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Synthesis of (*)-cis-8-amino-1-2,3,4,4a,5,10b-hexahydrothiazolo[4,5-flindeno
[1,2-b][1,4]oxazine

Eunsook Ma*
College of Pharmacy, Catholic University of Daegu, Hayang 712-702, Korea

Abstract — 2-Aminothiazole ring as a bioisoster of catechol in dopamine has provided with good oral availability and lipo-
philic property. 2-Aminoindan, is a rigid form of dopamine, was evaluated as a dopamine D3 agonist with low neurotoxicity.
Dopamine D3 agonist was evaluated as selective for the treatment of Parkinson’s disease. In order to develop a novel
dopamine D3 agonist, we tried to synthesize the aminothiazoloindenoxazine derivative that is a hybrid structure of ami-
noindenoxazine and thiazole ring. ¢is-2-Amino-1-indanol (2) was synthesized from 1,2-indandione-2-oxime by catalytic
hydrogenation and it was treated with chloroacetyl chloride and NaH in benzene solution to give (=*)-cis-4,4a,5,9b-tet-
rahydroindeno[1,2-b][1,4]oxazin-3(2H)-one (6). Nitration of 6 by the mixed acid gave 8-nitro compound (7) and the carbonyl
group of 7 was reduced with LiAlH, to afford compound (8). 8 was reduced to form (=)-is-8-amino-2,3,4,4a,5,9b-hexahy-
droindeno[1,2-b][1,4]oxazine (9) and finally it was cyclized with KSCN in glacial acetic acid to yield (=)-¢is-8-amino-
2,3,4,4a,5,10b-hexahydrothiazolo[4,5-f]indeno[1,2-b][1,4]oxazine (10).
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2 F5 2-aminothiazole 7325 35422 7FAal 310 (Fig.
1), ©] % pramipexok> DA D3 receptor selective agonist©]T}.
2-Aminothiazole £+2] amino group> dopamine T-%2] catechol
OH group®l lg3l= Z .2 2-aminothiazole> catecholX.t}
Z ©l AgAolal oral availabilityS 33A171HY radical
scavenger®=A 9] 71503} dAlalso] Qi Zo® RaEe] 9l
) 78 PR o)% 3}3%-2 nigrostriatal pathwayoll sl E=3hvl
d A AGE 3 EAA 9IS D] TS SsAA B
ole} reactive free radicals A7 o EA] Ho| 1S 1
Ao 74, amino’] 9] nitrogen ligandle] A
A} QFgAel s 7ok Ao defA] kd

Aromatic ringell hydroxy group®] X|$Hel 2-aminoindan %
A= DA agonist #H-g-0] 91O 29 o]2 2-aminothiazole ¥}
incorporation A]%1 aminothiazoloindan =3+ free radical
scavenger 28-S 7FA|HA] DA agonist® 2F8-80] HaEo] Q)
©ml9 £35] GMC 11112 DA D3 receptor®] affinity”} %tk
(Fig. 1). T3+ benzopyranoxazine =A< PD 1289072
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Fig. 1 — Dopamine D3 ligands.
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Fig. 2 — Hybrid structure of aminothiazole, aminoindan and oxazine ring.

selective DA D3 receptor agonist'V o]t} w8 &-ekol| Aul A4
glz)9lo] B HJrh?

B AFolMi= oral availabilitys -4|5PHA] AeiAdy} gdo]
—1—7}51 DA D3 agonists 3338171 $Isto] $lelA Agst 34
5= 2-aminothiazole, 2-aminoindan?} oxazine moeity
% B hybride AlA €& 4 &= 318512 aminothiazolo-

indenooxazine &3-S 434} 313 tH(Fig. 2).

