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Novel Access to Indazoles Based on Palladium-Catalyzed Amination Chemistry
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Two efficient methods to construct the indazole nucleus have been developed, both of which utilize palladium-cata-
lyzed intramolecular carbon-nitrogen bond formation. One is based on intramolecular Buchwald-Hartwig amination
reaction of 2-halobenzophenone tosylhydrazones. The catalyst system we developed for this reaction allows the cycliza-
tion to proceed under very mild conditions and thus could be applied to a wide range of substrates with acid- or base-sen-
sitive functional groups. Furthermore, this methodology could be applied for the construction of benzoisoxazole ring
system. In addition, catalytic C—H activation with palladium followed by intramolecular amination of benzophenone
tosylhydrazones was also accomplished with the aid of the catalyst system such as Pd (OAc),/Cu(OAc),/AgOCOCEF;,
which gave another route to indazoles. Using this combination, indazoles with various functional groups could be ob-
tained in good to high yields, especially in the case of substrates having electron donating group such as methoxy group
on benzene ring. Interesting chemo- and regioselectivity were also observed in this reaction.
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Fig. 2. Pd-Catalyzed Amination Reactions for Indazoles
Synthesis

T BHE RIY HENS RT3 LERA 5
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DFFICDOWTLI NI N5 (Fig. 2).
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EREELFEOSWINRZMET 5720, FlhE
ISR D BSR4 T HETT 9 2 IROB S DR R & L4
o7, TORE, “HEALTTd S dppp *
dppf 2, F/-#iE & L T Cs,CO; 5 NaO'Bu % [
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WIERMARSRMET, MITET I EZ2RWHL
7. ZTO&E, R E LT dioxane W5 Z &8
WHHETHD, NI IPTLMMEKEL TR
Pd(OAC), MMENTWVWAH Z ENHAL M ER S/,
RIBBEWREEETDE RTV VEHLOINT DT Ll
HEAR I L DR Z Table LIZEED=. EUOHIC
HEBRRM DSOS ZT oDy, 125 =)D 3
REMTIVFINFERBRDEDBIEE 1a 51k, &I
TCHEREK 220G 5Nz (Entry 1), AT, 7
NVAF T AINKRZIVE (Entry 2) R AILNEA IV
# (Entry 3) EWomEHREED, BRINEMHT,
HERRETH S I ENHL N LIRS, DM, N
CECREICH L OEBENEET 25 G (En-
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i, eeEWKINREZLEETSH00, HIVE
FTEHERXIAYVFHY =) de NNEILGESNT
(Entry 8).
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Table 1. Intramolecular Pd-Catalyzed Amination of Hydrazones for Indazoles Synthesis®
R? Base R?
SNy Sy NHTs P«OAkangd=: lvifftlj<N
R T _ Dioxane 6K\Y N
47y7 X Conditions Ts
la-k 2a-k
Entry 12 X Y R! R2 Base/Ligand Conditions Yield (%)
1 1a Br CH H iPr Cs,CO;/dppf rt, 7h 82 (2a)
2 1b-E Br CH H CO,Bu Cs,CO3/P (2-Tol) 3¢ rt, 3h 81(2b)
3 1c-E Br CH H CONEt, ‘BuONa/dppf 50°C, 17 h 72 (2¢)
4 1d Br CH H Ph tBuONa/dppp 50°C, 17 h 83 (2d)
5 1le Br CH 4-NO, Ph Cs,CO;/dppf 50°C, 12 h 74 (2e: R'=6-NO,)
6 1f Br CH 5-OMe Ph ‘BuONa/dppp 50°C, 2h 56 (2f: R'=5-OMe)
7 1g Br CH 4-Me Ph ‘BuONa/dppf 50°C, 15 h 66 (2g: R'=6-Me)
8 1h Br CH H 4-(MeO) C¢H, ‘BuONa/dppf rt, 8h 94 (2h)
9 1i ONf CH H Ph Cs,CO;/dppf rt, 2h 96 (2i)
10 1j-Z Cl CH H Et ‘BuONa/dppp 50°C, 15h 43(2))
11 1k Br N H Ph ‘BuONa/dppf 50°C, 13h 82 (2k)

a) Reaction Conditions: 1 (1.0 equiv.), base (1.5 equiv.), Pd(OAc), (15 mol%), and ligand (22.5 mol%) in dioxane. b) Single isomer, geometry has not yet

been determined otherwise noted. ¢) Pd,(dba); was used instead of Pd (OAc),.

