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Abstract

With the view to creation of novel molecules with characteristic structures and biological activities, strategies for
the design and synthesis of various novel heterocyclic linking compounds manipulating substrate scope of reactions
of 4 -substituted pyrazol- 3 -one derivatives are described.

Firstly, features and substrate utilities of 4-dicyanomethylene-pyrazol-3-one derivatives 1 have been
investigated. In this study, synthesis of novel pyrazol- 3 -one derivatives containing pyrrole ring 4 was accomplished
via a new one-pot three-component reaction of 1, acetylenic esters 2 and anilines 3. Secondly, intramolecular
cyclization reactions of 4-hydroxy ketoximes 7aa—ad, which were prepared from pyrazol-3-one derivatives
containing 4-hydroxy ketone moiety 6aa-ad through an oximation have been researched. The reaction 7 aa—ad
with acetic anhydride or p-toluene sulfonyl chloride in the presence of potassium carbonate gave novel spiro
pyrazol-3-one derivatives containing isoxazole ring 9aa—ad. On the other hand, treatment of the 7aa—ad with
[hydroxy (tosyloxy) iodo] benzene (HTIB) caused an oxidative N-O coupling reaction to afford novel spiro
pyrazol-3-one derivatives containing isoxazole N—oxide ring 10aa—ad. Interestingly, 9ad showed high DNA
cleavage activity in vitro with Cu?*. Therefore, a facile approach for the synthesis of novel isoxazole derivatives 9
has been developed. Aldol reaction of pyrazol-4,5-dione 11 with methyl ketones 12 yielded aldol adducts 6 . Then,
synthesis of 9 was achieved via an oximation/potassium carbonate-assisted intramolecular cyclization of aldol
adducts 6. Finally, novel isoxazolone-methylene-pyrazol- 3 -one derivatives 15 were synthesized from aldol adducts
14, which were prepared from 11 and methyl acetoacetate 13.

These results offer the prospect of further synthetic application for novel derivatives.
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L 4=V VYT I AFVV-ETY = N-3-F VRERILAEML LEHBE T Y - -3-F V-t —if

BARDOEIZDONT
1.1 ZYX¥FVVIINKVBYIATARBEOT7Z =) VEREDT VR b= 8RE08 % R L 7=

Ik

BHEWTEEP OSBRSS CEL4-V v T /) AF LY -¥F = V-3_F V41 [2] ®
EEARMICER L, ZERIOFHEAT 0BEFHLEMO KT BIf Lz, 40, 1, 7EFL Y
ANVRKRVBEY T AT NVEH2BL 7 =) VHE3ICE AT Ry =ZFa#Ec s AT 4528 T, AE
OYe Fav) Y S s R0 R AE &R L7z [3]. 2085, BENOREMN I/ 5 FNERLRG 2
HATL, FIHET V=V 3-F - ¥Oo—ViFE A monbs T e x AliL7ze TETF LI ANVEY
By T A7 VEE2 (1.5mmol) BLX 7= Y43 (1.0mmol) # % / — )V, ZJE 1 ERRITEHE L 721212,
4—V T ) AFL Y -ET = )b=3-F Y41 (1.0 mmol) %%, FiRTEHIZ24HKISSEE L
W2& 0, 30FEFO Y0 — VSRR O G R A ERK L 72 (40-81%, Table 1) o

YO — VG E R4 ORI, KD L) ICHERE SN D (Scheme 1), T3, 7=V YHHIET L
FLYIHVKRVRY T AT VE2BRIG L, BMEAF VAP E NS IRVT, A4V 27/ X
FLY-ETV =3 F VLA VAL, SEBAIERSINL, 512, BOT I /&y
T NGRS 5 2 LI L DT HBRILS AR L, 404K T 5, WML LT, 1L TA
WYA T VAEINT B0, BEZIZCOMNIMAENREZSNLED, CEVIBOLINPE T V- VEERY A
TOREGHEERY Lo TNAH7D, ADERPELRINTZEERZLTnD, YO T/AF VIV Tt
FLYIVHINVRERUVBY ZATVEBIOT I VEEHWA e Fu ) 2 VBREROEEGIIW D2h
HAHN, Cu— VEIERINKSE, FEEOMBIEY TlX, ARISIZLDTORITH S,
1.2 MIBREIAY TV =L -3-F v - B0 — L B8 RS YGE