NERC
Aot 2Pl
BE ¥4 3p7] Aol e wpHoE Al % 7

Z3}0] A}%s].oa ou1 40l Do sk Aloke- Aldrich, Fluka, 2
Sigmarke] S+ 2 dE5-E ARSI 4 5792 Gallenhamp
Melting Point Z%37]2 AF83l 1 &5 AL 811 kvt
'H., BC.NMR % NOESY spectrume Varian 400 MHz
spectrometers ARE51310L 8= CDCl; CD;0DS} DMSO-d;
= X183 21 chemical shifti= tetramethylsilans V) 5-3%5
=42 AE3F] §(ppm) W2 EAISFA I coupling constant
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(D#2= HzZ YERR AT IR spectrum-> Jasco FT-IR 300E
spectrometers ARES10] 114 AlHi= KBr discH O =2, HA A
F+ st platet 02 =43} 11 GC-Mass= SHIMADZU
QP5050 models A3 ETH o2 FAs1Sit). visa2v}
E7#3I)(TLC)E silica gel plateMerck, 60F,5)5 AMH-3F1L
31E9 B W AAE 98] medium performance liquid
chromatographyMMPLC)= YAMAZEN MPLC YFLC-AI-580-
10VE A3 37 column chromatography+= silica gel(Merck
9385, 230~400 meshyZ o] g3l on AAGozE 3ES
A sk

o

éé

A ghdnpd

ZA) ePd9dE Scheme 13} 2 o] YERHITE. 1-IndanoneS
hydroxylamine¥} ¥H$-A|7 &2 1,2-indanedione-2-oxime(1)<
10% Pd-C Zvj sl 54 $-LAA (£)-cis-2-amino-1-indanol
(2)S A, 3135 25 ethyl acetate 27 Fol}4 chloroacetyl
chloride®} W& A1 A3} (£)-N-chloroacetamino-1-indanol(3)
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Scheme 1 - Reaction of 2 and chloroacetyl chloride.
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Scheme 2 - Synthesis of aminothiazoloindenooxazine derivatives.

o] ddojxt}. 313HE 3= isopropyl alcohol®} NaOH £4) &tol]
2] WESAIZ1 A3} (+)-cis-2-N-n-isopropoxyacetamino-1-indanol
(4] 4% 2, methylene chloride/methanol (10/1) €1
A metal Nag} WESAIZ] ZA-9-oll= 318E 571 &% dojxitt
(Scheme 1).

335 28 benzene FolA NaHQF WHS-AJFA (£)-is-
4,4a,5,9b-tetrahydroindeno[1,2-b][1,4]-oxazin-3(2H)-one(6)= A
a3l ZAxko R UERSIAA 8-nitro-4,4a,5,9b-tetrahydroindeno[1,2-
bl[1,4]-oxazin-3(2H)-one (8)S MJ3Itt. o1& LiAIH,=E 3Hl
AlA 1,4-oxazine O F 33} 4 HE $RIA)F 8-amino -
T A(9)2 A1 potassium isocyanate$} WFSAA (£)-cis-8-
amino-2,3,4,4a,5,10b-hexahydrothiazolo[4,5-f]indeno[1,2-
bl[1,4]oxazine(10)2 AEA o7 A5 tHScheme 2).

@B-cis-9 (31%)

@-cis-3 (83%)

Na, RT, 1h
CH,C1,/CH;0H(10/;)

"o
s

“mNHCOCH,0OCHj;

o

@)-cis-5 (20%)
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—_—
THF, reflux
Sh

O’>
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®-cis-10 (63%)

&-cis-7 (73%)

