FAHSAT olE9 SHAE ol =H 7
%39t (Table 1). 25 32 F sHdoluxrt 8" =47 713
e FEA9e) AFFE v Jdow, 3MAAY opux U IS4
AL E ZtE oluk XNEVY =YL A4S FANA AANNEF S
o] FH

o [o]
CO,H Amine _R _ N,R
/@: DCC. HOBI N Triphosgen b
cl NH, NMM.THF © NH, DIPEA. THF ©! [+
7 ]
Com R 7 8
i Yield (%) Yield (%)
a NHPh 75 95
b NHCO-C(CH3) 85 98
¢ CH,Ph 88 96

Ph

d /[ 87 97
COzEt

_29-



0 y
NH N
) 4N HCl /@[‘Ln/ 2 mCIPhCoCl Jij[u\n’ cl
—_— 0
cl u’&o aq. NaOH cl N’&o

aq NaOH /@k
T MeoH /K o

11

Hidol] Fdolu] ]l B AFA T2 EYL Ex A9 ZAHL &
A8 gaAglel, 4 9o FEY F7} Bubola}, in-vivo A 3
°j4 Brain Blood Barrier(BBB)E £°]3tAl £3#% 4 Qri:= ZxLe 7
D7) HEel A AFFEZAY 75AHS EA4FY o]=9 in-vivo
AgL dA AL AYF o},

}:!

Table 1. Pharmacological data of 3-substituted-1H-quinazoline~2,4-diones

Entry Inhibition at 10 uM (%)
6a 97
6b 12.5
6¢c 73
8a 258
8b 34
8c 6.0
8d 6.5
9 27
10 14
1 28
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ch: ki

General : All melting points were taken on a Thomas-Hoover melting
point apparatus and were uncorrected. ‘H-NMR spectra were obtained
on Varian Gemini 200MHz spectrometer. Chemical shifts were reported
in parts per million (&§) relative to a tetramethylsilane as an internal
standard. Mass spectra were obtained using a Jeol JMS-DX 303 GC/MS
and Shimadzu GCMS-QP 5000 mass spectrometer. Analytical thin-layer
chromatography was performed using 0.25 mm silica gel glass-backed
plates. E. Merck silica gel (230-400 mesh) was used for flash
chromatography. Solvents and reagents were dried and purified prior to
use when deemed necessary. Reactions were carried out under nitrogen
or argon atmosphere unless otherwise stated.

N-(3,5-Dichlorophenyl)-2-hydroxyimino-acetamide (1)

A mixture of 3,5-dichloroaniline (10.0g, 61.7 mmol) in H-O (50 mL).
concentrated HCl (12 mL) and 14-dioxane (20 mL) was heated to be
clear solution, and then added to a mixture of chloral hydrate (10.5g, 66.9
mmol) and Na:;SOs4 (66.0g) in H:O (224 mL) which has been warmed to
50 °C. To the above mixture was added hydroxylamine hydrochloride
(13.0g, 180 mmol) in H20 (60 mL), and the mixture was refluxed for 50
min. After cooling down to room temperature, the insoluble solids was
filtered, was washed with excess H20, and dried in vacuo to provide
12.8g (89%) of the (hydroxyimino)-acetanilide 1 as a pale yellow solid:
TLC Rt = 05 (EtOAcin-hexane = 1:3); mp 196-197 °C;
'H-NMR(DMSO-ds) & 7.39 (1H, t, J = 18 Hz, ArH), 7.70 (s, 1H,
CHNOH), 7.89 (2H, d, J = 1.8 Hz, ArH), 1054 (br s, 1H, NH), 1240 (br
s, 1H, NOH); MS(ED) m/e 233 [M7], 216, 202, 189, 161.

4,6-Dichloro-1H-indole-2,3-dione (2)

The (hydroxyimino)-acetanilide 1 (10.0g, 42.9 mmol) was slowly added to
concentrated H2SOs; (50 mL) in ice bath. At this moment the reaction
mixture should be maintaining below 50 °C. After complete addition, the
dark solution was heat 90 °C for 10 min. The resulting mixture was

-31_



cooled down to room temperature, poured onto 10 times the reaction
volume of crushed ice, and then swirled vigorously for 1h. The forming
insoluble solid was collected, washed with H»O, and dried in vacuo to
produce a desired isatin 2 as an orange colored solid in a 96% (8.90g)
yield TLC Rt = 04 (EtOAcin-hexane = 1:33); mp 2287230 °C;
'H-NMR(DMSO-ds) 8 697 (d, 1H, J = 1.8 Hz, ArH), 7.32 (d, 1H, J = 18
Hz, ArH), 1142 (br s, 1H, NH); MS(ED) m/e 216 [M'], 188, 160.