PR o — )V FER 41 Z OIS, S CH® A WIZOHANC EERM LT 22 51, IRBL O
NMR A7 NUTF— b F N2 T LR TH o7 22T, WEEHETLIEME LT, Ea—i
EAEHER 4aaa DT LT WAL AT > 72, 4aaa % BKFEREF, 120 °CTI3RMGSE L E, V7 F
K5 255 54172 (70 %, Scheme 2) o
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R b1 A (2.0 mmol) L/ — )V, SEHSMET C2IEMUS S, 7 b+ F 2 A%HTaa-ad 124
Bl 720 IRNT, Taa—ad T HEER T2 2 & 2 CRUBICH, WBEFETICE 27T VE, AV vk



Table 1 Substrate scope of the reaction for pyrazol- 3 -one derivatives containing pyrrole ring 4

R3 CO,R? R3 CO,R?
CO,R? 2

NC— Me o " CN Me . CN Me
}N CO,R? ,\N I\
O~ °N N | | N 0" °N _ HO™ "N~
Three-component
CO,R? NH, Reaction 2
R' 24P 3ae CH form R’ OH form R
1a-c? 4

Entry Substrates R? R? R® Product Yield (%)°
1 1a/2a/3a H Me H 4aaa 70
1a/2a/3b H Me Me 4aab 81
3 1a/2a/3c H Me Et 4aac 63
4 1a/2a/3d H Me "Pr 4aad 73
5 1a/2a/3e H Me MeO 4aae 77
6 1a/2b/3a H Et H 4aba 71
7 1a/2b/3b H Et Me 4abb 73
8 1a/2b/3c H Et Et 4abc 65
9 1a/2b/3d H Et "Pr 4abd 62
10 1a/2b/3e H Et MeO 4abe 78
11 1b/2a/3a Me Me H 4baa 40
12 1b/2a/3b Me Me Me 4bab 47
13 1b/2a/3c Me Me Et 4bac 51
14 1b/2a/3d Me Me "Pr 4bad 56
15 1b/2a/3e Me Me MeO 4bae 72
16 1b/2b/3a Me Et H 4bba 53
17 1b/2b/3b Me Et Me 4bbb 53
18 1b/2b/3c Me Et Et 4bbc 52
19 1b/2b/3d Me Et "Pr 4bbd 57
20 1b/2b/3e Me Et MeO 4bbe 78
21 1c/2a/3a NO2 Me H 4caa 56
22 1c/2a/3b NO2 Me Me 4cab 73
23 1c/2a/3c NO2 Me Et 4cac 65
24 1c/2a/3d NO2 Me "Pr 4cad 63
25 1c/2a/3e NO2 Me MeO 4cae 70
26 1c/2b/3a NO:2 Et H 4cba 48
27 1c/2b/3b NO:2 Et Me 4cbb 67
28 1c/2b/3c NO:2 Et Et 4cbc 67
29 1c/2b/3d NO:2 Et "Pr 4chd 67
30 1c/2b/3e NO:2 Et MeO 4cbe 68

@ Reaction conditions: 1 (1.0 mmol), 2 (1.5 mmol), 3 (1.0 mmol), EtOH, rt, 24 h.
blsolated yield.
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Scheme 1 Proposed a plausible reaction mechanism
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Scheme 2 Synthesis of diacetylated derivative S