NH

N
— N
glacial S
acetic acid

70C, 12h

2} slgtEel &

1,2-Indanedione-2-oxime(1) — 1-Indanone(3 g, 22.70 mmol)
< methanol(100 ml)°ll %<9 ¥ isoamylnitrite(3.47 g, 29.68
mmol)E 7}kl 93710l ¢-HCI@ m)E A1A138] 71t - 45°C
oA wRkeIGITE AT 3 RbE FRE RIS & HARow
WZA71aL 552 7Iste] S AEAIEH. ol ofFtsto]
AT 4GS AT IS column chromatography(ethyl
acetate : #-hexane=1:5)% AxMe] A4S AU} Yield:
2.56 g(70%), mp: 205~207°C, *H-NMR(400 MHz, DMSO-d;)
&: 3.79(2H, s, C4-H), 749(1H, t, /=76 Hz, C,-H), 7.63 (1H,
d, J=7.6 Hz, Ar(C,)-H), 7.72~7.77(2H, m, Ar(C; Cg-H), **C-
NMR(100 MHz, DMSO-dy) 8: 29.0, 124.2, 128.0, 1285, 136.5,
138.2, 147.8, 155.0, 190.0, GC-Mass(EI, M™) m/z: 161.
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(£)-cis-2-Amino-1-indanol(2) — 10% Pd-C(1 g, 9.40 mmol)
2] 95% ethanol(50 m/) &1 EFo]l 1,2-indanedione-2-oxime(2 g,
12.42 mmol)E 7}5FaL 50 psi®. & 24417F ¢t =4 HE 3
A7t ¥ FEE ERIELL celite pad® ©l78lo] 10% Pd-C
5 AL ool 79t FEsle] FAdEES L3It ©fE ethyl
acetate?} n-hexane®Z A3} WAe] s A4 1.2 g(65%)
S A}, oJM2 column chromatography(methanol : methylene
chloride=1: 9= 2] Asto] W] F43t 3}3E 20 mg
2%)2 A1tk Mp: 103~105°C, 'H-NMR(400 MHz, DMSO-
dg) &: 246(1H, dd, /;=8.8Hz, J,=15.2Hz, H-3a), 2.99(1H,
dd, /;=74Hz, J,=15.6 Hz, H-3b), 3.20~3.26(1H, m, H-2),
453(1H, d, J=6.4Hz, H-1), 7.12~7.25(4H, m, ArH), *C-
NMR(100 MHz, DMSO-d;) &: 38.9, 63.6, 82.6, 124.5, 125.0,
126.9, 127.9, 140.7, 145.8, GC-Mass(EI, M") mi/z: 149.

(%)-cis-2-N-Chloroacetamino-1-indanol(3) — 2-Amino-1-
indanol(2, 1g, 6.71 mmol)}S- ethyl acetate(25 m/)°l] =<1 3 0°C
2 YZA)7)ar o37)e)| chloroacetyl chloride(910 mg, 8.05 mmol)
©] ethyl acetate(7 ml) &= 41A13] 7kl 10°CollA] 1AI7E
HRSAIZ] 3 58 718kaL ethyl acetate® FE3kal F<= MgSO,
2 2%, of3fslo] P ojolg ek FHdle] A vigAe|
S-S ethyl acetate$} n-hexane©. = A4 slo] WMAo] =50
3k 31 ES AT}, Yield: 1.15 g(83%), mp: 157~159°C, 'H-
NMR(400 MHz, DMSO-d ¢) &: 2.63(1H, dd, /;=8.2Hz, J,=
15.8 Hz, H-3a), 3.17(1H, dd, /;=8.0 Hz, J,=15.6 Hz, H-3b),
4.09H, s, -COCH,CI), 4.14~4.18(1H, m, H-2), 4.93(1H, d,
J=6.4Hz, H-1), 557(1H, s, -OH), 7.18~7.31(4H, m, ArH),
8.59(1H, d, /=7.6 Hz, -NH-), *C-NMR(100 MHz, DMSO-dj)
5: 36.2, 43.4(—COC_HZC1), 60.2, 78.7, 124.7, 125.2, 127.3,
128.4, 139.8, 144.6, 166.7(C=0), GC-Mass(EI, M+—H20) m/z:
207.