2-Amino-4,6-dichlorobenzoic acid (3)

To a solution of the isatin 2 (5.0g, 23.1 mmol) in 75 mL of 1IN NaOH
(ag) was added portionwise a hydrogen peroxide (28% v/v, 10 mL) at
room temperature. The mixture was stirred for 2h and was filtered to
remove insoluble dark brown solids. The filtrate was causiously acidified
with concentrated HCl at pH 2. The formed yellow precipitates were
collected, washed with H20, and dried in vacuo. After recrystallization
from benzene a pure anthranilic acid 3 was obtained as an ivory colored
solid in a 82% (3.90g) yield: TLC Rt = 0.1 (EtOAc:n-hexane = 1:1); mp
1887189 °C; 'H-NMR(DMSO-ds) 8 676 (d, 1H, J = 19 Hz, ArH), 685
(d, 1H, J = 1.9 Hz, ArH); MS(ED m/e 206 [M], 162.

5,7-Dichloroanthranilic acid anhydride (4)

A solution of the anthranilic acid 3 (5.85g, 28.3 mmol) and diphosgen
(11.2g, 56.8 mmol) in 40 mL of 14-dioxane was refluxed for 2h. the
reaction mixture was cooled to room temperature to produce a insoluble
solid. The solid was filtered and was washed with n-n-hexane several
times. After drying in vacuo, pure anthranilic anhydride 4 was obtained
as a bright yellow crystal in a 525g (80%): yield: mp = 2647268 °C;
'H-NMR(DMSO-ds) & 7.19 (d, 1H, J = 19, ArH), 756 (d, 1H, J = 19
Hz, ArH), 12.04 (br s, 1H, NH); MS(ED) m/e 232 [M’], 188, 160.

3-Substituted- 5,7-dichloro-1H-quinazoline~2,4-dione (5a™c)

To a solution of the anthranilic anhydride 4 (0.5g, 2.15 mmol) and the
appropriate amine hydrochloride (2.15 mmol) in 40 mL of THF-EtOH
(3:1) was added triethylamine (0.60 mL, 4.30 mmol) at room temperature,
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and then was refluxed 2h. After concentration of the mixture, the
residue was diluted with methylene chloride, washed with IN HCl (aq)
and H20, and dried over anhydrous MgSQOs. Evaporation of the solvent
under reduced pressure give the corresponding' anthranilic amide 5a”c.
Without further purification, these anthranilic amides was treated with
diphosgene (0.85g, 4.3 mmol) in 20 mL of 14-dioxane at refluxing
temperature. The mixture was evaporated under reduced pressure to
give the corresponding N-substituted pyrimidinedione 6a~c. Pure samples
were obtained by column chromatography or washing with hot methanol
several times.

5a: 'H-NMR(DMSO-ds) & 7.02 (m, 1H, ArH), 7257749 (5H, m, ArH),
8.08 (s, 1H, ArH), 854 (br s, 1H, NH), 954 (br s, 1H, NH); MS(ED) m/e
281 [M], 189, 161.

6a: 89% yield, purified by washing with hot methanol, a white solid;
'H-NMR(DMSO-ds) & 7.19 (m, 1H, ArH), 748 (4H, m, ArH), 7.83 (d,
1H, J = 76 Hz, ArH), 1062 (br s, 1H, NH); MS(ED m/e 307 [M'], 216
[M+—>Ar]. 187, 158.

5b: 'H-NMR(DMSO-ds) & 1.76 (m, 2H, CHn), 252 (m, 2H, ArCH»), 3.18
(m, 2H, NCHz), 6.71(3H, m, ArH), 7.15 (s, 1H, ArH), 7.34 (d, 1H, J = 20
Hz, ArH), 820 (d, 1H, J = 2.0 Hz, ArH), 829 (s, 1H, OH), 9.32 (br s, 1H,
NH); MS(ED m/e 339 [M'], 189, 161.

6b: 78% yield, purified by column chromatography (EtOAc: n-hexane =
1:1), a white solid; 'H-NMR(DMSO-ds) 6 191 (m, 2H, CH2), 261 (m,
2H, ArCH»), 398 (m, 2H, NCH»), 6.66 (m, 2H, ArH), 668 (s, 1H, ArH),
712 (d, 1H, J =21, 8.1 Hz, ArH), 7.20 (d, 1H, J = 2.1 Hz, ArH), 7.39 (s,
1H, ArH), 930 (br s, 1H, OH), 11.68 (br s, 1H, NH), MS(ED) m/e 365
[M'], 245, 232, 187.

5c: 'H-NMR(DMSO-ds) & 4.49 (2H, d, J = 58 Hz, ArCHzN), 687 (br s,
2H, NH2), 705 (s, 1H, ArH), 7.39 (d, 1H, J = 19, 83 Hz, ArH), 765 (s,



1H, ArH), 766 (d, 1H, J = 83 Hz, ArH), 788 (d. 1H, J = 19 Hz, ArH),
9.10 (br s, 1H, NH); MS(ED) m/e 364 [M'], 189, 175, 161.