Table 2. Intramolecular Pd-Catalyzed Cyclization of Oximes for Benzoisoxazoles Synthesis®
Ph Base Ph
g o 5
5 X OH Pd(OAc),, Ligand = N\
R NT = > R-— | N
) I ioxane 6 o
X Conditions
3a-e 4a-e
Entry 30 X R! Base/Ligand Conditions Yield (%)
1 3a Br H t‘BuONa/dppf 50°C, 62 h 72 (4a)
2 3b Br 4NO,  'BuONa/dppf rt, 15h 67 (4b: R1=6-NO,)
3 3b Br 4-NO, ‘BuONa/dppp rt, 6h 88 (4b: R!1=6-NO,)
4 3¢ Br 5-OMe ‘BuONa/dppf 80°C, 34.5h 23(29)9 (4¢c: R1=5-OMe)
5 3¢ Br 5-OMe ‘BuONa/dppp 80°C, 15h 36(10)9 (4¢c: R1=5-OMe)
6 3d ONf H ‘BuONa/dppf 80°C, 17.5h 14 (4d)
7 3d ONf H Cs,CO;/dppf 80°C, 4.5h 20 (4d)
8 3e cl H ‘BuONa/dppf 80°C, 11 h 67(20)° (de)
9 3e Cl H ‘BuONa/dppp 80°C, 8 h 55(23)9 (de)

a) Reaction Conditions: 3 (1.0 equiv.), base (1.5 equiv.), Pd(OAc), (15mol%), and ligand (22.5 mol%) in dioxane. b) Single
isomer, geometry has not yet been determined. ¢) Recovery yield of starting material in parentheses.
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DIFENHEFEHRESINTVDLIDATH S (Fig.
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dulifera 7 5 B - BGEIRE S NLEMTH O,
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Fig. 3. Naturally Occurring Indazole Derivatives
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Fig. 4. Nigellicine Synthesis

chloroformate &R 5B 5 Z EICEDT 7 JER
Vo H—RF—hIATINVTEEKR L. &l
HEUHT 5 ET, BAKISICKD o= BT X
) 8 &L, #:< p-tosylhydrazide & @ )i THEH
MK THBERTIS>I9ZE:ZHI: 1 TH.

ORIV O ERIZHLT, TRINTPT
LY 2 bR E#EALIZEZA, HHELT
LiHMDS X3 K;PO, Z % Z & T, HEEDIL
RTROLINEDEICEREZE TS 25—

W10 RNz, 1000 I ILIEDODE 1,4-
dibromobutane & XG5 T & T, 1N N-7
IWFIVEESNLEY 11a & 2 (0H N-7 )L F)UAL
XNAEW 1 A3, 3:2 E WD HTHERKRL .
INSEZENTNEOH FTMALT2EHDOY
IWFIMERISIZE O PARZITS 2 & T=RE(LED
215705, BBr;s ZHHWTIZFILTATIVE KRN
AFIIN T =T IVEDOE 7 IV F IV Z 1T\, nigelli-
cine DAL % ER L 7z,