(£)-cis-2-N-Isopropoxyacetamino-1-indanol(4) — 2-N-n-
Chloroacetamino-1-indanol(3, 1 g, 4.4 mmol)< isopropyl alcohol
(80 m)ell 521 ¥ NaOH(700 mg)S H,O(7 m)ell 521 g-HS
7hgtet. A2ollx] 24A13F RESA1Z §- 5 M HCIZ F31A)70 v
& A FF3to] 2-propanols A|ASIL T o] el =& 7t
F3l ethyl acetate= F+E3IAth. = MgSO,= 7=, o173t
I 7%} 55319 W d% crude compoundE ethyl acetate®} -
hexane® & AA7sto] WA e] =5k 3155 AT Yield:
635 mg(58%), mp: 160~162°C, 'H-NMR(400 MHz, CDCly)
8: 1.17~1.26(6H, m, -OCH(CH,),), 2.82(1H, dd, /;,=9.2 Hz,
J,=152Hz, H-3a), 337(1H, dd, J;=8.4Hz, J,=15.2 Hz, H-
3b), 3.66~3.72(1H, m, -OCH(CH3),), 3.99(2H, d, /=4.4 Hz,
-COCH,0CH(CHy),) 4.25~4.30(1H, m, H-2), 5.10(1H, d, J=
6.4 Hz, H-1), 7.02(1H, s, -NH-), 7.19~7.44(4H, m, ArH), “C-