6¢c: 82% vyield, purified by washing with hot methanol. a white solid;
'H-NMR(DMSO-ds) & 513 (s, 2H, ArCHaN), 742 (d, 1H, J = 84 Hz,
ArH), 746 (s, 1H, ArH), 766 (d, 1H, J = 84 Hz, ArH), 769 (s, 1H, ArH),
8.14 (s, 1H, ArH), 11.78 (br s, 1H, NH); MS(ED) m/e 391 [M], 373, 345,
216, 188, 160.

General procedure for the preparation of amides 7.

To a precooled (-12 °C) solution of 2-amino-4-chlorobenzoic acid (1.72g,
10 mmol), phenyl-hydrazine (0.98 mL. 10 mmol), and HOBt (2.7g, 20
mmol) in dry THF (50 mL) was added N-methylmorpholine (1.1 mL, 10
mmol}). After 5 min, DCC (2.06g, 10 mmol) was added. The reaction
mixture was allowed to warm to ambient temperature after lh and stirred
an aditional 48h. The mixture was cooled to 0 °C and filtered through
Celite. The filtrate was diluted with ethylacetate and washed with
saturated NaHCOs solution twice, dried over MgSQs and concentrated.
The product was recrystalized from ethyl acetate and hexane to give 7a
(196g, 75%) as a white powder.
N-1-Phenyl-2-amino-4-chlorobenzamide (7a): mp 1667168 °C;
'H-NMR(CDCl) 6566 (br s, 2H, NH»), 628 (d, J] = 34Hz, 1H, NH),
6.6776.74 (m, 2H, ArH), 6.9376.99 (m, 3H, ArH), 7.2977.33 (m, 2H, ArH),
743 (d, J = 84 Hz, 1H, ArH), 778 (d, J = 26 Hz, 1H, NH); MS(ED m/e
263 [M"+2], 261 [M’], 124, 99.

tert-Butyl-2-(2-amino-4-chlorobenzoyl)-1-hydrazine carboxylate
(7b): yield 85%, a white powder; mp 2007202 °C; 'H-NMR(DMSO-ds) &
1.42 (s, 9H, C(CHa)3), 653 (dd, J = 2.1, 86 Hz, 1H, ArH), 667 (br s, 2H,
NH2), 6.79 (d, J = 21 Hz, 1H, ArHD), 751 (d, J = 86 Hz, 1H, ArH), 879
(s, 1H, NH), 9.95 (s, 1H, NH); MS(ED) m/e 285 [M'], 154, 99, 84, 57.

N-1-Benzyl-2-amino-4-chlorobenzamide (7c): yield 88%, a white
solid; mp 1087109 °C; '"H-NMR(CDCL) & 457 (d, J = 56 Hz, 2H, CHy),



566 (br s, 2H, NHz), 6.27 (br s, 1H, NH), 656 (dd, J=2.0, 84 Hz 1H,
ArH), 666 (d, ] = 2.0 Hz, 1H, ArH), 7.1977.36 (m, 6H, ArH); MS(ED) m/e
263 [M"+2], 261 [M"], 154, 106, 91. :

Ethyl 2(S)-2-[(2-amino-4-chlorobenzoyl)aminol-3-phenylpropanoate
(7d): vield 87%, a gray solid; mp 1387140 °C; 'H-NMR(CDCl) & 126 (t,
3H, CHs), 321 (m, J = 26, 2H, CH2), 4.19 (g, 2H, CH>), 4.9275.02 (m, 1H,
CH), 560 (br s, 2H, NH2), 6.44 (br d, 1H, NH), 6.5376.64 (m, 2H, ArH),
7.0577.32 (m, 6H, ArH); MS(ED) m/e 348 [M +2], 346 [M’], 255, 154.

General procedure for the preparation of 3-Substituted quinazoline
2,4-diones 8.

To a 0 °C solution of triphosgen (0.39g, 1.3 mmol) in THF (7 mL) were
dropwise added 7a (0.94g, 3.6 mmol) and diisopropylethylamine (0.62 mL,
3.6 mmol) in THF (12 mL) via cannula. After for 2h, the reaction
mixture was diluted with ethylacetate and washed with 5% NaHCOs;
solution, dried over MgSQ4, and concentrated. The product was
recrystalized from ethyl acetate and hexane to give 8a (0.98g, 95%) as a
white solid.
3-Anilino-7-Chloro-1,2,3,4-tetrahydro-2,4-quinazolinedione (8a): mp
2657266 °C; 'H-NMR(CDCL+DMSO-ds) & 6.74689 (m, 3H, ArH),
7.1377.23 (m, 3H, ArH), 728 (d, J = 1.8 Hz, 1H, ArH), 7.80 (s, 1H, NH),
800 (d, J = 84 Hz, 1H, ArH), 1139 (s, 1H, NH); MS(ED m/e 289
[M'+2], 287 [M7], 180, 154, 84.