No. 7

1001

3. NFLYULMEC—HTI/{EREZFAL
fed 5T — LAY
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3-1. RBEHOER Benzophenone tosyl-
hydrazone 12 Z25E & L, NI VU LKEL T
50 mol% ® Pd (OAc),, (kAL L T 100 mol%
@ Cu(OAc), Z iy, 120°C & WD i T
ShHRICBE 9 2 #af 217 o 7z (Table 3, Entries 1-8).
Z DOfEHR, MeCN % DMF, DMSO & W\ - 7= fi kv
MaEHWSZET, 21 4 —I)VEHREK 13 2
NRELHFE5ND T ENHS N &7 7= (Entries 6-
8). TOHTHEITINERD XN > /- DMSO % Al
Wy, e T R R OB DAL 2 il A 7.
95 &, 30mol% ® Pd(OAc), FHE N, MIGIREZ
500CETHRIFTH, WRISERMNEONS D
EMGMoT= (Entry 11). UL LIRS REHEIC
BWTIE, fEEDS 52 EEIMIE, RISEHR
(conversion) D KIE/K FIZ D72/ > 7= (Entry 12).

IS5 ICRKELOMEZED TN BT, H5HE
DEFORMDAR KR ZE KELSREHET S a2
H U7z (Table 4, Entries 8—11). %5iZ AgOCOCF;

Table 3. Optimization of Reaction Conditions 1 for C-H
Amination®

Ph
Pd(OAc), Fh
SN 100 mol% Cu(OAc), [::Ij<N
NHTs Solvent - T\{/
12 Temp., 12 h 13 Ts

Entry Pd(OAc),(mol%) Solvent Temp.(°C) Yield(%)?

1 50 Toluene 120 18(16)
2 50 Dioxane 120 19( 0)
3 50 EtOH 120 23(53)
4 50 DCE 120 15(23)
5 50 AcOH 120 51( 0)
6 50 MeCN 120 73( 0)
7 50 DMF 120 55( 0)
8 50 DMSO 120 95( 0)
9 30 DMSO 120 76 (trace)
10 30 DMSO 80 76 ( 7)
11 30 DMSO 50 85( 0)
12 20 DMSO 50 58(30)

a) Reagents: 12 (50 mg), Pd (OAc), (above), Cu(OAc), (100 mol%),
and solvent (0.05m). b) Recovery yield of starting material in paren-
theses.

Table 4. Optimization of Reaction Conditions 2 for C-H
Amination®

Ph Ph

N Pd(OAc),, .C.u(OAc)Z
©)\ITI Additive @N

NHTs ODMSO - I\{

" 50°C, 12-24 h 5 Ts
Entry Pd(OAc), Cu(OAc), Additive Yield
(mol%) (mol%) (mol%) (%)»
1 20 100 — 58(30)
2 20 100 MS4A (100 mg) 65(20)
3 20 100 H,O (1 drop) 57(26)
4 20 100 Bu,NBr(20)  43(47)
5 20 200 Et;N (300) 43 (44)
6 20 200 Ag,0 (200) 63(32)
7 20 200 AgBr(200)  45(35)
8 20 200 AgNO;(200) 94( 0)
9 20 200 Ag,CO5(200)  88( 0)
10 20 200 AgOACc (200) 62 (34)
11 20 200 AgOCOCF;(200) 94( 0)
12 10 100 AgOCOCF;(200) 90( 0)
13 5 200 AgOCOCF;(200) 58(37)

a) 12 (50 mg), Pd(OAc), (above), Cu(OAc), (above), additive
(above), and DMSO (0.05 m). b) Recovery yield of starting material in
parentheses.
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DI ISEERN RN K E <, T2 200 mol % L /=
BEI1Z, PAd(OAC), 7 10mol%IZE TR L Th,
EIERTHMERY N EO NS ZENHLENERS
72 (Entry 12). BHEZTTOEZ A, ZOHREOH
RICHET2HBRARLIHESN TV ERNWHDD,
“Pd(OAc),” D&, “Cu(OAc),” D&, “AgOCOCF;”
DA, F7zld “Pd(0Ac),/AgOCOCF;” WS i
AEDEDONTHNOREIIBNTHINROK FHE
Bz EnB, “Pd(OAc),/Cu(OAc),/
AgOCOCF;” EWSHABDORIIHETHD, R
HITHEBH &L TEH &I, Mty 7)lo
WTNNDEEREZTEMEL L TW A ATREMEAVRIB S 11
5.3 SHOFMERFICED ZoHEHS ML
FNEZEZTNS,