o

O
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NMR(100 MHz, CDCl,) 8: 22.2(-OCH(CHj),), 22.2(-OCH(CHs,),),
36.0, 61.6, 67.7(:OCH(CHs;),), 73.3(—COC_HZO), 81.6, 124.6,
127.7, 1285, 1382, 142.6, 172.7(C=0), GC-Mass(El, M*-
H,0) m/z: 231.
(*+)-cis-2-N-Methoxyacetamino-1-indanol(5) — 2-N-x-Chlo-
roacetamino-1-indanol(3, 1g, 4.4 mmol)= methylene chloride
(60 m)el =1 F- oy 7]l T4 Na(0.3 g, 13 mmol)E 7}a}il
methanol(5 m)E 71313tk 117 A 2ojA] WhA|A E1
o] t} AR A& ER131aL methanols A ATIL H-2 %
o]l &3} methylene chlorideZ 7131 7155 FE3
MgSO,= 71z, of3}, ofohg 78t s5slo] 2A4& &
column chromatography(ethyl acetate : hexane=1:3)%
gAsto] M) =aesth SekES AUt Yield: 194 mg(20%),
mp: 121~123°C, 1H—NMR(400 MHz, CDCl,) 8: 2.82(1H, dd,
J1=92Hz, J,=152Hz, H-3a2), 3.37(1H, dd, /;,=9.2Hz, J,=
15.2 Hz, H-3b), 3.46(3H, s, —OCHS), 3.97(2H, d, /=5.6Hz,
-COCH,0CHy), 4.27~4.30(1H, m, H-2), 4.80(1H, s, -OH),
5.10(1H, d, /=6.8 Hz, H-1), 6.95(1H, s, -NH-), 7.19~7.21
(1H, m, ArH-4), 7.25~7.45(4H, m, ArH), “C-NMR(100
MHz, CDCly) &: 36.0, 59.4(-OCHy), 61.6, 71.9, 81.6, 124.6,
124.6, 127.8, 128.5, 138.2, 1425, 172.0(C=0), GC-Mass(EI,
M*) m/z: 221, (EI, M*-H,0) m/z: 203.
(£)-cis-4,4a,5,9b-Tetrahydroindeno[1,2-b][1,4]-oxazin-
3(2H)-one(6) — 2-Amino-1-indanol(2, 300 mg, 2 mmol)> NaH
5 SN F benzene(10 mi)ol| 718kaL, o] dEHof NaH
(1032 m@)E 7kskal A-2oA] A7F HEEAIT] - 78 FollA]
2AIRF st SAIZICE o] ARPE gRlskal Rk
o B2 713t ¥ ethyl acetate® FE3}1L 0|5 H2 JAL
2 AHskaL §4= MgSO,% 1%, o3 2 7t 553}o] 1)
Aol AHFES At). ©]5 MPLC(methylene chloride :
methanol=95 : 5) 2] A|ste] WA ] 43t sHES o
oIt}. Yield: 262 mg(64%), mp: 168~170°C(171~172°C).1?
(+)-cis-8-Nitro-4,4a,5,9b-tetrahydroindeno[1,2-b][1,4]-
oxazin-3(2H)-one(7) — 3}3% 6(500 mg, 2.65 mmol)<- nitro-
methane(10 ml) o &3)A17]2 A-2of|A c-HNO;(0.2 ml), c-
H,S0,2.7 m)Z} H,0(0.5 ml) S5t AAJ8] 7Iskar 2 AlRE HE
& AZTE HheEES WS FollA] 10% NaOH 840 %
k713 A7]3L ethyl acetate® &3 ¢ MgSO,= 7=, 917}
sta o] g ZHSF FHste] 2] fAAEAS At ol &
MPLC(methylene chloride : methanol=9: 1)% 2] g A3}
A =43 2R AT Yield: 453 mg(73%), 'H-
NMR(400 MHz, CDCl,) &: 2.80(1H, dd, /;=9.0Hz, J,=15.0
Hz, H-5a), 3.32(1H, dd, /;=8.0 Hz, J,=14.8 Hz, H-5b), 4.01
(2H, s, —COC_HZO), 4.31~4.35(1H, m, H4a), 5.13(1H, d, /=
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5.6 Hz, H-9b), 6.02(1H, s, -NH-), 7.38(1H, d, /=8.6, Ar(Cy)-
H), 7.98~8.012H, m, Ar(C, Cg)-H), “C-NMR(100 MHz,
CDCl,) &: 369, 52.3, 75.7, 80.1, 125.1, 126.0, 129.3, 139.7,
143.2, 145.0, 171.8, GC-Mass(EL, M™) m/z: 234.
(%)-cis-8-Nitro-2,3,4,4a,5,9b-hexahydroindeno[1,2-
b][1,4]-oxazine(8) — LiAlH,(160 mg, 4.2 mmol)2] = tetra-
hydrofuran(20 ml) & ErHof 3}3HE 7(300 mg, 1.28 mmol)=
tetrahydrofuran(5 m/)]l 317131 A4 434 718F 3 5
AIRE BRF 7K SAIZC RRSEEES W71 &, 10%
NaOH €902 AJ&3la tfA] &3 ethyl acetateS 713510 5
5] WHFSHIL ethyl acetated= =S - 77 MgSO,= 7
%, offslo] A of e I8t wEslo] M fEAS ¢
31 ©]% column chromatography(methylene chloride : methanol
=9: D& w2 gAlste] T gt SRS A Yield:
214 mg(76%), mp: 156~158°C, 'H-NMR(400 MHz, CDCl,)
d: 2.68(1H, dd, /,=8.6Hz, J,=14.6 Hz, H-5a), 3.06(1H, dd,
J1=74Hz, J,=14.2 Hz, H-5b), 2.68(H, t, -CH,CH,0), 3.60
(2H, t, -CH,CH,0), 3.31~3.35(1H, m, H-4a), 4.54(1H, d,
J=52Hz, H-9b), 7.351H, d, /=84, Ar(Cy-H), 7.96~8.00
(H, m, Ar(C,, Cy-H), C-NMR(100 MHz, CDCl,) &: 35.9,
487, 56.7, 70.6, 79.8, 1249, 125.7, 1285, 141.6, 143.7,
146.0, GC-Mass(EI, M*) m/z: 220.
(*)-cis-8-Amino-2,3,4,4a,5,9b-hexahydroindeno[1,2-
b][1,4]-0xazine(9) — 10% Pd-C(270 mg)2] 95% ethanol(30 ml)
Hetolo] 318HE 8(200 mg, 0.91 mmo)E 718kl 4= 9
A)el14] 50 psi, 50°Cellx] 3 AR AT BEg- F5 F o]
Hakar oS 7t FFsto] fEAS ¥, ©1F column
chromatography(ethyl acetate : #-hexane=2: )% 2| A5}
o WA 43k SMEES AUtk Yield: 140 mg(81%), mp:
134~136°C, 'H-NMR(400 MHz, CDCl,) &: 2.54(1H, dd, J;=
78 Hz, J,=13.4Hz, H-52), 2.87(1H, dd, /,=7.0Hz, J,=13.8
Hz, H-5b), 2.60@2H, t, -CH,CH,0), 3.58(2H, t, -CH,CH,0),
3.27~3.30(1H, m, H-4a), 4.43(1H, d, /=5.0 Hz, H-9b), 4.86
(2H, s, NH,), 5.87(1H, s, NH), 6.35~6.39(2H, m, Ar(C,,
Co-H), 6.88(1H, d, /=72 Hz, Ar(C¢-H), *C-NMR(100 MHz,
CDCly) &: 355, 48.1, 559, 71.3, 78.9, 114.6, 1189, 125.7,
125.9, 140.9, 146.0, GC-Mass(EL, M™) m/z: 190.
(£)-cis-8-Amino-2,3,4,4a,5,9b-hexahydrothiazolo[4,5-
flindeno[1,2-b][1,4]-0xazine(10) — 3} 35  9(100 mg, 0.53
mmol)¥} potassium thiocyanate(102 mg, 1.06 mmol)= =] At
@ miel| =o]aL 70°Cell 12417t wrksISItE TLCRE HEgo] &
A5 FRIska ©)F 10% NaOHZ 973171 F B2 3
A A)7]aL ethyl acetate® 33] F+E3}aL brined} &= A2t &
7 MgSO,2 1%, ofFfsto] & ofdls 7Ijt s5ato] 244

