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Scheme 1. Synthesis of nitrogen containing heterocyclic compounds via ring opening reaction of
cyclopropanes.
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Scheme 2. Tautomers of hydrazones.
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Scheme 3. Reductive indolization of N-aryl-C-cyclopropyl hydrazones.
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(a) Optimization of reaction conditions ‘ (b) Proposed reaction mechanism
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Scheme 4. Optmization of reaction conditions and proposed reaction mechanism.
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a) t-Bul (12 eq.) was used.
Scheme 5. Substrate scope of cyclopropyl acetals.
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Scheme 6. Pyrazole synthesis via C-H activation of N-cyclopropyl acylhydrazones.

(i) Fpcii S O fET

vruaZue)e K7V 2 1l4aa #AWTE U LU Bix Ze il 2 gt L7- (Table 1), # Ok
B, HiR/NT 27 A 10 mol% & il L= BRI BT ' — )L 16aa 23R L < Ak L7= (entries 1-3), &
2 C-H IEMALORERSHIRF TE 2AI & LT, 2.0 Y&ED HFIP 2RI L72 & 2 A, IERIE 69%
\Zi B L7 (entry 4), HFIP &[FIEE, C-H IEMEALOIRMEEZ #IFF LT tert-7 I V7 /b — L & VAl -
LTHWEEZ A, IE#EIE 80%IZ1H L7 (entry 5),

Table 1. Optimization of reaction conditions for pyrazole synthesis via C-H activation of
N-cyclopropylhydrazone

catalyst (10 mol%)

MS4A N// \)
N additive N
|
solvent, reflux
Np CO,Me IR Np CO,Me
aa 2 time, air 16aa
entry catalyst Additive (eq.) solvent Time (h) Yield (%)

1 [RhCp*Cly],  Cu(OAc), (1.0), K,CO3 (1.0) xylene 16 139
2 Ni(OTf), PivOH (1.0) xylene 16 N.D.
3 Pd(OAc), - xylene 14 492
4 Pd(OAc), HFIP (2.0) xylene 15 69
5 Pd(OAc), - t-AmylOH 4 80

a) Yields were determined by "H NMR using triphenylmethane as an internal standard.
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RESMET., SESERLEZHMEI L (Scheme 7), b FT Y U R#E EOBE#HIE RUIZHOWT 4
DA A e B A BN L B ERE O OREEZMF LI 2A, 7 eEka AT 5 E 2R\ T
FOGHRBIFICHET L, £ RICTZ 2= a2 b B bl &7, Al LkiEsME Ly
b O SUSRE & BUSIRT TOEE /ST 27 A 10 mol% D BINNSHETH - 72, REN T LF LD
LR, TUNEELTTZ boRoF b 2ATH2REOLA b TE T,




R3

V Pd(OAc), (10 mol%) N/@\ ,
R

_NH MS4A °N
N o
RAK?O t-AmylOH, reflux R1J\?
R? air R2
14

/,—§ 16ab (R = H, R'= Et) : 55% /@\ /,—§ /—> i \
N\N 16ac (R =OMe, R'=Et) :47% N\N Ph N\N N N\N
16ad (R = F, R' = Et) : 58%
Q/Kfo 16ae (R = Cl, R' = Et) 1 72% ph/‘\fo Me/KT// )(kf /Kfo
< OR 16af (R =Br, R = Et) © 9% OEt OEt Ph

16ag (R = COMe, R'= Me) : 60% 16ah: 38% 2 16ai:78%  16aj:86% 16ak: 44%
a) After stirred at 140 °C in a sealed tube for 21 h, Pd(OAc), (10 mol%) was added and stirred for 4 h.
Scheme 7. Substrate scope of N-cyclopropylhydrazones.
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Scheme 8. Heck reaction of N-cyclopropyl acylhydrazones.

(i) AR OBES

b N7V ldab ZWilE/X T 27 L 20 mol%fEAE . Bifif& LT (o-Tol)sP 40 mol%, X & L
T 20 Y EDKIEE Y A%V, WA LTz, TORE., XY = M) ARKRKIRE L
SHETSHDEBETH D Z &Ny - 7= (Table 2, entries 1-3), i\ THEA Z2BUAL 2OV TR L
=&AL (0-Tol)sP b BEWRERE 5 25 2 Ln3yno7z (entries 3-5), KIZ/NT U0 Afillh b
L T Herrmann filifiZ 10 mol% v 72 & Z A [AERDILER T 18aa 35 HAL72 (entry 6), & BT, X
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WMLz & Z A, 18aa DULRIL 61%I2 M L7z (entry 7),




Table 2. 1-Alkyl-5-arylpyrazole synthesis from N-cyclopropyl acylhydrazones.

1. p-Tol-l (2.0 eq.) (\/p -Tol .
Pd] (X mol%
Y [Pd] (X mol%) e s

N NH ligand (2X mol%) 0" "sTK* ‘N p-Tol
Cs,CO3 (2.0 eq.) (40 mol%)
_ \®&Imote)
Ph™ “COEt  goivent, 80 °C, time COqEt PhCN, 150 °C Ph” ~CO,Et
14ab 17aa 3h 18aa
entry [Pd] (mol%) / ligand solvent time (h)  vyield (%)
1 Pd(OAc), (20) / (o-Tol)5P t-AmylOH 13 N.D.
- DMF 2 N.D.
2 Pd(OAc); (20) / (o-Tol)5P )\ oTol . _o-Tol
3 Pd(OAc), (20) / (o-Tol) 3P PhCN 5 56 @E\Pd 070, Pd/P
4 Pd(OAc), (20) / PPh PhCN 2 362 00
( )2 (20) 8 o-Tol” o Tol Y
5 Pd(OAc), (20) / (-Bu)sP PhCN 17 102
Herrmann cat.
6 Herrmann cat. (10) PhCN 12 57
7 Herrmann cat. (10) PhCN 7 61"

a) NMR yield. b) n-BuyNI (20 mol%) was used as additive.
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>>
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14ab 9 (2.0 eq.) 0" 'STK' 16ah, 18
] J N
M ) )
N Ny N Ny
OMOM CO,Et
Ph COzEt /‘\COZEt COzEt Ph/‘\COZEt /‘\cozEt
18ab: 60% 18ac: 63% 16ah: 57% 18ad: 49% 18ae: 43%

Scheme 9. Substrate scope for 1-alkyl-5-arylpyrazole synthesis.
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