3-2. Pd/Cu/Ag EROEMFEM KT,
ERD X D12 U THESL L 7= Pd(OAc),/Cu(OAc),/
AgOCOCEF,; il % &\, R4 @ikl zfD
N T x ) VHBROHRKIRZTTS 72

9, 2D0OXRE UVRENTICERIENTFIE
T HHE (14a—f) 2 W TR 2175 7z (Table 5).
WHDNEERONIMITA SMFHEEET S5
B (14a) OIGHEIZIEFEITENA (Entry 1), A
FINEEZETZHE (14b) NS EHFARNETYE
©A > =)L 15b g 57z (Entry 2). HLBRZE
WZ &IZ, 2DDOXNEVEROM G DAY LIZFEE
THAMFRIAHRSZIFFEITREL, E&
N AR 15e MG 5N, £ ZOREITBNWT
i, 2D0HBMIEEDI B, K DNKEEDDIRn
6 (L TCOARISNEITL . THIZ, —HDOXE
CEROAZALITA RNFIHEHN, 5 —-HDOXE>
BROAZALIZETRKEIMER (NO,, CN, and CO,Et)
MiBEHL L =55 (14d, 1de, and 14f) [2HBWTIE,
ARNFIUHOBBRLEZRN YR ED 6 ML TODHH
BRESDET L 72L& (15d, 15e, and 15f) %%
RITESD 2 ENTE7. (Entries 4-6). ZHIIA
PABR B DJEIRVEDY, SEARRIEIR & & BT, NX2E

Table 5. Pd-Catalyzed Cyclization of Di-Substituted Benzophenone Tosylhydrazones®

Entry Hydrazone Product Yield (%)
1 1 9(15a: R'=0M
reacted N/NHTS R (15a = e)
(14a: 31%)
4
2 1 O . 52(15b: R'=Me)
R R (14b: 29%)
R! = OMe (14a)
R'=Me (14b)
3 not reacted _NHTs 96 (15¢)

; N
MeO ! OMe
T w
i

exclusively reacted
(14¢)

4 not reactgd ~NHTs  not reacted

N
meo A AL R
- e
i)

exclusively reacted
6 R?=NO, (14d)”
R2=CN (14e)?
R? = CO,Et (14f)?

99 (15d: R2=NO,)

98 (15¢: R2=CN)

41 (15f: R?=CO,Et)
(14f: 51%)

a) Reagents: 14 (50 mg), Pd (OAc), (10 mol%), Cu(OAc), (100 mol%), AgOCOCF; (200 mol%), and DMSO, 50°C, 10-24 h. b) Single

isomer, geometry has not yet been determined.
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CEREOEBTMERICKRESEEZZITTNE T L
ZRLTWS,

NT, —HONEVRECOABHILEET
ZERIYVHEIC LROMBERZBEMAL, €OMEME
KO DWW THMICHE 21T > 72 (Table
6). AFFLICEMREAEZAHTHHEE (14g-14) DK
MBI, BBORRFRINETAL >4 — )V AR
& (15g-151) N5 57~ (Entries 1-6). £/ Z
TH, MEBRRENXE VR EOBEHEIEICAEL
HEEZIT TSI ENHS MR- IR,
BTHEMETHI I ROFUINEDT I JHEE
T 5HE (14g and 14h) Tid, BARNKIGIIE A
DHEIETHZXREUER (A) ETOAERMITHE
f7U7 (Entries 1and 2). —# T, &TRulMEEZ
DOkt RV (14j, 14k, and 141) 2B T,
EEHRON LB (A?) LETERNICRIEE
fr U7~ (Entries 4-6). NIfLICEHRILZHT S5
BHO RIS — I (Knh > 7= (Entries 7-9) H D
@, Entry 8 & Entry 9 OfER DR KL D, AEMHf
TIZBWTIE, RKIBERHTE BZY > D REENE
GITEITLTWS T ERRBE N, AT, AL

MICRBRTFE2ET2HE 1d40) 15I1F, BN
O b L7zA1 > —)b 150 MET EBWICE
57z (Entry 10).