FF b UNVEOER, FRUH L O THRILO2 TROS 2R L 72 ZO#%E, Taa—adll bV T
v REES ) 7 A (2.5 mmol) AFE T, EKEERR (1.2 mmol : 7aa—ac @ HW72354) F 721386 /85 b
VI Y A=)V (1.2 mmol : 7Tad ¥ AV 72856) Z&MEG T CIRMRISSEL L, AT 4
VA XY= BT =) _3-F YiFEAR9aa-ad D SN D T L& FHT L7z (40-64%, Table 2) o

Table 2 Synthesis of spiro pyrazol-3 -one derivatives containing isoxazole ring 9 aa—ad

R R R
(@) HO~~N R'O~N y
Me Me Me N Me
HO \ > HO \ - . HO \ —> 0O \
N 1) Oximation @ _N 2) Acetylation _N _N
oy A T
Tosylation ?

Ph Ph osylation Ph Ph
6aa-ad*? i 7aa-ad | B 8aa-ad | 9aa-ad
Entry Substrate R R' Product Yield (%)°

1 6aa Ph Ac 9aa 57 (from 6aa)
2 6ab 4-Me-CsHa4 Ac 9ab 64 (from 6ab)
3 6ac 4-Cl-CeH4 Ac 9ac 54 (from 6ac)
4 6ad Me Ts 9ad 40 (from 6ad)

@ Reaction conditions: 6 (1.0 mmol), NH20H-HCI (2.0 mmol), NaOAc (2.0 mmol), EtOH, reflux, 2 h.
b Reaction conditions: Ac20 (1.2 mmol) or TsCl (1.2 mmol), K2COs (2.5 mmol), toluene, reflux, 3 h.

¢ Isolated yield.
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Scheme 3 Proposed a plausible intramolecular cyclization mechanism of the intermediates 8



2.2 BT FRIEICKZ 7 P43V AKOBILMN-0 5 v 7)) v ZRE%RA L -5 (L)
AV FFH = VEREFEROPEEREE ML TN, BRI 7 RAEICL27 M E X2 48
7O TN 2 #E L7z [6]e 97, Ak (2.1) LREBOHFEICLY, 7+ v H6aa—ad% 7 b
¥ ¥ A Taa—ad ~E AR L 72, IR\C, HTIB ([Hydroxy (tosyloxy) iodo] benzene; [ F ¥ (k1
*¥3) 99— F]X2y¥ ), PIDA (Phenyliodine (III) diacetate; 7 = =)V I —3 > Y7+ % — ), PIFA
(Phenyliodine (III) bis (trifluoroacetate) ; 7 = =)V —Y Y LA M) 7407 t¥ — ) O3FEFHOMIE
Tl 3 FAIE A B ICES, Taa—ad DFRILIIN-O S v 7)) ¥ VIS %A L 720 O#5 %, DMF
(N,N-dimethylformamide; N,N- ¥ A F VAR )V AT I K) Wi, 7aa-ad & Tl 3 7 FZiXFEHTIB ([Hydroxy
(tosyloxy) iodo] benzene; [E FO ¥ (F> ¥ <) 3— K] XYE¥2) (1.1 mmol) % ZE i T 1R Kt
XL b, PHAEO - A VFFHF = V-E¥5V—)V-3-F U N-F F ¥ FFHEK10aa—ad S ESN D 2
ExEFRM L7 (44-69%, Table 3) o

N-7F ¥ ¥ FifEfk10aa-ad (X, BEEESISIZE D 2.1 TEK LA Vo F4 0 — Vi 7FE K 9aa—ad
ICHETE 2L L0 [7], fBEHRL HO TZOEME 1T > 72, 10aa—ad % i) Sk k1) A F )L,
10 CTIRHMIG S5 &, ZNZNIET 5 9aa—ad 3 H 1172 (68-89 %, Table 3) o

Table 3 Synthesis and deoxygenation of isoxazole N-oxide derivatives 10 aa—ad

R
O -ty
Me O-N Me N 7 Me
HO \ 0} \ _ > O \
o _N 1) Oximation @ o _N Deoxygenation °© o N
2) HTIB-mediated N T
Ph Oxidative N-O coupling ? Ph Ph
6aa-ad 10aa-ad 9aa-ad
Entry Substrate R Products Yield (%)?
1 6aa Ph 10aa/9aa 69/87
2 6ab 4-Me-CsH4 10ab/9ab 44/85
3 6ac 4-Cl-CeH4 10ac/9ac 55/89
4 6ad Me 10ad/9ad 59/68