tert-Butyl
N-(7-chloro—2,4-dioxo-1,2,3,4-tetrahydro-3-quinazolinyl)carbamate
(8b): vield 98%, a white solid; mp 303305 °C; 'H-NMR(DMSO-ds) &
1.45 (s, 9H, C(CHas)), 7.2577.34 (m, 2H, ArH), 796 (d, J = 84 Hz, 1H,
ArH), 969 (s, 1H, NH), 1178 (s, 1H, NH);, MS(ED m/e 238
[M"-OC(CHa)s], 210 IM"-CO2C(CHa)s], 180, 57.

3-Benzyl-7-chloro-1,2,3,4-tetrahydro-2,4—-quinazolinedione (8c): yield
96%, a white solid; mp 2667268 °C; 'H-NMR(DMSO-ds) & 508 (s, 2H,



CH»), 7.2277.33 (m, 7H, ArH), 7.95 (d, J = 8.4 Hz, 1H, ArH), 11.70 (br s.
1H, NH); MS(ED) m/e 288 [M'+2], 286 [M"], 181, 154, 91.

Ethyl-2(S)-2-(7-chloro-2,4-dioxo-1,2,3,4-tetrahydro-3-quinazolinyl)
-3-phenyl propanoate (8d): yield 97%, a white solid; mp 1267128 °C;
'H-NMR(CDCL) & 127 (t, 3H, CH3), 345 (dd, J = 102, 142 Hz, 1H.
CH2), 365 (dd, J = 54, 14.2 Hz, 1H, CHa), 4.27 (q. 2H, CH»), 5.81 (dd, J =
54, 102 Hz, 1H, CH), 698 (d, J = 1.8 Hz, 1H, ArH), 7.1077.27 (m, 6H,
ArH), 797 (d, J = 84 Hz, 1H, ArH), 10.14 (s, 1H, NH); MS(ED m/e 374
[(M™+2], 372 [M7], 299, 176, 131.

3-Amino-7-chloro-1,2,3,4-tetrahydro-2,4-quinazolinedione (9): mp
2987300 °C; 'H-NMR(DMSO-ds) 8 549 (br s, 2H, NH»), 7.2277.30 (m,
2H, ArH), 795 (d, J = 84 Hz, 1H, ArH), 11.78 (br s, 1H, NH); MS(ED
m/e 211 [M], 180, 84.

N-1-(7-Chloro-2,4-dioxo-1,2,3,4-tetrahydro-3-quinazolinyl)-3-chloro
benzamide (10)

The compound 8b (1.55g, 50 mmol) was dissolved in 4M HCI in
dioxane (30 mL) and stirred for 6h. The solution was evaporated and
dissolved in THF. The mixture was adjusted to pH>10 with 2N NaOH.
The resulting solution was added 3-chlorobenzoyl chloride (1.75 mL, 10
mmol). After for 10h, the reaction mixture was extracted with ethyl
acetate, dried over MgSO4 and concentrated. The product was
recrystalized from ethyl acetate and hexane to give 10 (1.23g, 70%) as a
white solid: mp 2827283 °C; 'H-NMR(DMSO-ds) & 7.28-7.36 (m, 2H,
ArH), 7587777 (m, 2H, ArH), 7907800 (m, 3H, ArH), 1140 (br s, 1H,
NH), 11.90 (br s, 1H, NH); MS(ED m/e 350 (M'], 180, 139, 11.

2(S)-2-(7-Chloro-2,4-dioxo-1,2,3,4-tetrahydro-3-quinazolinyl)-3-phe
nylpropionic acid (11)

The ester 8d (0.16g, 0.4 mmol) was dissolved in THF (3.0 mL), 2N
NaOH (1.0 mL) and stirred for 40h. The mixture was diluted with water
and evaporated. The aqueous phase was washed with diethyl ether and



acidified to pH 273 with IN HCl. The mixture was extracted with ethyl
acetate, dried over MgSO4, and concentrated. The product was
recrystalized from THF, ethyl acetate and hexane to give the acid 11
(0.12g, 89%) as a white solid. m.p. 277-279 °C; 'H-NMR(acetone-ds) &
3.387361 (m, 2H, CH»), 582 (dd, J = 6.2, 9.8 Hz, 1H, CH), 7.0677.24 (m,
7H, ArH), 790 (d, J = 84 Hz, 1H, ArH), 1038 (br s, 1H, NH); MS(ED
m/e 299 [M"-CO2], 147, 91.
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