S 5 ITA S i D HLE 3 FH #i P DL K & H s L T
WMEToEZA, MEOMEREH WS Z LT,
3L IVFIVRIEZ /S 21 >4 —)L 1T 73,
MIETHERTY 216 06 BREFRINRTESNS
ZENBHSENETR > 2 (Fig. 5).

3-3. RIEHEEICETIER BRFATIE, &
C—H7 I /MEIEDEHEEZ L TOX D ITE A
TWwb (Fig. 6). iICiiNzLDIZ, KIGRHT
DRIV COREIIBED TR 2 EHRIN
5., RISEETE RTV COERFETFIZ2MDINT
PULMNEMU, < AERRETEBRRINIKD,
C—HfEA/RIEMEZRHL T 6 BRONT YA

IR 5. E BRIV ED AL OETHE51E
HAT R 2 RS MEE BRI ORI, Z0FHE

ERETFEHNDBER 2 REL TV Z LITHR
LTWaEEBEZLND., TOKRINT DT LDERITH
HEEICE D, 12— IV KD OMMDINT DT LM
AR B, S SSRGS O ADHEBELICE S

Table 6. Pd-Catalyzed Cyclization of Mono-Substituted Benzophenone Tosylhydrazones®
Entry Hydrazone? R Yield (%) 14 (%) a:b(:c¢)(%)

19 R3=O0H (14g) 75 (15g) 0 75:0

20 R3=NH, (14h) 66 (15h) 0 66 : 0

3 R3=0Me (14i) 81 (15i) 3 56 :28

4 R3=Cl1(14j) 84 (15§) 0 19 : 65

5 R3=Br (14k) 79 (15k) 9 (14k) 37 :49

6 R3=NO, (141) 32(15D 26 (141) 0:43

79 R*=NO, (14m) 27 (15m) 27 (14m) 0:37

8 R*=O0OMe (14n) 22(15n) 57 (14n) 14 : 37
(E:Z=1:0.04)

9 R*=0OMe (14n) 31(15n) 52 (14n) 29 : 35
(E:Z=031:1)

10 R3=Br (140) 98 (150) 0 0:0:98

a) Reagents: 14 (50 mg), Pd (OAc), (10 mol%), Cu(OAc), (100 mol%), AgOCOCF; (200 mol%), and DMSO, 50°C, 1024 h. b) Single

isomer, geometry has not yet been determined. ¢) 80°C.
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Fig. 5.

Ph Ph

X. .NHTs
N ~ \Tl\l
NHTs

Pd(II)
Cu(Il) and/or Ag(l) —= (
Pd(0)

Ph
Ph
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4. BHYIC
PIERLUTERZEDIIT, FHNINT DT LA
C—X7I /MBI NC—H 7 2 /Lt E W
I2DDORIEZEAND Z T, WEVWERNZE
T2 25 —IVBRENRIEDS HiEERWHL
z. EBE50FED, INETOHDITHRTIERE
IR FEIT L, FIRFICE WERBEIL %
EHTE, FIBREORRL, HEMNEOAFE
B EEBEINE, SRILHLERREEME AN
JICHTESEEBEZ 6N, TORENEE L IR ]ITEH
HETEZ &2 MFLEWN,

I OWVWTIZARHTH

HEE AL, RILRFARZEGEE AR
ISHIEM LA FIZB N TTTONZDDTH D, [y
B OIRA W RATEI L OER DB I3 ah 1
R, H#EzHES XL E <AL k

- >
—

97% conversionyield
66% isolated yield (16 : 32%)
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