@ Reaction conditions: 6 (1.0 mmol), NH20H-HCI (2.0 mmol), NaOAc (2.0 mmol), EtOH, reflux, 2 h.
b Reaction conditions: HTIB (1.1 mmol), MS4A (50 mg), DMF, rt, 1 h.

¢ Reaction conditions: 10 (1.0 mmol), P(OMe)s (5.0 mmol), 110 °C, 1 h.

9 |solated yield.

A VA XY= UN-F F 2 FEREFEER 10 OERREEIL, KO L) ITHEZ NS (Scheme 4), 77,
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Lo AL F VRPERT 5. 8512, FOL FOF U EPEREFET 2 RELET LI LIZL YN0 v
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THE2MEEETVL, ZOERFFEIL, RSHICERTL2KESE2OBEL2VE, N-F %V
Z ML= A F VP ORER T ZIKIRBLEL CTHA 2 2P EITT 5720, IEMETT 52
EERRIEL TS,
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Scheme 4 Proposed a plausible reaction mechanism
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LPFRETIEIINE T, HERGEEL DNASYBIEEE AT 20 ET V-V BLIOE T V=L
=34 VFHEEERB LT A [4b, 8]0 € 2T, AEIEHL7ZHHA VA4 F 9 — )L #iE R E K 9aa-ad
BEOA VA FH V= UN-F F ¥ FHEAEFEK10aa-ad DFLERIEE & DNASHYIWHE L O %47 - 726

PLERIEVE, Candida.albicans B £ O Saccharomyces .cerevisiae \Z & L CEFi L 72o NCCLS (National
Committee for Clinical Laboratory Standards, *KEFFRMAIEE T H ) OM27-A2FE % #EHLL, MIC
(Minimum inhibitory concentrations, f/NEHEBLILIEE) TFHHiL7z& 25, WIhofb&W bifkiEiEo
LN ro72,

DNA SHUIWIG 4L, 7°7 A I FpBR322 ? ccc-DNA (covalently closed circular duplex DNA; FE#{K DNA)
OWARE T L 720 FO#EF:, Cu*fFETICB VT, 9ac,ad B L F10aa—-ad |2 DNA SETIWHEED R0
bM7ze TOHRTOHHIZ, 9dIZ5HV DNASHEIMIEIEZ R L 720

REFFELWFE Z, ROT IV F— VARG~ LB L 72,

3. ¥V —N45-TUF Y TR IUisERILGYE LBl Ava- 4 VdFF 3y —L-v 5 —
NB3-FVEIVUAVAFHF IR UAFVV-ETFTY =N _3-F ViFEEDHRIZOWT

3.1 AFUFT FUVBEDTI = UAHIHAE R L 7= 50K
STELRERFTHA VA T — VSR A AR LT, - FaFxT - ¥I V- )L-3_%



Table 4 Substrate scope of the reaction for aldol adducts 6 and isoxazole derivatives 9

R? R2 R2
o] R'O~N
0 Me Me Me N\/ Me
2—\<N HO { HO {, o) {,
0™ "N’ R? 07 N’ 07N 0N
c A ——— —
(o) Me Aldol 1) Oximation
12a.p  Reaction? 2) Acetylation
R’ R Tos())/lration c R’ R'
11a,b,d® 6 8 9
Entry Substrates R R? R' Products Yield (%)?