o] FAHEAS A} ©1F column chromatography(methylene
chloride : methanol=9 : )E 3] 2] AAsle] F-A9] $=5=%F
3322 A9t) Yield: 82 mg(63%), mp: 179~181°C, 'H-
NMR(400 MHz, CDCl,) &: 2.52(1H, dd, J,=7.6 Hz, J,=13.4
Hz, H-52), 2.88(1H, dd, /,=7.2Hz, J,=13.6 Hz, H-5b), 2.62
@H, t, -CH,CH,0), 3.56(2H, t, -CH,CH,0), 3.25~3.27(1H,
m, H-4a), 441(1H, d, J=5.1 Hz, H-9b), 7.15(1H, s, Ar(C,)-
H), 7.38(2H, s, NH,), 742(1H, s, Ar(C,)-H), 8.10(1H, s,
NH), ®C-NMR(100 MHz, CDCly) &: 365, 50.1, 56.9, 72.1,
79.0, 1145, 117.9, 127.9, 131.0, 141.2, 147.4, 169,1, Mass
EL M™") m/z: 247.

TR
1,2-Indanedione-2-oxime 1-indanones isoamylnitrite®} Wk
SAA T o] oximes FAFF S $H REEAIA
HAElA 07 (+)¢is-2-amino-1-indanol(2)S 401 'TH.NMR
3
1131313 coupling constant #k¢] 6.4 HzQ! Z1 02 ul5o] ¢is
isomer 9= & 4 AT T3 1D-NOESY spectrum 573 2
3} H-13} H-2 52 7kl correlationo] #2= Q). 3185 28
oxazine ring®. 2 A7) $3lo] ethyl acetate E-mijol A
chloroacetyl chloride®} ¥F5-A171 A%} NH,ell chloroacetyl”]7}
As 35HE 35 99k o] "H-NMR spectrumell 4] 4.09
ppmellA] singlet peak$! CH,2) <=4 2719} C-NMR spectrum
oA 43.4 ppmellXe] CH, ©:4:9} 166.7 ppmellX] carbonyl’] &
2245 chloroacetyl 717} A3 sh3hE 30] IMIENSS &
Q15131 ©]& oxazine $0® F/Jst7] flste] E&lA] A
g ] Fale] ofe 714 971 2 (NaOH, KOH, K,CO;
Na,CO,)°A isopropyl alcohol = Ev& ARE3l] HESAIZ] A
3} (£)-cis-2-N-isopropoxyacetamino-1-indanol(4)e] <ol AT},
o]+ 'H-NMR spectrum ©] 1.17~1.26 ppmel|A] isopropyl”] ]
methyl proton peak® RIS}, & WdAMd 2liQl isopropyl
alcoholo] 47]9} ¥-3-3}9] isopropoxide’} E©] chloroacetyl 7]
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