1 11a/12a H Ph Ac 6aa/9aa 75/57

2 11a/12b H 4-Me-CeH4 Ac 6ab/9ab 66/64

3 11a/12c H 4-Cl-CeH4 Ac 6ac/9ac 76/54

4 11a/12e H 4-MeO-CsH4 Ac 6ae/9ae 56/69

5 11a/12f H 2-furanyl Ts 6af/9af 76/60

6 11a/12g H 2-thienyl Ts 6ag/9ag 72/64

7 11a/12d H Me Ts 6ad/9ad 77140

8 11a/12h H Cyclopropyl Ts 6ah/9ah 66/42

9 11b/12a Me Ph Ac 6ba/9ba 64/48
10 11b/12b Me 4-Me-CeH4 Ac 6bb/9bb 70/62
1 11b/12¢ Me 4-Cl-CeH4 Ac 6bc/9bc 67/66
12 11b/12e Me 4-MeO-CesH4 Ac 6be/9be 58/49
13 11b/12f Me 2-furanyl Ts 6bf/9bf 86/56
14 11b/12g Me 2-thienyl Ts 6bg/9bg 83/43
15 11b/12d Me Me Ts 6bd/9bd 58/45
16 11b/12h Me Cyclopropyl Ts 6bh/9bh 77142
17 11d/12a Cl Ph Ac 6da/9da 66/51
18 11d/12b Cl 4-Me-CeH4 Ac 6db/9db 59/58
19 11d/12¢c Cl 4-Cl-CeH4 Ac 6dc/9dc 63/59
20 11d/12e Cl 4-MeO-CsH4 Ac 6de/9de 50/61
21 11d/12f Cl 2-furanyl Ts 6df/9df 77146
22 11d/12g Cl 2-thienyl Ts 6dg/9dg 76/52
23 11d/12d Cl Me Ts 6dd/9dd 57/58
24 11d/12h Cl Cyclopropyl Ts 6dh/9dh 60/40

@ Reaction conditions:
11 (1.0 mmol), 12a-c,12e—g (1.2 mmol) or 12d,h (5.0 mL), EtsN (1.2 mmol), rt, 1 h.
b Reaction conditions:

6 (1.0 mmol), NH20H-HCI (2.0 or 3.0 mmol), NaOAc (2.0 or 3.0 mmol), EtOH, reflux, 2 or 3 h.

¢ Reaction conditions:
Ac20 (1.2 mmol) or TsCl (1.2 mmol), K2COs (2.5 mmol), toluene, reflux, 3 h.

d|solated yield.



Y 7 b 6D ERIEDHEN 2 R L7z, BHFZEE THE STV % 6aa—ad DG HUEIZE T % R
HEXERL [4], €7V V4 5-TUF VEN 9] L XF V7 V12O TV F— VIR T REE L 72,
ZOFEFE, 11 (1.0 mmol) & 12a—c,12e-g (1.2 mmol) BL U12dh (5.0 mL) # hY ZF L7 I (1.2
mmol) fFAET, FRTIRHKESESE, 4BHOT IV F—IUIIE - FaFs - EI V- -3-
Ty B 6ERESNSZ EE R L7 (50-86%, Table 4) o

W2, B LAIE6 I, 2.1 O-8Ir M4 F 3 2EHOSFHBRALES (§FEQ) 2#HT A2 L
T, HHAET -4 U FF ) — VEEFERO DG ZEN L7 (3 T 40-69%, Table 4) o 7B, Eif
FER2IIN V¥ U R HENEE AT 5 6aa—ac,6ae,6ba—bc,6be,6da—-dc,6de & H\ 723 51%, 7 F Ik
IZE B EmEE#EHA L, ZOMo 6ad,6af-ah,6bd,6bf-bh,6dd,6df-dh % I\ 72341%, I vfbizk b
BEEEM L 72,

3.2 TEMEEBAFNLEDT IV F =A% R L 7= 50K
BB 7 IV K= VEISOILRIGHE LT, ¥V —v-45-VF Y311 &7 & MEEER A F )V 13 D JUS
ZREE L7z [10]e 2 O#E%, THF (Tetrahydrofuran; 7 b7 & Ko7 Z ) #1111 (1.0 mmol) & 13 (1.2
mmol) % MY ZFNVT I (1.2 mmol) fA1E T, ZHIMT2AHREMULGSE S &, 7V F— Uk 14 5%
bbZ xR L7 (67-85%, Table 5)0 AMULAMOREEE LT, I/ OURkVAHFDONMRARY b
VIZBWT, 141, 7 b-T )/ — VEZERMEPERE (7 ML ) — )

Not formed
Tl =4:1) THEELTWAZ EATRIEI N,
B NIZAF L EH VK= LD TN F— VRIS, -’ b T2 Oy Me
(0] OH Me

TIVOafiO7a b Py 7a by L) bBEEEIEw L2 s, —

BO1Z, o frCOMIRIEAER+ 5 = £ ARIB AT B, L LA MeQz: A N
ARl O FEERFERTIE, oA IR 14 DA BIZFRO S5, vk 14 %
BIRWICE- 2720 COERELT, 4 OEEICEHTLE, p-7 P A
TFIVOXFVEBIOA XL EEF, ¥V —N_3-Froerofx & R
BILOT I FAINVKEINEE DSEIEPFAET L 05, 14"13FEE 14'
WAL EREETH S (Figure 1)o ZD720, L DEELRBETH D 14D
AR S L2 EE L TV,

mIEIC, Akl e Faxovy I v eosxBEt Lz [, 2o/%, 14 (1.0 mmol) 2B F
OF VT I U (2.0 mmol) EFEEEF R )7 4 (2.0 mmol) & TF J —)urh, RS T 1ER
FIh&wbE, 7 b +FXF T AGORM A Y 7 — VOREEZ 1D 5 FNBLESA—Z T L, A
VEAFHO U RAFL T3 F YFEEERISPELOND T & R L7 (58-72%, Table 5).
FHA VAT 0y AF L EEFER1513F0MED S, CHH A \WIZOHIIIZ E AR L5 2
EWEZOND, Z2T, 15OMELHERETLIHNE LT, 150 M WLEITo720 72 0T KRIL A,
M) xZF 72> (1.2 mmol) fFETF, 15 (1.0 mmol) &3 L/XT MV ¥ 2 A=) (1.2 mmol) % %
TR T T2 bS5 L, £/ by VK16 055572 (63—74%, Table 5) o

Figure 1. Structure of 14



Table 5 Synthesis of aldol adducts 14 and isoxazolone-and isoxazole-methylene-pyrazol- 3 -one derivatives

15 and 16
@) Me
? \<
N OMe
0" 'N (0]
+
0 T Adel
Me Reaction @
R 13 R!
11a,b,d® Keto form Enol form
14a,b,d
B OMe | OTs
(0]
O\ AN
HO~N N=
Me Me
- 5 HO \ - HO \
Oximation ? o N’N Tosylation © 0 N’N
G R’ R R
_ - CH form OH form
15a,b,d 16a,b,d
Entry Substrate R Products Yield (%)¢
1 11a H 14a/15a/16a 85/72/74
2 11b Me 14b/15b/16b 73/64/71
3 11d Cl 14d/15d/16d 67/58/63
@ Reaction conditions: 11 (1.0 mmol), 13 (1.2 mmol), EtsN (1.2 mmol), THF, rt, 24 h.
b Reaction conditions: 14 (1.0 mmol), NH20H-HCI (2.0 mmol), NaOAc (2.0 mmol), EtOH, reflux, 1 h.
¢ Reaction conditions: 15 (1.0 mmol), TsCl (1.2 mmol), EtsN (1.2 mmol), CHCIs, reflux, 20 min.
d|solated yield.
Db, aBHRY S —V_3-F VHEEEHT A2 LT, ZHEBELTTHEAT OREEILEY DA

BER LI, T,

PRz L2, SO5RLREREAVIIRETE %,

COHEFELY, ALYV T/ AFL Y, p-L FOF T b5 IS DORIERET

HAET P ERETAES =V 3 F VHOEEE L TCOFERMESB X O G—iME % FEEE L 72, KRfgE
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